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1. INTRODUCTION

Scientifically known as Robinia pseudoacacia, the acacia tree, this tree
has demonstrated a remarkable ability to proliferate in a diverse range of
geographic locations around the globe, encompassing significant regions in both
the US, Europe, and Asia. This species is valued not only for its aesthetically
pleasing appearance and ornamental qualities, but also for the multitude of
economic benefits and ecological functions it offers in different environments.

In the geographical context of our nation, the forestry practice of
cultivating acacia has garnered a significant degree of scholarly and practical
interest, particularly following the latter portion of the 19th century, during which
this species has been extensively propagated across diverse regions of the country
not solely as a visually appealing ornamental tree but also as a vital component
in forested agricultural systems specifically situated in locales characterized by
elevated summer temperatures.

Through the comprehensive examination presented in this scientific
volume, the main objective was to meticulously elucidate the multiple
characteristics of acacia, focusing in particular on the critical dimensions of its
biological attributes, the mechanisms of improvement and reproduction and
importance, as well as the significant ecological contributions to its environment.

I sincerely hope that the wealth of information meticulously curated and
articulated in these pages will prove to be extremely beneficial not only to the
dedicated researchers involved in the scientific exploration of this topic, but also
to the practitioners who apply this knowledge in real-life contexts, as well as to
ardent nature enthusiasts, thus encouraging a deep understanding and increased
appreciation for this invaluable species that plays an essential role in ecosystems.

With appreciation,

Ruben Buddu



2. ORIGINS AND SPREAD

2.1. Origin of acacia

The acacia (Robinia Pseudoacacia L.), is native to eastern North America,
in an area between 33° and 42° north latitude (Figure 1).

In its country of origin (USA), acacia has long been used as a successful
species for afforestation of abandoned farms, mining dumps, especially surface
mining sites, with the area occupied by this species exceeding 120,000 ha at the
end of the last century. It is worth noting that in the USA, the afforestation of
unproductive land is still being carried out under a program to plant about 200 ha
of acacia each year.
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FIGURE 1. ORIGINAL AREA OF THE ACACIA TREE

(SOURCE: USDA, NRCS, 2023)



2.2. Distribution of acacia in the World

The remarkable ecological (Figure 2) plasticity of the species is illustrated
by its adaptation to a wide range of climates in terms of mean annual temperatures
and rainfall levels (300-760 mm per year), as it is found in Cyprus and Israel (dry
areas) as well as in northern India and Burma, in much warmer and wetter
climates than in its native areas. It does very well in Japan, where rains are evenly
distributed throughout the year, as well as in South Africa, where it rains only in
summer.
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FIGURE 2. GLOBAL POTENTIAL DISTRIBUTION AREA OF BLACK
LOCUST PREDICTED BY THE MAXENT MODEL AROUND THE WORLD (THE
GRID CELL IS 0.5° x 0.5°); THE VALUE OF CLIMATIC SUITABILITY IS THE
AVERAGE OF A TEN-FOLD CROSS-VALIDATION. THE STANDARD DEVIATION
OF EACH GRID SQUARE IS 0-0.11. (SOURCE: LI G, et al., 2014)



2.3. Brief history and distribution of acacia in Europe

Around 1601, it was introduced to France by Jean Robin, director of the
Paris Botanical Garden, from where its cultivation spread throughout Europe. In
homage to the man who introduced the species to Europe, it was given the Latin
binary name of the genus Robinia.

At first, the species was valued for its fast growth and its flowers with real
ornamental and honey-bearing properties, being used only as an ornamental tree
near avenues and in parks (Dracea, 2008; 1926). It was only after 1766, when the
Nouveau traité sur I'arbre nomée acacia (a. n., cited by Dricea, 2008; 1926)
appeared in Bordeaux, that the acacia tree proved its value as a forest tree and as
a tree of "all possible uses” (Haralamb, 1965 cited by Enescu, 1975). It is
interesting to note that although the above-mentioned treatise appeared in France,
it was the Germans who capitalized on the results presented in the book.

Immediately after its appearance, they translated the work into German and
started the first acacia plantations on the sandy soils in the north of their country.
The obvious success of the acacia in these plantations (fast growth, high quality
timber, easy processing, sand-binding) led to its spread throughout the northern
half of Germany, with many of the leading foresters of the time (Hartig, cited by
Drécea, 2008; 1926) considering it the savior of the German forest economy of
the time.

Around 1710 - 1720, acacia began to migrate to Eastern Europe, first being
reported in Hungary, where in 1820 the first acacia plantations were established
in the Hungarian pampas.

In Europe, by far the largest grower of acacia is Hungary, with 345,000 ha
covered with this species (Németh and Molnar, 2005). According to data
published by DeGomez and Wagner (2011) as well as Keresztesi (2013), in the
late 1980s, large areas under acacia were also found in the USSR (144. 000 ha,
mainly in Ukraine and Moldova), Romania (120,000 ha), France (100,000 ha),
Bulgaria (58,000 ha), Yugoslavia (50,000 ha), Czechoslovakia (28,000 ha). In
Asia, large acacia growers are the Republic of Korea (1.22 million ha) and China
(1.0 million ha).



2.4. History of acacia cultivation in Romania

It is believed that acacia was introduced to our country around 1770 by the
Turks, hence the popular name "salcdm", by which the species is known in
Romania and in several other Balkan countries such as Bulgaria, Albania and
Macedonia.

The routes by which the acacia penetrated into the areas of Europe south-
east of the Carpathians, i.e. the eastern part of the Balkan Peninsula, European
Turkey, Macedonia, Bulgaria, old Romania, as far as Bukovina and Bessarabia,
were not from the west, from France via Austria and Hungary, but the reverse,
from the south-east, from Constantinople, with the Turks most probably as
intermediaries, and the period when this happened was a few decades before 1777.
Constantinople thus seems to have been, in the 18th century, the center from
where acacia spread to South-Eastern Europe (Dracea, 2008;1926).

The acacia, also known as the "poor man's oak", is a fast-growing forest
species and was quickly "adopted™ by the village population because it best meets
the needs of small forest owners.

The first acacia forest in Romania was planted in Bailesti, Oltenia, in 1852,
when the problem of fixing the sands of Oltenia and afforesting the compact soils
of the Bardgan region was first raised in Romania. Organized attempts to afforest
the sands of Oltenia with acacia date back to the 1860s, and the first stands of
trees were planted in 1862 on the heavy soils of the Baragan.

It was only after 1853 that this species was planted in the south of Banat, at
Deliblat, on the sandy soils near the Danube (Vadas, 1911; 1914). This is probably
the first documentary record of the presence of acacia in a Romanian province
(Transylvania).

In Muntenia and Moldavia, and in South-Eastern Europe in general,
curiously enough, it seems that the acacia did not come from Hungary via
Transylvania, but from the south-east, from Turkey. The approximate period of
this expansion of the acacia from Turkey to South-Eastern Europe is considered
to be between 1750 and 1777 (Dracea, 2008; 1926). Beyond these uncertainties,
it is certain that by 1860 acacia was a known and appreciated forest species in the
provinces of the Romanian Old Kingdom, and from 1864 it experienced a very
rapid spread due to the acute need for afforestation of the sandy lands of southern
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Wallachia and Moldavia.

In 1883, large areas were afforested, both on the sands of south-eastern
Oltenia (where over 25,000 ha were planted), as well as in north-eastern Muntenia
and southern Moldavia. If we add to this the acacia afforestation carried out in
north-west Transylvania at the beginning of the 20th century, as well as the
afforestation in the forest area or on the heavy soils of the foothills and steppe, we
have more than 120 000 ha of acacia plantations in our area at that time.

Worth mentioning is the acacia grove in the Piscu-Tunari Forests
(Ciurumela point), in the Danube meadow, near the Piscu-Vechi commune
(Calafat), considered to be the most beautiful in Europe (Simionescu 1961).

2.4.1. Systematic acacia cultures in Romania

In its area of origin (North America) and in many European countries,
including Romania, acacia is considered an invasive species (Strode, 1977; Sirbu,
C. and A. Oprea, 2011; www.europe-aliens, robinia, 2006), which suggests that
it does not have very high demands on the main vegetation factors (temperature,
humidity, sunshine duration) and on the soil on which it grows. However,
specialists in the field (Ivanschi et al., 1992) have made a pedoclimatic zoning of
the area occupied by acacia in Romania, as follows:

= The very favorable zone comprising only a strip along the River
Danube, starting further south of Turnu Severin and extending beyond
Giurgiu;

= Favorable area for the cultivation of acacia, within which this species
behaves well as a forest tree, producing stands of production classes Il and
I1l. This zone is represented by more or less extensive areas in all the
historical regions of Romania:

¢ In Muntenia, in an area starting south of Bucharest and stretching
north to Targoviste and Ploiesti;

e In Oltenia, the area favorable to acacia is represented by a strip
running down the Jiului Valley from Targu Jiu to Filiasi, extending
eastwards to Dragasani;
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e In Transylvania, the favorable area is the Mures Valley from Targu
Mures to Arad and the Western Plain from Chisineu Cris to north of
Satu Mare;

e In Moldova, this area includes strips along the Siret from Bacau to
Focsani and along the Vaslui and Prut from Iasi to Galati.

HARTA ZONELOR DE CULTUR.
A
SALciMULYL

e R

FIGURE 3. ACACIA CULTIVATION ZONES IN ROMANIA

(SOURCE: ADAPTED FROM IVANSCHI ET AL., 1992)

Outside forest plantations, acacia is widely used both as a roadside tree
along country roads and highways, and appears as isolated trees in the gardens
and courtyards of peasant households, so that villages in the lowland region
appear, from a distance, as true acacia forests (Negulescu, 1964; 1965).
Particularly in the south-western regions of the nation, the acacia species has
discovered an exceptionally advantageous ecological niche characterized by a
climate that is predominantly warm; however, it is noteworthy to mention that
this climate is significantly less humid when compared to the conditions prevalent
in its native habitat, as illustrated in Figure 3.
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2.4.2. The situation of acacia cultivation in Romania

In our country, the cultivation of acacia has enjoyed special attention,
especially since the second half of the 19th century, being cultivated throughout
the country as an ornamental tree, but also in forest crops in areas with high
summer heat. It has naturalized, becoming subspontaneous from the plains to the
lower mountains.

The first acacia forest plantations were established in 1852 in Bailesti Dolj,
and the species was subsequently planted on ever larger areas, particularly in
Oltenia, on shifting sandy soils. Apart from that area, it was also used in other
continental sandy areas, such as those in the north-west of the country, between
Oradea and Carei, or in Moldavia, at Hanul Conachi, etc. (Donita, 1999).

In general, acacia has been widely used for afforestation of degraded lands,
on eroded coasts, on raw soils, being a good soil fixator. Its ecological plasticity
has meant that it has sometimes been cultivated even in unsuitable conditions,
because acacia has certain limits of ecological plasticity which are well known
from the specialist literature and from the many experiments carried out in the
approximately 150 years of cultivation in our country. In fact, both in our country
(Dracea, 2008; 1926) and abroad (Németh and Molnar, 2005), it is very clearly
outlined that the climatic requirements of acacia are very similar to those of
grapevine.

Dracea (2008; 1926) distinguishes two separate areas in Romania, very
remote and very different from each other, where acacia occurs as a forest tree,
namely the sandy soils area in southern Oltenia and the unforested area (steppe)
in southeastern Romania.

The first area is located on the left bank of the Danube, in southern Oltenia,
roughly between Turnu-Severin and the confluence of the Danube with the river
Olt, where there is a strip of land 5-15 km wide, sometimes wider, with very
extensive sandy, dune-like areas. These areas used to be covered with grasses, but
since the 1850s they have been either cultivated or used intensively for grazing.
As a result, the sands became mobile and the land in the area took on a dune-like,
wavy appearance.

The fertility of the soils, which typically exhibit elevated moisture levels, is
subject to variability as a consequence of fluctuations in clay and humus
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concentrations. Humus has formed and accumulated over long fallow periods.
When such sandy soils are subjected to the action of sand, the top layer of humus
is blown away and lost to agriculture and forestry.

Other factors that have led to the impoverishment of sandy soils are
agricultural crops and grazing, particularly intensive grazing. The moisture
content of such soils varies greatly from place to place and is due not so much to
rainfall as to groundwater input. When the waters of the danube rise, they
penetrate the sandy soil laterally over kilometers of width and moisten it to
varying depths.

In geographical regions characterized by low elevation, where the land is
persistently inundated by water for an extended duration, it has been observed that
the acacia species that have been deliberately cultivated tend to vanish or become
significantly diminished in their presence. The tops of the dunes cannot benefit
from this groundwater moisture, receiving only atmospheric precipitation, which
in this area is less than 500 mm per year.

The second distinct area for growing acacia is the unforested steppe in
south-eastern Romania (counties of lalomita and Braila in Muntenia; central
Dobrogea), which can be considered as an extension of the Russian steppe to the
south. Here, with the exception of villages, acacia was planted on large, isolated
areas.

The sands and sandy soils of our country occupy approximately 400 000 ha.
Of these, over 100 000 ha are forested (mostly with acacia). As a result of wind
deflation (blowing away), the sand has been scattered and the desert area has
greatly expanded, covering some 200 000 ha in the three counties of Oltenia (Olt,
Dolj and Mehedinti). Very recent data published by Giurgiu (2005), Sofletea and
Curtu (2000), Netoiu (2012), Ciuvat et al. (2013) consider that the area occupied
by acacia in Romania currently amounts to 250,000 ha.

Archival documents and specialized works (Dracea, 2008: 1926) attest that
the first mention of the use of acacia in afforestation works in the areas described
above dates back to 1852. At that time, on Prince Stirbey's estates in the Bailesti
area, a series of experimental works aimed at fixing the sands by afforestation
with seedlings of several forest species such as mulberry, maple, downy oak,
acacia, black and Scots pine, elm and others.

14



After two years it was observed that the acacia performed best on sandy
soils. Depending on the interests and receptiveness of other landowners, such
afforestation work was carried out sporadically at Deveselu and Jiana.

Since then, the acacia has become one of the most common trees in
Romania's sandy areas. Here it not only forms extensive forests, but is also
widespread in the countryside, where almost every peasant has planted one or two
acacia trees at the edge of their garden.
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3. THE IMPORTANCE OF ACACIA

Acacia (Robinia spp.), (Figure 4) as the main forest crop genus, is of
particular importance in our country, due to its multiple uses and the obvious
economic and ecological advantages of its cultivation.

FIGURE 4. ACACIA CULTIVATION GROWN IN BARZESTI, ARAD COUNTY,
ROMANIA (SOURCE: RUBEN BUDAU, 2014)
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Although some sources in the specialized literature, especially those of the
early 20th century (Ashe, 1922; 1923; Rydberg, 1924; Small, 1933), accredit the
genus Robinia as having 20 species, according to recent taxonomic analysis (Isely
and Peabody, 1984; Mabberly, 1997), the genus Robinia comprises only four
species of acacia (R. pseudoacacia, R. hispida, R. viscosa and R. neomexicana),
all native to North America and Mexico, represented by trees and shrubs of
woodland and ornamental interest, highly valued for their wood or for the
abundance of their flowers, white or pink, pleasantly scented, honey-bearing. In
our country, only three of the four species listed above are found in forest crops
or planted for ornamental purposes: R. pseudoacacia, R. hispida and R. viscosa.
Isolated (Banat, Caras-Severin), in private gardens and botanical gardens,
representative specimens of R. neomexicana can be found, appreciated
ornamentally for their pale-pink flowers.

Of all the woody species introduced in our country, R. pseudoacacia L., the
common acacia, has established itself both as a forest tree and as a tree of almost
all possible uses, and is today very widespread and appreciated, especially in rural
areas (Enescu, 1975).

At present, the attention and interest given to the species is based not only
on its ability to fix unstable soils (prone to wind or rain erosion), but also on the
many silvicultural and economic advantages of growing acacia, including:

= relatively simple and inexpensive culturing technique;

rapid growth;

significant wood production;

short production cycle;

large biomass production for making unconventional fuel;

the therapeutic value of certain products made from acacia flowers
and honey;

exceptional honey-bearing value, as the most honey-bearing tree
in Romania.

433003

4

In its native country, the acacia forms mixed stands with Carya ovata,
Castanea dentata, Quercus alba, Q montana, Liriodendron tulipifera, Juglans
nigra, Gleditsia thriacanthos, Prunus serotina, Fraxinus americana. It occurs in
meadows, but not in floodplains, and climbs to about 1500 m altitude.
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It demonstrates a remarkable degree of adaptability to various soil
conditions, exhibiting the capability to thrive across a diverse array of soil types,
albeit with the notable exception of those soils that are characterized by excessive
dryness and compaction, which significantly hinder growth and development.

Thanks to this remarkable ecological plasticity, as well as extremely
favorable cultural characteristics (speed of growth, wood quality, lack of pests,
almost unlimited range of uses etc.), acacia is now the third most widely planted
species in the world, with only eucalyptus and hybrid poplar surpassing it in this
respect (Keresztesi, 1988).

3.1. The importance of acacia as a forest species

Mass stands of acacia plantations change the indoor climate little, because
through their relatively transparent canopy, light and heat reach the ground in
quantities close to those in the open environment outside the plantation.

Physiologically, however, the willow's environment is quite unique,
exerting a strong force of ecological screening and biological competition, due
primarily to its vigorous, richly branched roots in the humus horizon, which are
intensively water and nutrient consuming. For this reason, very few woody
species can be maintained in association with acacia, which means that, due to
their marked bioclimatic receptivity, acacias are often exposed to soil drying and
weed propagation (Stanescu, 1979; Costea et al., 1969).

Among the numerous arborescent species that have been systematically
introduced and cultivated within the geographical boundaries of our nation, the
acacia tree has indisputably and firmly established itself not only as a significant
specimen within the field of forestry but also as an organism of remarkable
versatility, which has consequently resulted in its extensive distribution across
various regions and its esteemed value, particularly in rural agrarian locales where
its various applications are highly regarded. The primary attributes that have
contributed to its efficacy as a tree include its accelerated growth from the onset
of its development, its simplicity of cultivation, and the utility of its timber for an
array of domestic applications. In certain contexts, its resilience or more
accurately, its adaptability has facilitated its extensive utilization, especially
beyond its indigenous habitat. The fertility of the soils, which typically exhibit
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elevated moisture levels, is subject to variability owing to fluctuations in clay and
humus composition.

According to accepted criteria for what some authors call "fast-growing
species", many acacia populations cultivated in Romania, of unknown origin, fall
into the category of "fast-growing provenances", with maximum average growth
rates of 15-17 m%/year/ha and reaching the age of absolute exploitability at 30
years.

It is also rarely attacked by diseases and pests (Trautescu et al., 1969),
although it sometimes suffers from late spring frosts and often, particularly older
specimens in simple groves, are affected by stem rot.

3.2. The importance of acacia as a wood-supplying species

In our country, among the acacia species used for the establishment of
plantations for logging purposes, the most commonly used is R. pseudoacacia L.,
var. rectissima. The high yields of woodmass it produces at a young age and the
numerous uses to which wood can be put are social and economic benefits which
increase the value of this species. This species currently covers a very large area
in our country compared to the other species of the genus Robinia "adopted"
(Ciuvat et al., 2013), and it seems that the current trend is to expand its area of
cultivation, even in areas with lower productive potential. The same authors
consider that at present, especially in Oltenia, significant areas are occupied in
forest crops by a Romanian variety of acacia, R. pseudoacacia L., var. oltenica,
obtained by Birlanescu, Costea and Stoiculescu (1966), by selection, from var.
rectissima.

The average productivity of the best acacia stands in plantations reaches 15-
17m?3/yr/ha at the age of 20 years, while the productivity of stands from shoots of
the same age is 13.4m%/yr/ha (Figure 5). Acacia wood, with well-developed,
greenish-brown heartwood, is durable, dense, with extremely varied domestic and
industrial uses, starting with firewood, poles for vine plantations, posts for fences
or for reinforcing mine shafts, railway sleepers, timber (Dracea, 1926; 2008) and
ending with veneers, rustic furniture, parquet flooring or even solid wood
furniture (Armasescu et al., 1969 ; Birlanescu, et al.,1966; Timofte and Budau,
2008; Budau and Timofte, 2012).
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In Hungary, this species has played a role of great importance in the forest
management, covering approximately 23% of the forested area and providing
about 19% of the annual timber output of the country (Rédei K, et al.2011).

FIGURE 5. ACACIA STANDS IN VARIOUS STAGES OF PRODUCTION

As firewood, acacia is of exceptional value, from at least three points of
view, namely:

=  reaches maturity for exploitation as firewood at a relatively young
age (8-10 years), an age at which other species used for this purpose
(beech, oak, hornbeam, etc.) are not exploitable (http://rubenbudau.ro,
2011).

= in acacia, typically, only the main stem is suitable for high-end
industrial uses (veneer, parquet, solid wood furniture, etc.), while the
branches (category I to 111) are most often used as firewood, due to their
irregular shape and frequent knots (Mihai and Oana lonescu, 2011 -
2012).

=  The calorific value of acacia wood with 30% moisture content is
high, comparable to that of spruce and beech (about 3600-3700 kcal/kg),
while in oak, hornbeam and poplar, with the same moisture content, it is
between 3200-3400 kcal/kg (Milescu, 2006).
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=  completely dried acacia wood (0 % moisture content) has a
calorific value of 4327 kcal/kg, being exceeded, among deciduous trees,
only by oak (4390 kcal/kg) and beech (4494 kcal/kg) (Giurgiu, 2005).

FIGURE 6. PILLARS AND FENCE MADE FROM ACACIA WOOD READY FOR
COMMERCIALIZATION (SOURCE: RUBEN BUDAU, 2023)

As construction timber, acacia has a wide range of uses as products that
preserve the wood structure (planks, joists, strips, battens, beams), considered as
raw products, or as semi-finished (glued timber, panels, plywood) (Figure 6) and
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finished products (sills, paving, veneers) (Furdui et al, 2009).

As products that no longer preserve the structure of wood, acacia is used in
the manufacture of agglomerated PFL, PAL (woodchip particleboard) and OSB
(Oriented Strand Board), which are highly appreciated in the production of
formwork for concrete structures, but also in the construction of entire holiday
homes, residential houses, military or site huts, etc. (Cotta et al, 1990; Manusciac,
1997; Furdui, 2011).

Acacia wood, as well as oak or mulberry, is successfully used in the
manufacture of staves for barrels in which various alcoholic beverages are stored
for aging, which are enriched with a yellow-greenish color and a specific
flavoring.

3.3. The importance of acacia as a nitrogen-fixing species

Like all legumes (papilionaceae), acacia also has the capacity to fix
atmospheric nitrogen in nodules (Figure 7) formed by Azotobacter bacteria on the
roots of plants of this family. As the number of forest species able to fix
atmospheric nitrogen is very small, it is not surprising that many authors consider
acacia as a decisive component in the favorable modification of forest ecosystems
(Boring and Swank, 1984).

The forestry importance of acacia is considerably increased by its capacity
to enrich the soil with nitrogen, which is why it is considered a good associate or
forerunner of other broadleaved trees (Rice, 2004), since the nitrogen fixation
benefits not only the acacia but also the trees of the other species with which it
grows in association or of the species that follow after clearing an acacia stand.
According to data published by Montagnini et al. (1986) and DeGomez and
Wagner (2011), the amount of nitrogen fixed by acacia in a mixed plantation of
Robinia, Castanea and Quercus four years after planting was 30 kg/ha, but
reached 108-274 kg/ha in a pure acacia plantation of 5-18 year old trees on mining
dumps. It is evident from these data that acacia has an atmospheric nitrogen-fixing
capacity comparable to that of grain legumes (peas, fava beans, beans, soybeans,
etc.) and fodder legumes (clover, alfalfa, sainfoin, etc.) (Bridgen, 1992).
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FIGURE 7. NODULES FORMED BY AZOTOBACTER BACTERIA ON ACACIA
ROOTS (SOURCE: RUBEN BUDALU, 2014)

However, the ability of acacia to fix atmospheric nitrogen must also be
considered from another point of view. It is clear that, because of this property,
the requirements of pure acacia crops for nitrogen fertilization are reduced.
Empirical investigations have demonstrated that, within these types of
plantations, the introduction of nitrogen-based fertilizers resulted in a deceleration
of growth in acacia species (Bridgen, 1992), whereas the utilization of phosphorus
fertilizers produced beneficial outcomes regarding the advancement of the acacia
stand (DeGomez and Wagner, 2011).

Finally, it should not be overlooked that protein compounds are present in
the leaves and bark of young acacia trees in much higher amounts than in other
deciduous trees, which explains why this species plays an important role in the
foraging of both forest animals and some domestic animals (sheep, goats)
(Putman et al, 1991).
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3.4. The importance of acacia as a medicinal plant

Of the forest species, acacia is probably the most valued in herbal medicine.
The constituents of the acacia tree that are predominantly utilized for medicinal
applications are primarily its blossoms, while its bark and foliage are utilized to a
significantly lesser extent (Bernath, 2001; Dragomirescu, 2014).

The blossoms are meticulously collected during the flowering period,
specifically in the months of May and June, through the manual act of plucking
from the axis of the inflorescence. They are transported in paper-lined wicker
baskets. Drying can be carried out naturally in well-ventilated, shaded areas or
artificially at temperatures between 35 and 40. One kilogram of dried product
results from 6-8 kg of fresh flowers (Constantinescu and Agopian, 1967).

The desiccated floral specimens exhibit a coloration that ranges from a
cream-white to a pinkish-white hue. After removal of the flower stalks, the dried
flowers are kept as they are or milled, and the product obtained (the powder) is
packaged and stored in appropriate rooms (Beldeanu, 2004), preferably in
hermetically sealed packages so as not to alter its chemical composition rich in
active principles such as flavonoids (acacetin derivatives), volatile oils, phenyl-
propanic compounds, tannins, carbohydrates, free amino acids (Albulescu et al.,
1978; Tamasdan et al., 1981).

The therapeutic action of the above-mentioned chemical compounds is
mainly antiseptic of the respiratory tract, gastric antacid and antiulcerative,
emollient, slightly sedative and cholagogue (stimulates the evacuation of bile in
the duodenum), (Dragomirescu, 2014).

Internally administered, the product is used to treat gastritis, gastric and
duodenal ulcers, pyrosis (heartburn in the stomach area). It is recommended for
its soothing action in bronchial asthma, coughs, mild colds and headaches.
Together with linden and common motherwort, it can be used successfully to
combat insomnia. Externally, the product is only used in folk medicine to treat
wounds and burns (Simionescu, 1961).

The administration of powdered acacia blossom in the treatment of the
aforementioned ailments is as follows: four times a day, at least 30 minutes before
a meal, one teaspoonful of powder is taken, held sublingually for 15 minutes, and
then swallowed with a little water. If one prefers to take it as a macerate, it is
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prepared from two teaspoonfuls of acacia flower powder put in one liter of plain
water. The mixture is left overnight at room temperature, and in the morning, it is
strained and drunk, in small sips, in 4-6 daily doses (Dragomirescu, 2014).

In addition to the beneficial effects listed above, the powder and macerate
from acacia flowers also have the ability to soothe, calm and invigorate the body
in various neurotic states, acting on the nervous system.

Pharmaceutical products made from acacia flowers are used in many
psychosomatic disorders that occur as a direct consequence of mental tensions:
frequent conflictual states, with tendencies to aggressiveness and exaggerated
criticism; fits of anger and mental irritability; muscle cramps of a nervous nature;
nervous, physical and intellectual exhaustion, degenerating into insomnia, states
of anxiety and prolonged psychological depression; uncontrolled reactions to
stressful situations, headaches and migraine headaches against a background of
stress; memory, balance and vision disorders, in some cases leading to herpetic
eruptions of the shingles on the skin (Simionescu, 1961).

In this sub-chapter, we will not discuss the curative properties of acacia
honey for two main reasons:

= acacia honey is not a product of the acacia tree, but rather of bees.

= the curative properties of honey are quasi-general for most types
of honey (mixed, sunflower, rapeseed, linden, acacia etc.), and
are not specific to acacia honey.

3.5. The importance of acacia as a honey bearing species

Among forest species, the acacia is the most important honey-bearing
species next to the linden (Horeanu, 1996). Its flowers, rich in nectar and
characteristically flavored manna, are particularly attractive to bees (Figure 8).

Acacia honey has over 40% more fructose than other types of honey, with
sucrose and lactose in proportions of about 10% and about 30% glucose. It also
contains vitamins B1, B2, B6, B6, B12 and many other substances that contribute
to the body's proper functioning. Acacia honey hardens slowly, over the course of
a year or more, due to its high fructose content. It stimulates appetite and aids
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digestion, improves heart and liver function and increases the percentage of
hemoglobin in the blood.

FIGURE 8. ACACIA STAND DURING FLOWERING IN BARZESTI, MAY 2015

Genuine acacia honey has a specific, but not exaggerated, acacia blossom
smell. An exaggerated acacia blossom odor is a clear indication that the honey
has been adulterated by mixing it with acacia blossom infusion.

As per the findings disseminated by Keresztesi (2013), optimal yields of
acacia honey are achieved in plantations or stands that are between 10 and 20
years of age, with a decline noted in stands that are either younger or older than
this specified age range.

Due to the differences in altitude and microclimate in which acacia is found
in our country, its flowering is staggered in time and lasts up to 20 days, occurring
first in lowland stands, then in those in the low hills and finally in those in the
high hills. Under these conditions, two or even three harvesting periods can be
carried out on acacia in one beekeeping season. It is reported, for example, that
after a first harvest in the forests in the southern part of Oltenia, a second harvest
can be carried out in the forests in the north of Mehedinti, Olt and Valcea counties,
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with a third harvest in Arges county; similar situations are also recorded in
Prahova, IlIfov and other counties (Cirnu, 1980).

In the southern and eastern parts of the country, which form the basis of
acacia honey production, between 300 and 1600 kg of honey can be obtained per
hectare; in favorable harvesting weather and with abundant flowering, 10-12 kg
of honey can be obtained daily from a hive (Hristea, 1976). For these reasons, in
2010-2011, ICAS realized a geographic database including all the acacia stands
in eight counties in the south and south-west of the country, considered as the
most important area for apiaries in Romania (Vlad et al., 2012).

In terms of production realized by a strong family of bees, in the best years,
it can reach 60 kg; the value of this indicator, as well as the achievable honey
production per hectare, make the economic importance of acacia to be considered
very high (Cirnu, 1980). According to the same author, the amount of nectar
produced by an acacia flower in normal years in terms of climate is 1-4 mg, with
a sugar concentration ranging from 40 to 70%.

In some years, acacia also provides a significant production of honeydew
honey; Cirnu (1980) mentions in this respect that between 1959 and 1960, in
Banat plantations, honeydew dripped like a rain of syrup. A very intensive harvest
was carried out at that time, resulting in a daily honey production of 10-12 kg/bee
family. Such a result is really very good, especially if we take into account that in
June-July, when most of the honey bearing species are no longer in bloom, the
daily honey yield in a control hive did not exceed 1 kg/family of bees (Beldeanu,
2004).

3.6. The importance of acacia as a food and forage species

From the food point of view, the acacia is of particular interest for the
nectar, pollen and manna it provides to bees, being considered the main honey
bearing tree species in our country, for its unrivaled harvest, in terms of nectar
rate and potential, especially in the lowland region (Corlateanu, 1984). The main
product obtained indirectly by bees - acacia honey - has almost unlimited food
uses, from fresh consumption to the most sophisticated pastries and
confectionery.
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Directly in the human diet, acacia has a relatively restricted use, with only
the flowers being used for this purpose and only in certain areas of the country. It
should be noted that the flowers, in which robinine (a toxic compound present
mainly in the bark) is present in very low proportions, do not present any danger,
so they can be used for food purposes and the infusion prepared from them can
be used in prolonged cures (Beldeanu, 2004).

Until recently, the most common uses of acacia flowers in food were the
preparation of acacia sherbet and pancakes filled with acacia flowers.

On the other hand, acacia finds quite varied uses in animal fodder, starting
with the fact that for many herbivorous forest animals (deer, rabbits, etc.) this
species is the main source of food, especially in dry years when the production of
forest grass is very low or even totally compromised. Even in the feeding of some
domestic livestock species (sheep, goats, buffalo, horses), young shoots and
leaves of acacia are considered very good fodder because of their high protein
content (10-19%), comparable to that of red clover (18-23%) (Vadas, 1911,
1914).

In the Republic of Korea, according to data published by Dong (cited by
Keresztesi, 2013), dried and pulverized acacia leaves are mixed with rice bran up
to 30% and fed with good results in the daily forage ration of pigs. For this
purpose, a tetraploid acacia clone with leaves three times larger and 1.4 times
higher protein content than the diploid form of acacia is used (Hwang et al., cited
by Keresztesi, 2013).

3.7. The importance of acacia as an ornamental plant

From an aesthetic perspective that emphasizes ornamental value, it is
imperative to recognize that the acacia genus holds significant importance across
all four distinct species that are both documented and actively cultivated within
the geographical boundaries of Romania (R. pseudoacacia, R. Hispida, R. Viscosa
and R. neomexicana). It should also be mentioned that the ornamental function of
the four species is realized less through massive forests (plantations) and much
more frequently and convincingly as isolated trees, clumps (groups), green walls,
alignments (Bridgen, 1992; Carbonnieére, et al., 2007; Clinovschi, 2004; 2005). It
is not recommended for use in hedgerows, as the resulting root shoots invade
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adjoining land (Birlanescu et al., 1977; Catrina 2005).

The brief description of the four ornamental species of the genus Robinia,
with emphasis on their decorative characteristics, is based on an extremely rich
bibliography from which the most significant works have been selected
(Clinovschi, 2004; 2005; Constantinescu, 1976; Costea et al., 1969; Donita, 1999;
Dumitragcu, 2008; Fitschen, 1994; Horneanu, 1996; lliescu, 2005; Jacamon,
1966; Manescu, 2010; Németh and Molnar, 2005; Rameau et al., 1993; Stanescu,
1979; Sofletea and Curtu, 2000; Vadas,1914).

R. pseudoacacia L., commonly referred to in botanical and ecological
literature as white acacia, is characterized by arboreal specimens that exhibit a
remarkable stature, attaining heights that range from an impressive 25 to 30
meters, while simultaneously demonstrating trunk diameters that are capable of
reaching, and in certain instances, surpassing the considerable measurement of
100 centimeters. The trunk is straight, firmly erect and the crown is sparse and
irregular. The shoots are olive to reddish-brown, edged, with thorns on either side
of the buds. The imparipinnate compound leaves, with 7-19 leaflets, may be
glabrous or pubescent and appear before flowering. The floral structures exhibit
white pigmentation, demonstrate bilateral symmetry, and are organized in
pendulous racemes measuring 10-25 cm in length, characterized by a pleasing
aromatic quality.

Floral development transpires subsequent to foliation during the months
of May and June, occasionally followed by a secondary bloom in August and
September. The resultant fruits are characterized as dehiscent, dark-hued pods,
and which exhibit limited ornamental value.

R. hispida L. (pink acacia) is a medium-sized tree, up to 3-4 m tall, with
a broad, globular crown. The shoots are reddish-brown, bristly and thornless,
retaining their color throughout the growing season. The leaves are
imparipinnately compound, with fewer (7-13) leaflets than white acacia, but
larger. The flowers are pinkish or pale-purplish, fragrant, clustered in pendulous,
downy racemes. The phenological onset of flowering is typically early, occurring
in the second year of vegetative growth, demonstrating considerable abundance,
and predominantly transpires in the month of June; occasionally, a secondary
flowering event is observed during the months of August to September. The fruits
are dehiscent pods, covered with reddish-brown hairs, and are highly decorative.
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R. viscosa Vent., (red acacia) is an exotic tree of size Ill, with a sparse,
globular crown. The shoots are glandular-viscous and thornless, and the leaves
are imparipinnately compound, large (13-25 leaflets) and with a glandular, dark
petiole. The flowers are red with shades of purple, unscented, clustered 6-16 at a
time, in pendulous racemes. Floral emergence transpires during the period
extending from late May to early June. The fruits are dehiscent, glandular, downy
pods. This species is frequently utilized as an ornamental arboreal specimen in
the Danube Delta, Dobrogea, and within the sylvan regions of Moldova.

R. neomexicana Gray (Mexican acacia) is an exotic shrub, 2 m tall, native
to the southeastern USA and northwestern Mexico. In our country it is grown
sporadically in parks and gardens and as a lining tree mainly for decorative
purposes, because of its floral coloring. Its shoots have numerous, frost-hardy
thorns and its leaves have about 15 elliptic-lanceolate, long, silky-pubescent
leaflets on the underside. It blooms between June-August, with light-pink flowers
arranged in pendulous, multiflowered racemes.

3.8. The ecological importance of acacia

The ecological importance of forests has long been recognized in all
countries that have benefited and wish to continue to benefit from their role as
ecological regulators. A substantial proportion of the oxygen essential for
sustaining life on the planet is generated by forest ecosystems; the thermal,
precipitation, and atmospheric circulation patterns are significantly affected by
forested areas, and the degree of soil erosion in regions characterized by elevated
precipitation levels is intrinsically linked to the presence or absence of arboreal
flora and associated underbrush. The significance of this issue has been rendered
even more evident in contemporary times, as the ramifications of global warming
are becoming progressively discernible on a global scale.

The massive deforestation of the last three centuries is considered by most
specialists (Dracea, 1944; Giurgiu, 2005; Balteanu, 2005), the main cause of
disastrous ecological changes in our country, which have led to massive
landslides, catastrophic floods, erosion of the fertile soil horizon and degradation
of slopes by sinkholes and gullies, serious reduction in crop yields in ever larger
areas affected by drought, blocking of roads and localities by snow and floods,
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increased frequency and intensity of storms, etc.

The negative economic consequences of these environmental changes are
immense and sometimes difficult to assess, especially from a historical
perspective.

According to some data published by Donita and Radu (2013), before the
Peace of Adrianopol (1928), when the Romanian Principalities obtained
economic autonomy, the then Romanian territory included more than 19 million
hectares of forests, but the subsequent decreases in the forest cover have meant
that today the country's forested area is less than six million hectares and it is still
subject to great destructive pressures. The consequences, apart from the excessive
climatic phenomena mentioned above, are manifested in a pronounced trend of
steppe becoming semi-desert, of forested steppe becoming steppe and of
woodlands becoming forested steppe.

Enescu and Danescu (2013) states that the Romanian experience
accumulated in land reclamation with R. pseudoacacia is highly significant from
the perspective of global warming. It is estimated that the importance of this
species will increase in the future due to its high ecological amplitude and
biological characteristics, which make it well-suited for arid lands.

In the view of the authors cited in the previous paragraph, three distinct
categories of measures are needed to halt this totally unfavorable trend:

a. Afforestation of large areas of land (about three million hectares), chosen
mainly on ecological criteria, leading to improved environmental conditions in
the country's most important hydrographic basins. Of this area, two million
hectares are already available for afforestation, representing, in fact, large areas
of forest from which woody vegetation has disappeared due to chaotic, mostly
illegal, deforestation, especially in the last 150 years. Indeed, in relation to the
aforementioned geographical and ecological regions, the most appropriate and
scientifically accurate designation for the suggested environmental initiative
aimed at restoring the forest ecosystems would unquestionably be termed
'reforestation’. To these two million hectares should be added another one million
ha of severely degraded agricultural land, which is practically unsuitable for
agriculture and has a serious entropic potential as it is permanently subject to
erosion, floods and landslides (Giurgiu, 2013).

From a legislative point of view, this first measure was given the green light
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as early as March 2008, when Law 46/2008 (Forestry Code) envisaged the
afforestation of no less than two million hectares by 2035. According to the data
presented by Giurgiu (2013), in each of the six years since the enactment of Law
46/2008, 70-80 times less than the planned amount has been afforested, which
means that at this rate, the provisions of that law will be realized in about 2000
years.

b. The creation of a national network of forest buffers to protect against
wind erosion is the second category of measures designed to improve the climate
in areas affected by drought in summer and blizzards in winter. Although the
measure is expected to apply throughout the country, it is considered that the most
exposed are the areas located in the south-east of the country, where about
100,000 ha (Donita and Radu, 2013) of protective curtains would be needed
(Donita and Radu, 2013), which would not only protect crops in the large
agricultural holdings of the area, but also protect communication networks and
the localities in question, especially against devastating winter blizzards.

c. The restoration of juniper thickets on the sub-alpine level and on the
salinized sandy meadows would be the third category of measures aimed at
increasing the area of land covered with protective woody vegetation. The
massive clearing of juniper thickets or even their burning, in order to extend
pasture areas, has triggered an extremely accelerated erosional process on the
steep slopes of the subalpine zone and has led to the deregulation of the
hydrological regime in the basins of all the major rivers flowing from the
Carpathians (Cernelea, 1982).

The restoration of the juniper thickets in the sub-alpine zone should start
with the heavily eroded areas and be combined with systematic forest
improvement works (Ciortuz, 1981). Certainly, once the erosion has stopped,
there will be clear signs of improvement in the water regime of this area. At the
same time, there is also a need for measures to restore the sparse tree stands in the
lower part of the subalpine zone, which provide additional soil stability in the area
and prevent avalanches.

The restoration of shrublands in the salinized sandy meadows in the south-
east of the country is intended to prevent wind erosion and protect agricultural
land, communication routes and remote rural settlements. Obviously, in these
cases, forest species resistant to high concentrations of sodium and potassium
salts in the soil, such as red and white sea-buckthorns, will have to be used.
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It is interesting to note that Donita and Radu (2013) recommend numerous
forest species (English oak, downy oak, Turkey oak, Balkan ash, pubescent ash,
etc.) for the realization of the three categories of measures aimed at increasing the
country's forested area, but do not mention acacia. This omission is surprising
because in our country as well as in its homeland (USA) or Hungary (Dracea,
2008; 1926; Haralamb, 1965; DeGomez et al., 2011; Keresztesi, 1983), acacia has
established itself from the beginning of its cultivation in those countries as the
most efficient forest species in fixing sandy soils and in quickly realizing
protective curtains for agricultural crops, roads and settlements.

3.9. The role of acacia in anti-erosion forest plantations on agricultural land
and for the protection of road and railroad tracks

Since its beginnings in Romania (1852), the acacia has proved to be a
providential species for afforestation of shifting sands, fixing hillsides and slopes
and in plantations on degraded lands, and later as a main species in forest buffers
in steppe and forest-steppe regions, for the protection of agricultural lands and in
buffer strips along roads and railroads (Ciuvat, 2013). It is also considered to be
a highly valuable tree, used almost exclusively for ameliorative forest plantations
on sands and light, non-limestone soils in the warm southern parts of the country
(Donita and Radu, 2013; Amos News, 2003).

Based on comparative research of several forest species, Nesu (2000)
concludes that acacia can be considered the most suitable species for the
realization of anti-erosion protective forest buffers, especially where wind erosion
is the most active degrading factor. It is estimated that, in our country, sands and
sandy soils occupy approximately 400,000 ha (Dobre, 2009), of which almost
200,000 ha are located in only three counties in the south-east of the country (Olt,
Dolj and Mehedinti) and only 100,000 ha have been afforested (mainly with
acacia) since 1852 until today.

From a legislative point of view, the first systematic approach to the
problem of planting forests to protect agricultural land belongs to the Cuza
Government and dates from May 6, 1860. In practice, however, such protective
forest plantations were only carried out sporadically, over small areas, at the
initiative of directly interested landowners, although two works by Professor D.D.
Russescu (The insecurity of agricultural harvests in Romania, 1904, and The
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question of artificial afforestation in Romania, 1906) had succeeded in sounding
a serious alarm on the subject.

The most beneficial period for the realization of this system of protection
did not begin until 1937 when, at the insistence of Prof. Marin Dricea, the
Ministry of Agriculture and Domains commissioned the Institute of Forestry
Research and Experimentation (ICEF) to develop the Technique for the creation
of forest protection strips to protect fields. As a result, in 1938, Prof. Marin Dracea
set up the Dobrogea Experimental Forestry Station in the Comorova forest, with
the main objective of developing the technique for the creation and maintenance
of protective strips.

Over time, this station became a powerful center for research and design of
forest plantations not only for Dobrogea, but also for other counties in the south
of the country, so that by 1957 the areas planted in this system exceeded 10,000
ha, and by the end of the 1970s they reached 100,000 ha (Amos News, 2003).

Unfortunately, after 1989, illegal logging and uncontrolled deforestation,
favored by the restitution of many forested areas to their pre-1948 owners or their
descendants, as well as by the lack of adequate control of the way in which the
Forest Code (Law 46/2008) was being complied with in the restituted forests,
have caused these areas of anti-erosional forest plantations to decrease
significantly. The last ten years have, however, witnessed a firm reorientation of
our country's government policy that led to the elaboration of a National Project
for Afforestation of Degraded Agricultural Lands in Romania (2006) and, with
external financial support, the afforestation with acacia of about 2700 ha in the
south and east of the country was achieved (Ciuvat et al., 2013).

The acacia also proved to be equally important in the practical
implementation of the provisions of the Program for the Establishment of Forest
Hedgerows to Protect Means of Communication against Snow (HG
994/2004***). This program provides for the establishment of such plantations,
especially of acacia, in Moldova, Dobrogea, Muntenia and Oltenia, areas of the
country where roads and some settlements, located in the direction of strong
northeasterly winds, are severely affected by heavy snowfalls, blizzards and
winter storms.

A total of 1 082 km of road protection will be planted, covering 3 458 ha.
Of these, 2,738 ha will be protective strips along 870 km of national roads and
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720 ha will be protective strips for 212 km of railways. Some 30 million forest
saplings will be purchased for these plantations, of which 15 million will be oak
and acacia (Amos News, 2006).

Considering the current climate context, the Robinia pseudoacacia L.
species may become more significant due to its strong adaptation to poor and
eroded soils, fluctuating temperatures, and positive economic impacts (Budau R.,
et al. 2023).

In addition to the protective effect that these plantations will have on the
roads, it is also important to bear in mind the contribution of water to the soil that
these hedgerows can provide to the land adjacent to the roads by means of
snowmelt. The significance of this matter is becoming increasingly pronounced
and critical, especially in light of the fact that the ramifications and consequences
associated with the phenomenon of global warming are being experienced with
greater intensity and frequency within the geographical and environmental
boundaries of our nation.
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4. ACACIA BIOLOGY

The fact that the acacia can be found, today, everywhere on the globe where
it has encountered a minimum of favorable conditions is due to its biological
particularities that give it a particularly high ecological plasticity. Since R.
pseudoacacia L. is the most common species, both in our country and in other
countries with significant areas of acacia, this sub-chapter briefly presents the eco-
biological characteristics of this species.

4.1. Morphological characterization

The main bibliographical sources used in the elaboration of this subchapter
are represented by the works of the following authors: Clinovschi, 2005; Donita,
1999; lliescu, 1994, 2005.

The acacia (Robinia pseudoacacia L.) is an exotic, size | tree (25-30 m tall
and 80-100 cm stem diameter) with a longevity that can exceed 100 years.

The root, as illustrated in Figure 9, undergoes a developmental process
characterized by the formation of a taproot during the initial three to four years of
its existence, particularly prevalent in sandy soil environments, during which it
can attain a remarkable depth ranging from 2.0 to 2.5 meters beneath the surface.
After this period, the lateral roots develop more strongly than the taproots,
reaching up to 20 m from the trunk.
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FIGURE 9. THE ROOT (SOURCE: RUBEN BUDAU, 2014)

The stem (Figure 10) is straight, with an initially smooth bark, reddish-
brown to grayish-olive in color, with an irregular, sparse crown that does not
shade the soil sufficiently to avoid crowding by perennial grasses or even
dicotyledonous plants (e.g. Urtica dioica, L).

Tree to 25 m, with deeply furrowed brown bark, glabros or slightly
pubescent (Reheder, 1962).
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The stem biomass of Robinia pseudoacacia constitutes the majority of its
total biomass, ranging from 58.25% to 60.62%, density significantly affects both
stem biomass and total biomass, with increasing densities promoting the
accumulation of plant biomass in the sample plot (Hu, Y., et al., 2024).

FIGURE 10. ACACIA STEM (SOURCE: RUBEN BUDAU, 2018)

The shoots (Figure 11) are greenish-gray in color, edged, with thorns on
either side of the buds (the stipes turn into thorns).

Buds are alternate, small in size, hidden in a protrusion in the middle of the
scar.

The leaves (Figure 12) appear late (May), are 15-30 cm long and are
comprised of 7-23 leaflets arranged imparipinnately. The leaves are medium-
sized (3-5 cm), mucronate, whole, glabrous or pubescent.
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FIGURE 12. SHOOT WITH THORNS, LEAVES AND BEGINNING OF
INFLORESCENCE (SOURCE: RUBEN BUDAU, 2022)
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FIGURE 14. ACACIA SEED PODS (SOURCE: RUBEN BUDAU, 2022)
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The floral structures (Figure 13) exhibit a predominantly white coloration,
occasionally with a subtle yellowish tint, are characterized as bisexual, display
bilateral symmetry, conform to type 5 morphology, and are aggregated in
drooping racemes with lengths varying from 10 to 25 centimeters. The tree
blooms late, after producing leaves, and the flowers give off a strong, pleasant
fragrance. The fruits are dehiscent pods (Figure 14), dark brown in color,
containing 10-18 blackish seeds (Figure 15) with a very hard seed coat. Due to
this characteristic of the seed coat, the acacia does not regenerate naturally from
seed, and germination requires artificial forcing.

FIGURE 15. ACACIA SEED (SOURCE: RUBEN BUDAU, 2025)
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4.2. Ecological prerequisites

In its native area, acacia thrives in a warm climate (annual average of 7-10°
C) with sufficient rainfall (700-900 mm per year). Following the dissemination of
its cultivation to various regions globally, this species underwent significant
adaptations to climatic conditions that are markedly disparate from those of its
indigenous habitat. Presently, it is observable across a spectrum of environments,
ranging from the Mediterranean climate characterized by minimal precipitation
(approximately 300 mm annually in Israel) to the tropical conditions of Burma,
where it encounters humidity and thermal levels considerably exceeding those of
its original locale (potentially up to 5000 mm annually). It has developed in Japan,
with abundant rainfall throughout the year, but also in South Africa where it rains
only in summer (Stanescu et al., 1997).

It is an important multipurpose spe cies with major economic, ecological
and social roles for producing wood, fodder, honey, a source of bio-oil, for bio
mass production and carbon sequestration, soil stabilization/ erosion control, re-
vegetation of landfills, mining areas and wastelands, in biotherapy, and in
landscaping. (Nicolescu et al., 2020)

In our country, acacia thrives and produces a large amount of plant biomass
in warm regions, with mild and long autumns, sheltered from early frosts that
cause the young, unlignified saplings to die off. At mean annual temperatures
below 7-8° C it vegetates poorly, suffers from freezing, and cold winds and frost
cause branches to break, shoots to detach from the stump, and the disintegration
of the forked stems (Stanescu et al., 1997).

The temperament of acacia is pronounced by light, which causes the pure
stands to become sparse at an early stage, leading to soil becoming weedy and
gradually drying out. The optimal soil types are characterized by sandy, coarse-
textured, loamy compositions that exhibit excellent aeration and permeability
while being devoid of carbonaceous materials. It grows satisfactorily on soils with
low trophicity, even saline soils, such as those of the Danube Delta (Costin, 1979),
but grows very poorly on argillaceous, compact and chalky soils (Clinovschi,
2005).

Because of its rich and extensive root system, acacia consumes large
guantities of minerals from the soil, which means that with repeated cropping of
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acacia the soil becomes extremely depleted in macro and micro elements. On the
other hand, in a medium-lasting crop (15-20 years), acacia can significantly enrich
the soil in nitrogen due to the Azotobacter nodosomes with which it lives in
symbiosis (DeGomez et al., 2011).

Acacia's soil moisture requirements are quite high. As a rule, it prefers
humid, well-aerated soils with a constant supply of moisture at depth. In the dunes
of southern Oltenia, it grows well on surface-dry soils, thanks to its root system,
which is capable of utilizing the groundwater at great depths. It is not suitable for
very dry soils, nor for soils with excess moisture, cold soils, or soils exposed to
floods, on which it dries out quickly (Stanescu et al., 1997).

4.2.1. Ecological and Growth Characteristics

Black locust is highly adaptable, thriving in both nutrient-poor and nutrient-
rich soils, and is drought-tolerant, growing in areas with annual precipitation as
low as 500-550 mm (Nicolescu et al., 2020).

It is a fast-growing species, with growth peaking before the age of 20, and
primarily regenerates vegetatively through root suckers (Nicolescu et al., 2020).
The species is shade intolerant and often replaced by more shade-tolerant species
in its native range, but this succession is less predictable in Europe (Kato-noguchi
& Kato, 2024).

4.2.2. Management Practices

Management typically involves a simple coppice system, promoting root
suckers over stool sprouts, and includes thinning and pruning to focus on crop
trees (Nicolescu et al., 2020).

In regions like Ukraine, black locust is used in protective forest stands and
for erosion control, with management strategies aimed at preventing its spread
into natural ecosystems (Chornobrov & Solomakha, 2023).
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4.2.3. Invasive Potential and Ecological Impact

Black locust is considered invasive in several European countries, altering
soil chemistry through nitrogen fixation, which can lead to soil acidification and
nutrient depletion (***"Soil chemical and biological changes through the N2
fixation of black locust (Robinia pseudoacacia L.)-A contribution to the research
of tree neophytes”, 2022).

Its presence can reduce native species diversity and alter the composition of
plant and animal communities (Kato-Noguchi & Kato, 2024) (Slabejova et al.,
2023). The species' invasiveness is exacerbated by its allelopathic properties and
resistance to natural enemies (Kato-Noguchi & Kato, 2024).

Black locust is regarded worldwide as a multipurpose tree, mainly due to its
great adaptability to face different kinds of environmental stresses Kellezi, M.K_;
Kortoci, Y. (2022), Budau R., et al. 2023.

Despite the considerable economic advantages that can be derived from the
utilization of black locust, it is imperative to recognize that the ecological
ramifications stemming from its invasive characteristics demand meticulous
management and vigilant monitoring in order to effectively mitigate its
detrimental impacts on the diverse ecosystems that comprise European forests.
The intricate task of balancing the practical utility of this species with essential
conservation initiatives presents an ongoing and critical challenge that must be
addressed within the framework of comprehensive forest management strategies
designed to promote ecological integrity.

4.3. Cariology. Inter-and intraspecific variability

The diploid number of chromosomes is different in the four species of the
genus Robinia which explains the fundamental differences between them. Thus,
R. pseudoacacia has 2n=22 chromosomes (Kumari and Bir, 1990; lvanova and
Vladimirov, 2007), but in older and even newer works, this species is considered
to have 2n=20 chromosomes (Darlington and Wylie, 1955; Goldblat and Johnson,
1998).

At present, based on the data presented by Kumari and Bir, 1990, the diploid
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number of 2n=22 chromosomes is accepted as a reliable diploid number for R.
pseudoacacia L., the above-mentioned authors considering that most species of
the Fabaceae family have the basic chromosome number x=6, the specification
and different diploid chromosome numbers being realized due to evolution by
aneuploidy and polyploidy (e.g. R. hispida. with 2n=30 chromosomes, Zeven and
Zhukovski, 1975).

The interspecific variability of the genus Robinia is very high, and the best
evidence for this is the fact that works in the field, especially those of the early
20th century, considered the genus to comprise no fewer than 20 species (Ashe,
1922; Small, 1933).

With the passage of time, evidence has emerged refuting the validity of
some of these species, but even in recent works (Lavin et.al, 2003;
wikipedia.org/robinia, 2013) 11 species of the genus Robinia are still mentioned
(R. boyntoni, R. ellioti, R. hartwigii, R. hispida, R. keleseyi, R. luxurians, R. nana,
R. neomexicana, R. pseudoacacia, R. viscosa, and R. zirkelii).

Recent taxonomic analyses, based on well-defined and easily identifiable
criteria (type of growth, flower color, shape and size of pods, etc.), have led to the
conclusion that there are only four species of the genus Robinia, namely (Table
1):
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Species of the genus Robinia

Table 1

Species Flowers Source

R. pseudoacacia L Budau R,
2025
Budau R,
R. viscosa L,
2025
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R. hispida L,
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xicana#/media/File:Ro
binia_neomexicanal.jp

g

R. neomexicana.

Referring exclusively to R. pseudoacacia L., which is, in fact, the species
of interest in this paper, it is worth noting the great variability of morphological
characters of silvicultural, ornamental or ecological importance. Due to the fact
that, in the intricate tapestry of natural ecosystems, this particular species
predominantly engages in a mode of propagation that is almost entirely vegetative
in nature, specifically through the generation of root shoots, the resultant
populations that emerge from this reproductive strategy may exhibit a notable
degree of relative genetic and morphological uniformity, which is a characteristic
that can be observed across individual specimens within those populations;
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however, it is also quite plausible that there exist significant and pronounced
differences when one examines the various populations in different ecological
contexts or geographical locations, leading to a fascinating array of diversity
despite the overall uniformity within each population. This is normal if we accept
that, in fact, a natural acacia forest is made up of as many clones as there are
mature individuals that have participated in propagation by root-sprouts. This
very high inter-populational variability has been the main reason for the
nomination of a large number of species within the genus Robinia and, by
implication, a large number of varieties within R. pseudoacacia L.

The specialized literature, especially that of the second half of the last
century, abounds in names of varieties of the species R. pseudoacacia L. Limiting
ourselves to the literature of our country, it is significant that in older works
(Stanescu et al., 1997) this species is listed with four varieties (rectissima,
umbraculifera, inermis and microphylla) and five forms (bensoniana, pyramidalis,
monophilla, decaisneana, sempeflorens) while in more recent works (Clinovschi,
2004; 2005) both the aforementioned varieties and forms are listed as varieties.
Moreover, Birlanescu et al. (1966) propose the registration of a new variety of
acacia, characterized by monopodial growth, thornless shoots and flowers without
petals or with very small petals, which they call R. pseudoacacia var. oltenica
(Birl., Cost. et Stoic., 1966). Perhaps in this respect, the opinion expressed by
DeGomez and Wagner (2011) sheds some relevant light on the causes that have
favored the emergence of such a large number of new varieties of R. pseudoacacia
L.

The very high variability of this species meant that, from early times,
breeders selected certain populations with a homogeneous appearance and
characteristics of forestry, ornamental or anti-erosion protection interest, which
they registered as cultivars, and which were subsequently cultivated as such.

The first acacia cultivar was officially registered in France in 1804
(Jacobson, 1996), and a considerable number of cultivars were subsequently
registered, mainly in the USA, but also in France, Hungary, Poland, Germany,
Bulgaria, etc.

DeGomez and Wagner (2011), in their scholarly discourse, provide a
comprehensive enumeration of twenty-two distinct acacia cultivars that have been
meticulously developed in the aforementioned nations, which notably includes
the various white acacia varieties that have been previously discussed in the
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context of their agricultural significance and ecological applications.

At present, the only universally accepted variety of Robinia pseudoacacia
L. is var. rectissima Raber, characterized by Raber (1936). The name rectissima
seems to have been inspired by the fact that trees of this variety, renowned for
their straight and strong wood, have long been used for making masts for ships
(DeGomez and Wagner, 2011).
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5. ACACIA PROPAGATION

The various species belonging to the genus Acacia possess an inherent
ability to maintain and advance their propagation mechanisms through a series of
natural processes, which not only include generative methods that rely on the
intricate utilization of seeds to ensure genetic diversity and survival, but also
incorporate vegetative approaches that strategically exploit the remarkable
capacity for growth exhibited by root shoots, thereby facilitating the continuation
of the species in diverse ecological contexts. In conjunction with these two
prevalent natural modes of propagation, there are also three commonly employed
artificial techniques that researchers and horticulturists frequently utilize to
enhance the propagation of acacia, which include the method of propagation by
cuttings, the technique of propagation through grafting, and the advanced practice
of micro propagation, which is fundamentally based on the principles of tissue
culture.

As in other forest species (Budeanu et al., 2013), propagation by seed in
acacia is preferred when it is necessary to produce a large number of acacia
seedlings whose obvious phenotypic variability is not an impediment (e.g. for the
afforestation of eroded or totally unsuitable land (e.g. mining dumps, reforestation
of deforested or naturally devastated sites, creation of anti-erosion or protection
hedgerows for roads and settlements, or afforestation of land).

Both vegetative propagation (via rootstocks, cuttings, grafting) and
micropropagation, which is to a large extent also vegetative propagation, are used
when the aim is to multiply superior genotypes for breeding purposes, to produce
parent plantations for industrial propagation, to obtain planting material of
particular ornamental value, etc. VVegetative propagation, mainly by root cuttings,
is often preferred in forestry practice in our country because it is very convenient
and cheaper than propagation from seeds (Ciuvat et al., 2013).
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5.1. Propagation via seeds

Seed propagation of acacia does not occur naturally or is extremely low
(0.3% of seeds germinate) due to the large thickness of the seed coat and its poor
permeability (Chapman, 1936; Tanasescu, 1967; 1970). When this type of
propagation is used by man for forestry purposes, special treatments are necessary
to improve the germination capacity of the seeds. The most commonly used such
treatments are: soaking the seeds in concentrated sulphuric acid for 20 - 120
minutes, soaking in water at a temperature close to boiling point (90 - 95°C) for
10 - 80 minutes and mechanical scarification (Bujtas, 1992).

Stimulation of germination through physical methods: (scarification) might
be an alternative approach to the chemical substances used nowadays, with
ecological advantages as well as the possibility to be used on a larger scale with
high efficiency (Roman, A.M., et al., 2022).

Mechanical scarification is biologically efficient and allows large quantities
of seed to be treated, which can then be mechanically sown immediately. It
requires, however, special machines that are quite expensive both in price and
maintenance (Chapman, 1936, Holonec, 2007).

Sulphuric acid and hot water treatments are relatively easy to apply and their
efficiency is quite high (germinability is 80-250 times higher than natural), but
they have some major drawbacks, namely (Meginnis, 1937; Arrillaga and Merkle,
1993; Hartmann et al., 1997; Lin et al., 1996):

» The quantity of seeds which can be treated in any individual batch is
quite small.

= After treatment with sulfuric acid, the seeds must be rinsed two or
three times in clean water, and after treatment with hot water, they
need to be treated with plenty of cold water in order to bring down the
temperature and end the treatment.

= After both types of wet treatments, the seeds need to be dried so that
they may be sown mechanically.

= In both methods, it is necessary to pre-test the treatment times for each
seed lot, due to the high variability in the structure of the seminal
integument and its permeability.

51



(Rédei et al., 2008) Seed harvesting is carried out by stripping the soil layer
from underneath the plus (elite) trees, previously marked as seed producers, to a
depth of 15-20 cm and sifting it after crumbling. The seed yield obtained by this
process is quite variable, most often ranging between 400-900 kg/ha of stripped
soil (Keresztesi, 1988).

As acacia seeds can retain their viability in soil for a long time even 10-30
years, (Keresztesi, 1988), it is normal that seeds harvested from under plus trees
are of different ages and therefore show a large variability in seed coat
permeability and germination capacity. This is the main reason why pre-testing
of treatment times is necessary when applying wet scarification.

Sowing is carried out mechanically, using machines for sowing straw
cereals, at a distance of 40-70 cm between rows and at a depth of 3-5 cm, with a
sowing rate ensuring 40-50 germinable seeds per linear meter of sowing, thus
ensuring a density of about 250 000 seedlings/ha.

The technology for producing seedlings from seed is well developed and
fairly similar in all countries that produce such planting material in large
quantities. Seed disinfection is carried out to prevent the installation of various
diseases or the attack of pests during the germination period until emergence
(Bartha, 2024).

5.2. Vegetative propagation

The process of vegetative propagation for the species of acacia can be
effectively accomplished through a variety of methods, including but not limited
to the utilization of rootstocks, the practice of root cuttings, the technique of
grafting, and the advanced procedure of tissue culture, which is often referred to
as micro propagation in scientific literature. Among these diverse methodologies,
it is important to note that the most prevalent and widely adopted techniques for
the propagation of acacia species are, without question, those that involve the use
of root cuttings as well as the innovative approach of micro propagation, which
has gained significant traction in contemporary practices. Propagation by root
cuttings (Figure 16) has two variants (Bujtas, 1992): long (8-10 cm) and short (3-
5 cm) cuttings. In both cases, the cuttings are fragmented from roots harvested
from mother plantations specially established for this purpose on sandy soils
where root harvesting is easier.
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FIGURE 16. RESULTS OBTAINED WITH ROOT CUTTINGS OF DIFFERENT
DIAMETERS (SOURCE: RUBEN BUDAU, MAY 2023)
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Long cuttings are planted by hand, in open furrows 40-50 cm apart, with
the top about 1 cm below ground level. The short cuttings are planted in spring,
mechanically, with a chive planting machine, at the same row spacing as the long
cuttings and at a depth of 4-5 cm, ensuring a density of 25-30 cuttings/linear
meter.

In our country, the best results (Lazarescu, 1968) were obtained with 15-25
cm long root cuttings, planted immediately after harvesting and pruning at
distances of 60 cm between rows and 20 cm between cuttings per row.

Propagation by green cuttings (DeGomez and Wagner, 2011) is less
commonly practiced because it is more complicated and costly. Green cuttings
are harvested in the spring when the cuttings are 20-25 cm long. Immediately after
harvest, they are placed in water to avoid wilting.

The cuttings are planted in sterilized perlite after pre-treatment with IBA or
Radistim. After planting, a relative air humidity of 100 % should be ensured by
artificial misting or frequent watering of floors, parapets, etc. Treatments against
diseases and fertilizers are applied weekly. Micro propagation by meristem
culture has been successfully applied to acacia since 1983 (Chalupa), using apical
and nodal meristems as explants. Subsequently, dormant shoots (Davis and
Keathley, 1987), cotyledons and leaves of seedlings obtained from in vitro
germinated seeds (Arrillaga and Markle, 1993), axillary shoots of R neomexicana
new seedlings (Lin and Wagner, 1996), were used as explants with good results.

In our country, the beginnings of micro propagation in acacia were initiated
by Enescu (1989; 1991) and later Babeanu et al., 2006, Corneanu Mihaela et al.
(2001; 2008, 2010) made valuable improvements to this method of propagating
acacia. Unfortunately, very pertinent economic research (Gruber and Hanover,
1992) shows that this method is 3-6 times more expensive than propagation by
root cuttings in acacia.

Grafting, usually with detached buds, is practised in acacia only in rare
cases for propagation of particularly valuable ornamental cultivars. Seedlings of
R. pseudoacacia are usually used as rootstocks and ornamental cultivars of R.
hispida, R. viscosa and R. neomexicana as grafts (DeGomez and Wagner, 2011).
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6. ACACIA AMELIORATION

The first systematic work on acacia amelioration was initiated in Hungary
in 1930 and later spread to several Balkan countries (Romania, Yugoslavia,
Bulgaria, Greece), as well as to the USA, Canada and the former USSR (Barrett
etal., 1990).

In Romania, the scientific improvement of forest trees, including acacia,
almost certainly began with the establishment, in 1933, of the Institute of Forestry
Research and Experimentation (ICEF), the name under which ICAS (Institute of
Forestry Research and Management) operated in its early years. Since the
inception of the aforementioned institution, which delineates the commencement
of its scholarly and investigative pursuits, a cumulative total of five discrete
research divisions have been established and evolved over time, one of which is
the specialized Department of Forest Tree Improvement that is dedicated to the
progression and refinement of arboreal species.

6.1. Objectives of acacia amelioration

As with other crop species, productivity is the main objective of acacia
amelioration programs. Its character is very complex and depends on a fairly large
number of productivity factors, the most important of which are: tree height,
diameter, tendency to develop splits in the trunk, growth rate, resistance to winter
frosts, disease and pest resistance.

Unfortunately, in our country very little research has been carried out into
the genetic determinism of these traits, on which, to a large extent, the
productivity of acacia depends. Special mention should be made to the PhD thesis
by Ciuvat (2013) who, based on the analysis of a large number of 1 - 4 year old
acacia stands in south-western Oltenia, developed allometric equations for
estimating the total biomass and its components according to the biometric
characteristics of the measured specimens. Beyond the value of these data for the
needs of the respective PhD thesis, they could constitute a good database for
calculating the heritability of the respective traits, characteristic of the respective
populations or as a result of individual measurements.

55



The most extensive research on the heritability of productivity traits in
acacia was carried out at Michigan State University, East Lansing, USA, where
in 1982 and 1983 seeds were collected from 434 acacia trees covering an
extremely large area of eastern USA and Canada. After scarification of the seeds
with sulfuric acid, they were sown in the nursery resulting in 434 half SIB family
seedlings, which were planted in 1985 in randomized block comparative cultures
at four locations in Michigan.

Observations and measurements taken at the end of the first four growing
years on all individuals in each family allowed the calculation of heritabilities, in
the broad (H) and narrow (h2) sense, for six important productivity elements in
biomass production. The findings were disseminated by Mebrahtu and Hanover
(1989) in conjunction with Barrett et al. (1990) and are encapsulated within Table
2.

It can be seen that for tree height, thorn length, budding date and leafing
date, the broad heritability (H) values are quite high (above 0.50), suggesting that
phenotypic selection for these traits within families can be effective, resulting in
appreciable genetic gains.

However, as the narrow heritability (h2) values for all traits are extremely
low, the efficiency of such selection would be seriously affected by genotype x
environment interactions. This means that few of the productivity elements in
acacia have a predominantly additive polygenic genetic determinism and that
most of them are rather determined by epistasis gene effects.

Heritability of some productivity traits in acacia

Table 2

Calculated based . Frost Trunk Thorn . .
on: Height resistence splitting length Budding | Leafing

H | 0,56 0,13 0,31 0,89 0,83 1,11

Individual trees

h? | 0,019 0,013 0,016 0,023 0,038 0,04

H | 055 0,22 0,40 0,69 0,57 1,11

Families
h?| 0,07 0,063 0,075 0,06 0,086 0,076

Source: Mebrahtu and Hanover (1989); Barrett et al. (1990)
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In formulating conclusions such as the above, it is also worth considering
the results obtained by Surles et al. (1990) who, on the basis of enzymatic analyses
applied to half SIB acacia progeny, conclude that the degree of relatedness of
individuals of such a family is extremely variable (ro = 0.20 - 0.43), which casts
serious doubt on the presumption that individuals obtained from the seeds of a
tree whose flowers have been freely pollinated are all half SIB.

The low (1-3)/high (11-23) number of leaflets in the leaf appears to be
determined by a single major gene, and this finding may indirectly serve to
improve for productivity. If the parental forms had as a genetic marker the
high/low number of leaflets in the leaf, hybrid individuals can be easily identified
and then processed by selecting hybrids with the highest level of trans-heterosis.

6.2. Timber quality

The timber quality in acacia is a particularly important improvement
objective because the way acacia wood is utilized depends directly on its structure
and characteristics.

Dracea (1928; 2008), analyzing the structure and characteristics of the wood
of 104 acacia trees, concludes that 26% of the wood volume is represented by
bark. Decei and Armasescu (1959) and Bereziuc et al. (1976) reached similar
results following comparative studies on several forest species. Their conclusion
is that, upon meticulous examination and comprehensive analysis of the various
factors pertaining to the proportion of bark relative to the entire volume of wooden
material, as well as the thickness characteristics of said bark, it is evident that
acacia unequivocally surpasses all indigenous forest species found within the
geographical confines of Romania.

The density of green acacia wood was determined by Dracea (1928; 2008)
immediately after felling, with values ranging from 724 to 930 kg/m?, and Vintila
and Galbenu (1944) found a density of 780 kg/m? for acacia wood with a humidity
of 20%. The results obtained in this respect by Hernea et al. (2009, 2010) are
interesting, as the wood density determinations were carried out by these authors
on R. pseudoacacia var. oltenica. The values pertaining to the density of wood,
as determined and reported by the aforementioned authors, were as follows:
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= for anhydrous timber, the range of density values was noted to be
between 0.634 and 0.785 grams per cubic centimeter, indicative of
the mass per unit volume of the material in its dehydrated state,
which is essential for understanding its structural properties.

= for conventional density, the reported values spanned from 0.532 to
0.648 grams per cubic centimeter, reflecting the typical density
measurements that are usually taken under standard conditions with
moisture content that is generally present in the wood.

= and for dry timber, the density values ranged from 0.680 to 0.791
grams per cubic centimeter, which are crucial for determining the
wood's performance characteristics and its suitability for various
applications in construction and manufacturing.

The resistance of acacia wood to humidity and decay caused by
xylophagous fungi (Trametes versicolor, Coniophora puteana, Serpula lacrymans,
Daedalea quercina) gives it a very high durability, comparable to that of oak and
sessile oak (Vintila, 1944). The shear resistance of acacia wood differs according
to the area from which it originates. The greatest differences are observed between
the southern and northern populations of Romania, with northern acacia wood
being more resistant to tangential shearing than southern acacia wood, while
southern acacia wood is more resistant to shear forces applied on longitudinal and
transversal sections (Porojan, 2011). The same author finds that the shear strength
of our acacia (both northern and southern) is higher than that mentioned in the
world literature for oak and beech.

As far as the quality of acacia wood is concerned, special mention should
be made of the chemical composition of its two main components: bark and
sapwood. The results obtained by Corlateanu (1983) show that acacia bark
contains 46.2 - 48.1 % lignin, 18.9 - 22.1 % cellulose and 8.7 - 12.1 % mineral
substances (Ca, P, K, Mg, Fe, Zn, Cu). The author considers that it may be
profitable to make use of the secondary free residues and bark from willow
harvesting, precisely because of their particularly valuable chemical content.
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6.3. Resistance to abiotic stress factors

Resistance to abiotic stress factors also constitutes a particularly
important amelioration factor, for at least two reasons:

= due to the expansion of acacia areas in our country, it has come
to occupy areas that no longer present optimal pedoclimatic
conditions for the cultivation of this species.

= Major climate changes reported recently worldwide, especially
those related to global warming, are putting new abiotic
stresses on acacia.

From a climatic point of view, the south of Romania has a favorable climate
for the cultivation of acacia, and the soils on which this species has settled in that
area are also preferred by this plant (sandy soils). By contrast, the northward
spread of acacia, including in the Apuseni Mountains at altitudes of 800 m, has
brought it to areas with skeletal soils, high carbonate content in the surface layer
and low winter temperatures which often lead to the young shoots drying out.

The resistance of acacia to early as well as winter frosts is not very high;
usually in winters with severe frosts (minus 20 - 25°C), the trees are affected by
the appearance of cracks in the bark, but especially by the freezing of young
shoots (one-year-old saplings). To assess frost hardiness, Mebrahtu and Hanover
(1989) introduced the term "die back™ which represents the portion of the one-
year-old shoot in cm that has been affected by frost. The trait is considered
guantitative, with a rather low heritability (H = 0.130-0.22) which greatly
decreases the efficiency of phenotypic selection.

The resistance of young shoots to early autumn frosts is a characteristic that
depends crucially on the weather during the growing season: in wet and cool
seasons, which are quite common in the northern areas of the acacia's range, the
shoots of the year in question do not get to lignify (store lignin) along their entire
length and, in the event of early frosts, will be more or less affected. The
heritability component of the resistance of acacia to early frosts is associated with
the precocity of budding, with earlier biotypes usually more likely to enter the fall
and winter with woody shoots.

Genetics of adaptation to new climatic conditions is another highly topical
area of forestry research, especially since the effects of global warming have
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become increasingly evident. For our country, these effects may have particularly
negative consequences for the cultivation of acacia in the sandy soil areas in the
south of the country.

Populations of acacia in these areas have already adapted to low rainfall
conditions, but a further reduction in the volume of rainfall would pose serious
problems for many forest species, including acacia. Therefore, it is of utmost
significance that exhaustive and thorough initiatives, both at the national level and
on a global scale, are urgently necessitated to meticulously examine and elucidate
the most crucial and notable components pertaining to the genetic mechanisms
that govern the adaptive processes of forest species in reaction to the substantial
and extensive climatic alterations that are intricately linked to the phenomenon of
global warming.

A program like GENECAR, applied in the Baltic countries and
Scandinavia, for joint research on genetics, breeding, conservation of genetic
background, exchange of information in this field is probably a good example for
other regions of Europe (www.nbforest.info, 2011).

6.4. Resistance to excessive soil salinization

Resistance to excessive soil salinization has recently become an
increasingly pressing improvement objective due to the spread of acacia,
particularly in the south-eastern parts of the country, on coarse sands with a high
calcium carbonate content.

On such soils, the 22-year-old acacia has an average height of 13.5 m and
an average tree diameter of 15 cm (Costin, 1979); (www.srs.fs.usda.gov). It seems
that a possible solution to this problem would be to plant on such soils tetraploid
forms of acacia which, in rigorous experiments, has shown remarkable resistance
to saline stress (Meng et al, 2009).
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6.5. Resistance to diseases and pests

Disease and pest resistance are a major breeding objective in acacia
because, both in its country of origin and in the countries to which it has spread,
this species is under constant pressure from pathogens and pests. By way of
example, it is sufficient to show that pests and foliar diseases can cause a 75%
reduction in the photosynthesizing surface area of attacked trees (Athey and
Connor, 1989), with predictable negative consequences on their vegetative and
generative development.

The number of pests of acacia is impressive when judged on the basis of
collections of different species from affected trees. In the USA, for example, no
less than 76 species of insects attacking acacia have been identified (DeGomez
and Wagner, 2011), while in southern Slovakia, in three years of collection, 33
species of the order Lepidoptera alone have been identified on acacia (Kulfan,
1991).

In Hungary, a study published under the aegis of the Forest Research
Institute (Toth, 2002) finds that acacia is attacked by two species of nematodes,
36 insect species, one species of parasitic plant (Viscum album) and two rodent
species (rabbits, field mice). In addition to the aforementioned conditions, there
exists a remarkably substantial and equally noteworthy multitude of diseases that
are attributable to a variety of pathogenic agents, including but not limited to
viruses, fungi, and bacteria, each of which plays a significant role in the etiology
of numerous health-related complications.

In Romania, in a comprehensive study on the biology and control of acacia
pests, Trautescu et al. (1969) identify more than 30 species of pests of roots, seeds
and young seedlings obtained from seeds, 24 pests of young plantations and
shoots of acacia, 33 species of pests on bark and wood of acacia and six species
of pests of flowers and fruiting bodies of acacia.

It should be emphasized that, despite this impressive number of species
constituting the entomofauna of the acacia, this tree is considered to have good
resistance to attack by diseases and pests. Trautescu et al (1969) mention that only
a very small number of the total number of species collected as entomofauna of
acacia are really harmful, in the sense that most of them cause damage at a level
well below 20%, which is considered to be the lower threshold of economic
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damage. Of these, the most important, in terms of magnitude of damage, are the
following:

# The locust borer (Megacyllene robiniae) is a pest of the order Coleoptera
that attacks the trunk and branches of the tree extremely severely. The
adult specimens deposit their ova upon the surface of the acacia's bark,
and subsequent to the hatching process, the larvae penetrate the bark as
well as the cambial layer in which they undergo overwintering. In the
spring the larvae continue their development by digging tunnels 2.5 cm in
diameter and up to 12 cm in length, the tree rarely dies from the attack,
but the quality of the wood is totally compromised, and it is only usable
as firewood (Johnson and Lyon, 1991). It is quite fortunate and highly
advantageous that the geographical distribution and habitat range of this
particular pest species is confined solely to the continental United States,
thereby limiting its potential impact and spread to other regions beyond
this specific area.

# The locust leaf-mining larva (Odonotota dorsalis) (Figure 17) is a
coleopteran larva that consumes the leaf mesophyll between the upper and
lower epidermis as larvae, while the adults "graze" the epidermis and
mesophyll thereby skeletonizing the leaf. Athey and Connor (1989) found
that damage by adults can account for up to 50% of total damage. Damage
can be so severe that trees appear scorched by a forest fire. If, after a first
attack, the tree produces leaves a second time, a subsequent attack in the
same year results in the death of the tree.
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FIGURE 17. ATTACK BY THE LOCUST LEAF-MINING LARVA ON ACACIA
LEAVES (ODONOTOTA DORSALIS) (SOURCE: RUBEN BUDAU, 2022)

= The locust twig borer (Ectdytolopha insiticiana) is a lepidopteran
whose larvae bore into young branches feeding on vascular tissue. In
young trees, they also attack the stem which, in most cases, becomes
swollen and then breaks at the site of attack (Hoffard and Anderson,
1982).

= The cracked cap polypore (Phellinus robineae) is a mycosis,
considered the most damaging disease of acacia. Infection occurs
through wounds in the bark of the trunk or branches (e.g. branch
splinter holes or mechanical wounds). As a result of the attack, the
wood turns brown, becomes spongy and loses all usability (Hoffard
and Anderson, 1982).

Research on the genetic determinism of resistance to disease and pest attack
has focused mainly on the locust borer, which in the USA is the most damaging
pest of this forest species. The most interesting results were obtained by Harman
and Dixon (1984) who found that two components of vegetative growth are
negatively correlated with the degree of attack by the borer:

= The borer prefers younger, thinner-barked trees that are easily punctured by
newly hatched larvae. This means that the selection of fast-growing,
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vigorous clones, leading to early bark thickening, would reduce the pest's
attack.

= Young, vigorous, actively growing trees have the ability to greatly reduce
the severity of attack by closing the holes produced by the larvae at the
entrance, leading to their asphyxiation.

Insect-resistant biotech crops, engineered for pest resistance, reduce
pesticide use, thus lowering fossil fuel consumption and carbon dioxide
emissions.

Advanced biotechnology employing genetically modified, stress-tolerant,
high-yield transgenic crops can effectively mitigate the adverse impacts of
climate change (Sarac, I., 2005).

Cultural measures for the maintenance of acacia stands, combined with a
judicious choice of planting density, can ensure that acacia forests are in good
health and can produce high yields of quality timber. In nurseries and young
plantations, it is possible and advisable to apply chemical treatments to control
diseases and pests, the effectiveness of which has been proven in rigorous
experiments carried out both in Hungary (Toth, 2002) and in our country.

6.6. Nectar production

Nectar production is also a major amelioration objective, with acacia being
one of the most important honey bearing plants in our country. In other countries,
such as Hungary, acacia is the most important honey bearing plant, with the value
of exported honey exceeding in some years the value of exported raw or processed
acacia timber (Keresztesi, 1988).

The total nectar production per area unit of acacia plantation depends on a
multitude of factors, some of which have a direct and others an indirect effect on
this characteristic. Of these, the most significant are: nectar/flower yield, nectar
sugar content, earliness of first flowering, flowering duration and age of trees.

According to Cirnu (1980), the amount of nectar produced by an acacia
flower in climatically normal years is between 1-4 mg, and its sugar concentration
varies between 40 and 70%. It is clear that, in terms of these two characteristics,
there is potential for the selection of clones with high nectar/flower yields and
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high nectar sugar content. Establishing plantations with such clones through
vegetative propagation would maintain stable nectar production and quality.

The precocity of the first flowering is particularly important as it prolongs
the total honey bearing life of the plantation. Barrett et al. (1990) it has been
observed that robust seed-propagated Acacia trees commence flowering from
their third year of development (the second year after field transplantation), which
occurs 2-3 years earlier than that of alternative tree species. The flowering
duration of acacia in climatically normal years is between 8 and 15 days.

The degree of variability observed in the characteristics of the subjects is
sufficiently elevated, ranging from singular instances to dual occurrences, thereby
facilitating the effective implementation of clonal selection processes aimed at
identifying and promoting individuals with the most prolonged duration of
flowering time. Permanently flowering (semperflorens) types of acacia, although
maximizing flowering duration, do not increase the total amount of nectar
harvested from the plantation, because the number of inflorescences formed by a
tree is the same as in the normal (single flowering) type of acacia.

In addition, on a plantation of permanently flowering acacia, the production
of honey exclusively from acacia flowers would be very difficult in midsummer
when other honey bearing species are in abundant bloom.

Despite the obvious complexity of this breeding objective, the results
obtained in our country by Birlanescu et al. (1977) in an acacia amelioration
program carried out between 1972 - 1975, in which the first objective formulated
by the authors was "the selection of acacia forms suitable for forestry and
beekeeping”. At the end of the program, it is reported that 50 clones of apicultural
interest were selected to be tested alongside similar clones from Hungary and
Bulgaria.

In Hungary, along these lines, Osvath-Bujtas and Rédei (2007), in a booklet
popularizing acacia cultivars approved in Hungary, out of 12 such cultivars, two
are described as having high nectar production and are recommended for the
establishment of honey bearing plantations.
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6.7. Methods for acacia amelioration

In all countries where acacia amelioration programs have been initiated, the
starting point has been an inventory of the natural variability of native acacia
stands. Certainly, at least as far as it was possible at the time, any acacia
amelioration program had to start from a knowledge of the value of the initial
material, especially that existing in the country, since it had already demonstrated
its adaptability to local soil and climatic conditions.

Obviously, the variability of the traits of silvicultural interest in acacia
introduced locally had to be assessed by comparison with the variability of acacia
in its native range.

6.8. Naturally occurring phenotypic variability in traits of silvicultural
interest

From the point of view of acacia improvement, the original material, present
in all growing areas of the country, belongs to the species Robinia pseudoacacia
L., var. rectissima, native to Long Island in North America.

In contrast to the typical form (Figure 18) of acacia on the American
continent, var. rectissima has a cylindrical, rectilinear, upright, well-equalized,
even to the top or near the top, with yellowish-colored, very durable wood; the
crown is narrow and sparse, its branches being slender and inserted at 45° to the
trunk. These characteristics have made the variety rectissima the principal
supplier of masts for sailing vessels built on Long Island, for which reason it has
also been called the "mast acacia".
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FIGURE 18. TYPICAL FORM IN THE FORESTS OF VARADIA DE MURES IN
ARAD COUNTY, ROMANIA
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FIGURE 19. ROBINIA P. VAR. RECTISSIMA IN THE FORESTS OF VALEA LUI
MIHALI, BIHOR COUNTY, ROMANIA. 2023

Although the acacia was introduced to Romania almost 200 years ago, the
study of the variability of the traits of silvicultural interest in this species began
much later, after 1933, at the same time as the beginning of the work on the
amelioration of forest trees initiated by ICEF (now ICAS).

Since there was only one variety (var. rectissima) in all acacia-growing
areas in Romania (Figure 19), the study of its variability under local conditions
started with the identification of the main biotypes described by Hopp (1941) for
this variety in populations from Long Island and the southeastern USA. This
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identification was carried out by Enescu (1965, 1985), in the acacia stands on the
continental sands of southern Oltenia, the description of these biotypes being very
close to that of Hopp (1941):

= The pinnata type was found to be the least widespread in the populations
studied. It shows rapid growth, upright, cylindrical, straight trunks,
satisfactorily slender, with a tendency to fork, especially in the crown, the
forking being realized at very small angles, the two branches being
practically parallel. This last characteristic does not agree with the
description of the biotype by Hopp (1941).

= The palmata type was found as the most widespread on the continental
sands of Oltenia. It exhibits an often crooked, oval stem, with a sloping
stance and broad crown. Qualitatively, it is inferior to the pinnata type
but superior to the spreading type. It seems to be particularly efficacious
in safeguarding agricultural terrain characterized by sandy soils from the
detrimental impacts of wind erosion.

= The spreading type has been quite common in acacia stands on the
continental sands of Romania. The trunks are sinuous, sloping,
unsatisfactorily slender, with very small growth; the crown is broad,
irregular, very often tabular. Not recommended as initial material for
acacia amelioration.

Apart from these well-known and accepted biotypes (Figure 20) for R.
pseudoacacia var. rectissima, there is relatively little data on intraspecific variability
in acacia. This particular assertion, which underscores the relevance and
applicability of the statement in question, holds validity not solely within the
confines of our nation, which is characterized by its unique cultural and agricultural
practices, but rather extends to encompass a multitude of other nations that possess
a longstanding and historically rich tradition of acacia cultivation, including but not
limited to the United States of America, the Republic of France, the Federal Republic
of Germany, Hungary, and, once again, France. In the USA, for example, until 1961
there was no comparative cultivation of acacia (Funk and Roach, 1961), and the
same situation existed in western European countries.

69



FIGURE 20. BIOTYPES OF ACACIA IDENTIFIED AT VALEA LUI
MIHAI IN BIHOR COUNTY (SOURCE: RUBEN BUDAU, MARCH 2023)

In Romania, it is worth mentioning, however, the comparative culture with
eight unknown acacia provenances, established at Lehliu in 1953. An initial
evaluation of the results recorded by the eight provenances (Lazarescu and Rubtov,
1962) shows that, after 10 years, they do not differ in terms of average tree height
and trunk shape. Differences between provenances appear only in straightness,
forking tendency, protuberances and other defects.

Special mention should also be made of the comparative cultures with 24
family progenies and one control, propagated by seed and located in four different
localities, ina5 x 5 balanced square grid (Birlanescu et al., 1977). The determination
of the specific tree species from which seeds were harvested occurred across 24
distinct geographical locales, predominantly situated within regions renowned for
the cultivation of Acacia.

After processing the data over five experimental years, the authors conclude
that the differences in tree height between the family origins are apparent from the
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first 4-5 years after planting and become more pronounced as the trees get older.
They also note that the values of significant differences for P5% are lower in
homogeneous than in non-homogeneous sites.

The deficiency of extensive provenance investigations has been locally
mitigated by analyses focusing on the dynamics of acacia populations in various
ecological stations. In this respect, it is worth mentioning the 16 experimental
blocks with acacia stands of different ages set up by ICEF in 1955-1956 in six
forestry stations: lanca, Sacuieni, Calafat, Lehliu, Miteeni and Craiova. The
observations and measurements carried out at three-yearly intervals in these
experimental blocks allowed interesting conclusions to be drawn concerning the
growth in height, base diameter and growth peaks (Armasescu et al., 1969). It was
found that, at the same stand age, these traits varied significantly from one station to
another, which reveals the importance of the environment and genotype X
environment interaction in the phenotypic manifestation of these traits.

In contemporary scholarly discourse, in numerous nations characterized by
extensive expanses of acacia (notably China, the United States, and Hungary), the
investigation into the comparative cultural properties of provenances from diverse
origins is being progressively employed to elucidate clones or familial lineages
exhibiting advantageous traits pertinent to one or multiple enhancement objectives.
Examples include inter-family variability studies of photosynthesis intensity and
tree growth in the USA (Mebrahtu and Hanover, 1989), regional comparative
cultures in China with acacia forage clones (Zhang et al., 2013), and those in Canada
and Hungary to determine the variability of timber quality in different acacia
provenances (Stringer, 1992; Rédei, 2008).

One of the most compelling provenance investigations is the one documented
by Liesebach et al. (2004), wherein the Institute of Forest Tree Genetics and
Amelioration in Germany undertook the characterization of 18 acacia seed progenies
(families) originating from the USA, Germany, Slovakia, and Hungary, utilizing
enzyme markers as a methodological approach.

The results were surprising in the way they differentiated the respective
provenances: high enzyme variability was reported within the six populations from
Hungary, combined with very low inter-population genetic variability. In contrast,
the eight German populations showed very low intra-population genetic variability
at the enzyme level, while inter-population variability was very high.
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The authors conclude that, for Europe, no generally valid model for the
evolution of variability in acacia can be given, as it certainly depended in each
country on the predominant propagation method used in the production of planting
material for afforestation with this species.

6.9. Hybridization

As in other crop plants, artificial hybridization in acacia was the first method
used by man to create genotypic and phenotypic variability in hybrid progeny that
could be profitably exploited through selection. Among the first successful
attempts at artificial hybridization in acacia, Enescu (1975) mentions those made
in the former USSR by Frolova (1955), and in the beginning of the sixth decade
of the last century, such work was successfully carried out (Redei, 1998). In
Romania, it seems that the first successful attempts at hybridization, published by
Birlanescu et al. (1977), were carried out by these authors in the early 1970s.
Unfortunately, none of the authors cited above describes the technique for
performing these artificial hybridizations.

From the point of view of the preferred type of pollination, acacia is
considered a strictly allogamous species (Surles, et al., 1990) due, firstly, to the
morphology of the stigma and anthers (the mature stigma is located well above
the anthers) and, secondly, to the obvious proto-origin of the maturation of the
sexual organs (the stigma matures 3-4 days before the anthers themselves). These
two characteristics are fundamental for artificial hybridization and forced self-
pollination, respectively.

From the literature consulted, the most detailed descriptions of the
techniques for performing hybridization and self-pollination, respectively, were
found in papers published by Yuan et al. (2013) and Dini-Papanastasi and
Aravanopoulos (2008).

The selection of parental forms must be made with great care to facilitate
the identification of truly hybrid individuals in hybrid progeny. Traits with a very
high heritability (e.g. budding date, leaf set date, thorn length, cf. Mebrahtu and
Hanover, 1989) or those with oligogenic determinism (many leaflets/few leaflets
in the leaf) can be used as genetic markers for the identification of putative
hybrids.
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The selection process of inflorescences and the individual flowers
contained within these inflorescences is subjected to rigorous examination. In
both parents, inflorescences with unopened flowers on vigorous shoots in
accessible positions are selected. The floral structures within each inflorescence
undergo a meticulous visual examination, whereby those that have already
reached anthesis are excised. In inflorescences with a large number of flowers on
the maternal parent, removal of flowers at the base and at the top is preferred,
after which the group of inflorescences or each individual inflorescence is isolated
in gauze or parchment bags to avoid any accidental contamination with pollen.
Birlanescu et al. (1977) recommend, for conditions in our country, the use of
gauze bags which provide adequate protection against attack by the pest Etiella
zinckenella Tr.

Neutering flowers of the maternal parent. Although, according to some
authors (DeGomez and Wagner, 2011), the probability of self-pollination of
acacia flowers is so low that it is not worth considering, most of those who
perform artificial hybridizations in this species recommend neutering the flowers
of the maternal parent in order to achieve artificial pollination with pollen from
the paternal parent. In practice, the operation is carried out when the flower has
reached the advanced bud stage (calyx: corolla ratio=1/1) by removing the corolla
and then the anthers by cutting the staminal filaments to a third of their length.
Inflorescences characterized by the presence of sterile flowers are once again
subjected to isolation.

The pollen is collected from the paternal parent when the flowers reach the
corolla elongation stage (calyx: corolla ratio=1/2). The corolla is removed with
tweezers and the anther column is gently pulled off and placed in a Petri dish.

Artificial pollination of neutered flowers can be done when neutering is
completed, a few hours after neutering or at the latest 48 hours after neutering
depending on when the stigma reaches maximum receptivity for pollen (a
colorless, sticky drop appears on the stigma). This can be done with a cotton swab,
with which the pollen is taken from the petri dish and placed on the stigma.

Another method of artificial pollination is to grasp 2-3 columns of anthers
in the petri dish with tweezers and use them as a kind of brush to deposit the pollen
on the stigma of the neutered flowers. After artificial pollination, the
inflorescences with the ' dressed' flowers are again isolated and labeled.
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Forced self-pollination of acacia flowers can be carried out in two ways:

= by opening the canopy of the corolla, releasing the anther column
which detaches and is used as a small brush to deposit pollen on its own
stigma.

= the flowers of the maternal parent are isolated and not neutered, any
pod formed by such flowers is considered a hybrid.

The pods, along with the hybrid seeds that they contain, undergo the
process of harvesting during the autumn season, specifically at the point when
they have reached their optimal level of maturity, which is essential for ensuring
the highest possible quality and yield. It is preferable that the isolator used for
hybridization is maintained until the pods are fully mature to avoid loss via
scattering. The hybrid seeds must be extracted from their pods and subjected to
treatment with insecticides and fungicides to safeguard them against infestations
by storage pests and the onset of diseases. Prior to sowing, hybrid and self-
pollinated seeds should be mechanically or chemically scarified to improve their
ability to germinate. In seeds obtained by forced self-pollination, the inbreeding
depression is manifested by smaller size and mass than hybrids and, more
importantly, very poor germination capacity (Yuan et al., 2013).

The interest with which Romanian acacia breeders have approached the use
of artificial hybrids to create increased variability, profitable for selection, is
illustrated by the large number of combinations realized in different time periods.
Thus, between 1972 and 1974, Birlanescu et al. report the realization of 25 hybrid
combinations, and in 1975 another 11 combinations in which var. oltenica was
one of the parental forms.

The resulting seeds yielded 1050 seedlings which were tested in
comparative cultures. The best-performing combinations were vegetatively
propagated and used for the establishment of new plantations or the reforestation
with acacia of forest areas deforested by logging or by the destructive action of
natural and/or artificial factors (prolonged floods, fires, landslides, etc.).
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6.10. Mutations. Polyploidy

The use of mutations in acacia amelioration programs has long been routine
practice. Obviously, it started by finding natural mutants, testing their value and
propagating them vegetatively. A striking example is the Ohio prostrate cultivar.
In 1958, in a common acacia plantation, the originator of this cultivar discovered
a creeping habitus with a procumbent trunk and branches (Kriebel, 1960). Such a
habitus was considered very suitable for the afforestation of mining dumps,
characterized by a very thin fertile layer on the surface of the slag deposit. The
mutant was consequently propagated vegetatively through the utilization of root
cuttings and subsequently documented as a novel cultivar.

Artificially inducing mutations in acacia using physical and chemical
mutagens is a more recent practice. Most often, this method of creating variability
in acacia is used to obtain mutants resistant to abiotic (e.g. high soil salinity) or
biotic (disease and pest attack) unfavorable factors (Keresztesi, 1994).

Regarding the use of physical mutagens (non-ionizing rays, ionizing rays,
weightlessness, high energy fields, etc.), it should be pointed out that their
application is largely restricted to seeds and/or seedlings obtained from seeds.
Few countries have polygons specifically set up for the treatment of trees with
ionizing radiation emitted by a Co60 source. One such country is Hungary, which
has two such polygons, each with a 120 Curie Co60 source, in which in situ
irradiated acacia cuttings or seeds can be harvested (Keresztesi, 1994).

Yuan et al. (2012) treated acacia seeds with cosmic rays (UV) for 15 days
and found that plants obtained from such seeds showed much greater variability
than the untreated control in height, basal diameter, number of branches, average
shoot length and width. Molecular level analysis with SSR, AFLP and RAPD
markers showed a much higher polymorphism in the mutant forms than in the
control.

Among the various categories of chemical mutagens, which are compounds
that can induce changes in the genetic material of organisms, colchicine stands
out as the most extensively employed agent, and it is specifically utilized in the
scientific and agricultural fields to induce mutations in chromosomal numbers, a
phenomenon known as polyploidy, whereby cells acquire additional sets of
chromosomes beyond the typical diploid state. Treatments can be applied to
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dormant, stratified or germinating seeds by immersion in colchicine solution at a
concentration of 0.1- 0.6% for 5-144 hours (Hyun and Chung, 1963 cited by
Enescu, 1975). Very low numbers of tetraploids and mixoploids were obtained
due to the fact that the embryos of treated seeds were strongly affected by the
treatment.

Keresztesi (1994) proposes a different methodology for colchicine
treatments that avoids its destructive effects on the root of the seed embryo. The
seeds are germinated in plastic pots, and when the first pair of leaves appear, the
root tips of the plants are immersed in colchicine solution for 48-96 hours, after
which the roots are washed by immersion in tap water for the same period of time.
According to the author's results, the number of polyploid and myxoploid plants
increased by 20% compared to the classical method of soaking the seeds in
colchicine solution.

Tetraploids and triploids of acacia have a lower growth rate than diploid
plants, whereas mixoploids grow faster than tetraploids, but slower than diploids
(Enescu, 1975).

The interest in acacia tetraploids is mainly due to their ability to develop
much richer foliage than diploids, sometimes with very large (gigas-type) and
thick leaflets. This aspect is of importance in the use of acacia leaves as fodder
not only for forests but also for farm animals. Zhang et al. (2013) introduced
tetraploid acacia leaf meal of 40 g/ration into the ration of laying hens and found
that egg size, weight and shape index were significantly increased (p<0.05)
compared to control (0 g leaf meal/ration) eggs.

Lately a new direction of tetraploid utilization is emerging that could prove
to be of great significance, Meng et al. (2009) organized a comparative
experiment with diploid and tetraploid acacia grown under salt stress (NaCl and
Na2S04). Growth, shape index, electrical conductivity, leaf water content,
enzyme activity, photosynthesis rate was practically unaffected by salinity in
tetraploid acacia, whereas in the diploid control the effects were very strong, even
to the point of plant death. The authors conclude that this performance of
tetraploid acacia recommends it as a priority species for afforestation of areas with
soils with a high degree of salinization.

Liu et al. (2012), Pakull et al.(2024), provide particularly valuable
information on the genetic determinism of the resistance of tetraploid acacia to
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salt stress. Based on molecular level analyses (cDNS-AFLP and qRT-PCR)
performed on plant material harvested from two-year-old acacia trees subjected
to 5, 10 and 15 days of salt stress (300 mM NaCl), the authors conclude that the
resistance of tetraploids to high salinity concentrations is controlled by six
polygenes belonging to as many linkage groups. Acacia amelioration programs in
this direction will benefit favorably from this information.

However, it should be emphasized that the use of acacia tetraploids in
practice encounters serious difficulties due to extremely low seed germinability
(Chung and Lee, 1972; Yuan et al., 2014) and low vegetative multiplication rates
by root cuttings due to the small number of tetraploid mother plants available.
Micro-multiplication could be a solution, but for now it is far too expensive.
Under these conditions, the solution proposed by Nan et al. (2013) seems much
more advantageous in concrete terms: the authors propose propagation of
tetraploid acacia by juvenile shoot cuttings that can be harvested from the mother
plants without difficulty, in much larger numbers than root cuttings and without
weakening the mother plants.

6.11. Somaclonal variability

In vitro cell and tissue cultures in plants have become a fundamental
research tool in the last three decades, used extensively for vegetative
propagation, conservation and amelioration of plant resources. The presence of
somaclonal variability in populations derived from cell and/or tissue cultures has
both a negative and a positive effect (Ramirez, 2011). The negative effect is
mainly felt in the propagation of cultivars where a very high genotypic and
phenotypic uniformity of the propagated material is required (inbred lines, self-
pollinated plant varieties, etc.). The positive effect results from the fact that
somaclonal variation provides valuable initial material for the amelioration
process, which can lead to the creation of new cultivars with superior traits to
those already in cultivation.

In the context of Acacia, the phenomena of tissue culture and the
somaclonal variations that emerge within populations derived from these cultures
have not represented a novel area of investigation for an extended period.
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Worldwide, the first molecular level analysis of somaclonal variability in acacia
was performed by Shu et al (2003) using Rapd markers.

Subsequent methodological contributions by well-known researchers in the
field of micro propagation (Bindlya and Kanwar, 2003; Nepazahaio, F. et al.,
2006; Zhang et al., 2007; Corneanu Mihaela and G. Corneanu 2010) provide new
evidence on the importance of somaclonal variability in acacia amelioration. In
this regard, we note the results published by Corneanu et al. (2010), who,
following selection applied to new acacia seedlings, obtained via tissue culture,
succeeded in obtaining clones resistant to deuterium-polluted water.

In the context of reproductive practices, it is pertinent to note that in the
field of in vitro methodologies applied to acacia species, parallels can be drawn
with biotechnological approaches that are similarly used in various other forest
species, thus illustrating the widespread use of these advanced techniques
(Timofte, A. I., et al. 2011).

6.12. Amelioration of acacia through selection

In all crop plants, selection is the main method of exploiting the natural or
artificial variability existing at any given time in the species being worked on. In
forest species, selection, as a method of amelioration, has many particularities
imposed by the specific biology of each species

The fundamental principles of selection in forest species were outlined by
Wright (1963) and are discussed in detail in valuable treatises on local
silvicultural amelioration (Enescu, 1975; 1985; 2002; Savatti, M. and Savatti jr.,
2005)

In the broadest sense, selection involves the selection from a population
of plants, on the basis of well-established criteria, of a certain number of plants
that will participate in the next generation of that population. There are a large
number of selection variants, differentiated according to a number of
methodological criteria

Depending on how the selection criteria are assessed, they can be:
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= Phenotypic selection, based on the visible and possibly measurable
manifestation, in the chosen individuals, of the favorable traits sought by
the breeder.

= Genotypic selection is based not only on the phenotypic appearance of the
individuals chosen, but also on the performance of the offspring of these
individuals. In most forest species this type of selection is rather difficult to
apply due to the long life span of the respective species.

Based on the direction in which it is oriented, this type of selection may be:

= Pozitive, in the sense that only selected individuals with the desired traits
are retained for perpetuation. This type of selection is specific to
amelioration works and to the production of propagating material.

= Negative occurs when all the individuals that do not meet the desired traits
are removed from the population. This particular form of selection
methodology is frequently employed in the field of cultural studies,
particularly when analyzing and evaluating stands that exhibit varying
chronological ages. Two basic types of selection can be distinguished
according to the way in which the performance of the selected individuals
iIs tracked in the lineage, namely:

= Individual selection involves the evaluation of the progeny of each
individual chosen and the retention of those progenies in which all or most
of the individuals exhibit the traits desired by the breeder. The retained
progeny will be propagated (seminally or vegetatively) and tested in
comparative crops (plantations) carried out with the most precise
measurement of the traits sought and comparison of population averages.

= Mass selection occurs when all the offspring of the chosen individuals are
tested together, in admixture, for the desired traits. In effect, mass
selection replaces the original population from which the selection was
made with a new population made up of the offspring of the most valuable
individuals from the original population.

Being a strictly allogamous species, acacia lends itself better to mass
selection than to individual selection. Individual selection, by forcing the
offspring of a single individual to pollinate each other, inevitably leads to
inbreeding depression to varying degrees.
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Mass selection encompasses three discrete variants, contingent upon the
quantity of selections undertaken and the methodologies employed in the
aggregation of seeds from the selected individuals:

=  Simple mass selection, characterized by a singular selection;
=  Repeated mass selection;
=  Mass selection conducted in cohorts of plants.

Regardless of the variant, mass selection efficiently exploits natural and/or
artificial variability in populations of trees with obvious genotypic and phenotypic
polymorphism. The efficiency of mass selection is expressed by the so-called
genetic gain (CG) which, mathematically, is given by the relationship: CG =
K.h2.i (Dudley and Moll, 1969) where: K is an index of the selection differential
whose value is inversely proportional to the selection pressure; h2 = heritability
of the trait being targeted; i = the selection bias calculated in this way; | = the
mean of the trait in the chosen elites: the mean of the trait in the population under
selection.

The implementation of positive mass selection on both naturally fertilized
superior trees and those subjected to artificial pollination is subsequently
complemented by the application of negative mass selection, manifested through
the practice of thinning (culled specimens) within seedling populations. The
resultant plantations can thereby serve as progenitors for the generation of forestry
seedlings intended for afforestation initiatives.

Depending on the effects on the genetic structure of populations, the
following types of mass selection are distinguished:

= Stabilizing selection involves eliminating extreme variation and
retaining the most representative genotypes in the population, which
have the greatest capacity to adapt and survive.

= Directional selection favors the group of extreme genotypes (plus
variants or minus variants) leading to a shift of the population mean
towards the favored group.

= Disruptive selection favors one or two optimal phenotypes over
intermediate ones. Gradually, the population splits into
subpopulations, some very close to the optimum, others very close to
the minimum.
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In forest species, including acacia, mass selection, both positive and
negative, also takes the form of cultural selection. The care of acacia trees through
the application of pruning and thinning, together with the encouragement of the
development of the most typical and vigorous saplings, are in fact forms of mass
selection.

Mass selection in Acacia, in addition to its significance in the enhancement
of this species, possesses equally substantial importance in the establishment of
seed-source stands (plantations). In Romania, the identification of seed-source
stands or the creation of new stands of this kind began after 1960, and after a few
years we ended up with about 65,000 ha of such stands (Bumbu and Catrina,
1982).

Clonal selection involves multiplying valuable individuals, chosen during
the selection process, by vegetative propagation (cuttings, saplings, grafts, etc.).
The resultant clones undergo evaluation in comparative agricultural settings, with
the most esteemed being utilized in the formation of seed-producing cultivation
systems. In acacia this type of selection is very common, primarily because of the
ease with which the species can propagate vegetatively. In all forest species, the
application of clonal selection has led to so-called clonal silviculture. (Libby and
Ahuja (1993), Enescu (2002), Savatti and Savatti Jr. (2005) have analyzed in
detail the features of clonal silviculture, the benefits and disadvantages of this
type of silviculture, noting that in species such as acacia, where vegetative
propagation is easy to achieve at moderate cost, the benefits far outweigh the
disadvantages.

Selection assisted via molecular markers enables the acceleration and
streamlining of the selection process by diminishing its probabilistic character
(Gallais, 1990). In principle, this type of selection involves "linking" a phenotypic
trait to a specific molecular marker, which can be easily identified at any age of
the plant by analysis of proteins, enzymes, DNA, RNA, etc.

In the case of arboreal species within forest ecosystems, the significance of
this matter cannot be overstated, particularly when one considers the extensive
duration that is typically necessitated for the comprehensive genetic analysis
through traditional methodologies.
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In addition, in trees for which intraspecific hybrids can be obtained, marker-
assisted selection allows the choice of the combinations most likely to exhibit
positive trans- heterosis in terms of wood mass production and wood quality.

It should also not be neglected that, unlike conventional selection, the
efficiency of which is directly proportional to heritability size (h2), marker-
assisted selection allows significant genetic gains in traits with low and very low
heritabilities (Botez, 1994). The discussion of selection methods applicable in
acacia amelioration does not imply that all these methods have been and are used
with equal frequency. In this respect, we believe that the presentation of a few
examples may be instructive.

In the United States, the identification of exemplary individuals (plus trees)
within the Acacia genus commenced during the third decade of the previous
century (1930), with the principal criteria for selection being the rate of growth
and the characteristics of the trunk (including straightness, height, and diameter).
Clonal, individual or mass selection was usually applied, depending on the traits
to be phenotypically externalized by the new cultivar (Bongarten, 1992;
DeGomez, 2011). More than 30 monoclonal and multiclonal cultivars were
registered and released into cultivation during that period.

Subsequently, NRCS (National Resources Conservation Service, USDA)
*** concentrated amelioration of acacia in four universities located in areas with
widespread occurrence of these species: Georgia, Michigan, Kentucky and
Maryland for common, red and misty acacia and Arizona for Mexican acacia. The
methods used for amelioration were diversified (selection of half-sib and full-sib
families, selection of artificially induced mutations and polyploids, exploitation
of somaclonal variability by selection, gene transfer mediated by biological,
physical and chemical vectors), resulting in an impressive number of local
cultivars (more than 70), not only in Robinia pseudoacacia but also in the three
other acacia species related to the common acacia: R. hispida (Wandel, 1989), R.
viscosa (Isley and Peabody, 1984) , R. neomexicana (Isley and Peabody, 1984) .

In Hungary, the first acacia amelioration program was initiated in 1960 and
its main objective was the selection of new clones with superior traits in terms of
quantity and quality of industrial timber production (Rédei et al.,2013). In several
plantations previously obtained from seed, three groups of individuals with these
traits were identified, in each group the plus trees were nominated, resulting in a
total of 40 such trees (Keresztesi, 2013). Vegetative material from these trees was
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used for propagation by grafting, and the resulting clones were tested in
comparative cultures at Godolfi Station. At the exploitation age, five of the most
productive clones were registered as new cultivars under the names: JaszKiséri,
Kiscsalai, Nyirsagi, Ull6i and Szajki (Keresztesi, 1994).

Since the areas with optimal soil and climatic conditions for acacia in
Hungary are rather limited, acacia has come to occupy large areas with sub-
optimal conditions. The timber production and quality in these areas is far below
what the new acacia clones were producing in the areas of maximum suitability,
therefore the next acacia amelioration program was mainly aimed at selecting new
productive clones with good quality timber that are able to tolerate changing
environmental conditions. This new selection cycle resulted in 12 new clones
recommended for homologation and introduction into cultivation (Rédei et al.,
2002).

Subsequent acacia amelioration programs (1983; 1996) used inter and
intraspecific hybrids, populations obtained from Co60-irradiated cuttings, 136
polyploid forms as initial selection material. The comparative orientation cultures
(6-10 years), with the best half-sib and full-sib families, with mutants and/or
tetraploid forms were organized in eight forestry stations, with different
pedoclimatic conditions, on a total area of 120 ha. Long-term (15-20 years)
comparative competition crops were grown on more than 300 ha and organized
in three research stations located in areas totally different in terms of favourability
for acacia cultivation. The results of these programs were the homologation of
seven more new acacia cultivars (by 1996) and the submission of proposals for
the homologation of five new valuable clones (after 1996) (Osvath-Bujtas and
Redei, 2007).

Regrettably, there exists a paucity of empirical data regarding acacia
amelioration initiatives and their corresponding outcomes within the Romanian
scholarly literature. Results of short-term programs (1972-1975) were published
by Birlanescu et al. (1977) and, fortunately, the authors also refer to the results of
earlier periods, without specifying the time frame. One thing is certain about these
programs: they were part of a National Program for the Conservation and
Development of the Forest Fund between 1976-2010.

= According to the authors cited, some notable results in the amelioration of
acacia were achieved in our country in the period prior to 1972, among
which they mention:
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o the identification and selection of 29 plus trees which were
vegetatively propagated and their clones were used in the creation of
the first 15 ha of acacia plantations.

o identification of a new variety of acacia for the Romanian flora, R.
pseudoacacia, var. oltenica, differentiated both morphologically and
productively from the common acacia.

o creation of 11 intraspecific hybrids of acacia in which var. oltenica
was one of the parental forms.

o selection of acacia forms of interest for beekeeping.

An analysis of these results indicates that, in the early period of acacia
amelioration in Romania, as in the USA and Hungary, individual clonal selection
was used, which involved identifying plus trees in stands with a clear variability
in the traits sought, vegetative propagation followed by testing of the clones in
plantations specially set up for this purpose in order to obtain seed source stands.
Also from the work of the above-mentioned authors, we learn that, prior to 1972,
intraspecific hybrids had already been obtained, in which selection in F1 half-sib
and full-sib progeny was certainly applied, followed by vegetative multiplication
of the elites and testing of the clones in comparative crops.

According to the data presented by Enescu (1975), by 1960, 79 plus trees
had been identified whose clonal descendants were tested in comparative cultures
at the Craiova Experimental Station. According to the same author, the first
artificial hybridizations of acacia in our country were carried out by Birlanescu et
al. in 1970, and the first artificial induction of polyploidy by colchicine and/or
physical mutagenic agents was carried out by Leandru et al. in 1971.

The most significant results in terms of acacia amelioration of the 1972-
1975 short-term program, reported by Barlanescu et al. in 1977, are:

= Identification and selection of new plus trees, which increased the number
of plus trees introduced as clones in plantations to 66, of which 59 were
locally obtained clones.

= Selection of 50 new clones of apicultural interest to be tested with similar
clones from Hungary and Bulgaria.

= The first tests were carried out with clones from half-sib (maternal)
progeny, which showed that, due to hybrid vigor, from the age of 4-5
years, the clones of hybrid progeny significantly outperformed the control
(common acacia).
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7. FINAL CONCLUSIONS

Acacia constitutes of considerable ecological and economic significance,
which is distinguished by an extensive and multifaceted history of cultivation
and utilization that spans in various contexts and applications. Originally
native to the geographical region of the United States, this resilient species has
effectively disseminated, demonstrating an impressive capacity to adapt to a
wide array of climatic conditions as well as diverse soil types that characterize
different ecological niches.

In the context of Europe, and particularly within the borders of Romania,
acacia has been methodically introduced and cultivated for a multitude of
reasons, primarily owing to its myriad economic benefits and the social
advantages that it provides to local communities and economies.

The historical methodologies and practices associated with the cultivation of
acacia within the defined geographical parameters of Europe, and more
specifically Romania, serve to highlight its extraordinary adaptability while
simultaneously emphasizing its vital importance as a forest species that not
only supplies valuable timber resources but also acts as a highly efficient
nitrogen-fixing organism that significantly enhances.

The thorough and extensive examination of the origins, distribution patterns,
and overall significance of the acacia species elucidates its inherently
multifaceted role within a plethora of ecological frameworks and economic
contexts, thereby demonstrating its importance across a range of disciplines.

Furthermore, the myriad ecological advantages conferred by acacia, including
but not limited to its significant contributions to enhancing soil health,
mitigating soil erosion, and promoting biodiversity within various ecosystems,
serve to underline its indispensable value in the realm of sustainable land
management methodologies and practices.

This comprehensive research underscores the imperative necessity for

sustained study and cultivation of the acacia species, as it is crucial to ensure
that its multitude of benefits are fully realized for the enrichment of future
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generations, all the while maintaining the delicate balance of ecological
integrity.

The propagation of acacia is carried out through a dual approach that includes
both the use of seeds and various methods of vegetative reproduction, thus
ensuring not only the continuous continuity of the species, but also
contributing significantly to the maintenance of its genetic diversity in
different populations.

The acacia breeding practice focuses primarily on improving various
characteristics, such as improving wood quality, fortifying against a range of
abiotic and biotic stressors that threaten plant health, and increasing nectar
production, which is crucial for pollinator attraction and ecological
interactions.

In conclusion, it can be said that acacia is a highly multifunctional species that
holds significant importance in several areas, including but not limited to
forestry, agriculture, medicinal applications and ecological systems; Thus, the
continuous cultivation and selective breeding of acacia are of paramount
importance for maximizing its inherent potential and ensuring its substantial
contributions to both environmental integrity and economic sustainability.
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9. PHOTO ANNEX

ACACIA BIOTYPES IDENTIFIED AT VALEA LUI MIHAIL, BIHOR, ROMANIA

(PHOTO: RUBEN BUDAU, 2023)
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THE BARK AND TRUNK OF AN ACACIA TREE IDENTIFIED AT VALEA LUI MIHAI, BIHOR ROMANIA,
(PHOTO: RUBEN BUDAU, 2023)
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HARVESTING SEEDS FROM AN ACACIA TREE
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R, ROMANIA IN 2008.

ACACIA BIOTYPES IDENTIFIED IN THE SACUENI FOREST DISTRICT, BIHO

(PHOTO: RUBEN BUDAU)
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ACACIA BIOTYPES IDENTIFIED IN THE SACUENI FOREST DISTRICT, BIHOR, ROMANIA IN 2008.
(PHOTO: RUBEN BUDAU)
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ACACIA FOREST DURING THE FLOWERING PERIOD, BARZESTI, ARAD COUNTY, ROMANIA.
PHOTO: RUBEN BUDAU, 2018

SPECIMENS OF GLOBULAR ACACIA (ROBINIA SEUDOACACIA UBRACULIFERA) USED IN GREEN
SPACES IN ORADEA, BIHOR, ROMANIA. (PHOTO: RUBEN BUDAU 2020)
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ACACIA PLANTATION FOR THE PRODUCTION OF WOODY BIOMASS, LUGOJ, TIMIS COUNTY,
ROMANIA. (PHOTO: KOPACZ NANDOR, 2014)
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ACACIA PLANTATION FOR THE PRODUCTION OF WOODY BIOMASS, LUGOJ, TIMIS COUNTY,
ROMANIA. (PHOTO: KOPACZ NANDOR, 2014)
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SOWING OPERATION AND ACACIA SEEDLINGS OBTAINED IN THE NURSERY

(SOURCE: RUBEN BUDAU, 2016)
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