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Abstract: There is an increasing trend in forest production towards planting rapid-growing trees as
attractive, environmentally friendly energy sources. This study aimed to establish an alternative to the
traditional propagation of a number of selections of Robinia pseudoacacia L. by developing an in vitro
culture protocol. This study’s topic is of great importance, and it reflects an ongoing concern at the
University of Oradea’s Faculty of Environmental Protection’s sustainable research program. The
explants from four forms (called S1, S2, S3, and S4), selected for their phenotypic characteristics, were
inoculated on four culture media (Murashige–Skoog (MS), Anderson, Chée–Pool, and Driver and Ku-
niyuki Woody (DKW)) with the same phytohormonal balance. DKW medium proved to be the better
support of morphogenic activity, and it was further tested under different phytohormonal balances.
Different results were observed depending on the hormone content in the DKW environment. In the
presence of 0.5 mg/L benzylaminopurine (BAP) and 0.04 mg/L aminoisobutyric acid (AIB), 91.5%
of the explants developed an average of 4.45 ± 0.18 shoots, whereas the average upper shoot height
(3.82 cm) was recorded on DKW medium with 0.5 mg/L BAP and 0.04 mg/L α-naphthaleneacetic
acid (NAA). Auxin, 0.05 mg/L AIB, promoted root production (5.27 ± 0.15 roots/explant), while
0.1 mg/L NAA promoted root length. In conclusion, the S4 selection produced the greatest outcomes
of all environmental variables in terms of both the number of shoots and their heights.

Keywords: black locust; Robinia pseudoacacia L.; in vitro propagation; tissue cultures; phytohormones

1. Introduction

Woody plants are usually resistant to in vitro propagation. However, studies to
establish in vitro propagation protocols are needed to obtain high-quality micropropagated
plants in a short amount of time. Micropropagation techniques are also important when
the preservation of genetic resources is desired, when somaclonal variation is exploited, or
when genetic engineering techniques are used.

Robinia pseudoacacia L. is a fast-growing, multi-purpose nitrogen-fixing tree that is used
for timber and firewood as an important melliferous species and with very good results in
the conservation and fight against soil erosion [1–3]. This species is mainly propagated via
seeds. This method of propagation has the disadvantage that the plants obtained in this
way are significantly uneven. Additionally, some Robinia plants produce few seeds. With a
low yield for propagation, root or stem cuttings can also be used, but these methods are
difficult and require tremendous efforts and a long time to grow, seeing as, in the case of
root cuttings, the radicular biological material is limited, as it is collected in small quantities
during the tree’s rest period to avoid injury. The propagation of valuable biotypes in
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culture involves their identification and selection followed by in vitro micropropagation
that ensures a very good uniformity of propagules. Several papers have been published
that addressed the problem of in vitro multiplication of this species, with emphasis on the
type of explants and the type and concentration of plant growth regulators [4–6]. Plants that
are regenerated in vitro form roots more easily than cuttings taken directly from mature
trees and can also be produced in large numbers [7,8]. The results that have been reported
so far have described a series of difficulties related to the in vitro micropropagation of
some Robinia selections [5,9,10]. As approaches to the in vitro regeneration of this species,
the literature has outlined propagation from nodal explants and axillary buds [11–13],
the formation of adventitious shoots from the callus, leaves, and hypocotyl fragments,
cotyledons [14,15], and embryogenesis [16,17].

Optimizing mineral nutrients in the culture medium represents an important solution
for enriching the micro-propagation protocol of plants, as these have a substantial influence
on morphogenesis and organogenesis [18,19]. The ingredients which comprise culture
mediums (organic and non-organic nutrients, such as carbohydrates, vitamins, and plant
growth regulators) are determining factors for the quality of the final product obtained
in any culturing protocol of plant cells [20]. Multiple studies have reported physiological
disturbances and/or toxicity due to their lacking or excessive presence in the un-organic
composition of the culture medium [21,22]. The most widely used culture medium for plant
tissues is the MS medium [23,24]. Its composition makes it apt for elaborating new medium
compositions, although it is often inadequate as it generates physiological disturbances,
such as the necrosis of shoot tips and/or vitrification [25–27]. The first study relating to
this topic, which focused on the in vitro propagation of acacia, was initially conducted in
1985 by Enescu and Jucan [10] in Romania. In the same year, Balla and Vértesy (1985) [9]
reported the successful micropropagation of acacia in Hungary. In subsequent years, these
studies have reported that the efficiency of regeneration is influenced both by the genotype
and the composition and concentration of micro- and macro-elements, growth regulators,
and other components of the culture medium. Initially, the MS culture medium was used,
with other compositions being subsequently tested, with the predominant goal of obtaining
well-rooted cuttings [28,29] In Romania, research was not focused on multiplication for the
purposes of production of certain cultivars or selected acacia clones, with studies focusing
foremost on establishing micropropagation protocols [2].

This study aimed to perfect the in vitro culture techniques used to multiply several
valuable forms of acacia, emphasizing, as a novelty element, the influence that the compo-
sition of the culture medium has on the morphogenesis processes.

2. Materials and Methods
2.1. Acacia Selections

The four acacia selections were chosen in the O.S. Săcueni of the Bihor Forestry
Directorate (latitude: 47◦32′38′ ′ north; longitude: 22◦10′23′ ′ east; altitude 140 m). Each
selection was chosen by comparing it to at least four other trees with particular qualities
and situations in its immediate area (on or within 25–30 m), with the condition that the age
difference between them does not exceed ten years.

The main aim of biotype selection is productivity [30]; however, this is directly re-
lated to a complex of characteristics, such as tree height, diameter, branching tendency,
adaptability to winter frosts, and resistance to diseases and pests.

The trunk/spindle shape in the biotypes investigated was defined via remarkable
dimensions, the productivity of woody mass, straightness, and a height of at least 10 m
from the ground level.

The phenotypic differences among the acacia selections (labeled as S1, S2, S3, and S4)
are shown in Table 1.
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Table 1. Phenotypic characterization of the acacia selections.

Acacia
Selection Height (m) Diameter at a Height

of 1.3 m Volume (m3)
Height at Which the First

Lateral Branch Appears (m)

S1 24 52 2.103 17
S2 22 50 1.780 15
S3 19 46 1.310 13
S4 20 48 1.494 14

2.2. Culture Conditions

The biological material consisted of nodal explants obtained from the selected spec-
imens (labeled as S1, S2, S3, and S4). After the shoots were collected from the selected
specimens, they were placed in the growth chamber with the bases in water until the
commencement of active growth. We collected the tips of the growing shoots from which
the explants were shaped for inoculation.

Nodal explants were sterilized by washing using a tap water jet for 15 min, following
which they were disinfected with 70% ethyl alcohol for 30 s and with 0.1% mercuric chloride
for 5 min. Treatments were followed by 5 rinses with sterile distilled water, each lasting
5 min. The inoculation was carried out in a sterile hood (Microflow, Tamil Nadu, India)
in 30 mL tubes with 8 mL of medium. Following inoculation, the tubes were placed in
the Sanyo growth chamber, which was set to 20 ◦C at night and 25 ◦C during the day,
with a photoperiod of 8 h in the dark and 16 h of light (3000 lx). We made 14 repetitions
for each variant. The following aspects were evaluated after 28 days: shoot regeneration,
callus formation, number of adventitious roots, and number of shoots formed per explant.
The experimental design from which the stages that were completed in this investigation
emerge is presented in Figure 1.
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Figure 1. Experimental design. S1, S2, S3, and S4 acacia selections described in Table 1. MS—Murashige–
Skoog medium, DKW—Driver and Kuniyuki Woody medium, BAP-6—benzylaminopurine, NAA-
α—naphthaleneacetic acid, AIB-α—aminoisobutyric acid, and IAA—indole-3-acetic acid.

2.3. Shoot Proliferation and Root Formation

The influence of the composition in macro- and micro-elements of some culture media
in supporting morphogenesis processes was analyzed using the culture media developed
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by Murashige Skoog (1962), Anderson (1975), Chée and Pool (1987), and DKW (Driver
and Kuniyuki, 1984) (Table 2). All culture media used in this study were purchased from
Duchefa Biochemie (Haarlem, the Netherlands).

Table 2. The chemical composition of the culture media used in the micro-multiplication stage of the
species Robinia pseudoacacia L.

Culture Media Composition

Micro-Elements (mg/L) Murashige–Skoog Chée–Pool Anderson DKW

CoCl2·6H2O 0.025 0.025 0.025
CuSO4·5H2O 0.025 0.025 0.025 0.25
FeNaEDTA 36.70 36.70 73.40 44.63
H3BO3 6.20 6.20 6.20 -
KI 0.83 - 0.30 4.80
MnSO4·H2O 16.90 0.85 16.90 33.80
Na2MoO4·2H2O 0.25 0.25 0.25 0.39
ZnSO4·7H2O 8.60 8.60 8.60 17.0

Macro-Elements (mg/L)

Ca(NO3)2 - 492.30 - -
KH2PO4 170.00 170.00 - 265.0
KNO3 1900.00 1900.00 480.0 -
MgSO4 180.54 180.54 180.54 361.49
NH4NO3 1650.00 1650.00 400.0 1416.0
CaCl2 332.02 - 332.02 112.50
NaH2PO4 - - 330.60 -
Ca(NO3)2·2H2O - - - 1664.64
K2SO4 - - - 1559.0

Culture media were brought to pH 5.6 before autoclaving at a pressure of 1.2 kgf/cm2

for 20 min. After sterilization, 0.5 mg/L BAP and 0.2 mg/L NAA were added to each
medium recipe through a 0.22 µm sterile filter (ISOLAB, Laborgeräte GmbH, Eschau,
Germany).

2.4. Acclimatization

In order to acclimatize, the tubes with rooted plants were opened gradually, over
several days, with the duration of opening increasing in order to reduce the relative
humidity. This acclimatization stage lasted 14 days, after which the plants were removed
from the culture medium and the agar on the roots was removed under running tap
water. The culture substrate, consisting of a mixture of sand, peat, and perlite (1:1:1), was
previously disinfected by spraying with 0.3% KMnO4 [2]. The moisture provided to the
substrate is a critical factor for plant survival. High humidity results in low aeration; the
roots can be infected by mold and other pathogens; a lower substrate humidity dehydrates
the leaves, and the seedlings die due to drought stress. During this stage, the relative
humidity was maintained in the range of 70–80%.

2.5. Statistical Analysis

The results represent the means and standard deviation (SD). For each acacia selec-
tion, 14 repetitions were made in triplicate. Statistical significance between groups was
determined with the one-way ANOVA test followed by Tukey’s multiple comparison
test, using GraphPad Prism. A value of p < 0.05 was considered statistically significant.
Different letters for each sample indicate statistically significant differences. Data obtained
on the proliferation and rhizogenesis of acacia selections were subjected to principal com-
ponent analysis (PCA) using the statistical analysis software PAST, version 4.09, in order to
establish the optimal in vitro culture medium for the development of acacia selections.
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3. Results and Discussion

The type of inoculum, the culture conditions, and the ingredients of the culture media
(inorganic and organic nutrients, vitamins, and plant growth regulators) are determining
factors in any plant cell culture protocol [20].

Murashige–Skoog (MS) medium is the culture medium widely used in tissue culture
laboratories [18], although relatively recent studies have revealed that it generates physio-
logical disturbances, such as necrosis of the tip of the shoot and/or hyperhydricity [25,31].
It was hypothesized that the deaths of explants of some species inoculated on MS medium
is due to the high concentrations of mineral salts, especially NH4NO3. For many plants, the
high content of ammonium nitrogen (NH4+) in the MS medium can increase the stress level
in explant tissues, with a toxic effect on tissue proliferation. As a result, vitrified micro-
shoots appear, and the regeneration potential of the culture is reduced [18]. Decreasing the
concentration of NH4NO3 in the MS medium by 2–3 times lowers hyperhydricity in Prunus
avium [32], Phoenix dactylifera [33], and Aloe polyphylla [34].

Compared to the Murashige–Skoog medium, in the composition of the Anderson
medium, we have a reduction to about 1/4 of the concentrations of NH4NO3 and KNO3.
In the medium defined by Chée and Pool, the concentrations of chlorine and manganese
are lower, and calcium chloride is replaced with calcium nitrate. Shoot multiplication was
improved by excluding iodine and decreasing the manganese concentration. Compared to
the Murashige–Skoog medium, the DKW medium lacks the micro-elements CoCl2·6H2O
and KI, and Ca(NO3)2·2H2O is added to the macro-elements as a source of calcium and
nitrogen, while K2SO4 is replaced with KNO3. When compared to MS basal salts, DKW
media contains a similar ammonium/nitrate ratio but less total nitrogen [35].

Recent studies have revealed the potential of the DKW medium and that it may
represent an alternative to MS in terms of multiple shoot induction from axillary buds and
callus-mediated morphogenesis [36,37].

The composition of the culture medium is one of the recognized factors, with a signifi-
cant influence on the evolution of the morphogenesis processes in the in vitro cultures of
plants [35,38]. Under the conditions of the same phytohormonal balance, the morphogene-
sis processes evolved in different directions depending on the genotype and the chemical
composition of the tested medium. The initiation of organogenesis was triggered in all
environmental variants and in all selected genotypes, with values between 78–92% and
with insignificant differences between variants (Table 3).

On DKW medium, 85–92% of explants produced between 4 and 5.6 shoots, while
50–64% of explants produced between 3.2 and 4.4 shoots on Chée–Pool medium. As a
result, the culture medium x genotype interaction had a significant effect on the number
of shoots produced. We did not record significant differences between the number of
proliferated shoots from the explants of the selections inoculated on MS and Anderson
media (p = 0.89935) (Figure 2a). The differences, determined with Tukey’s multiple com-
parison test, were significant in terms of the average number of proliferated shoots/explant
between MS and Chée–Pool (p = 0.00151), MS and DKW (p = 0.00000), Anderson and
Chée–Pool (p = 0.00024), Anderson and DKW (p = 0.00000), and Chée–Pool and DKW
(p = 0.00896).

The Chée–Pool medium, with an average of 3.9 shoots/explant, and DKW, with
4.5 shoots/explant, are the most advantageous to support the multiplication process
(Figure 2b). The Tukey’s multiple comparison test revealed statistically significant dif-
ferences between MS and Chée–Pool (p = 0.00248), MS and DKW (p = 0.00001), Anderson
and Chée–Pool (p = 0.02901), and Anderson and DKW (p = 0.00014).

The biotype had significant effects on the rate of initiation. There were significant
differences between selections S3 and S1 (p = 0.00433), S4 and S1 (p = 0.0004), and S4 and
S2 (p = 0.0433). Significant changes in proliferation capacity were found between S2 and S1
(p = 0.0016), S3 and S1 (p = 0.0007), and S4 and S1 (p = 0.0002). Several investigations have
demonstrated that there are significant differences in the ability to initiate morphogenesis
processes both between the different formulations of culture media and between the
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biotypes studied [39–42]. The biotype had a significant impact on the rate of initiation.
Similarly, Juncker and Favre [43] showed that the genotype had a significant effect on
micropropagation capabilities in a study on Q. robur, as some individuals perished during
the initial culture phase, while others showed a gradual decline in vitality, and most of the
youths displayed rapid growth over time.

Table 3. The effect of different types of culture media, under the conditions of the same phyto-
hormonal balance, on the percentage of initiation in organogenesis, proliferation, callus formation,
and rhizogenesis.

Medium Acacia Selection Initiation
(%)

Proliferation
(%)

Callus Formation
(%)

Root Formation
(%)

Murashige–Skoog

S1 85 ± 1.84 a 28 ± 2.73 bc 71 ± 3.26 a -

S2 85 ± 2.34 a 21 ± 1.23 b 71 ± 2.24 a 7 ± 0.23 bc

S3 85 ± 3.42 a 21 ± 1.24 b 64 ± 1.82 a 14 ± 1.12 ac

S4 92 ± 2.24 a 42 ± 2.36 b 42 ± 2.24 a 7 ± 0.14 bc

Anderson

S1 78 ± 2.11 a 28 ± 3.09 b 50 ± 2.38 a -

S2 85 ± 3.12 a 28 ± 2.12 b 64 ± 2.12 a -

S3 92 ± 2.16 a 21 ± 2.02 b 71 ± 3.24 a -

S4 92 ± 4.14 a 42 ± 3.46 b 64 ± 2.46 a 7 ± 0.48 bc

Chée–Pool

S1 78 ± 2.53 a 50 ± 2.97 b 35 ± 2.77 b 21 ± 2.12 ac

S2 85 ± 3.18 a 57 ± 1.46 b 28 ± 1.86 b 21 ± 1.60 ac

S3 85 ± 1.26 a 42 ± 3.21 b 35 ± 2.44 bc 28 ± 1.60 ac

S4 92 ± 4.42 a 64 ± 2.48 a 42 ± 3.12 ac 21 ± 1.22 ac

DKW

S1 85 ± 3.45 a 78 ± 2.11 a 42 ± 3.45 b 21 ± 2.08 ac

S2 85 ± 2.62 a 85 ± 2.08 a 21 ± 3.42 b 28 ± 0.68 ac

S3 92 ± 4.20 a 78 ± 1.68 a 64 ± 4.12 a 35 ± 1.68 ac

S4 92 ± 3.26 a 92 ± 2.82 a 21 ± 2.42 b 42 ± 2.24 a

Results are expressed as the mean ± SD (n = 14). Different lowercase letters indicate significant differences within
the same column (p < 0.05).
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Figure 2. The average number of shoots formed on the tested media after 21 days after inoculation
(a) genotype influence; (b) the influence of the culture environment.

The best callus initiation, with an average of 62% on the four inoculated genotypes, was
recorded on the MS and Anderson media. MgSO4, CaCl2, and MnSO4 are the essential nu-
trient macro-elements for explant growth in tissue culture and for callus formation [44,45].
Calcium chloride is the form of calcium commonly used in the composition of in vitro



Sustainability 2023, 15, 15243 7 of 15

culture media, with roles in cellular pH, carbohydrate translocation, and callus induc-
tion [46]. The concentration of CaCl2 is 332 mg/L in both MS and Anderson culture media.
A significant reduction in the induction of calluses formed when Mg2+ is missing from
the medium has been observed [47,48]. On the DKW medium, 34% of the inocula formed
an organogenic callus (after 21 days of inoculation) at the level of the node immersed in
the medium. After 5 weeks, calli were formed on this callus from which the shoots were
later generated. The presence in the composition of the DKW medium of larger amounts
of MnSO4 (33.80 mg/L) and MgSO4 (361.49 mg/L) than in the other tested environments
favored the formation of this morphogenic callus.

With the exception of the S1 selection, between 7% and 14% of the inocula on the
MS formed roots. On the Anderson medium, only 7% of the S4 explants initiated the
rhizogenesis process, and in the other selections this process did not commence. On the
Chée–Pool and DKW media, all selections generated roots. The average percentage of
rooting in all four selections on the Chée–Pool medium was 22.75%, and on the DKW
medium the average on the selections was 31.5%. The following selections with a rooting
percentage above the average were observed: S3 on Chée–Pool (28%) and S4 on DKW (42%).
Regarding the number of roots formed (Figure 3a), no significant differences between the
number of roots formed on the explants inoculated between MS and Anderson (p = 0.11923)
and between Chée–Pool and DKW (p = 0.45856) were recorded, as well as significant
differences between the other media (MS and Chée–Pool, MS and DKW, Anderson and
Chée–Pool, and Anderson and DKW). The average number of roots on explants inoculated
on MS and Anderson was 1.4 ± 0.19, on Chée–Pool media 3.0 ± 0.54, and on DKW media
3.4 ± 0.47.
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Figure 3. Average number of roots formed on the media tested after 21 days after inoculation
(a) genotype influence; (b) the influence of the culture environment.

In S1 inoculums, the rhizogenesis process was only initiated on the Chée–Pool and
DKW mediums, with an average of 2.7 ± 0.69 and 2.4 ± 0.64 roots/explant, respectively
(Figure 3b). S2 and S3 did not form roots on Anderson medium. DKW medium is the
only medium tested that stimulates the initiation of rhizogenesis in all four selections,
ensuring an average number of 3.8 ± 0.56 roots/explant. Suggestive aspects regarding
organogenesis on the culture media taken in the study are presented in Figure 4.

Based on the results obtained at this stage, we continued to pursue the possibility
of modulating the morphogenesis processes using only the DKW medium with different
phytohormonal balances. We carried out several experimental variants with the additions of
BAP, NAA, AIB, and IAA. (Table 4). The effect of these combinations on shoot proliferation
and root formation is presented in Tables 5 and 6.
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Figure 4. Morphogenesis on the tested media. (a) Multiplication on DKW medium; (b) regeneration of
shoots with basal callus on Chée–Pool medium; (c) formation of adventitious shoots with basal callus
on Anderson medium; (d) the formation of shoots with friable, green basal callus on MS medium.

Table 4. The phytohormonal balances of the species Robinia pseudoacacia L. investigated in vitro on
DKW medium.

Variant DKW AP(mg/L) 1 AIB (mg/L) 2 NAA(mg/L) 3 IAA (mg/L) 4

M
ul

ti
pl

ic
at

io
n T1 0.5 0.04 - -

T2 0.5 - 0.04 -

T3 0.5 - - 0.04

T4 0.5 - - -

R
oo

ti
ng

R1 - 0.05 - -
R2 - 0.1 - -
R3 - - 0.05 -
R4 - - 0.1 -

1 BAP-6—benzylaminopurine; 2 AIB—indole-3-butyric acid; 3 NAA—1-naphthaleneacetic acid; 4 IAA—indole
acetic acid.

The explants consisted of nodal segments of shoots, obtained from the previous
experiment. This type of explant exhibits juvenile characteristics, are poor in endogenous
contaminants, and give the possibility of ensuring a high homogeneity of the explants. The
inoculation was performed in 30 mL tubes with 8 mL of medium. The tubes that were
inoculated were incubated at a temperature of 24 ± 1 ◦C, with a photoperiod of 16/8 h
using a white, cold, fluorescent light of 3000 lx. Eighteen replicas of each variant were
made. After 5 weeks, the culture was evaluated. The results are presented in Table 5.

The highest percentages of regeneration were obtained in the T1 and T3 environmental
variants, with statistically assured differences for p < 0.05 compared to the T2 and T4
variants. The largest number of shoots was generated by explants placed on DKW medium
with the combination of the phytohormones BAP (0.5 mg/L) and AIB (0.04 mg/L). The
most intense shoot growth was ensured by the combination of the phytohormones BAP
(0.5 mg/L) and NAA (0.04 mg/L), with statistically ensured differences compared to the
other environmental combinations. Our results confirm the observations of Barghchi, M.
(1987) and Salem et al. (2022) [1,49] regarding the positive role of NAA in the elongation
of shoots grown in vitro in Robinia pseudoacacia [1]. The best results, in all environmental
variants, in terms of the number of stems and their heights, were recorded in the S4
selection. On average, this selection produced between 10–35% more shoots and 9–14%
more roots than the other selections (Table 5). The better morphogenic responses of S4
is consistent with the studies that have stated that the genotype has a large impact on
micropropagation ability [43]. The organogenic responses of inoculums to in vitro cultures
are determined via the interaction between endogenous phytohormones and those added
to the culture medium [50]. Exogenous cytokinins are essential for shoot formation during
in vitro culture, but the use of synthetic cytokinins, such as 6-benzylaminopurine (BAP),
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can have a long-term residual effect, interfering with subsequent subcultures [51]. Auxin
has a decisive role in regulating the spatial and temporal aspects of plant growth and
development, being involved in the mechanism of the orientation of the cell division plane,
before lateral root initiation, and in the formation of meristems [52,53].

Table 5. Shoot proliferation from stem nodal explants under the influence of different concentrations
of phytohormones in DKW medium.

Phytohormonal
Variant
(mg/L) Se

le
ct

io
n

% of Explants
Exhibiting Shoot

Proliferation

Average
Number of

Shoots

Average Height
of Shoots

(cm)

T1
BAP (0.5 mg/mL)

+
AIB (0.04 mg/mL)

S1 94 ± 3.30 3.8 ± 0.12 2.6 ± 0.8
S2 89 ± 2.42 4.7± 0.28 2.8 ± 0.2
S3 92 ± 2.02 4.1 ± 0.13 2.4± 0.2
S4 91 ± 3.32 5.2 ± 0.18 3.5 ±0.12

Mean T1 91.5 ± 2.24 a 4.45 ± 0.18 a 2.82 ± 0.42 b

T2
BAP (0.5 mg/mL) +
NAA (0.04 mg/mL)

S1 80 ± 2.40 2.8 ± 0.34 3.8 ± 0.08
S2 86 ± 2.37 3.4 ± 0.32 3.8 ± 0.3
S3 88 ± 3.82 3.2 ± 0.22 3.5 ± 0.22
S4 90 ± 2.02 3.6 ± 0.21 4.2 ± 0.13

Mean T2 86 ± 1.86 b 3.25 ± 0.06 b 3.82 ± 0.58 a

T3
BAP (0.5 mg/mL) +
IAA (0.04 mg/mL)

S1 92 ± 2.32 1.5 ± 0.08 2.7 ± 0.08
S2 90 ± 3.12 2.2 ±0.22 2.4 ± 0.16
S3 91 ± 2.32 1.8 ± 0.16 2.6 ± 0.2
S4 90 ± 1.39 2.8 ± 0.14 3.2 ± 0.03

Mean T3 90.75 ± 1.92 a 2.07 ± 0.12 c 2.72 ± 0.08 bc

T4
BAP (0.5 mg/mL)

S1 78 ± 2.22 1.5 ± 0.15 1.8 ± 0.2
S2 74 ± 2.80 1.2 ± 0.16 2.1 ± 0.12
S3 80 ± 2.12 1.4 ± 0.14 2.4 ±0.23
S4 82 ± 2.79 1.6 ± 0.04 2.4 ± 0.14

Mean T4 78.5 ± 2.02 c 1.42 ± 0.02 d 2.17 ± 0.12 d

Results are represented as means ± SD (n = 14); different lowercase letters indicate significant differences within
the same column (p < 0.05).

The shoots obtained were shaped to lengths of 2.5–3.0 cm and placed on the variants
of the culture medium for rooting. After 4 weeks, the culture was evaluated. The results
are presented in Table 6.

For the significance threshold p < 0.05, the Tukey’s HSD test did not reveal significant
differences between the variants in terms of the percentage of explants that generated roots
(Table 6).

The medium variants T1 and T3, with 0.05 mg/L AIB and NAA, ensured a higher
number of roots per explant (Figure 5), statistically assured, than the variants T2 and T4
with 0.1 mg/L. It is worth noting that the variant T1, with 0.05 mg/L AIB, provided 35.1%
more roots/explant than T2 (statistically assured p = 0.0001), and 17.8% more roots than
T4 (p = 0.02715). The lengths of the roots were stimulated by their presence in the culture
medium of NAA (0.05–0.1 mg/L). The selection S4 on the medium with 0.05 mg/L AIB
provided the highest number of roots (5.8 ± 0.11) and the longest length of roots on the
medium with 0.1 mg/L NAA.
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Table 6. Plant rooting in vitro under the influence of different combinations of auxins in DKW
medium.

Phytohormonal
Variant
(mg/L) Se

le
ct

io
n

% of Explants Exhibiting
Shoot Proliferation

Average Number of
Roots/Explant

Average Length of Roots
(cm)

R1
AIB

(0.05 mg/L)

S1 70 ± 2.02 4.5 ± 0.16 3.8 ± 0.16
S2 68 ± 3.12 5.0 ± 0.15 4.6 ± 0.14
S3 82 ± 2.22 5.8 ± 0.18 3.8 ± 0.05
S4 90 ± 2.80 5.8 ± 0.11 4.2 ± 0.25

Mean R1 77.5 ± 2.54 a 5.27 ± 0.15 a 4.1 ± 0.15 b

R2
AIB

(0.1 mg/mL)

S1 67 ± 2.02 4.6 ± 0.16 2.2 ± 0.06
S2 60 ± 3.32 3.8 ± 0.15 2.8 ± 0.17
S3 86 ± 1.32 3.4 ± 0.28 2.5 ± 0.14
S4 72 ± 3.62 3.8 ± 0.14 2.9 ± 0.25

Mean R2 71.25 ± 2.57 a 3.9 ± 0.18 b 2.6 ± 0.15 c

R3
NAA

(0.05 mg/mL)

S1 68 ± 2.38 4.7 ± 0.26 4.5 ± 0.05
S2 71 ± 2.52 4.6 ± 0.05 4.7 ± 0.15
S3 67 ± 2.82 5.8 ± 0.19 4.2 ± 0.2
S4 76 ± 1.62 5.6 ± 0.09 4.8 ± 0.24

Mean R3 70.5 ± 2.33 a 5.17 ± 0.14 a 4.55 ± 0.12 a

R4
NAA

0.1 (mg/mL)

S1 68 ± 2.02 4.4 ± 0.18 4.5 ± 0.14
S2 66 ± 3.12 3.8 ± 0.04 4.9 ± 0.25
S3 69 ± 1.02 4.6 ± 0.12 4.4 ± 0.05
S4 68 ± 1.82 5.1 ± 0.13 5.0 ± 0.15

Mean R4 67.75 ± 2.32 a 4.47 ± 0.11 b 4.7 ± 0.14 a

Results are represented as means ± SD (n = 14); different lowercase letters indicate significant differences within
the same column (p < 0.05).

Sustainability 2023, 14, x FOR PEER REVIEW 10 of 15 
 

phytohormones BAP (0.5 mg/L) and NAA (0.04 mg/L), with statistically ensured 
differences compared to the other environmental combinations. Our results confirm the 
observations of Barghchi, M. (1987) and Salem et al. (2022) [1,49] regarding the positive 
role of NAA in the elongation of shoots grown in vitro in Robinia pseudoacacia [1]. The best 
results, in all environmental variants, in terms of the number of stems and their heights, 
were recorded in the S4 selection. On average, this selection produced between 10–35% 
more shoots and 9–14% more roots than the other selections (Table 5). The better 
morphogenic responses of S4 is consistent with the studies that have stated that the 
genotype has a large impact on micropropagation ability [43]. The organogenic responses 
of inoculums to in vitro cultures are determined via the interaction between endogenous 
phytohormones and those added to the culture medium [50]. Exogenous cytokinins are 
essential for shoot formation during in vitro culture, but the use of synthetic cytokinins, 
such as 6-benzylaminopurine (BAP), can have a long-term residual effect, interfering 
with subsequent subcultures [51]. Auxin has a decisive role in regulating the spatial and 
temporal aspects of plant growth and development, being involved in the mechanism of 
the orientation of the cell division plane, before lateral root initiation, and in the 
formation of meristems [52,53]. 

The shoots obtained were shaped to lengths of 2.5–3.0 cm and placed on the variants 
of the culture medium for rooting. After 4 weeks, the culture was evaluated. The results 
are presented in Table 6. 

For the significance threshold p < 0.05, the Tukey’s HSD test did not reveal 
significant differences between the variants in terms of the percentage of explants that 
generated roots (Table 6). 

The medium variants T1 and T3, with 0.05 mg/L AIB and NAA, ensured a higher 
number of roots per explant (Figure 5), statistically assured, than the variants T2 and T4 
with 0.1 mg/L. It is worth noting that the variant T1, with 0.05 mg/L AIB, provided 35.1% 
more roots/explant than T2 (statistically assured p = 0.0001), and 17.8% more roots than 
T4 (p = 0.02715). The lengths of the roots were stimulated by their presence in the culture 
medium of NAA (0.05–0.1 mg/L). The selection S4 on the medium with 0.05 mg/L AIB 
provided the highest number of roots (5.8 ± 0.11) and the longest length of roots on the 
medium with 0.1 mg/L NAA. 

     
(a) (b) (c) (d) (e) 

Figure 5. Micromultiplication and rhizogenesis (a,b) and rooting (c–e) of Robinia pseudoacacia L. S4 
inoculums on DKW medium. 

3.1. Acclimatization of Plants Obtained In Vitro 
An in vitro micropropagation system can only be considered successful after 

establishing the conditions of transfer and acclimatization to field conditions. For plants 
obtained in vitro, under rigorously controlled conditions, transfer to the greenhouse or 
field environment represents a great challenge due to a lower relative humidity level, 
higher light level, and septic environment [54]. Plants grown in vitro often show a low 
rate of photosynthesis and incomplete autotrophy, and these may be the reasons for the 
low survival rates of plants during the acclimation stage [55]. In addition, the nutrients in 

Figure 5. Micromultiplication and rhizogenesis (a,b) and rooting (c–e) of Robinia pseudoacacia L. S4
inoculums on DKW medium.

3.1. Acclimatization of Plants Obtained In Vitro

An in vitro micropropagation system can only be considered successful after establish-
ing the conditions of transfer and acclimatization to field conditions. For plants obtained
in vitro, under rigorously controlled conditions, transfer to the greenhouse or field environ-
ment represents a great challenge due to a lower relative humidity level, higher light level,
and septic environment [54]. Plants grown in vitro often show a low rate of photosynthesis
and incomplete autotrophy, and these may be the reasons for the low survival rates of
plants during the acclimation stage [55]. In addition, the nutrients in the culture media
cause deviations in development, and repress or modulate several metabolic pathways dif-
ferently than soil conditions [56]. As a result, plants grown in vitro develop small juvenile
leaves, with a weak cuticular layer, defective stomata, and reduced photosynthetic capacity,
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while the roots have no or very few absorbent hairs [57]. The acclimatization of Robinia
pseudoacacia plants obtained in vitro to an ex vitro environment by gradually exposing them
to the relative humidity of the environment and to different light levels better facilitate the
survival of young and physiologically sensitive plants when transferred to the soil. The
conditions that are ensured at this stage help the plants to develop a fully functional root
system and to better control their stomatal and cuticular transpiration [56].

It has been demonstrated by the authors of [57–62] that this approach improves
stomatal physiology and increases the production of epicuticular wax. The same authors
recommended that the level of relative humidity should not drop below 80% in order to
permit good aeration of the culture. Robinia pseudoacacia L. adapted to ex vitro conditions is
shown in Figure 6. In our study, the average percentage of survival after 4 weeks was 68%.
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3.2. Principal Component Analysis

Principal component analysis is a useful statistical technique for determining the
correlations between variables. The PCA plot was used to analyze the following in vitro
culture medium variables: MS, Anderson, Chée–Pool, and DKW. A 2D plot PCA (Figure 7)
revealed the differences in the acacia selections based on the proliferation and rhizogenesis
processes. The covariance matrix eigenvalues revealed that the set of the two principal
components (PC1 and PC2) accounted for 88.919% of the total variance in the dataset in
terms of the organogenesis process (Table 7). PC1 accounted 77.867% of the variance, with
PC2 explaining the remainder of the variance, 11.052%. PC1 had an eigenvalue of 3.115,
while PC2 had an eigenvalue of 0.442.

Table 7. The percentage of variance explained by each successive principal component.

PC Eigenvalue Cumulative Eigenvalues Explained by
Each PC Percentage of Variance

Percentage of Variance
Explained by Each PC (%)

Cumulative Percentage of
Variance (%)

1 3.115 3.115 77.867 77.867
2 0.442 3.557 11.052 88.919
3 0.332 3.889 8.2959 97.215
4 0.111 4.000 2.7848 100.00
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The red dots represent the percentage of S1 acacia selections’ root production (samples with R as the
first letter) and proliferation (samples with S from shoots), while the yellow dots represent S2, the
blue dots represent S3, and the green dots represent S4.

4. Conclusions

The goal of this research was to test media, with specifications for woody plants,
appropriate for large-scale cloning of acacia genotypes reluctant to traditional methods of
vegetative multiplication. The vegetative response of the plants varied between the four
selections, with a preference for the DKW basal salts. This tendency was manifested both in
terms of callogenesis and rhizogenesis and led us to the conclusion that the DKW medium
is more suitable for the in vitro multiplication of the Robinia pseudoacacia species L. than
the other tested media. 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. In addition to providing a
starting point for future research on the selection and evolution of this species, the current
study can yield important insights for forestry practice and science.
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2. Nicolescu, V.-N.; Hernea, C.; Bakti, B.; Keserű, Z.; Antal, B.; Rédei, K. Black locust (Robinia pseudoacacia L.) as a multi-purpose tree

species in Hungary and Romania: A review. J. For. Res. 2018, 29, 1449–1463. [CrossRef]
3. Du, B.; Pang, J.; Hu, B.; Allen, D.E.; Bell, T.L.; Pfautsch, S.; Netzer, F.; Dannenmann, M.; Zhang, S.; Rennenberg, H. N2-fixing black

locust intercropping improves ecosystem nutrition at the vulnerable semi-arid Loess Plateau region, China. Sci. Total Environ.
2019, 688, 333–345. [CrossRef] [PubMed]

4. Zhang, J.; Liu, Y.; Wang, H. Micropropagation of Black Locust (Robinia pseudoacacia L.). In Protocols for Micropropagation of Woody
Trees and Fruits; Jain, S.M., Häggman, H., Eds.; Springer: Dordrecht, The Netherlands, 2007; pp. 193–199. ISBN 978-1-4020-6351-0.

5. Szyp-Borowska, I.; Banha, C.; Wojda, T.; Szczygieł, K. Micropropagation of black locust (Robinia pseudoacacia L.) and genetic
stability of long term cultivated plants. Folia For. Pol. 2016, 58, 13–19. [CrossRef]
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