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Abstract

Cultivation of blackberry has gradually expanded in Brazil, due to their rusticity and low production cost; thus,
it stands out as an excellent option for product diversification. There is a need fo improve technical information
on the management of this crop, especially mineral nutrition. Knowledge of the visual symptoms of nutritional
deficiency and foliar contents of the nutrients allows helps farmers to choose the most adequate fertfilization
for plants. This study aimed at evaluating nutritional aspects and effects of nutrient omission on the growth
of BRS Xingu blackberry. Treatments consisted of complete solutions and individual omission of the following
nutrients: nitrogen (N), phosphorus (P), potassium (K), calcium (C), magnesium (Mg), boron (B), manganese
(Mn), zinc (Zn) and iron (Fe). The following variables were evaluated: leaf dry matter, root dry matter, total dry
mass, macro- and micronutrients contents in leaves and visual symptoms of nutrient deficiency. Macronutrient
and B deficiencies limit growth of blackberry omission led to the highest decrease in plant growth, besides leaf
wrinkling, a fact that shows that BRS Xingu is susceptible to its deficiency. Correlation was found between N
and Ca, N and P and B and Ca leaf contents. Low leaf confents of N, K, Ca and B were observed when these

nutrients were omitted from the solution.
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Introduction

Cultivation of small fruits in Brazil has grown
significantly, mainly the cultivation of blackberry (Rubus
spp.). which has expanded a lot all over the couniry,
especidlly in Rio Grande do Sul, Sdo Paulo, Minas Gerais,
Parand, Santa Catarina and Espirito Santo states (Antunes
et al., 2014). Interest in its cultivation results from its low
production cost, rusticity and fast financial return (Pereira
et al., 2015; Souza et al., 2020).

In order fo increase the area cultivated with
blackberry in the country, more technical knowledge of
their management is needed, mainly regarding mineral
nutrition (Strik & Finn, 2012). Since this berry bush has
recently got economic importance in Brazil, there is sfill
shortage of information on its nutritional issues (Strik& Finn
2012; Pereira et al., 2015).

Nutrient deficiency in plants may be observed
through symptomatologic signs, which are characteristic

of every nutrient. Visual diagnosis enables fo characterize
deficiency symptoms which are usually more visible
in leaves than in other parts of the plant. In order to
characterize deficiencies, the missing element technique
or diagnosis by omission may be carried out, since it
provides information on nutrients that may limit plant
development (Barreto et al., 2017; Moschini et al., 2017;
Coelho et al., 2020). The use of these techniques enables
plants to be grown in a nutritious solution and visible
symptoms to be associated with the mineral composition
of the plant fissue.

Knowledge of visual symptoms of nutrient
deficiency helps farmers to choose the most adequate
fertilization for plants (Moschini et al., 2017; Barreto et al.,
2017), so as to use it rationally. Studies that help to improve
nufrient management of blackberry are needed to make
advances in their productivity. Therefore, this study aimed

at evaluating nutritional aspects and effects of nutrient
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omission on the growth of BRS Xingu blackberry.

Material and methods

The experiment was carried out in a greenhouse
at the Embrapa Clima Temperado, in Pelotas, Rio Grande
do Sul state, Brazil (31°40" S and 52°26’ W; altitude: 60
m). Plants were grown in a plastic covered fransparent
polyethylene greenhouse, with anti-insect screens and
plastic fim curtains on its sides. The experiment had a
completely randomized design, with ten freatments
and three replicates, .
individual omission of N, P, K, Ca, Mg, B, Fe, Mn and Zn in
30 experimental units. Every unit comprised a BRS Xingu
blackberry, which was planted in a 5-liter plastic pot

e., a complete solution and

with a half-inch drain in the botfom and coarse sand as
substrate. Pofs were kept on a galvanized iron counter
which was 1-meter high.

The nutritious solution was the one proposed by
Sarruge (1975), which contains 210.1 mg N, 31 mg P, 234.6
mg K, 200.4 mg Ca, 48.6 mg Mg, é4.1 mg S, 500 ug B,
39 ug Cu, 722 ug ClI, 5000 ug Fe, 502 ug Mn, 12ug Mo
and 98 pg Zn per liter. In solutions used in freatments with
nufrient omission, concentrations of nutfrients were equal
to the ones of the complete solution, except the omitted
nufrient.

Plants were kept for 121 days, from December
26th, 2017, to April 26th, 2018. In this period, either the
nutritious solution or distilled water (250 mL) was alternately
applied to the plants every 24 hours. In order to air the
sand, potfs were drained every 48 hours and then the
solufion was put back in again. Both the pH and the
electrical conductivity of the solution were monitored;
the former ranged between 6.5 and 7.0, while the latter
varied from 1.8 to 2.3 mS.cm .

In order to register visual symptoms of nutrient
deficiency, blackberry was photographed in the studio
of the Embrapa Clima Temperado when symptoms
emerged. After 121 days, plantswere collected, separated
into shoots and roots, stored in paper containers and kept
in a forced air oven at 65 °C for 72 hours. Dry matter was
then determined.

Leaves were separated and ground. Sub-
samples of 0.5 g of ground material were submitted to
nitro-perchloric acid digestion with HCIO, (1.0 ml) + HNO,
(6.0 ml) at 190 °C in a digestion block. Phosphorus (P)
concenfration was determined by UV spectrophotometry
(vanadate-molybdate method), while potassium (K),
calcium (Ca), magnesium (Mg), iron (Fe), manganese
(Mn) and zinc (Zn)concentrations were determined by
flame atomic absorption spectrometry in the exiract.
Nitrogen (N) was determined by the micro-Kjeldahl

method after digestion of 0.2 g with H,O, (2.0 ml) + H,SO,
(5.0 ml) and catalyzing salts at 380 °C. Boron (B) was
analyzed after dry digestion of samples in a muffle oven
at 550 °C and determined by colorimetry; the reagent
was azomethine-H (Tedesco et al., 1995).

Data were submitted to the analysis of variance
by the F-test and means were compared by the Scoftt-
Knott test at 5% probability. The statistical analysis was
carried out by the Sisvar software program, version 5.6
(Ferreira, 2014). In order to interpret results of correlation
among leaf contfents, the classification proposed by
Dancey & Reidy (2006) was used: positive or negative
values below 0.3 show either weak or non-significant
correlation; values between 0.3 and 0.7 show moderate
correlation; and values above 0.7 show strong correlation.

Results and Discussion

Shoot dry matter of blackberry was decreased by
Nomission (Table 1). WhenNwasomitted, itsconcentration
in leaves decreased about 4-fold, i. e., from 4.04 g kg’
(complete solution) to 0.96 g kg (Table 2). Synthesis of
proteins and nucleic acids is affected by lack of N, and
leads to decrease in plant growth (Marschner, 2012).
Decrease in N in plants may also cause degradation of
chlorophylls and, thus, affect photosynthesis and result
in decrease in plant growth (Maillard et al., 2015; Taiz et
al., 2017). N omission also decreased the aerial part of
strawberry plants (Barreto et al., 2017) in a study in which
the missing element technique was also applied.

Table 1. Shoot dry matter, root dry matter and total dry matter of
blackberry of the culfivar BRS Xingu with nutrient omission.

Treatments Shoot dry matter Root dry matter Total dry matter
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Complete  64.30 a 19.10 a 83.40 a

-N 15.30 d 17.30 a 32.60 d

-K 32.60 b 14.20 b 46.80 c

-P 29.80 b 16.20 b 46.00 c

-Ca 36.80 b 9.40 d 46.20 c

-Mg 23.80 c 16.70 b 40.50 c

-Mn 63.80 a 17.20 a 81.00 a

-Fe 53.70 a 12.50 c 66.20 b

-B 19.50 c 9.70 d 29.20 e

-In 59.30 a 17.40 a 76.70 a
Means followed by the same small letter do not differ by the Scott-Knott test at 5% probability.
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Table 2. Macronutrient contents (g kg™') in leaves of blackberry of the cultivar BRS Xingu with nutrient omission.

Treatments N P K Ca Mg
Complete 4.04 a 3.77 b 17.33 a 8.89 b 4.15 b
-N 0.96 b 1.73 c 12.05 b 13.66 a 2.16 c
-K 2.99 a 5.35 a 2.17 @ 11.11 b 5.52 a
-P 2.71 a 1.70 C 17.33 a 7.68 c 2.19 C
-Ca 3.87 a 4.47 b 18.31 a 1.62 d 3.44 b
-Mg 3.24 a 5.55 a 20.30 a 7.15 c 1.67 c
-Mn 3.41 a 4.11 b 20.51 a 5.10 c 3.68 b
-Fe 3.24 a 5.72 a 20.33 a 6.03 c 2.84 C
-B 3.12 a 3.88 b 22.71 a 4.69 c 3.78 b
-In 3.24 a 2.88 C 19.96 a 4.52 C 3.80 b

Means followed by the same small letter do not differ by the Scott-Knott test at 5% probability.

Besides decrease in growth of the aerial part, N
omission caused lower leaf emergence and new budding
by comparison with plants grown in the complete solution
(Figure 1A and 1B). When deficiency evolves to a more
advanced stage, the symptom appears all over the
plant (Andrade & Boaretto, 2012), as found in blackberry
(Figure 1A). Leaves showed reddish edges in the most
advanced stage of N deficiency (Figure 2B), a fact that
may occur due to the accumulation of carbohydrates
that were not usedin the synthesis of nifrogen compounds.
Excess of carbohydrates may be used in the synthesis
of anthocyanins which bestow the red color to tfissues
(Nemie-Feyissa et al., 2014). According to Anfunes ef al.
(2014), the red color in leaves of blackberry is typical of
anthocyanin accumulation.

Ca omission decreased the radicular system of
blackberry (Table 1). Other studies also reported that
Ca deficiency in blackberry affects the radicular system
(Pereira et al.; 2015; Souza et al., 2015), since it paralyzes
radicular growth (Marschner, 2012). It results from the
fact that Ca has an important role in cell division and
stretching (Jones Jr, 2012). Ca omission decreased the
leaf content, by comparison with the other treatments
(Table 2), but no visual symptom of Ca deficiency was
observed in plants (Figure 1C and 2C).

Besides decreasing radicular growth, B omission
in blackberry resulted in low value of total dry matter
(Table 1), low content of this element in leaves (Table
3) and drastic wrinkling of the plant (Figure 1D) and its
leaves (Figure 2D); it shows that the cultivar BRS Xingu is
very sensitive to B deficiency. Small sizes of leaves and
plant that result from B omission are due to the fact that
its main function is related to cell wall structures (Taiz et
al., 2017). Effects of B deficiency are related to decrease
in cell extension caused by a signaling pathway with
the participation ethylene, auxin and reactive oxygen
species production (Camacho-Cristobal et al., 2015), a
fact that leads to cell stress as the result of changes in
membrane integrity.

The highest P contents in leaves were found in
plants with K, Mg and Fe omission (Table 2). P deficiency
led to necrosis on the edges of the oldest leaves and the
blade color got opaque (Figures 1E and 2E). Symptoms
of P deficiency, similar to the ones observed by this study,
were reported in a study of cherry trees (Vieira et al.,
2011) grown without this nutrient. Lack of P may affect
energy storage and transportation (Marschner, 2012; Taiz
et al., 2017), besides carbohydrate transportation in leaf
cells (Marschner, 2012). It may also decrease synthesis
of nucleic acid and induce accumulation of nitrogen
compounds such as anthocyanins that make leaves with
P deficiency get purplish.

K content in leaves was lower in the freatment
with its omission (Table 2). The aerial part of plants grown
in a complete nutritious solution exhibited 17.33 g kg'K,
while the deficient ones had 2.17 g kg™'. Blackberry leaves
had dark necrotic spots, similar to burns, besides wrinkled
and withered blades (Figures 1F and 2F). The withered
aspect may result from the fact that K is closely related to
the control of cell turgor and both stomatal opening and
closure (Marschner, 2012). Necrotic stains may be related
to increase in putrescine concentration, which is quite
common in plants with K deficiency (Cui et al., 2020).
Putrescine is a polyamine which has been described as
a marker of K deficiency and other problems, such as
osmotic stress, which are also connected to K (Cui et al.,
2020). Pereira et al. (2015) and Souza et al. (2015) carried
out a study of K omission in blackberry and also found
chlorosis followed by necrosis on leaf edges.

Mg content in leaves was higher in the treatment
with K omission in blackberry (Table 2). According to
Jones Junior (2012), there is a relation between K and
Mg concentrations, since these catfions compete for
absorption sites and, consequently, the absence of one
of them influences the other positively (Epstein& Bloom
2006; Marshner, 2012; Taiz et al.,, 2017). Mg omission
decreased internode length in plants (Figure 1G) and, in
older leaves, there was internerve chlorosis (Figure 2G).
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Lack of this element causes problems in photosynthesis
efficiency, since Mg plays a role in light absorpfion
optimization and energy fransference to photosynthetic
reaction centers (Farhat et al., 2016).

Zn content in leaves was lower when Zn, P and
Mn were omitted (Table 3). Zn omission was found to
lead to symptoms of intfernerve chlorosis in the youngest

leaves (Figures TH and 2H), since this nutrient has low
mobility in plants. Leaf chlorosis may show the need for
Zn in chlorophyll biosynthesis and this symptom is due to
the fact that Zn takes part in photosynthesis, respiration,
enzyme activation, synthesis of protein and starch and
hormone confrol (Taiz et al., 2017).

Figure 1. Visual symptoms of deficiency in macronutrients, micronutrients and complete
freatment in blackberry of the cultivar BRS Xingu. Photographs by Paulo Lanzetta.

Comunicata Scientiae, v.13: €3602, 2022



Barreto et al. (2022) Nufrient omission on growth and leaf...

Figure 2. Visual symptoms of deficiency in macronutrients, micronutrients and complete treatment
in leaves of blackberry of the cultivar BRS Xingu. Photographs by Paulo Lanzetta.

Table 3. Micronutrient content (mg kg™') in leaves of blackberry of the cultivar BRS Xingu with nutrient omission.

Treatments B Fe Mn n
Complete 102.98 b 112.50 b 154.71 a 43.91 b
-N 188.20 a 265.45 a 226.34 a 51.60 b
-K 144.89 a 78.76 c 399.67 a 47.62 b
-P 103.19 b 81.35 c 118.58 a 32.81 e
-Ca 72.00 b 130.23 b 286.67 a 85.36 a
-Mg 77.14 b 98.03 c 391.89 a 81.75 a
-Mn 76.48 b 72.12 c 29.88 b 39.09 c
-Fe 51.31 b 65.28 c 73.92 b 51.12 b
-B 23.04 C 115.30 b 34.08 b 56.45 b
-In 65.75 b 58.11 c 45.33 b 28.53 c

Means followed by the same small letter do not differ by the Scott-Knott test at 5% probability.

Fe contents in leaves decreased when Zn, Fe, led to the lowest Fe contents but did not differ from the
Mn, K, P and Mg were omitted (Table 3). Fe omission  omission of other nutrients that relate to chlorophyll (K,
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P, Zn, Mn and Mg), i. e., Fe absorption tends to relate
fo nutrients that influence photosynthesis. Plants grown
in the treatment with Fe omission exhibited leaves with
uniform internerve chlorosis in the whole blade of their
youngest leaves (Figures 11 and 2I), a fact that infers that
this nutrient has low mobility in plants. Fe takes part in
chlorophyll biosynthesis (Marschner, 2012) and enzyme
systems related to energy production, respiration and N
assimilation (Jones Jr., 2012). Symptoms of Fe deficiency,
such as internerve chlorosis in the youngest leaves and
fine reficulation, had already been found by another
study of blackberry (Souza et al., 2015).

In the treatment with Mn omission, there
was decrease in its leaf content (29.88 mg kg'), by
comparison with the complete freatment (15471 mg kg')
(Table 3). However, there was no difference between
both freatments regarding shoot dry matter and root dry
matter (Table 1). Plants grown with no Mn exhibited light

internerve chlorosis and rugosity in their youngest leaves
(Figures 1J and 2J). This symptom is due fo the fact that
Mn takes part in processes related to photosynthesis and
energy transference (Marschner, 2012).

Strong correlation was found between N and Ca
(-0.7270), N and P (0.7071) and B and Ca (0.8222) leaf
contents (Table 4). Negative linear correlation between
N and Ca may be because of dilution since N promoftes
plant growth by diluting Ca in the aerial part. Another
factor that may have influenced is the competitive ionic
interaction between Ca* and NH,* (Fernandes et al.,
2018), because NH,* is used to supply N in the nuftritious
solution with Ca omission. The main function of P in plant
metabolism is notably energy storage and transference
(EST); thus, plants grown with either adequate or high P
levels exhibit increase in N absorption and accumulation
(Agren et al., 2012).

Table 4: Linear correlation among macro and micronutrients contents in leaves of blackberry of the culfivar BRS Xingu with

nutrient omission.

N Ca Mg K P Fe Mn n B
N 1.0000
Ca -0.7270 1.0000
Mg 0.3236 -0.0583 1.0000
K 0.3518 -0.5879 -0.3686 1.0000
P 0.7071 -0.3603 0.4208 -0.0185 1.0000
Fe -0.6038 0.4309 -0.2604 -0.1781 -0.2917 1.0000
Mn 0.0234 0.3939 0.0203 -0.4527 0.2386 0.2471 1.0000
In 0.2575 -0.1987 -0.2274 0.0968 0.4616 0.2600 0.5198 1.0000
B -0.5997 0.8222 -0.0411 -0.6176 -0.3161 0.5318 0.5618 -0.1068 1.0000

Positive effect on correlation between Ca and B
may be due to synergistic physiological effects between
them since they are structural components of cell walls.
According to Bénédicte et al. (2019), the matrix of cell
wallls of superior plants contains mainly polysaccharides,
such as cellulose, hemicellulose and pectin, that affect
wall resistance and flexibility and represent a physical
barrier against adverse environmental conditions. Thus,
Ca? connects to acid groups of membrane lipids and
fo cross-linking between pectin, mainly in the middle
lamella that separates cells that have been recently
divided. B has similar effects, since it not only promotes
cross-linking of RG Il (rhamnogalacturonan I, a pectic
polysaccharide) in cell walls, but also cell extension (Taiz
et al., 2017).

Conclusions

Macronutrient and B deficiency is the main factor
that is responsible for limitation of blackberry growth.B
omission decreases blackberry growth drastically, a fact
that shows that the cultivar BRS Xingu is sensitive to ifs

deficiency. Low N, K, Ca and B contenfts in its leaves are
found when these nutrients are omitted from the solution.

References

Agren, G.I., Wetterstedt, M., Billberge, M.F. 2012. Nutrient
limitation on terrestrial plant growth -modeling the
interaction between nitrogen and phosphorus. New
Phytologist 194: 953-960.

Andrade, M.LF., Boaretto, A.E.M.M. 2012.Deficiéncia
nutricional em plantas jovens de aroeirapimenteira
(Schinus terebinthifolius Raddi). Scientia Forestalis 40: 383-
392.

Antunes, L.E.C., Pereira, I. S., Picolotto, L., Vignolo, G. K.,
Goncalves, M.A. 2014. Producdo de amoreira-preta no
Brasil. Revista Brasileira de Fruticultura 36: 100-111.

Barreto, C.F., Silva, P.S., Navroski, R., Benati, J.A., Nava,
G.; Antunes, L.E.C. 2017. Deficiéncia de nufrientes com
efeitos no desenvolvimento de morangueiros. Scientia
Agraria 18: 63-71.

Bénédicte, C., Hervé, R., Bernard, B. 2019. Gazing at
cell wall expansion under a golden light. Trends in plant
science 24:130-141.

Comunicata Scientiae, v.13: €3602, 2022



Barreto et al. (2022)

Nutrient omission on growth and leaf...

Camacho-Cristébal, J.J., Martin-Rejano, E.M., Herrera-
Rodriguez, M.B., Navarro-Gochicoa, M. T., Rexach, J,
Gonzdlez-Fontes, A. 2015.Boron deficiency inhibits root
cell elongation via an ethylene/auxin/ROS-dependent
pathway in Arabidopsis seedlings. Journal of Experimental
Botany 66: 3831-3840.

Cui, J., Pottosin, I., Lamade, E., Tcherkez, G. 2020. What
is the role of putrescine accumulated under potassium
deficiency? Plant, Cell & Environment 43: 1331-1347.

Coelho, V.AT., Souza, C.G. De., Souza, E.N., Lacerda,
L.G., Cardoso, P.A. 2020. Caracterizacdo de sinfomas e
crescimento em Abobrinha Italiana (Cucurbita pepo L.)
sob caréncia de micronutrientes. Research, Society and
Development 9:€34932359.

Dancey, C., Reidy, J. 2006. Estatistica Sem Matemdtica
para Psicologia: Usando SPSS para Windows. Artmed,
Porto Alegre, Brazil. 608 p.

Epstein, E., Bloom, A.J. 2006. NutricGo mineral de plantas:
principios e perspectivas.: Editora Planta, Londrina, Brazil.
403p

Farhat, N., Elkhouni, A., Zorrig, W. Smaoui, A., Abdelly,
C., Rabhi, M. 2016. Effects of magnesium deficiency on
photosynthesis and carbohydrate partitioning. Acta Plant
Physiology 38: 1-10.

Fernandes, M.S., Souza, S.R., Santos, L.A. 2018. Absorcdo
de nutrientes.In: Fernandes, M.S.; Souza, S.R.; Santos, L.A.
(ed.)Nutricdo mineral de plantas. Sociedade Brasileira de
Ciéncia do Solo,Vicosa, Brazil. p. 125 - 165.

Ferreira, D.F. 2014. Sisvar. a Guide for ifs Bootstrap
procedures in  multiple comparisons. Ciéncia e
Agrotecnologia 38: 109-112.

Jones Junior, J.B. 2012. Plant Nufrition and Soil Fertility
Manual, CRC Press, New York, USA. 273p.

Maillard, A., Billard, V., Lainé, P., Garnica, M., Prudent,
M., Garcia-Mina, J-M., Yvin, J-C., Ourry, A. 2015. Leaf
mineral nutrient remobilization during leaf senescence
and modulation by nutrient deficiency. Frontiers in Plant
Science 6: 1-15.

Marschner, P. 2012. Mineral nutrition of higher plants.
Academic Press, New York, USA. 651p.

Moschini, B.P., Coelho, V.A.T., Peche, P.M., Souza, F.B.M,
Coutinho, G., Barbosa, C.M. De A., Freire, Al. 2017.
Crescimento e diagnose de deficiéncias nutricionais em
Physalis peruviana L. Revista Agropecudria Técnica 38:
169-176.

Nemie-Feyissa, D., Olafsdottir, S.M., Heidari, B., Lillo, C. 2014.
Nitfrogen depletion and small R3-MYB franscription factors
affecting anthocyanin accumulation in  Arabidopsis
leaves. Phytochemistry 98: 34-40.

Pereira, 1.S., Nava, G., Picolotto, L., Vignolo, G.K.,,
Goncalves, M.A., Antunes, LE.C. 2015. Exigéncia
nutricional e adubacdo da amoreira-preta. Revista
Ciéncia Agrdrias 58:96-104.

Sarruge, J.R. 1975. Solugdes nutritivas.  Summa

Phytopathologica 1: 231-233.

Souza, R.S., Martins, C.R., Antunes, L.E.C., Vizzotto, M.,
Krolow, A.C.R., Malgarim, M.B. 2020. Chemical and
mineral characteristics, bioactive compounds and
antioxidant activity of blackberries grown in an organic
system. Comunicata Scientiae 11: e3272.

Souza, F.B.M.; Pio, R., Coelho, V. A.T.,Rodas, C. L., Silva, I.P.
2015. Sintomas visuais de deficiéncia de macronutrientes,
boro e ferro e composicdo mineral de amoreira-preta.
Pesquisa Agropecudria Tropical 45: 241-248.

Strik, B.C.; Finn, C.E. 2012. Blackberry production systems -
a worldwide perspective. Actfa Horticulturae 946: 341-348.

Taiz, L., Zeiger, E., Moller, I., Murphy, A. 2017. Fisiologia e
desenvolvimento vegetal. 6.ed.: Artmed, Porto Alegre,
Brazil. 888 p.

Tedesco, M.J., Gianello, C., Bissani C.A., Bohnen, H.,,
Volkweiss, S.J. 1995.Andlise de solos, plantas e outros
materiais. Universidade Federal do Rio Grande do Sul.

Porto Alegre, Brazil, 174p.

Vieira, C.R., Weber, O.LS., Scaramuzza, J.F., Costa,
A.C., Souza, T.R. 2011. Descricdo de sinfomas visuais em
funcdo das deficiéncias de macronutrientes em mudas
de cerejeira (Amburana acreana). Revista Floresta 41:
789 - 796.

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

All the contents of this journal, except where otherwise noted, is licensed
under a Creative Commons Attribution License afttribuition-type BY.

Comunicata Scientiae, v.13: €3602, 2022



