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Abstract
The ability of cyanobacteria and green microalgae to synthesize gold nanoparticles is well known, as is the ability to
use these nanoparticles to degrade pollutants (e.g., methyl orange, methylene blue, etc.). In this paper we present our
original results on the biosynthesis of gold nanoparticles in both light and dark, by the cyanobacterium Synechocystis
PCC 6803, green microalga Chlorella sorokiniana UTEX 1230, as well as our two green microalgae strains
temporarily named Ra and Rd. In this way we try to find out the contribution of photosynthesis to the synthesis of
nanoparticles, as well as the contribution of aerobic respiration to this process. Up to our best knowledge this is the
first report concerning the possibility to influence the intracellular position of nanoparticles by varying the conditions
of NP synthesis, namely in our experiments the darkness coupled with anaerobiosis. The synthesized nanoparticles were
inspected by TEM, both in situ (on ultra-thin sections) and after extraction. The collected gold nanoparticles were
further used as catalysts for the degradation of methylene blue.
Key words: cyanobacteria, gold nanoparticles, green microalgae, TEM.

INTRODUCTION

biological macromolecules (Bhat, 2003;
Bhattacharya & Gupta, 2005; Sidhu et al.,
2022). Nanoparticles are materials with
different shapes (spherical, triangular, rods etc.)
and dimensions between 1 and 100 nm having
properties which make them very interesting
with respect to both fundamental and
applicative research. The synthesis of Metallic
NanoParticles (MNPs) can be done by physical,
chemical, and biological methods. In nowadays
nanotechnology, there is a keen interest for the
development of environmentally friendly
methods of nanoparticle synthesis using
different natural sources, the so-called biogenic
synthesis of MNP, and is based on the use of
bacteria,
including
cyanobacteria
and
actinomycetes, fungi, lichens, algae, and plants
extracts in this process (Rai & Duran, 2011;
Khan et al., 2019; Uzair et al., 2020). Among
microorganisms, algae and blue-green algae are
of particular interest for nanoparticles

It is well known that the oxygenic photosynthetic
microorganisms (OPhM), cyanobacteria and green
microalgae, have different biotechnological
applications such as the synthesis of metal
nanoparticles as well as a source for dedicated
chemicals (proteins, lipids, pigments, antioxidants,
etc.) (Borowitza & Boroworzka, 1988; Lengke
et al., 2006; Brayner et al., 2007; 2011; Grewe
& Pulz, 2012; Dahoumane et al., 2012;
Ardelean, 2015; Ardelean et al., 2018;
Moisescu et al., 2018; Ardelean et al., 2019;
Nguyen et al., 2019; Moisescu et al., 2019a;
2019b; Ardelean et al., 2020; Ardelean et al.,
2020a; 2020b, Fabris et al., 2020).
With respect to the synthesis of metal
nanoparticles, this process belongs to the
biomineralization
category,
which
are
processes often under a strict biological control
and involve the interaction of a large number of
9

synthesis. Gold nanoparticles (GNP) have a
wide range of applications in medicine,
diagnostics, catalysis, and sensors because of
their significant key roles in important fields
based to a combination of optical, physical, and
chemical properties as well as the miscellany of
size, shape, and surface composition that has
been adopted through green synthesis methods
(Khan et al., 2019; Hamida et al., 2020).
The main advantage of biogenic synthesis concerns their occurrence under normal conditions
of temperature and pressure, in general with no
toxic chemicals involved in the process. Thus,
this type of approach is friendly to the environment, with high potential in developing a green
technology. The main constrains concerns the
fact that processes involved in the biogenic
synthesis are relatively poorly understood.
The aim of this paper is to show our results
concerning gold nanoparticles synthesis by the
cyanobacterium Synechocystis PCC 6803,
green microalgae Chlorella sorokiniana UTEX
1230 as well as our two green microalgae
isolates called Ra and Rd, both in light and in
darkness, in aerobiosis, the subcellular
localization of these NanoParticles (NPs) and
their dimensions as well as their ability to
catalyse the degradation of methylene blue.

centrifugation (8000 rpm, 7 min) until they
reached reach OD660 = 1. Then, 2 ml of 10 mM
sodium tetrachloroaurate (NaAuCl4 2H2O)
were mixed with 18 ml of each concentrated
cell suspension. Each of the 20 ml samples
were divided in two: 10 ml in one flask that
was kept in the light and 10 ml in another flask
which was wrapped in aluminium foil to create
dark conditions. All samples were incubated in
the same conditions for 48 h at 30°C with
agitation.
For the aerobic versus anaerobic nanoparticles
synthesis experiments, the cultures were
concentrated by centrifugation (8000 rpm, 7
min) until they reached OD660 = 1. NaAuCl4
was added as in the method described above to
1 mM (final concentration) and, in addition
5 mM glucose (final concentration) was added.
Similarly, each sample was divided in two: one
10 ml flasks was kept under aerobic conditions
and the other in anaerobic conditions obtained
with the GENbag anaer (bioMerieux, France).
All samples were incubated in the same
conditions, in dark, at 30°C for 72 h.
Nanoparticles extraction from cells
After the formation of nanoparticles, the
microbial cultures were centrifuged at 7000
rpm, for 10 minutes and 10 mL of lysis solution
(Tris-HCl 1 M, pH = 7.6, 1 mM EDTA, 1%
Triton X-100, 10% glycerol, 0.1% SDS, 10%
toluene and 10% chloroform) was added to the
sediment to break up the cell walls and release
the nanoparticles formed inside. In addition, the
samples thus prepared were subjected to
ultrasonication using a Sonopuls homogenizer
GM3100 (Bandelin, Germany), according to
the following program: 55% power with a total
time 5 minutes and 6 seconds (5 sec impulse
and 60 sec pause).

MATERIALS AND METHODS
Microbial strains and growth conditions
Cyanobacterium Synechocystis PCC 6803 and
green microalga Chlorella sorokiniana UTEX
1230 were used as model microorganisms as
they are two well-known collection strains for
gold nanoparticles synthesis. Our two isolated
strains, called as Ra and Rd, which are in the
process of molecular identification (results in
progress), were also included in the present
study (Ardelean et al., 2017; 2018; Moisescu
et al., 2018; Ardelean et al., 2019; Moisescu
et al., 2019a; 2019b; Ardelean et al., 2020;
Ardelean et al., 2020a; 2020b, Ardelean et al.,
2021a; 2021b; Chen & Wang, 2022). Cells
were pre-grown photoautotrophically in flasks
with standard medium BG11, under aerobic
conditions, with agitation, at 30℃.

Measurement of GNPs by UV-VIS
spectroscopy
A 0.2 mL reaction mixture was taken from each
sample and was further scanned by UV-VIS
spectroscopy (Specord 210 Plus, Analytik Jena)
at wavelength from 350 to 750 nm (Huang et
al., 2019). The color change from pale yellow
to purple indicates the formation of AuNPs.
The absorbance at 530 nm is due to surface
plasmon resonance of AuNPs.

Nanoparticle synthesis
For the light versus dark nanoparticle synthesis
experiments, the cultures were concentrated by
10

Transmission Electron Microscopy (TEM)
and Image Analysis
Transmission electron microscopy (TEM)
studies were performed on both nanoparticlefree cells and nanoparticle-synthesizing cells.
The cells were pre-fixed overnight in 3%
glutaraldehyde in 0.05 M cacodylate buffer pH
7.4 at 4°C, and then they were included in 3%
agar so that they could be further processed
according to the routine protocol (Mirancea et
al., 2007). After 6 successive washes with
0.05 M cacodylate buffer, the samples were
postfixed with 4% OsO4 (in 0.1 M cacodylate
buffer) for 2 h at room temperature, followed
by other washes, and then dehydrated in a
graded series of ethanol (30, 50, 70, 90, and
100%). After treatment with propylene oxide
(PO) and pre-embedment of samples (PO and
Epon), the final embedment at 60°C for at least
24 hours followed. Sectioning was performed
on the Ultrotome III LKB ultramicrotome with
a glass knife, and the ultrafine sections (70-90
nm thick) were double counterstained with
Uranyless and lead citrate. All the prepared
grid samples were analyzed using a JEM-1400
(JEOL, Japan) operated at 80 kV accelerating
voltage, and visualized with Quemesa CCD
camera (Olympus Soft Imaging Solutions). For
statistical analysis of the NPs sizes, at least 100
particles were measured. The crystal outlines
were digitized and their dimensions calculated
using
the
ImageJ
software
(https://imagej.nih.gov/ij/).

Accordingly, 1 mL of freshly prepared 0.2 M
sodium borohydride (NaBH4) solution was
added to 25 ml solution of 10 mg L-1 methylene
blue (MB) and 0.5 ml of GNPs. The
degradation of MB was monitored by UVvisible spectroscopy in the range of 400-800
nm at room temperature. The degradation of
MB could be observed both by the color
change over time (from blue to colorless), and
by the decrease in absorbance at 664 nm (664
being the wavelength at which MB has
maximum absorption).
The MB degradation percentage was calculated
according with the following formula:
%𝐷𝐷𝐷𝐷 = (𝐴𝐴𝐴𝐴0 - 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴/𝐴𝐴𝐴𝐴0) × 100
where: 𝐴𝐴𝐴𝐴0 is the absorbance (at 664 nm) at 𝐴𝐴𝐴𝐴 =
0 and 𝐴𝐴𝐴𝐴 is the absorbance (at 664 nm) at time 𝐴𝐴𝐴𝐴
(León et al., 2016).
RESULTS AND DISCUSSIONS

In Figure 1 there are presented TEM images of
Ra and Rd green microalgae without NP. In the
case of Ra strain, the predominantly
euchromatic nucleus and the very welldeveloped photosynthetic apparatus can be
observed; these, along with the mitochondria
and the Golgi apparatus, indicates a
metabolically active cell. Also, in the case of
Rd strain, the photosynthetic apparatus is very
well represented (Figure 1).
In Figure 2 there are presented TEM images of
green microalgae Ra, Rd and Chlorella
sorokiniana UTEX 1230 and cyanobacterium
Synechocystis PCC 6803, with intracellular
GNPs produced in the presence of light and in
total darkness (48 h).

Methylene blue degradation
Was performed according to Fairuzi et al.
(2018) with the specification that the work was
done with half of the volumes they used.
(a)

(b)

Figure 1. TEM images of (a) Ra and (b) Rd green microalgae (N - nucleus; Ph. App. - photosynthetic apparatus; GA Golgi apparatus; m - mitochondria; CW - cell wall)
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(a)

(b)

(c)

(d)

Figure 2. TEM images of ultrathin sections showing the intracellular localization of GNPs in (a) green microalga Ra;
(b) green microalga Rd; (c) Synechocystis PCC 6803, and (d) green microalga Chlorella sorokiniana UTEX 1230 in
light (left) and dark (right) conditions (n - nucleolus; N - nucleus; Ph. App. - photosynthetic apparatus; CW - cell wall)

No notable differences were observed in terms
of GNPs distribution at the level of the
ultrastructure of the cells for all four strains

studied, regardless of the conditions of
exposure to light or its absence. As can be seen
in the images (Figure 2), the distribution of
12

nanoparticles predominates at the level of the
photosynthetic apparatus regardless of the
lighting conditions, being only exceptionally
found at the level of the cell wall.
Nanoparticles characterization. The GNPs
synthesized by the various photosynthetic
microorganisms studied were imaged via TEM
and their sizes and morphologies were determined (Figure 3). Size-controlled synthesis of
GNPs is critical for their application in various
(a)

fields such as electronics, optics, optoelectronics and biosensors (Rai and Duran, 2011).
In this study, the synthesized GNPs were all
located intracellularly indicating a certain
degree of microbial control over the size and
morphology of the crystals. The TEM analysis
revealed that the GNPs synthesized by both
green algae and cyanobacterial cells had similar
round-shaped morphologies with an average
size of ranging between 10 to 40 nm.
Rd

Ra

Synechocystis
PCC 6803

(b)

(c)

Figure 3. (a) TEM images, (b) crystal size distributions (CSDs), and (c) shape factor distributions (SFDs), of GNPs
synthesized by the green microalgae Ra, Rd and by the cyanobacterium Synechocystis PCC 6803 cells

The crystals synthesized by the green microalga
Ra exhibited a narrow size range (~7-24 nm)
with an average diameter of 15 nm (Figure 3b
at left) and a spherical morphology (Figure 3c).
The crystal size distribution (CSD) of these
crystals has a normal asymmetric distribution,
with a sharp cut-off towards bigger sizes, and a
positive skewness of 0.25.
This type of distribution is usually found at
intracellular synthesized NPs, where the cell
exerts a control over the biomineralization
process, and the crystals stop growing once
they reach a certain strain-specific size. The
shape factors, describing the elongation of the

crystals, were calculated from their width to
length ratio, so that W/L ≤ 1.
The shape factor distribution (SFD) in case of
Ra strain showed a wide distribution, with a
shape factor > 0.7, indicating the presence of
possibly immature crystals.
Compared to the nanoparticles formed by Ra,
the GNPs synthesized by Rd strain revealed a
different behaviour. We observed a wider CSD
(Figure 3b at middle), the crystals are welldefined and noticeably bigger (~16-64 nm),
with an average diameter of 39 nm. They also
have a 0.02 positively skewed CSD, a narrow
and negatively skewed SFD with a maxima
13

equal to 1, corresponding to perfectly isometric
shape crystals (Figure 3c at middle).
In contrast, the GNPs synthesized by
Synechocystis PCC 6803 were characterized by
slightly smaller crystals (~5-19 nm), with an
average diameter of 10 nm, round morphologies, positively skewed CSD (i.e., 0.85), and
asymmetric SFD with a distinct maximum at 1.
Absorption spectra of isolated GNPs. UVvisible spectroscopy is a useful technique to
0,14
0,12
0,1
0,08
0,06
0,04
0,02
0

(b)
0,58
0,57
0,56
0,55
0,54
0,53
0,52
0,51

Rd

UTEX

Absorbance

Absorbance

(a) 0,16

study the formation of GNPs. In Figure 4 are
presented the UV-visible spectra of the
extracted GNPs.
Green microalga Ra and Chlorella sorokiniana
UTEX 1230 showed absorption maxima at 540
nm, while Rd at 535 nm and cyanobacterium
Synechocystis PCC 6803 showed absorbance
peaks at 550 nm, which corresponds to the
reported absorption maxima for GNPs.

450

550

nm

650

470

520
nm

570

620

Figure 4. UV-Vis absorption spectra of isolated GNP from (a) green microalga Rd and cyanobacterium Synechocystis
PCC 6803 and (b) green microalgae Chlorella sorokiniana UTEX 1230 and Ra

Methylene blue degradation by GNPs.
Methylene blue is a dye used in many industries as for dyeing different types of textiles.
Pollution with this dye represents a risk to both
human and animal health and nanotechnology
has been successfully used for textile dye
removal (León et al., 2016).
To test whether the GNPs synthesized by
photosynthetic microorganisms could be also
used for the removal of pollutant dyes, we used
the GNPs synthesized by Synechocystis sp.
PCC 6803 to reduce MB. The results showed
that the GNPs produced by Synechocystis sp.
PCC 6803 were able to degrade MB in 4 minutes, with an efficiency of 60.59% (Figure 5).
In a previous paper Focsan et al. (2011)
reported the intracellular synthesis of GNPs by
the cyanobacterium Synechocystis sp. PCC
6803 exposed to an aqueous solution of
chloroauric acid and also corelated the
biomineralization process and the metabolic
activities (i.e., photosynthesis and respiration)
of cyanobacterial cells with the GNPs synthesis
and yield with the amount of respiratory and
photosynthetic oxygen exchange. The TEM
analysis, in conjunction with spectroscopic
measurements (i.e., surface plasmon resonance,
fluorescence quenching and surface-enhanced

Raman scattering, revealed the localization of
biogenic GNPs at the level of intracytoplasmic
membranes.

Absorbance (664 nm)

1
0,8
0,6
0,4
0,2
0

1 min

2 min

Time

3 min

4 min

Figure 5. Methylene blue degradation over time by
GNPs synthesized by Synechocystis sp. PCC 6803

That contribution aimed to elucidate the interplay between biomineralization and metabolic
activities in the case of the cyanobacterium
Synechocystis sp. PCC 6803. Focsan et al.
(2011) also demonstrated the ability of the
cyanobacteria to reduce gold ions and the
affinity of biosynthesized GNPs to accumulate
mainly inside the cyanobacterial thylakoids.
The yield synthesis of GNPs is strongly
dependent on different metabolic activities
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chemicals could be responsible for the lack of
noticeable differences between GNPs synthesis
in light versus dark conditions, in microalgae.
A last type of experimental setup was the
cyanobacterial cells incubated in darkness,
either in aerobiosis or in anaerobiosis in an
attempt to stimulate the reduction of gold
chloride at the plasma membrane, with
concomitant formation of GNPs. Figure 6
contains images of TEM sections of
Synechocystis sp. PCC 6803 incubated in
darkness in aerobiosis or anaerobiosis.
As it can be seen in these images there are
some cells (the proportion is different in
aerobiosis as compared with anaerobiosis
(Table 1) that have GNPs exclusively at the
plasma membrane. Up to our best knowledge
this is the first report concerning the possibility
to manipulate the intracellular position of
nanoparticles by controlling the conditions of
NPs synthesis, namely in our experiments the
darkness coupled with anaerobiosis, in the
presence of added glucose.

quantified by the amount of respiratory and
photosynthetic oxygen exchange.
In the present paper, we show that there are
some differences between GNPs synthesis by
prokaryotes (Synechocystis sp. PCC 6803) as
compared to eukaryotes (Ra, Rd, and Chlorella
sorokiniana UTEX 1230), which will be
further detailed. In cyanobacteria the mechanisms depend on aerobic respiration and
photosynthesis whereas in microalgae the
process seems to be more complex.
When Synechocystis PCC 6803 was grown in
light conditions and in the presence of 1mM
NaAuCl4, GNPs were formed mainly at the
level of the photosynthetic apparatus, further
arguing the implication of photosynthesis in
nanoparticles formation. When cultivated in
dark conditions, no GNPs could be observed
either microscopically (results not shown) or in
TEM
sections,
demonstrating
that
Synechocystis sp. PCC 6803 does not form
GNPs in these conditions and only the dark
respiration intensity is affected during
nanoparticles synthesis (Focsan et al., 2011).
In the case of microalgae, the presence of GNP
at photosynthetic apparatus level during dark
incubation suggest that either the dark incubation was too short to devoid the photosynthetic
apparatus of reducing equivalents or that the
mechanism of GNPs synthesis in these
microalgae is more complex than in
prokaryotes, not directly depending on the
function of oxygenic photosynthesis. In this
respect, we must note that GNPs synthesis also
occurs in spent medium from microalgae,
suggesting that some chemicals present in those
supernatants might be involved in GNPS
synthesis (results not shown). These unknown

Table 1. Proportion of Synechocystis PCC 6803 cells
grown in BG11 supplemented with glucose 5 mM, which
presents GNPs in the plasma membrane, when incubated
in light and aerobiosis, in darkness and aerobiosis and in
darkness and anaerobiosis

Synechocystis in LIGHT
and AEROBIC conditions
Synechocystis in DARK
and AEROBIC conditions
Synechocystis in DARK
and ANAEROBIC
conditions

Number
of cells

% Cells with
nanoparticles
at plasma
membrane

100

0

74

24

64

35

a)
b)
Figure 6. (a) Cells in dark and anaerobioses incubated in BG11 supplemented with 5 mM glucose (x 15.000),
(b) cells in dark and aerobioses incubated in BG11 supplemented with 5 mM glucose (x 12.000)
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CONCLUSIONS

tion but specific subcellular localisation of
GNPs could have applications, for example,
with respect to promoting redox reactions at
specific subcellular sites inside the algal cells,
or other applications.

In this paper we show our results concerning
GNPs synthesis by the cyanobacterium
Synechocystis PCC 6803, green microalga Chlorella sorokiniana UTEX 1230 a well-known
green microalga collection strain as well as our
two green microalgae isolates Ra and Rd, both
in light and in darkness conditions. This way
we try to find out the contribution of photosynthesis to GNPs synthesis as well as the contribution of aerobic respiration to this process.
The experimental results show that in green
microalga, Chlorella sorokiniana UTEX 1230
as well as the other two isolates Ra and Rd, the
GNPs synthesis occur in light and in darkness,
mainly at the photosynthetic apparatus. In the
cyanobacterium Synechocystis PCC 6803 the
synthesis occurs in light at the level of the
photosynthetic apparatus.
Very interestingly, in darkness, in the presence
of added glucose, gold nanoparticle formation
occurs, including at the level of plasma membrane. As we already said, up to our best
knowledge this is the first report concerning the
possibility to manipulate the intracellular position of nanoparticles by controlling the conditions of NPs synthesis, namely in our experiments the darkness coupled with anaerobiosis.
In these conditions, we put forward that both
the lack of natural electron acceptor (molecular
oxygen) and the excess of reducing power generated by the presence of added glucose, create
conditions which favour the reduction at plasma membrane - where aerobic respiration occurs
- of gold ions instead of molecular oxygen.
These types of experiments are in development
aiming at further control of gold nanoparticle
synthesis mainly with respect to subcellular
localisation. Logically, stimulating the contribution of aerobic electron transport to the
process of gold nanoparticle formation would
favour the localisation of GNPs at specific sites
of respiration, namely plasma membrane.
Further experiments will show the real degree
to manipulate the subcellular localisation of
GNP by controlling the growing conditions.
Apart of the fundamental interest in this
approach, the so controlled synthesized GNPs
could have specific properties and applications.
The synthesized and collected GNPs could be
used as catalysts for methylene blue degrada-
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Abstract
The study evaluated the interdependence relationship between certain agrochemical indices of soil fertility. Soil
reaction (pH), organic matter (H), nitrogen index (NI), base saturation degree (V), phosphorus (P) and potassium
content (K) were analyzed. The variation of NI in relation to H was described by a polynomial equation of degree 2, in
conditions of R2 = 0.876, p = 0.0151. Mobile phosphorus soil content (P) in relation to soil pH was described by a
polynomial equation of degree 2, and from the derivation of the equation was obtained the value of pH = 6.77 at which
P had high mobility in soil, and high accessibility for plants. The P variation was analyzed by regression analysis in
relation to pH and V, under conditions of R2 = 0.817. The distribution in 3D form and in the form of isoquants of the P
values in relation to soil pH and V was obtained. The variation of K was analyzed by regression analysis in relation to
pH and P (R2 = 0.776), and in relation to pH and NI (R2 = 0.949) respectively. The graphical distribution in 3D and
isoquants form of the K values in relation to pH and P, respectively in relation to pH and NI was obtained.
Key words: model, nitrogen index, phosphorus, potassium, Ranking-Scaling, soil.

INTRODUCTION

productivity (Munnaf et al., 2020), land
sustainability (Huera -Lucero et al., 2020).
The chemical properties of the soil are highly
complex, and there are interdependent
relationships between different agrochemical
indices (Yavitt et al., 2009; Li et al., 2016;
Saracut & Sala, 2020).
Soil formation conditions have significantly
contributed to the formation of the physical,
chemical and biological properties of soils and
the productive capacity of agricultural lands
(Ugolini & Bockheim, 2008; Graf-Rosenfellner
et al., 2016).
The structure of crop plants, crop rotation,
genotypes cultivated by the specific
consumption of nutrients for the formation of
production, contribute annually to the
variability
of
agrochemical
indices
(Kwiatkowski & Harasim, 2020; Sainju &
Alasinrin, 2020).
Agricultural technologies, especially through
the type and quantity of fertilizers also
contribute to the variation of agrochemical,
physical and microbiological indices of the soil
(Lin et al., 2019; Hasnain et al., 2020; Shang et
al., 2020; Iqbal et al., 2021).
Due to the variation of the values of
agrochemical indices, fertilization optimization

As a result of the process of paedogenesis (soil
formation and evolution), agrochemical indices
have been defined as concrete values under the
influence
of
solification
factors
and
anthropogenic factor, and define the natural and
economic fertility of the soil (Di Falco &
Zoupanidou, 2017; Meena et al., 2020).
Agrochemical indices are important for
establishing soil improvement measures and
current fertilization
works for crops
(Marschner, 1995).
Agrochemical indices have been studied and
used for soil assessment and characterization in
relation to soil type (Bakos et al., 2015), soil
organic matter regime (Ravikumar &
Somashekar, 2013; Takeshita et al., 2019;
Piccini et al., 2020), soil microbiological
activity (Bart et al., 2019; Meena et al., 2020),
climatic conditions (Bünemann et al., 2018),
plant structure and cropping systems (Feng et
al., 2020), soil tillage systems (Deiss et al.,
2020), limiting factors of soil fertility (Bernal
et al., 2015), pesticides and soil pollutants
(Baćmaga et al., 2019; Bart et al., 2019; Meena
et al., 2020), soil management (Cardoso et al.,
2013; Meena et al., 2020), agricultural land
18

the agricultural year 2013, and the lands under
study are intended for field crops.
The agrochemical indices considered and
determined for the study were represented by:
soil reaction (pH), organic matter (H, %),
nitrogen index (NI, %), degree of saturation in
bases (V, %), content of mobile phosphorus (P,
ppm) and assimilable potassium content (K,
ppm).
The experimental data set was analyzed by
specific methods in relation to the purpose of
the study (ANOVA test, descriptive statistical
analysis, correlation analysis, regression
analysis).
Appropriate statistical safety indices (standard
error, correlation and regression coefficients,
coefficient of variation) were used to evaluate
and interpret the results.
ArcGIS 10.6 software was used to locate the
study area and create the worksheet (Figure 1).
PAST software (Hammer et al., 2001) and
Wolfram Alpha (2020) were used for data
processing and interpretation.

studies in relation to soil type, agricultural
crops and cultivated genotypes (varieties,
hybrids) are permanently necessary for the
profitability and quality of agricultural
productions (Sala & Boldea, 2011; Rawashdeh
& Sala 2014a; Jahan & Amiri, 2018; Tabak et
al., 2020).
The
present
study
analyzed
certain
agrochemical indices in several different soils
and tried to find models to describe the
variation of some indices in relation to others,
among those studied.
MATERIALS AND METHODS
The
study
aimed
to
evaluate
the
interdependence relationship between basic
agrochemical indices used in the analysis and
evaluation of soil fertility, and to find some
descriptive models.
Soil samples were analyzed from different
locations, the area of Becicherecu Mic, Gataia,
and Jamu Mare, Timis County, Romania
(Figure 1). The soil samples were taken during

Figure 1. The area of the localities for the studied of soils samples
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RESULTS AND DISCUSSIONS

phosphorus showed values P = 13.16-135.00 ±
19.74 ppm, and the supply with assimilable
potassium of the soil registered values K =
84.00-366.00 ± 33.07 ppm.
The ANOVA test, highlighted the presence of
variance in the analytical data set and statistical
safety of the results obtained (p<0.001, F>Fcrit,
in conditions of Alpha = 0.001).
The studied agrochemical indices showed
differentiated variability, highlighted both at
the level of variation coefficients (Table 1) and
through Diversity profile (Figure 3).

The analysis of the soil samples led to the
values of the studied agrochemical indices (pH,
H, NI, V, P and K) presented in Table 1, with
normal probability plot in Figure 2. The soil
reaction had values between pH = 5.73 and
pH = 7.89 ± 0.37, and the degree of saturation
in the bases had values V = 60.33-100.00 ±
7.32%. For the humus content were recorded
values H = 1.69-3.60 ± 0.31%, and for the
nitrogen index were determined values NI =
1.04-3.27 ± 0.28%. The supply with mobile

Table 1. Values of the studied agrochemical indices of the soil, Timis County, Romania
Statistical elements
of analysis
Min
Max
Mean
Std. error
Median
Coefficient of
variation

pH
5.73
7.89
6.64
0.37
6.05

H
(%)
1.69
3.60
2.55
0.31
2.22

NI
(%)
1.04
3.27
2.01
0.28
2.17

V
(%)
60.33
100.00
79.51
7.32
68.6

P
13.16
135.00
76.58
19.74
65.32

14.77644

32.99257

37.16321

24.34457

68.20983

K

(ppm)

84.00
366.00
189.73
33.07
186
46.11831

Thus, a high level of variability showed
phosphorus (P) with a value of the coefficient
of variation CV = 68.20983, and low variability
presented the reaction of the soil (pH) with the
value of the coefficient of variation CV =
14.77644.
The correlation analysis highlighted different
levels of correlation between the studied
agrochemical indices.
A very strong positive correlation was
identified between V and pH (r = 0.976). A
moderate positive correlation was recorded
between IN and H (r = 0.735). Low correlations
were identified between IN and pH (r = 0.596),
between IN and V (r = 0.571), between K and
V (r = -0.522).
Regression analysis was used to assess the
interdependence and variation of agrochemical
indices. In the case of equations (2), (4), (6)
and (7) up to 16 decimal of the coefficient
values were used, for high accuracy.
The NI variation in relation to H was described
by a polynomial equation of degree 2, equation
(1), under conditions of R2 = 0.876, p = 0.0151,
F = 14.243.

Figure 2. Normal probability plot for studied soil
agrochemical indices

NI = −1.478 H 2 + 8.428 H − 8.97

(1)

Multiple regression analysis evaluated the
variation of the NI index in relation to H and P,

Figure 3. Diversity profiles for the studied agrochemical
indices
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and was described by equation (2) under
conditions of R2 = 0.964, p = 0.226. The
graphical distribution in 3D and isoquants
form, of the NI variation in relation to H and P,
is shown in Figures 4 and 5.
NI = ax 2 + by 2 + cx + dy + exy + f

P = −76.49 x 2 + 1036 x − 3370

(3)

where: x - soil pH
From equation (3) was obtained the pH value at
which P has high mobility in the soil, and
maximum accessibility for plants. Thus, from
the derivation of equation (3) and the
subsequent calculations, the value pH = 6.77
was obtained, at which phosphorus (P) from the
soil had maximum availability, under the study
conditions.
The value obtained falls within the pH range
specified by the literature on the mobility and
availability of P in the soil, values that range in
the interval pH = (6.00, 7.00), with an optimal
pH = 6.5 (Price, 2006; Sala, 2011; Rusu et al.,
2005; Marschner, 1995).
Multiple regression analysis took into account
the studied agrochemical indices against which
the P variation was analyzed. Thus equation (4)
was obtained, which most appropriately
described the P variation in relation to pH and
V, under conditions of R2 = 0.817, p = 0.511,
F = 1.7912. The graphical distributions of the P
values in relation to pH (x-axis) and V (y-axis),
were obtained, Figures 6 and 7.

(2)

where: NI - Nitrogen Index
x - organic matter content (H, %);
y - phosphorus content in soil (P, ppm);
a, b, c, d, e, f - coefficients of the equation (2);
a = -0.0573405;
b = -0.0001376;
c = 0.7666231;
d = 0.0140387;
e = 0.0027825;
f = 0.

P = ax 2 + by 2 + cx + dy + exy + f

(4)

where: P - mobile phosphorus content in the soil (ppm)
x -soil reaction (pH);
y - degree of saturation in bases (V, %);
a, b, c, d, e, f - coefficients of the equation (4);
a = -1159.6092329;
b = -3.4965460;
c = 3896.7274744;
d = -299.8188511;
e = 134.8799331;
f = 0.

Figure 4. 3D variation model of nitrogen index (NI),
depending on H (x-axis) and P (y-axis)

Figure 5. Distribution in the form of isoquants,
of NI according to H (x-axis) and P (y-axis)

The variation of the phosphorus content in the
soil (P) in relation to soil pH was described by
a polynomial equation of degree 2, equation (3).

Figure 6. 3D distribution of P values
in relation to pH (x-axis) and V (y-axis)
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Figure 8. 3D distribution of K values
in relation to soil pH (x-axis) and P (y-axis)

Figure 7. Phosphorus distribution in the form of
isoquants in relation to pH (x-axis) and V (y-axis)

In the case of potassium, the simple regression
analysis evaluated the variation of the
potassium content in the soil (K) in relation to
NI and soil pH.
An interdependence relation of K in relation to
NI was found, equation (5), in conditions of
R2 = 0.607, p = 0.154, both indices being
important in expressed of soil fertility.
K = 86.56 x 2 − 418.9 x + 640.7

(5)

where: x - nitrogen index (NI)

Figure 9. Distribution in the form of isoquants, of K
values in relation to soil pH (x-axis) and P (y-axis)

Multiple regression analysis facilitated the
description of the K variation in relation to pH
and P, and in relation to pH and NI,
respectively.
The variation K in relation to soil pH and P was
described by equation (6), under conditions of
R2 =0.776. The distribution of K values in
relation to soil pH and P is shown in Figures 8
and 9.
K = ax 2 + by 2 + cx + dy + exy + f

The variation of the assimilable potassium
content from the soil (K), in relation to soil pH
and nitrogen index (NI) was described by
equation (7), in conditions of R2 = 0.949,
p = 0.270. The distribution of K values in
relation to soil pH and NI is shown in Figures
10 and 11.
K = ax 2 + by 2 + cx + dy + exy + f

(6)

(7)

where: K - assimilable potassium content in the soil
(ppm)
x - soil reaction (pH);
y - nitrogen index (NI);
a, b, c, d, e, f - coefficients of the equation (7);
a = 29.6915535;
b = 284.1914307;
c = 10.0064542;
d = 171.8017163;
e = -206.9932874;
f = 0.

where: K - assimilable potassium content in the soil
(ppm)
x - soil reaction (pH);
y - mobile phosphorus content in the soil
(ppm);
a, b, c, d, e, f - coefficients of the equation (6);
a = 24.8703456;
b = 0.0840032;
c = -101.7442294;
d = 27.2209759;
e = -5.6549215;
f = 0.
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From the analysis of the distribution of K
values described by equation (6) in relation to
soil pH and P, and by equation (7) in relation to
soil pH and NI, a smaller variation of the assimilable potassium content of soil (K) in relation with soil pH and much wider in relation to
P, and NI respectively, was registered.
This shows a low independence of K in relation
to soil pH in the case of the studied soils.
Instead, the wide variation of K in relation to P
and NI, respectively, shows the high weight
and the association and interdependence of the
three agrochemical indices in defining soil
fertility.
High soil fertility is expressed by high values
of the three agrochemical indices, and the
discrepancy between them shows imbalances in
soil fertility.
Ranking scaling analysis led to the diagram in
Figure 12, with the representation and
classification of the studied agrochemical
indices. Ranked scaling has been used and is
recommended for evaluating small differences
in intensity between certain parameters or
indices (Pecore et al., 2015).
The values of agrochemical indices express soil
fertility and influence plant nutrition and crop
productivity. Their knowledge is important for
the correct establishment of soil improvement
and fertilization measures.
Different methods have been used for the study
and evaluation of soil and cultivated plants in
relation to the crop system or vegetation factors
(Malarino et al., 1999; Terra et al., 2014;
Govedarica et al. 2015; Nascente et al., 2015;
Drienovsky et al., 2017; Kwiatkowski &
Harasim, 2020).

Figure 10. 3D distribution of K values
in relation to soil pH (x-axis) and NI (y-axis)

Figure 11. Distribution in the form of isoquants, of K
values in relation to soil pH (x-axis) and NI (y-axis)

Figure 12. Ranking-Scaling diagram for agrochemical indices studied
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From the equation that described the variation
of the mobile P content in the soil in relation to
the soil reaction, the pH value was found at
which P showed the maximum availability in
this study conditions.

Soil pH has an important role in the regime of
mineral elements in the soil, and it has been
studied in relation to the availability of
nutrients, plant nutrition, and measures of soil
improvement and remediation (Singh &
Schulze, 2015; Neina, 2019; Schjoerrig et al.,
2019; Saracut & Sala, 2020). Also, different
models were used to describe the variation of
the soil reaction (Zhang et al., 2019;
Baltensweiler et al., 2020).
The nitrogen index is an important index of soil
characterization, in relation to fertility,
productive capacity, but also in relation to
fertilizer management (Yanai et al., 2014;
Figueroa-Viramontes et al., 2016; Folina et al.,
2021).
The availability of phosphorus and the
efficiency of phosphate fertilizers in relation to
the soil reaction were studied in different
conditions and soil types. The interaction
between soil acidity or basicity and the
availability of phosphorus for plant nutrition
was studied, and different models of variation
of the P regime in relation to soil reaction were
formulated (Edwards, 1991; Deveau et al.,
2009; Barrow, 2017; von Tucher et al., 2017;
Penn & Camberato, 2019).
Regarding potassium, the availability of
potassium has been studied and communicated
in accordance with different soil types, with the
type of clay minerals, agricultural crops or
agricultural technologies (Goli-Kalanpa et al.,
2008; Raheb & Heidari, 2012; Madaras &
Koubová, 2015; Rawashdeh & Sala, 2014b,
2015).
The results of the present study are confirmed
by other results referred to in the consulted
bibliographic resources and are in line with the
trend of research in this field of soil properties
and fertility.
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Abstract
Wet wipes, used for hygienic and cleaning purposes, become a major technical problem for sewage and wastewater
treatment facilities. In the meantime, these man-made products also represent a significant source of microplastic
pollution in aquatic environments. The flushable wet wipes completely disintegrate, disperse, and biodegrade in the
aquatic environment. Developing truly flushable wet wipes and reinforcing the regulation that should protect the
sewage system and the environment requires bioassay for biodegradation. One of the main issues of the proposed
standardized tests is the high variability of the microbial inoculum used for the biodegradation of the tested products.
Our work aims to select bacterial consortia for a bioaugmented bioassay of the truly flushable wipes. We present
preliminary results related to selecting such bacterial consortia. The bacterial strains were isolated from the biofilm
formed in three wastewater plant. Consortia were formed based on mutual bacterial interactions. Biodegradation
capacity was determined in a long-term experiment. The preliminary results support the idea of a bioaugmented
bioassay of the flushable wipes.
Key words: bacterial consortia, bioassay, bioaugmentation, biodegradation, flushable wet wipes.

INTRODUCTION

wipes that are not dispersive in water and are
non-biodegradable have become a significant
pollutant in the last decade (Munoz et al.,
2018). Due to their non-water dispersive
characteristic, the wet wipes generate
mechanical issues in the sewage system
(Mitchell et al., 2020). In combination with oil,
fat, and grease, the nonwoven wet wipes that
are not dispersive in water due to the
hydrophobic core generate massive sewage
system blockage (Kusum et al., 2020). Such
blockages were called fatbergs and were
defined as “a very large mass of solid waste in
a sewerage system, consisting especially of
congealed fat and personal hygiene products
that have been flushed down toilets” Oxford
Dictionaries on-line, 2015.
New technologies to produce “truly flushable”
nonwoven wipes were developed. Non - woven
industry association (INDA and EDANA, from
the US and, respectively, Europe, Middle East,
and Africa) developed standard tests for water
dispersibility, such as the slosh box

The market for wet wipes, used for hygienic
and cleaning purposes, is forecasted to have a
Compound Annual Growth Rate (CAGR)
higher than 10% in the next year, exceeding the
threshold of 5 billion USD (Zhang et al., 2021).
Such wet wipes are made from nonwoven
fabric and are a network of microfibers
embedded with disinfectant and/or cleaning
agents (Hemamalini & Giri Dev, 2021). The
increased awareness of hygienic requirements
during the SARS-CoV-2 pandemic and the
utility of these products in household and
personal cleaning are the main drivers for such
significant growth (Hu et al., 2022). The first
option is to flush the wet wipes used for
cleaning and/or disinfection in the toilet, due to
convenience and for hygienic reasons (Harter et
al., 2021). This flush happens very often,
although various wet wipes are considered nonflushable and are visibly labelled with a “Do
Not Flush” mark (Karadagli et al., 2021). Wet
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variability, a consistent and efficient microbial
inoculum is needed (Wennberg et al., 2022).
Our work aimed to select bacteria consortia for
a bioaugmented bioassay of the truly flushable
wipes. Bioaugmentation is considered one of
the solutions to microplastic pollution in the
aquatic environment (Sharma & Jain, 2020).
Therefore, selected microbial consortia that
provide reliable and reproductive results in the
degradation bioassay of flushable wet wipes
could be further used for bioaugmentation of
wastewater treatment. This work presents
preliminary results for selecting such multipurposed bacterial consortia.

disintegration test (Durukan & Karadagli,
2019) or the toilet bowl and drain-line
clearance test, the household pump test or the
settling test (Atasagun & Bhat, 2020).
However, the dispersive characteristics of wet
wipes solve only the compatibility with the
sewage and wastewater system issue and do not
solve the environmental impact of these human
commodities. Nonwoven wet wipes are the
primary source of microplastic pollution in the
aquatic environment (Briain et al., 2020). The
SARS-CoV-2 pandemic amplifies this impact
significantly (Hu et al., 2022).
The current market is chaotic and dominated by
unethical marketing claims of “flushable”
products (Karadagli et al., 2021). This fact is
due to several drawbacks of the nonwoven wet
wipes made from biodegradable polymers, such
as reduced dispersibility after wet storage
(Harter et al., 2021), the difficulty of preserving
due to biofilm formation on nonwoven fabric
(Salama et al., 2021) and reduced mechanical
strength (Yun et al., 2020).
Development of the flushable wet wipes and
reinforcement of the regulation that should
protect the sewage system and the environment
require testing for dispersibility and
disintegration and bioassay for biodegradation.
INDA/EDANA associations proposed two
different bioassays, to evaluate aerobic
biodisintegration/biodegradation tests (FG 505)
and anaerobic biodisintegration/biodegradation
tests (FG 506). OECD proposed a respirometric
test for aerobic biodegradation in the aquatic
environments, OECD 301B (Reuschenbach et
al., 2003). The International Organization for
Standardization (ISO) proposed several
standards for bioplastic biodegradation,
including a test for anaerobic degradation that
evaluates the biogas production, ISO
14853:2016, and two respirometric tests for
aerobic degradation that analyze the evolution
of the produced CO2, ISO 23977-1:2020, or
oxygen consumption in closed environments,
ISO 23977-2:2020 (Pires et al., 2022).
One of the main issues of the proposed
standardized tests of the inoculum used is the
variability of the sediment or sewage sampled
from laboratory wastewater treatment plants or
aquatic systems. The variability of the
inoculum leads to different results (Morohoshi
et al., 2018). To reduce the biodegradation test

MATERIALS AND METHODS
Materials
The following culture media and chemicals
were used: Nutrient Broth, Nutrient Agar, Myp
Agar media, peptone water, peptone, NaH2PO4,
K2HPO4, MgCl2 × 6H2O, (NH4)2SO4 from
Scharlau, Spain; FeCl3 from VWR, Belgium,
CaCl2 from Reactivul Bucuresti, Romania, 3,5Dinitrosalicylic acid (DNS) from Alfa Aesar,
Germany. As wet wipe material, we selected
disinfecting wipes bought from a local shop.
The biocidal active substances from these
disinfecting
wipes
were
clorhexidine
digluconate and dodecyldimethylbenzylammonium chloride. The nonwoven fabric was made
75% from polyethylene terephthalate (PET)
and 25% from viscose (cellulose xanthate).
Cellulose xanthate, a semi-artificial fiber
originating from wood, is considered a
biodegradable plastic according to the latest UE
Regulations (Syberg et al., 2021).
Isolation of bacterial strains
The bacterial strains were isolated from moving
bed biofilm reactors (MBBR) recovered from
three wastewater treatment plants in Prahova
county (Filipești-de-Pădure, Băicoi și Sinaia).
Ten pieces of recovered MBBR were
suspended in 250 ml phosphate saline buffer.
The resulting suspensions were first heated to
75-100°C for 10-30 min to select only heatresistant strains that usually belong to Bacillus
sp., most of these species being nonpathogenic. Serial dilutions, 100 µl each, of
each suspension were striated on Nutrient Agar
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final volume. The second strategy involved
growing the strains inoculated at 107 CFU/mL
each for 24 h in 1% peptone water, then
inoculating the final samples with this preformed consortium at 108 total CFU/mL.
Because significant bacteria growth inhibition
was observed due to biocidal active substances,
disinfecting wipes were also washed before
autoclaving. The experiment was repeated in
the presence and absence of auxiliary
hydrolytic enzymes. The used enzymes were
lipase B from Candida antarctica (Lipozyme©
CALB L), Celluclast® 1.5 L, and cutinase from
Humicola insolens (HiC, Novozym© 51032),
both kindly provided by Novozymes
(Bagsværd, Denmark). This combination of
enzymes was reported to be effective in the
depolymerization of polyethylene terephthalate
(Carniel et al., 2017; de Castro et al., 2017).
Enzymes were applied as 10 mg per gram of
disinfectant wipes. The disinfectant wipes were
visualized under a stereomicroscope (Model
SFX, Optika, Ponteranica, Italy) and a light
transmission microscope (DM 1000 LED,
Leica, Wetzlar, Germany).

medium in 90 mm Petri plates with a Drigalski
spatula. The plates were incubated at 28°C for
24-48 h depending on bacteria growth, after
which the colonies were counted, and the
colony types were identified based on their
morphology. Each colony type was further
isolated in pure culture by striation with a
microbiological loop on a fresh Nutrient Agar
plate. The isolates were also grown on Myp
agar in order to exclude B. cereus strains
(Shinagawa, 1990).
Recalcitrant waste biodegradation of
isolated strains
For the initial tests of biodegradation, 0.15 g of
disinfecting wipes were autoclaved at 121°C
for 15 min and incubated with each isolated
strain resuspended at 0.2 McFarland in
physiological serum and inoculated 10% in
15 mL of basal medium (BM) consisting of:
0.625 g/L NaH2PO4, 3.125 g/L K2HPO4,
0.125 g/L CaCl2, 0.020 g/L MgCl2, 0.020 g/L
FeCl3. The strain activity on the wipes was next
studied in the presence of 0.05% (NH4)2SO4 as
a nitrogen and sulfur source or of small
quantities (0.01%) of peptone as an organic
source of carbon and nitrogen. The activity was
monitored after 72 h by quantifying the
reducing sugars with commercial DNS reactive
(Sigma-Aldrich, Merck Group, Darmstad,
Germany) according to a protocol for
microplate-based assay (Yu et al., 2016) by
reading the absorbance at 540 nm in 96-well
plates (Nunc, Thermo Fischer) with
CLARIOstar Microplate Reader, BMG
Labtech, Germany. Each variant was made in
triplicate, and the controls without disinfecting
wipes were subtracted from the sample values.

Identification of microbial strains
The microbial strains with the best results were
identified using Biolog MicroStation (Biolog,
Hayward, CA, USA with GEN III microplate
system. A single colony from each strain was
homogenized into “inoculating fluid A” from
Biolog. Using a multichannel pipette, 100 µl of
the cell suspension was inoculated in each well
of the 96-well MicroPlate, followed by
incubation at 37°C for 20 h, aerobically. The
MicroPlates were read in the MicroStation, and
the strain was identified with the system
software (GEN III aerobe database).

Consortia formation and biodegradation
capacity
The strains were used to form consortia based
on their interactions with each other on
Nutrient Agar medium by inoculating spots of
each strain in random configuration on oneplate SBS format (Barton et al., 2018).
In order to test the efficacy of consortia to
degrade the disinfecting wipes, two strategies
were applied. The first one consisted of
resuspending each strain separately in 1%
peptone water and adding 107 CFU/mL in the

RESULTS AND DISCUSSIONS
In order to selectively isolated Bacillus strains
from MBBR, the suspensions were subjected to
different heating processes and serial dilutions.
Our focus was on bacterial consortia obtained
from gram-positive spore-forming bacteria from
the Bacillaceae family because such bacteria:
(i) are highly resistant to the harsh conditions
due to their ability to form spores (Nicholson et
al., 2000); (ii) have high ability to degrade
bioplastic (Emadian et al., 2017); (iii) are good
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inoculants for the bioaugmentation in the
wastewater facilities (Morikawa, 2006) and (iv)
do not have known pathogen species for the
aquatic species and act as pond probiotics or
bioremediator aids (James et al., 2021).
The results are presented in Table 1. We
identified 3 types of strains with individual

morphologies for each MBBR recovered from
wastewater treatment plant, each type growing
even after heating the suspensions at 100°C,
but depending on dilution. In total, 9 strains
(S1-S9) of spore-forming bacteria from the
Bacillaceae family were isolated from the
three-type biofilms formed on MBBR.

Table 1. Number type of CFU/mL per serial dilution of suspension from MBBR following thermal treatment
Thermal treatment
T75°C, 10 min
T75°C, 20 min
T75°C, 30 min
T100°C,10 min
T100°C,15 min
Thermal treatment
T75°C, 10 min
T100°C,10 min
Thermal treatment
T75°C,

10 min
T100°C,10 min

Number and type of CFU/mL per serial dilution of suspension from MBBR 1
10-5
10-6
10-7
210 (Type 1, 2)
22(Type 1, 2, 3)
200 (Type 1, 2, 3)
25(Type 1, 3)
239 (Type 1, 2, 3)
26 (Type1, 3)
>300
86 (Type 1, 3)
5 (Type 3)
52(Type 1, 2, 3)
4 (Type 1)
Number and type of CFU/mL per serial dilution of suspension from MBBR 2
10-1
10-2
10-3
10-4
10-5
10-6
>300 >300
>300
62 (T1)
7 (T1)
>300 103 (T1, T2, T3)
10 (T1, T2, T3)
2 (T1,T2)
Number and type of CFU/mL per serial dilution of suspension from MBBR 3
10-1
10-2
10-3
10-4
10-5
10-6
>300 >300
179 (T1, T2, T3)
21 (T1, T2)
3 (T1, T2)
>300 >300
80 (T1, T2, T3)
13 (T1, T2)
-

10-8
10-7
-

10-8
-

10-7
-

10-8
-

T75°C- suspension thermally treated at 75°C for 10, 20 or 30 min.; T100°C- suspension thermally treated at 100°C for 10 or 15 min;
Type / T1, 2, 3 - types of defined morphology; >300 - high growth, uncountable colonies CFU - colony forming units

Figure 1 shows some bacterial strains isolated
from MBBR 1-3, the initial bacterial culture
with several strain types (A, B), and some

A – Types 1, 2, 3 MBBR 2

E – Type 1 (S4), MBBR 2

isolated pure strains (C-H). The colony
isolation was done based on morphological
characteristics.

B – Types 1, 2, 3 MBBR 3

F – Type 2 (S5), MBBR 2

C – Type 1 (S1), MBBR 1

D – Type 2 (S2), MBBR 1

G – Type 1 (S7), MBBR 3

H – Type 2 (S8), MBBR 3

Figure 1. Bacterial strains cultivated from MBBR at different serial dilutions (A, B) and isolated individually
based on morphological characteristics (C-H)

The morphological characteristics of the colony
of each isolate are described in Table 2. The
colony shape, edge aspect, colony profile,
transparency/opacity, and consistency are

specific to the aerobic spore-forming bacteria
of the family Bacillaceae (Fajardo-Cavazos et
al., 2016; Kharkhota et al., 2022; MandicMulec et al., 2015).
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Table 2. Morphological characteristics of isolated strains from MBBR1, 2 and 3
Strain/
Type

Colony
size

Colony aspect

S1/Type 1

Medium

Irregular

Edge aspect
MBBR 1
Scalloped

Colony
profile

Transparency/
opacity

Surface aspect

Flat

Opaque

Waxed
Rough
Glistening
Rough

S2/Type 2

Medium

Circular

Entire

Raised

S3/Type 3

Small

Circular,
Recessed

Transparent
Yellowish

Entire

Umbonate

Translucent

S4/Type 1

Medium

Circular

Slightly scalloped

Flat

S5/Type 2

Big

Irregular,
serrated

Irregular, serrated

Flat

Small

Circular

Entire

Convex,
Drop

S7/Type 1

Medium

Circular,
Concentric

S8/Type 2

Medium

Slightly irregular,

S9/Type 3

Medium

Circular

S6/Type 3

MBBR 2

MBBR 3
Raised, glossy halo
Lifted flat
aspect
Slightly scalloped

Lifted flat

Entire

Crateriform

The strains were also grown on Myp Agar
media in order to distinguish and eliminate
eventual B. cereus strains. There was no
indication that any of the isolated strains could

Opaque
Yellowish
Opaque
Whitish
Transparent
Whitish
Whitish,
Semitransparent
Whitish,
Semitransparent
Opaque,
whitish

Thin, waxed

Consistency
Dry
Mucoid,
viscous
Dry,
Adherent
Dry

Waxed,
powdery

Dry

Glistening

Mucoid,
viscous

Waxed,
wrinkled
Waxed,
wrinkled
Powdery

Moisty
Moisty
Dry

belong to this species, as there was no sign of
lecithinase activity around colonies, as
observed for the control B. cereus strain
(Figure 2).

A

B

C

D

E

F

Figure 2. Isolated bacterial strains grown on Myp Agar (A-C) and compared
to strains Bacillus cereus DSM 31 (D; F-left) and Bacillus subtilis DSM 10 (E; F-right)

Each isolated strain was tested for its capacity
to degrade disinfecting wipes. As shown in
Figure 3, the bacteria grown in basal medium
(BM) with only the wipes as C source din not
induce any reducing sugars (RS) in most
cultures, which indicates lack of enzymatic

activity. The cultures had lower turbidity than
the control, indicating growth inhibition. The
cellulose biodegradation activity was also
tested on microcrystalline cellulose (MCC)
instead of wipes, and similar results were
obtained, with RS below 10 µg/ mL.
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155

Glucose eq. concentration
(µg/mL)

BM
0.05% (NH4)2SO4
0.01% peptone

130
105
80
55
30
5
-20

S1

S2

S3

S4

S5

S6

S7

S8

S9

Figure 3. Values of reducing sugars resulting from incubation of isolated bacterial strains S1-S9 with disinfecting wipes
determined by DNS: BM - incubation in the basal medium; 0.05% (NH4)2SO4 - incubation in BM + 0.05% (NH4)2SO4;
0.01% peptone - incubation in BM + 0.01% peptone; S1-S9 correspond to the 9 strains isolated. The values presented
represent means ± standard errors (n = 3 replicates)

Adding 0.05% (NH4)2SO4 determined the
appearance of RS, around 20 µg/ mL for all
strains. Higher concentrations of RS were
obtained after adding instead of (NH4)2SO4, a
“boosting” 0.01% peptone in the medium, as C
and N source to sustain bacterial growth. The
values presented in Figure 3 represent the
differences between RS resulting from wipe +
peptone minus RS from peptone alone. The
resulting RS represents the RS that were
released from the wipe. Most significant results
were obtained for the 3 strains (S1, S2, S3)
isolated from MBBR 1, with RS increasing 3
times in the presence of peptone compared with
(NH4)2SO4.
The strains were used to form consortia based
on their interactions, initial source, and wipe
degradation capacity. The interactions were
investigated on Nutrient Agar medium by
inoculating spots of each strain in a random
configuration. The aspect of the interacting
colony of the isolated strains in one plate SBS
formate is presented in Figure 4. Most strains
grew well in the presence of the others.
Because the strains isolated from MBBR 1 had
the highest enzymatic activity in the presence
of peptone among the 9 isolated strains, we
decided to form the first consortia (C1) from
these 3 strains, which were proven to form
consortia also in a natural environment.

Figure 4. Isolated bacterial strains grown on an agar plate
in the presence of other strains

As the 6 strains from MBBR 2 and 3 had
almost the same activity, lower than the MBBR
1, we designed corresponding consortia, one
with the 3 strains from MBBR 2 (C2) and one
with the 3 strains from MBBR 3 (C3). The
consortia were investigated for their capacity to
decompose the cellulose from the wipes in the
absence or presence of an additive consisting of
hydrolyzing
cellulolytic
enzymes.
The
consortia had similar activity to individual
strains in the absence of enzymatic additive,
irrespective of whether the strains were grown
together directly in the presence of wipes or
pre-incubated together for 24 h followed by
inoculation of the sample with pre-formed
consortia inoculum. Similar to individual
strains, the presence of wipes partially inhibited
bacterial growth, also in the case of consortia
(Figure 5).
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The addition of enzymes had significant effect
on consortium C1. The RS resulting from the
degradation of disinfecting wipes increased to
567 ± 14 µg/mL, 6× more than the average RS
of the strains in the absence of enzymes. The
effect was absent on C2 and moderated on C3.
The 3 strains from C1-S1, S2, and S3 were
identified as Bacillus velezensis, Bacillus
subtilis, and Bacillus licheniformis, according
to the phenotype profile determined by Biolog
MicroStation with GEN III microplate system.
The structural changes of the wipes incubated
with the best consortium C1 were analyzed
under a stereomicroscope at the end of
incubation (more than 2 months) after washing
with double distilled water. One can observe
that the wipes fibers are impregnated with a
brown network formed from the culture media,
which gives a brown aspect to the wipes
(Figure 6).

Figure 5. Erlenmeyer flasks with bacterial strains from
MBBR 1 grown in the presence of disinfecting wipes
(first 2 flasks from left compared to control - flask 3)

Therefore, we decided to pre-wash the wipes
before autoclaving to reduce the antimicrobial
substances impregnated in them. The
experiment was repeated, and hydrolytic
enzymes were added supplementary to
consortia, and these variants were compared
with those without enzymes. Washing did not
influence significantly the bacterial growth or
the enzymatic activity.

A – control 0.7X

D – consortium C1,
replicate 1, 4X

B – control 4X

E – consortium C1,
replicate 2, 0.7X

C – consortium C1,
replicate 1, 0.7X

F – consortium C1,
replicate 2, 4X

Figure 6. Morphological aspects of disinfecting wipes visualized by stereomicroscope

This network could contain biofilm structure
formed by the bacterial strains. We also
observed that the treated wipes had regions
with an apparent less dense microfibers
network. The microscopic investigation did not
show difference between the fiber diameter,

despite the possible bacterial biofilm structure
being more visible (Figure 7). The presence of
cellulose xanthogenate and the enzymes
cocktails that were demonstrated to degrade
PET only slightly affect polyethylene
terephthalate fibers.
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A - Control 10X

B - Consortium C1 10X

C - Control 20X

D - Consortium C1 20X

Figure 7. Microscopic aspects of disinfecting wipes

abundance and diversity (Davenport et al.,
2022). Therefore, it is necessary to standardize
the microbial inoculum - and our preliminary
results demonstrate a way to arrive at such
standardization.
Bioaugmented bioassays are also needed to
accelerate the development of new bioplastic
composite with similar properties to the plastic
intended to replace (including in wet wipes)
and total biodegradation in the environment
(Syberg et al., 2021). Such bioaugmented
bioassay will accelerate the biodegradation
experiments and will provide the necessary
data for predictive models for composite
bioplastic development.
The selected consortia could be further used to
develop a bioaugmentation product applied to
wastewater treatment facility (Herrero &
Stuckey, 2015). The multiple functions of the
consortia degrading wet wipes require further
studies focused on better characterizing the
bacterial consortia and the biocomposite plastic
substrate biodegradation.

The preliminary results presented in this paper
support the idea of bioaugmented bioassay of
the truly flushable wipes. We proved that it is
possible to isolate and reconstruct bacteria
consortia, able to grow on wet wipes fibrillar
network. As we already mentioned, the existing
standardized bioassays (ISO 14853:2016, ISO
23977-1:2020, ISO 23977-2:2020) and
standardized
guidelines
for
bioassay
(INDA/EDANA FG 505 and FG 504, OECD
301 B) raise concerns about the variability of
the test results (Ott et al., 2019).
An interlaboratory test of biodegradation of
five reference chemicals according to OECD
301 B test guideline shows a 49% variability of
the obtained results and often gives false
negative biodegradation results (Ott et al.,
2020). The variability of the test inoculum
determines this variability in terms of source,
diversity, and abundance (Kowalczyk et al.,
2015). According to the current standard test
and guidelines, each laboratory has different
inoculum that is not standardized in terms of
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Conceição Gomes, A. & Valoni, É. (2017). Screening
of
commercial enzymes for poly(ethylene
terephthalate) (PET) hydrolysis and synergy studies
on different substrate sources. Journal of Industrial
Microbiology and Biotechnology, 44(6), 835-844.
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blends: process and technical applications. A review.
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its application in wastewater treatment: a review.
Chemosphere, 140, 119-128.
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of fiber microplastic pollution during global COVID19. Environmental Science and Pollution Research,
29(1), 284-292.
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Bacillus as an aquaculture friendly microbe.
Aquaculture International, 29(1), 323-353.
Karadagli, F., Theofanidis, F. & Eren, B. (2021).
Consumers’ evaluation of flushable products with
respect to post-disposal effects in wastewater
infrastructures. Journal of Cleaner Production, 278,
123680.
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(2022). Chromogenicity of aerobic spore-forming
bacteria of the Bacillaceae family isolated from
different ecological niches and physiographic zones.
Brazilian Journal of Microbiology.
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van Egmond, R. A., Finnegan, C. J., Schäfer, H.,
Davenport, R. J. & Bending, G. D. (2015).
Refinement of biodegradation tests methodologies
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Reducing fat, oil, and grease (FOG) deposits
formation and adhesion on sewer collection system
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We presented preliminary findings related to
the selection of bacterial consortia for a
bioaugmented bioassay of wet wipes
biodegradation. The bacterial strains were
isolated from the biofilm formed in MBBR
from three wastewater plant. Consortia were
formed based on mutual bacterial interactions.
Biodegradation capacity was determined in a
long-term experiment. The preliminary results
support the idea of a bioaugmented bioassay of
the flushable wipes.
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Abstract
Light is one of the main factors that influences the greatest phenomenon of nature, namely photosynthesis. In modern
society, excessive artificial light at night (ALAN) in the conditions of the urban environment can be considered as an
external polluting factor as well. The purpose of this study carried out on Taxus baccata L. (1-year old leaves - PYL
and the current year - CYL ones) grown as a hedge in urban conditions was to explore the effects of ALAN on leaves
morphology, gas exchanges and associated indicators, as well as on assimilatory pigments content. The results showed
that: (1) The leaves length (LL)(mm) of CYL, as well as surface area (cm2) and leaf length to width ratio (LL/LW) were
significantly lower under ALAN, than in normal (day/night cycle) light (NL). For PYL, no significant differences were
noticed in the case of LL, while significantly lower values have been registered in the case of LW and leaf area to leaf
fresh weight (AFWR); (2) Net photosynthesis (A) had significantly higher values during the springtime for PYL in NL as
against ALAN, but opposite data have been noticed in June. The quantum yield (φCO2), water use efficiency (WUE) as
well as transpiration rate (T) and stomatal conductance (gs) proved to be affected by the light conditions. (3) The values
for the content of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophyll (TC) and carotenoids (C) were
generally as that known for plants in general, with a higher amount of Chl a for PYL-ALAN, as compared to those for
CYL-ALAN, or CYL-NL. Further research should be applied by the scientific community to monitor the impact of
different light systems during the night and counteract the ALAN impact on plants and ecosystem.
Key words:Taxus baccata, artifical light at night, leaves morphology, gas exchanges, assimilatory pigments.

INTRODUCTION

due to the effects induced as an energy source,
but also as a source of information (Bennie et
al., 2016; see review by Singhal et al., 2019).
Nevertheless, in modern society, like air
pollution, light pollution can be considered as
an external polluting factor as well (Argys et
al., 2020; Massetti, 2020; Heinen, 2021). As for
instance, an excessive artificial light at night
(ALAN) has been first qualified a disturbance
factor for astronomical observations, beginning

Light is one of the main environmental factors
which by intensity, quality, duration
(photoperiod) and direction of action influences
the greatest phenomenon of nature, namely
photosynthesis (Taiz et al., 2015). Moreover,
its beneficial effects on plant growth and
development are multiple given its involvement
in controlling the ontogenetic cycle, not only
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phenology (Ffrench-Constant et al., 2016;
Škvareninová et al., 2017; Bennie et al., 2018;
Zheng et al., 2021) microhabitats, as reviewed
by Singhal et al. (2019) and so forth.
Therefore, urban green space (UGS) policies
need to be improved to recover the humannature relationship (Mâcnea et al., 2021),
including those connected with the application
of new lighting technologies (Macgregor et al.,
2019), with a view to mitigate the negative
effects of ALAN on the entire ecosystems,
including in order to create a bird-friendly city
(Xue et al., 2020), by considering the
taxonomic, functional and phylogenetic bird
species communities in a large geographical
range (Kosicki, 2021).
If we refer to all living organisms, the effects of
night light are manifested depending on the
intensity, quality, or spectral composition, as
well as in terms of expansion in space and time.
As such, the optimization of the processes of
conservation and restoration of green space in
the urban environment (Dragoș et al., 2018) to
ensure health benefits cannot be achieved
without considering the potentially confusing
effects of ALAN (Stanhope et al., 2021). At the
same time, the negative effects can derive due
to the changes of the seasonal dynamics of
disease-transmitting insects, as it was
demonstrated by the studies of Fyie et al.
(2021). It is well known that light is the
primary condition for the development of
photosynthesis, but in addition, it is a major
environmental factor in controlling the growth
and development of plants, starting from seed
germination and continuing with the proper
development of phases of the ontogenetic cycle
(Dong et al., 2015; Cosmulescu et al., 2020).
Insufficient light during the day, but also the
disturbance of the biological clock activity
caused by ALAN lead to damage to the
photosynthetic apparatus, as highlighted by
Zhang et al. (2020) following research on
perennial ryegrass (Lolium perenne L.), a
commonly used species in urban green,
planting such as lawns.
Yew, Taxus baccata L. (Taxaceae) is a native
evergreen non-resinous gymnosperm tree that
growth in the temperate area of the northern
hemisphere (Thomas & Polwart, 2003) and
known as a good bioindicator of urban
environmental pollution (Samecka-Cymerman

do to the alteration of natural night sky light
(Cinzano et al., 2000).
The negative effects of light are strongly felt
especially in the conditions of the urban
environment, where light emissions are
associated with specific development models
(roads,
institutions,
office
buildings,
commercial spaces infiltrated in urban
residential areas etc.), respectively with
sociocultural and institutional characteristics
for lighting and light uses (Cheon & Kim,
2020). With the expansion of the urbanization
process and the emergence of megacities, the
need for green spaces for human health has
become a sinecvanon condition and a
permanent concern to reduce the potential risk
of diseases burden (Stanhope et al., 2021).
Industrialization and urbanization have been
beneficial for the prosperity and health of
people but have also introduced novel threats to
wildlife and humans (Braubach, 2017; Russart
& Nelson, 2018), among which is the ALAN.
There has been shown that it has serious
physiological consequences, especially due to
the influence on the operation of the biological
clock, which cause the disruption of the
rhythm, not only in the case of humans, but
also for domesticated animals and wildlife (see
review by Russart & Nelson, 2018). This
global
environmental
problem,
which
negatively affects humans, many animals and
plant taxa, have also socio-cultural implications
(Falcón et al., 2020; Challéat & Poméon,
2020), produces many ecological (and
evolutionary)
disturbances,
affecting
biodiversity (Gaston et al., 2017) and may
reshape entire ecosystems (Holker et al., 2010).
Unlike people, who can find shelter and thus
manage to avoid the negative effects of ALAN,
for fauna and flora the refuges are becoming
more and more insufficient in the conditions of
increasing in radiance and extent of ALAN in
the urban environment. ALAN significantly
impacts the reproduction, navigation, behavior,
foraging (Shier et al., 2020; Zhang et al., 2020),
habitat selection, communication, and social
interactions of all living organisms (Peregrym
et al., 2020), including plants live, by changes
of pollination (Macgregor et al., 2015;
Macgregor et al., 2019; Macgregor & ScottBrown, 2020), photoreceptor signaling
(Solano-Lamphar et al., 2018), flowering and
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et al., 2011). There are numerous studies on the
behavior and physiology of wild animals under
ALAN, but the effects on plants grown in their
specific living environment have been less
studied, even if some research has been done
on the behavior in laboratory or greenhouse
conditions. Therefore, the objectives of this
research were: (1) to examine the
morphological impact; (2) to test the gas
exchanges
and
associated
indicators
modifications and (3) to quantify the effects on
assimilatory pigment content of artificial light
at night on the Taxus baccata L. (female
leaves) grown as a hedge in urban conditions.

Leaves gas exchange parameters and
associated indicators
The intensity of photosynthesis (A) (µmols
CO2 m-2s-1), the intensity of transpiration (E)
(mmol H2O m-2s-1), the stomatal conductance
(gs) (mols H2O m-2s-1), and the intercellular
concentration of carbon dioxide (CO2i) (µmol
CO2 L-1 air) were measured with the portable
system for photosynthesis LCpro-SD ADC
BioScientific equipped with an infrared gas
analyzer, in specific environmental conditions
in 2021, in March and June. PYL and CYL
grown in sun-exposed branches and a clear
bright day were used for a test between hours
10:00 AM - 12:00 AM, samples randomly
selected (n= 15). Leaves were enclosed in the
chamber (at ambient conditions), maintained 3
minutes for acclimation, then the readings have
been recorded 15 s intervals for 3 min. During
measurements, the photosynthetic photon flux
density (PPFD) was also recorded. Moreover,
the quantum yield (φCO2) (A/PPFD), the water
use efficiency (WUE)(A/E) and the ratio of
transpiration rate to stomatal conductance
(E/gs) have been calculated.

MATERIALS AND METHODS
The biological material used and the study
site
The biological material was represented by yew
(Taxus baccata L.), an evergreen slow
gymnosperm, grown as a hedge near to the
main building of the University of Agronomic
Sciences and Veterinary Medicine (USAMV)
of Bucharest, Romania. This study was carried
out from March 2021 to June 2021 on female
leaves formed in the previous year (1-year old
leaves) (PYL) and the current year (CYL),
grown in normal (day/night cycle) light (NL),
and artificial light at night (ALAN), also,
respectively.

Quantification of Photosynthetic Pigments
The amount of total chlorophyll (Chl T)
(mg m-2) was estimated by the non-destructive
method, using the CCM-300 Opti Sciences
chlorophyll meter. The readings were taken for
the adaxial needles side of 10 leaves, randomly
selected from the hedge. After that, the same
samples were used for leaves assimilatory
pigments extraction in acetone 80%, by using
1 g needles per sample (Lichtenthaler, 1987).
Then, the absorbance of the clarified extracts
was measured using the spectrophotometer
(Cecil CE 1021) at three wavelengths (663 nm
to determine chlorophyll a - Chl a; 646 nm for
chlorophyll b - Chl b and 470 nm for
carotenoids). Afterwards, the content of
assimilatory pigments was calculated by using
the specific formulas reported by Lichtenthaler
(1987). The obtained values were finally
expressed as mg 100 g-1 fresh weight (FW).
The regression coefficient was calculated in the
case of estimated Chl T and the calculated
values for this parameter.

Parameters determined
Morphological parameters at the leaf level
For the study of yew leaves morphometric
traits there were used 10 needles from one tree
collected from last year’s growth (2020
increment), but also leaves grown during the
current year. Fresh needles were wrapped in
moist paper, enclosed in Eppendorf tubes, and
brought in the laboratory of the Research
Center for Studies of Food Quality and
Agricultural Products (USAMV of Bucharest).
Leaves dimensions have been measured with a
rule in terms of leaf length (LL) and leaf width
(LW) (mm). Leaf area (LA) (mm2) has been
established by using the millimetric graph
paper. Also, the leaf area to leaf fresh weight
(AFWR) (cm2 g-1) and the leaf length to its
width ratio (LWR) have been calculated.
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Statistical analysis
The reported data of all parameters represent
the mean ± standard error (SE). Statistically
significant differences between variables were
assessed using one-way analysis of variance
(ANOVA). Then, the paired-samples Student T
test (2-tailed) were accomplished and the
significant differences among variants have
been considered at P≤0.05. Pearson linear
correlation analysis was also used to evaluate
the relationship between some variables at 95%

confidence level. Graphs and tables were
constructed using Microsoft Excel 2013.
RESULTS AND DISCUSSIONS
Morphological parameters at the leaf level
The macroscopic characteristics of leaves
(length, width, and surface area) of different
ages and grown in different lighting conditions
(the photoperiod length for 24 hours) are
shown in Table 1.

Table 1. Taxus baccata L. leaves morphological characteristics (current year leaves - CYL
and previous year leaves - PYL) growth in normal light (day/night cycle) (NL)
and in continuum light due to artificial light at night (ALAN) - June 2021
Leaf’s
age

Light
disponible

CYL

PYL

Needle morphology
Leaf
Length
(LL)(mm)

Leaf Width
(LW)(mm)

Surface area
(SA) mm2
(cm2)

Leaf area to leaf
fresh weight
(AFWR)
(cm2 g-1)

Leaf length to
width ratio
(LWR)

NL

25.00±0.45
A**

3.12±0.08
A

60.60±2.34
(0.606) A***

4.35±0.17
A**

8.04±0.27
A***

ALAN

21.80±0.73
B

3.10±0.04
A

47.80±0.73
(0.478) B

3.77±0.06
B

7.04±0.28
B

NL

19.80±0.37
A

3.26±0.19 A

46.00±1.52
(0.460) A

4.88±0.16 A**

6.14±0.28
B

ALAN

21.40±0.68
A

3.00±0.00
A

50.20±3.65
(0.502) A

3.54±0.26
B

7.13±0.23
A***

Each value represents the calculated mean of five independent measurements ±standard error; Means followed by different letters in
the columns differ from each other by the Student T test at ***P < 0.001, **P < 0.01, *P < 0.05. T test was performed separately for
CYL and PYL.

As we can see, the environmental light
conditions generally had a significant effect on
leaf morphology. The average leaf length was
significantly higher for CYL/NL (25.00 mm),
as well as SA and LWR had significantly
higher values (60.60 mm2; 8.04) as compared
to CYL-ALAN. On the other hand, for PYL NL even if a higher LW (3.26 mm) was
determined, non-significantly differences were
noticed as against the PYL-ALAN (P>0.05).
The continuum light (ALAN) conditions
generally determined a significantly reduction
of AFWR, while for LL and LW the
differences were not statistically significant as
against NL conditions. It can be mentioned too,
that for LWR, ALAN conditions determined
significantly higher values (7.13) for PYL, as
compared to PYL-NL (6.14).

Our obtained data are in a great measure
consistent with those of Schirone et al. (2010)
who noticed that Azorean yew leaf dimensions
as means values were as followings: LL - 11.10
mm; LW - 2.30 mm, LA - 21.30 mm2 and
LWR - 7.7. On the other hand, after Dempsey
and Hook (2000) studies, signiﬁcantly smaller
values were obtained for yew leaves: LL (7.722.4 mm); LW (1.3-2.3 mm); SA (11.2-48.4
mm2); stomatal pore length (11.1-18.2 μm) and
stomatal number (82.3-128.9). Also, the
significant differences between provenances
have been emphasized.
Previous studies carried out by Devaney et al.
(2014) on the influence of light provided at
different intensities (low light, medium light
and high light) demonstrated that the
morphology of yew leaves was influenced by
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leaf mass relative to their surface, compared to
providing
18%
illumination,
or
5%
illumination.

lighting conditions. Besides the specific
dimensions of the leaves in relation to the
lighting conditions, the studies conducted by
Kwak et al. (2017) on the effects of providing
ALAN led to certain conclusions regarding the
presence of waxes, respectively at the level of
the abaxial surface of the leaf, where a dense
epicuticular layer of wax crystals has been
produced compared to the control. Associated
with this observation, a reduction in the degree
of opening of the ostioles of the stomata was
also estimated. At the same time, the negative
impact of ALAN was manifested at the level of
the chloroplast’s ultrastructure, by increasing
the number of thylakoid membranes per grana,
as well as the number, respectively the
dimensions of plastoglobules.
Studies on yew species conservation and
restoration carried out by Zhao et al. (2017)
have shown that prolonging the photoperiod
(the extension of the photoperiod to 18 hours /
day, compared to a natural photoperiod of 10.5
hours/day - Northeast China) for one year old
Taxus cuspidata seedlings leads to accelerated
growth in slow-growing species, as compared
to those grown under the natural ones.
However, there was a decrease in nutrient
content in all organs of the plant, because for
new growths the translocation of nitrogen (N)
was insufficient, and annual organs of old shoot
and root showed phosphorus (P) depletion. As
a result, that promotion of growth in conditions
of prolonged photoperiod and accumulation of
dry mass in seedlings was not associated with
an improvement in quality, given the dilution
of nutrients and reduction of their use. So, the
authors suggest the need for studies focused on
the alleviate the nutrient dilution and to
improve N and P utilizations in transplant of
T. cuspidata seedlings.
The ability to adapt the leaves (formed in the
previous year and in the current year) (on
plants aged 3 years) to various conditions of
light intensity was studied by Wyka et al.
(2008). The authors did not find any anatomical
changes in leaves formed in the previous year,
but those in the current year kept in full light
(HL) were thicker, with thicker palisade and
lacunous tissue, and respectively with a higher

Leaves gas exchange parameters and
associated indicators
The obtained results as regard as of the leaf
level gas exchanges and other associated
parameters are shown in Table 2.
It can be observed that related to net
photosynthesis (A) there are differences in the
response of leaves to different light conditions,
as well as depending on leaves ages (see values
for March and June). Considerably lower
photosynthesis values have been registered for
PYL-NL (1.03 μmol CO2 m-2 s-1) in June and
the highest ones (4.94 μmol CO2 m-2 s-1) at NL
in the springtime (CYL-NL), followed by those
of CYL-NL (June - 3.93 μmol CO2 m-2 s-1) and
3.26 μmol CO2 m-2 s-1 for PYL-ALAN (June),
respectively.
Transpiration rate (E) (mmol H2O m-2 s-1)
presented similar values as evolution, with
those determined in the case of photosynthesis,
being registered differences in relation to the
age of the leaves and the lighting conditions,
respectively. The highest value (2.74 mmol
H2O m-2 s-1) was noticed for PYL-ALAN and
there was a higher significantly difference as
against the PYL-NL (P<0.001). As it was
expected, stomata conductance (gs) (mols H2O
m-2 s-1) had also the same trend.
As regard as the intercellular carbon dioxide
(CO2i) the June determined values (around
320 μmol L-1) were not different from
statistical
viewpoint,
but,
in
March
-1
significantly small value (259 μmol L ) was
registered for CYL-NL, as compared to
284 μmol L-1 (CYL-ALAN).
In general, quantum yield (φCO2) follows the
same trend as photosynthesis intensity.
Also, the same trend can be observed for WUE,
during March, with the significantly highest
value for CYL-NL (3.93) as compared with
those for CYL-ALAN (2.04) (P<0.01), while in
June values were small, without significantly
differences between leaves growth in PYLALAN (1.20) or PYL-NL (1.66) (P>0.05).
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Table 2. Taxus baccata L. female previous year leaves (PYL) and current year leaves (CYL) gas exchanges
and related indicators, growth under normal light (day/night cycle) (NL) and in continuum light
due to artificial light at night (ALAN), in urban environment conditions - 2021
Indicators

(A) μmol
CO2 m-2 s-1)
(E) (mmol
H2O m-2 s-1)
(gs) (mol
H2O m-2 s-1)
(CO2i)
(μmol L-1)
(φCO2)
(A/PPFD)
(WUE)
(A/E)
(E/gs)

March (means ± SE; n = 10)
1-year-old leaves (CYL)
NL
4.94±0.23
A (xxx)
1.29±0.05
A (xx)
0.05±0.003
A (xxx)

ALAN
2.29±0.24
B
1.14±0.03
B
0.03±0.002
B

June (means ± SE; n = 5)
1-year-old leaves
current year leaves (CYL)
(PYL)
NL
ALAN
NL
ALAN
1.03±0.34
3.26±0.20
3.93±0.51 A
1.94±0.13
B
a (xxx)
(xx)
B
0.60±0.08
2.74±0.12
1.62±0.05
1.47±0.06
b
a (xxx)
A(x)
B
0.02±0.003
0.1±0.007
0.05±0.003
0.04±0.003
b
A (xxx)
A
A

259±8.66 B

284±8.20
A (x)
0.0015±
0.0001482
07 B
2.04±0.24
B
42.88±3.52
A(xxx)

325±12.73
a
0.0006±
0.0002
b
1.66±0.56
a
30.73±1.69
a

0.0032±
0.000141567
A(xxx)
3.93±0.32 A(xx)
27.89±1.03 B

326±4.51
a
0.002±0.0001
a (xxx)

317±12.06
A
0.002±0.0003
A(xx)

1.20±0.08 a

2.45±0.32
A(xxx)
32.66±1.52 A

27.63±0.77
a

325±12.73
A
0.001±
7.88343E-05
B
1.32±0.06 B
30.98±1.15
A

Legend: A = Net photosynthesis; E=Transpiration rate; gs = Stomatal conductance; CO2i =Intercellular CO2 concentration; φCO2 = Quantum yield;
PPFD = Photosynthetic photon flux density; WUE = Water use efficiency; E/gs = Ratio of transpiration rate to stomatal conductance
The data are shown as means ± SE. The significant differences (P<0.05) between variants are indicated by different letters in the row: for June - in
capital letters, the differences between the current year leaves; in small letters, differences between one-year leaves. In June light intensity was around
1532 μmol m-2 s-1).
NS - non-significant; *significance at P ≤ 0.05; **significance at P ≤ 0.01; ***significance at P ≤ 0.001

On the other hand, very significantly higher
values have been noticed at CYL-NL (2.45), as
compared to CYL-ALAN conditions in June
(1.32) (P<0.001).
Ratio of transpiration rate to stomatal
conductance (E/gs) had significantly higher
value for CYL-ALAN in March (42.88) as
compared to CYL-NL (27.89) (P<0.001), while
in June no significant differences were
registered for the leaves of the current year, but
neither for those of one year old grown in
different lighting conditions.

chlorophyll content can be estimated by the
non-destructive method, given the strong
positive correlation (R2 = 0.8819) between the
results obtained by the spectrophotometric
method (destructive) and those estimated using
the chlorophyll meter CCM-300 (Figure 1b).
For chl b, significantly higher values were
recorded for the leaves of the previous year, in
lighting conditions assured also during the
night (84.65 mg 100 g -1FW- ALAN-PYL),
compared to those specific to the leaves
exposed to the normal lighting cycle (71.24 mg
100 g -1FW- NL-PYL). Significantly lower
values were determined for the leaves of the
current year (27.12 mg 100 g-1 FW-ALANCYL; 25.81 mg 100 g -1FW- NL-CYL),
without
finding
statistically
significant
differences between the latter values.
In the case of carotenoids, the trend was
somewhat different, in the sense that
significantly higher values were determined in
the leaves of the previous year, in normal
lighting conditions (25.38 mg 100 g -1FW), and
the lowest values characterized the leaves that
were also exposed to lighting during the night
(9.28 mg 100 g -1FW). In contrast, for the
current year's leaves, there were no significant

Leaves assimilatory pigments content
As can be seen in Figure 1a, the maximum
values were recorded for chl a, followed by chl
b and carotenoids, respectively, a characteristic
situation known for plants in general. We
notice that for the leaves from the previous
year, the amount of total chlorophyll was
significantly higher, with values of 113. 22 mg
100 g-1FW (PYL-ALAN) and, respectively,
108.70 mg 100 g -1FW (PYL -NL), compared
to the one determined in the leaves of the
current year (83.16 mg 100g -1 FW for CYLALAN, respectively, 79.89 mg 100g -1 FW for
CYL-NL). It is also worth noting that the total
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compositions), as well as its duration of action
(Bennie et al., 2016). Despite the enhancing of
photosynthesis rate in normal light conditions,
the supplementary lighting practices are used,
especially in greenhouses and plants factories,
based on light emitted diodes (LED), with a
view to enhance plants productivity and crop
yield quality, too. Robakowski and Wyka
(2009) studies showed that ensuring a high
light intensity causes a decrease in the value of
chlorophyll fluorescence (Fv/Fm below 0.8)
(from November to May - study period),
reaching even 0.37 in January and February,
which means the manifestation of a process of
photoinhibition during the winter at the level of
T. baccata seedlings leaves subjected to
acclimatization at different light intensities.
Nevertheless, in the case of urban lighting,
which is necessary in the conditions of today's
civilization and known to have many beneficial
effects, from the biological point of view,
artificial light during the night (ALAN) can be
considered as an external polluting factor as
well (Argys et al., 2020), which can have
adverse effects not only on mammalians
behavior (Russart & Nelson, 2018; Cheon &
Kim, 2020), but also on plant morphology and
physiology (Singhal et al., 2018).
Studies performed for different plants by
Meravi and Prajapati (2020) in relation to
certain photosynthetic parameters determined
using the Chlorophyll Fluorometer have
highlighted that the normal physiological
processes are disturbed in plants grown near the
street lighting sources. If under normal living
conditions, in general, for C3 type plants the
quantum productivity has similar values
(around 0.093) (Long et al., 1993 cited by
Bauerle et al., 2020), the stressful lighting
conditions can induce the process of
photoinhibition, with a decrease of the
photosynthesis efficiency, also with a decrease
in dark respiration intensity.
As regard as the leaves age, as Bauerle et al.
(2020) mentioned, in the new leaves that must
build their own structure and ability to carry
out physiological processes, there is often an
intensification of photosynthesis, while with
the achievement of leaves specific dimensions,
for leaves of many plant species, a linear
decline in the rate of this process is noticed,
even if the growing conditions are favourable.

differences in relation to the lighting conditions
to which the leaves were exposed.

Estimated total
chlorophyll (mg/m2)

Figure 1a. Assimilatory pigments contents of Taxus
baccata L. (current year leaves - CYL and previous year
leaves - PYL) growth in normal light (NL) and in
artificial night light (ALAN) - June 2021
740
720
700

y = 0.6292x + 609.05
R² = 0.8819

680
660

0

100

200

300

Total chlorophyll content (mg/100 g FW)
Figure 1b. Correlation between determined and estimated
of total chlorophyll

As regard as the Chl a/Chl b ratio, the values
were significantly higher in the case of CYL
(3.09 and 3.06) as against to PYL (1.52 and
1.33) for NL, respectively ALAN conditions.
With a view to estimate the linear relationship
between two parameters, the Pearson
correlation coefficients (r) were calculated, and
values ranges between -1 and 1. As we can see
in Table 3, there were generally strong
significantly (positive or negative) correlations
(values close to 1) between some indicators and
(P<0.001), while in some of them a moderately
(P<0.01) or slightly correlation (P<0.05) has
been
registered.
Also,
nonsignificant
correlations (P>0.05) have been calculated in
the case of (E) CYL-ALAN vs. (E) CYL-NL;
(gs) CYL-ALAN vs. (gs) CYL-NL; (CO2i)
CYL-NL vs. (CO2i) CYL-ALAN. Each of
these last are related to the stomata behavior.
When a negative number was calculated the
indication was that an inversely proportional
relationship between variables was noticed.
Light influence on photosynthesis is manifested
by light quantity (intensity), its quality (spectral
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Table. 3. Pearson's linear correlation coefficients between different studied indicators and paired T-test,
for Taxus baccata female leaves - June 2021
A.

Current year leaves (CYL) (June)
(A)
CYL-NL
1

(A)
CYL-ALAN

(A)
CYL-NL
(A)
0.81**
1
CYL-ALAN
(E)
-0.15*
-0.40*
CYL-NL
(E)
0.72**
0.76**
CYL-ALAN
(gs)
-0.39***
-0.19***
CYL-NL
(gs)
0.63***
0.62***
CYL-ALAN
(CO2i)
-0.50***
-0.52***
CYL-NL
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-0.83***
CYL-ALAN
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0.18***
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-0.42***
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0.28ns

1

Values close to 1 mean a strong correlation, instead the value zero means the independence of variables. Values between 0-0.2 mean a weak
relationship (yellow); those over 0.2 and lower or equal with 0.7 there is a moderately strong relationship (orange), and those that surpass 0.7 signify a
very strong relationship (red) (in a positive direction, if the value is positive, or in a negative one if the value is negative) (Illowsky and Dean, 2017,
cited by Baranyai, 2021)
***Correlation is significant at P < 0.001 level (2-tailed)
**Correlation is significant at P < 0.01 level (2-tailed)
*Correlation is significant at P < 0.05 level (2-tailed)
ns
Correlation is not significant at P > 0.05 level (2-tailed)

Similar results were obtained by Robakowski
& Bielinis (2017) on different ages of Abies
alba leaves, along a light gradient. The lowest
values of assimilation (A) were recorded in the
oldest leaves (2 μmol CO2 m-2 s-1), while in the
current year needles, A had the highest values.
A similar trend was recorded in terms of
transpiration rate, stomatal conductance, and
water use efficiency. Devaney et al. (2015)
pointed out that the photosynthetic capacity of
yew needles depends primarily on lighting
conditions, while the stage of development is a
factor that has a lower impact on this
physiological
indicator,
although
the

morphological characteristics of the fruits are
larger influenced by the size of the plant.
Dong et al. (2015) following studies performed
in wheat showed that in terms of biomass there
were no significant differences between the
variant that was provided with continuous light
and that treated with intermittent light. In
contrast, some photosynthetic characteristics in
the case of intermittent light were superior to
those of the control and the maximum
sensitivity was recorded at flowering, when the
effects of the light/dark cycle proved beneficial
on the intensity of photosynthesis, transpiration
rate, and implicitly on water use efficiency.
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Studies carried out by Ffrench-Constant et al.
(2016) have also shown ALAN influence on
the timing of budburst in deciduous trees, with
no significant effect of Defense Meteorological
Satellite Program’s Operational Linescan
System (DMSP OLS) value on the species with
earliest
budburst
(such
as
Acer
pseudoplatanus), but significant negative
influence in the other species, in order of
budburst, Fagus sylvatica, Querqus robur and
Fraxinus excelsior. In the brightest areas
compared to the darkest areas, the date of
budburst will be advanced by up to 7.5 days, so
the phenology of woodland tree species is
affected by light street pollution, with more
pronounced negative effects on the smaller
plants growing below the height of streetlights.
The authors emphasize the need to study the
impact of ALAN on phenology and interactions
between species, including the effects of light
quality generated by different light sources.
In the case of Acer pseudoplatanus and Rhus
typhina species, proven to be very sensitive to
light pollution, the delay of the phenological
phases in autumn were 6 to 9 days in terms of
leaf colouring and 6 to 7 days in terms of their
fall, data that should be taken in consideration
by the planning authorities (Škvareninová et
al., 2017).
It is known that the pollination process can be
affected in the case of ALAN. But, studies on
wildflower (Silene latifolia) carried out by
Macgregor et al. (2019) as regard as effects of
two street lighting technology (in lamp type:
from high-pressure sodium lamps to lightemitting diodes) and in lighting regime: from
full-night (FN) to part-night (PN) lighting
demonstrated that the pollination has been done
both diurnally and nocturnally. The lamp type,
the lighting regime, and the distance from the
light all significantly affected aspects of
pollination quality. Consequently, the authors
confirmed that street lighting could affect plant
reproduction through indirect effects mediated
by nocturnal insects and recommend that novel
lighting technologies should mitigate the
effects of ALAN on ecosystems. In addition,
as Macgregor and Scott-Brown (2020) pointed
out future research directions are needed
concerning on nocturnal pollination services
(based plant interactions with insect pollenvectors and the direct and indirect

Our data shows that stomatal conductance (gs)
under ALAN conditions was highly
significantly higher (0.1 mol H2O m-2 s-1) as
against the normal light cycle (0.02 mol H2O
m-2 s-1) in the case of one year old leaves (in
June) demonstrating that ALAN mediated an
increase of the leaf’s stomatal conductance. As
pointed out by Zhang et al. (2018) with the
increase of the concentration of carbon dioxide
in the air, it can be felt beneficial effects on
plants, because of increasing its inflow into
leaves, a process associated with decreased gs,
and not least with the increase of the values
regarding the water use efficiency.
Regarding the total chlorophyll content,
according to the data obtained by Robakowski
et al. (2018), it changed over time, registering
minimum values in March (4.3 mg/g),
respectively maximum values in September
(10.8 mg/g). Also, for carotenoids the seasonal
trend was similar. Zarek (2016) studies
performed on quantitative and qualitative
analysis of assimilatory pigments (Chl a, Chl b,
Chl a/b ratio) in female and male plants, in the
dynamics led to obtaining significant
differences between the two types, but larger
during autumn and winter, while for
protoporphyrin IX, magnesium protoporphyrin
IX, protochlorophyllide, chlorophyllide a, and
chlorophyllide b, there were no significant
differences by sex and date of sampling.
As Wyka et al. (2008) noticed, there were
changes in the content of assimilating pigments
in the case of lower lighting, respectively an
increase in their quantity, only that for those of
the current year the changes were weaker. In
addition, the Chl a/Chl b ratio was not affected.
No significant effects on photosynthesis were
determined, but the increased light intensity
favored photochemical yield, photochemical
quenching, apparent electron transport rate and
inducible non-photochemical quenching (NPQ)
in needles formed in the current season. For
those formed in the previous year, the increased
light intensity increased only NPQ. At the end
of the experiment, the sensitivity to
photoinhibition was tested by transferring the
plants to intense light and determined a
reduction of photoinhibition in those formed in
the previous year and therefore almost a lack of
their plasticity, compared to the leaves formed
in the current year.
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must join the decision-makers and their joint
efforts must be channeled towards intensifying
the actions of monitoring and mitigate the
effects of ALAN on plants and ecosystems
(Marcantonio et al., 2015).
Lighting professionals, energy manager and
governance workers need to make outdoor
lighting more beneficial for Sustainable
Development Goals (SDGs) (Tavares et al.,
2021).

vulnerabilities caused by anthropogenic
activities) with a view to be fully understood
and ultimately conserved.
The issue of the effects of ALAN on plants in
general and of the changes regarding their
phenology is in the attention of researchers,
especially considering the climate changes and
the urbanization process, so that analysing
satellite data intensity across the United States
are performed with great interest (Zheng et al.,
2021).
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Abstract
A four-month survey was carried out to study the incidence and intensity of Ixodidae on cattle, goats, and sheep brought
to the slaughterhouse in the municipality of Tadjenanet, in north-eastern Algeria. Of the 448 animals examined, 67
(14.95 %) were infected by one or more ticks. Two hundred sixty-two ticks were collected, and nine species grouped
under two genera were inventoried: Rhipicephalus spp. (79.77%) and Hyalomma spp. (20.23%). The tick species
collected included Hyalomma anatolicum, Hyalomma excavatum, Hyalomma impeltatum, Hyalomma lusitanicum,
Hyalomma marginatum, Hyalomma scupence, Rhipicephalus (Boophilus) annulatus, Rhipicephalus bursa, and
Rhipicephalus sanguineus. This is the first time that Hyalomma impeltatum have been reported in the Mila region. The
most abundant species was Rhipicephalus bursa (40.84%). The present study provides primary data on the status of
ticks in domestic ruminants in the province of Mila.
Key words: incidence, Ixodidae, sheep, abattoir, Mila, Algeria.

INTRODUCTION

adult has been estimated at 100 DT/animal (62
euros) or at least 250,000 DT (dinar
Tunisian)/year (155,000 Euros) for the total
cases in Tunisia (Darghouth, 2004), and (3);
impact on production; Minjauw and McLeod
(2003) estimated milk losses at 8.9 ml of milk
for every female engorged. Tick control
depends mainly on sound knowledge of tickborne disease epidemiology, relying primarily
on chemical therapy and vaccination
(Benchikh-Elfegoun et al., 2014). Chemical
control remains ineffective due to the poor use
by breeders due to their educational level
(Gharbi, 2006). Despite all these studies
mentioned above, which are considered few
given the size of Algeria, the lack of interest in
the scientific community, on the other hand,
there is only one article, in the state of Adrar
(South-West Algeria) concerning animals
prepared for slaughter (Bouhous et al., 2011).
However, most of the previous studies did not
consider the biodiversity of the tick fauna of
north-eastern Algeria and comparing the
different categories of animals (bulls, sheep,
and goats) has not been thoroughly studied to
treat and control them appropriately. The key to
disease control programmes must be based on
sound knowledge of the regional phenology of

Ticks are considered a high risk to human and
animal health due to their significant role in
transmitting pathogens such as bacteria and
viruses (Parola & Raoult, 2001). Worldwide,
there are more than 900 species of ticks, of
which more than 79% are hard ticks
(Guglielmone et al., 2014). In Algeria, the
presence of 14 species of hard ticks has been
counted (Walker, 2003). Several studies on the
hard tick species distribution in different
regions of Algeria (Yousfi-Monod &
Aeschlimann, 1986; Boulkaboul, 2003;
Benchikh-Elfegoun et al., 2007; 2014; 2018;
2019; Bouchama & Benia, 2020; Derradj &
Kohil, 2021). Also, to detect various pathogens
carried by these species of ticks (Leulmi et al.,
2016; Boucheikhchoukh et al., 2018;
Abdelkadir et al., 2019; Kebbi et al., 2019;
Rahal et al., 2020). Either directly or indirectly,
significant livestock losses due to the TBD
(tick-borne disease) that can be limited to three
aspects: (1) deaths; Cordier and Menager
(1940) estimated that, without treatment,
lethality following a clinical case of tropical
theileriosis ranged from 50 to 100 percent, (2)
the cost of treatment; theilericide therapy in an
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ticks and the epidemiology of their transmitted
infections (Benchikh-Elfegoun et al., 2014;
Gharbi, 2006). Based on this approach, the
aims were to give a good idea of the level of
tick spread and therapeutic abilities applied by
farmers since most of these animals, which are
destined for slaughter, especially calves, are
well-taken care of, to provide an overview of
hard tick diversity, to determine, and compare
the incidence and intensity of infestations on
domestic
animals
in
the
municipal
slaughterhouse of Tadjenanet, province of
Mila, north-eastern Algeria.

of Qurbani (sacrifice). Although Eid-ul-Adha
has no direct connection to the Hajj Pilgrimage,
it is just a day after Hajj is completed and
hence has historical significance. Once the
animals enter the slaughterhouse, they were
carefully previewed to find the adult tick
(premortem or post-mortem). Here, all the
slaughtered cattle were males considering that
Algerian law prohibits the slaughter of cattle
females. During this study, 448 animals were
examined; cattle (n = 70), goats (n = 196) and
sheep (n = 182) of different age groups, breeds
and sexes were considered in this study.
Information about the animals (type, age and
sex) and the site attachment of ticks was
collected from each animal. The ticks were
collected in labelled vials containing 70%
ethanol
and
identified
under
the
stereomicroscope using the key of Walker
(2003).

MATERIALS AND METHODS
Study area
The province of Mila (Figure 1), located in the
northeast of Algeria, comprises approximately
three climate stratus; humid climate zones in
the north; the central state climate ranges from
sub-humid to semi-arid, and the south is semiarid, where summers are hot and dry, winters
are cold and humid. The Tadjenanet area is
located in the south of the state, belonging to
the upper plateaus.

Statistical analysis
All data were exported to an Excel®
spreadsheet for Windows® to estimate species
frequency, infestation incidence and intensity
averages for females, males in livestock,
epidemiological indicators (Bush et al., 1997)
as follows:
Infestation incidence (percentage) = 100 ×
(number of infested animals/number of
examined animals)
Tick infestation intensity = the number of
ticks/the number of infected animals
The chi-square test was used to compare
incidences between males and females as a
function of the month, while comparisons of
tick infestation intensities, incidences between
animals (cattle, goats and sheep) and
attachment sites were performed using the
ANOVA test with a cut-off value of 0.05 for
both tests (Schwartz, 1993).

Figure 1. The geographical location of Tadjenanet, Mila
Province, northeast Algeria (source; DIVA-GIS)

RESULTS AND DISCUSSIONS

Animals and collection of ticks
From May 2020 (late spring month) to August
2020 (summer), the outputs for this study were
conducted daily except on Mondays and
Fridays as a holiday for workers, and the
beginning of August coincided with Eid alAdha, the bigger Eid, which occurs after the
yearly Hajj pilgrimage is completed, at the time

Overall tick infestation
A total number of 262 ticks were collected
between spring (May) and summer (June, July,
and August) 2020 from 70 (15.62%) cattle
(100% males), 196 (43.75%) goats and 182
(40.63%) sheep (Table 1). These ticks belong
to 2 genera, namely Rhipicephalus spp. (n =
50

Hyalomma ticks
Four species of Hyalloma spp.; Hy.
marginatum, Hy. lusitanicum, Hy. anatolicum
and Hy. scupense were found infesting only
cattle. Hy. excavatum and Hy. impletatum were
found in goats only in June. Only one
Hy. scupense specimen was present infesting
the cattle in July, with an intensity of 0.5 ticks
per bull. 32 Hy. scupense ticks collected in
cattle in June represent the high infestation rate
during this study (Table 1).

209; 79.77%) and Hyalomma spp. (n = 53;
20.23%) and 9 species namely, Rhipicephalus
annulatus (formerly Boophilus annulatus)
(n = 9; 3.44%), Rh. bursa (n = 107; 40.84%),
Rh.
sanguineus
(n
=
93;
35.5%),
Hy. anatolicum (n = 4; 1.53%), Hy. excavatum
(n = 1; 0.38%), Hy. impeltatum (n = 1; 0.38%),
Hy.
lusitanicum
(n
=
5;
1.91%),
Hy. marginatum (n = 8; 3.05%) and Hy.
scupense (n = 34; 12.98%) (P < 0.001)
(Table 1).
During the study period, a continuous presence
of the two types was observed of Rh. bursa and
Rh. sanguineus. Animals examined in August
showed a particular infestation pattern, where
only the sheep were infested. Indeed, Rh. bursa
was present in all animals. The same pattern as
Rh. bursa was observed for Rh. sanguineus
except in July for cattle. Of the 448 animals
examined in this study, 67 were infested
(incidence = 14.96% with an intensity of 3
ticks per animal).
A statistically significant association was
observed in this study between tick incidence
and males and females of sheep and goats
during May and June, and only sheep in July (P
< 0.05). Similarly, a statistically significant
association was observed between tick intensity
and males, females of sheep and goats only
during May and June (P < 0.05). No
statistically significant association was
observed between the incidence and intensity
of infestation in animals (cattle, sheep and
goats) according to the month (P > 0.05) (Table
1). Compared to previous months; the
attachment was statistically significantly higher
in the ears than in other locations only in sheep
(Table 2).

Tick infestation rate according to the site of
attachment
Two hundred sixty-two ticks were collected
from different parts of the body of the animals.
Most ticks were found to attach to the entire
body surface, mainly on the ears in goats and
sheep, while in cattle was the testicles (Table
2).
During this study, nine species of ticks were
identified by examining 448 animals. The
number of ticks (262 ticks) is lower than the
animals examined (448 animals). The same
observation was reported in the slaughterhouse
of Adrar in the southwest of Algeria (Bouhous
et al., 2011). This result is mainly justified
because these animals, especially cattle, receive
control
permanently
against
ticks.
Hy. impeltatum and Rh. sanguineus were
reported for the first time in this region,
according to Benchikh-Elfegoun et al. (2014).
The results obtained in this study are entirely in
accordance with those carried out by BenchikhElfegoun et al. (2014) in the same region and
with Boulkaboul (2003) in Tiaret Province
(Semiarid climate). A statistically significant
association was observed in this study between
tick incidence and males and females of sheep
and goats during May and June, same results
being reported by Lihou et al. (2020). All
existing ticks are vectors of pathogens where:
Rh. bursa is the vector of babesiosis in Babesia
bigemina, and Babesia bovis (Walker et al.,
2003), Rickettsia massiliae, Anaplasma ovis,
ʻCandidatus Rickettsia barbariaeʼ (Sadeddine
et al., 2020b), Coxiella burnetii (Abdelkadir et
al., 2019); Coxiella-like DNA was detected in
81% (26/32) of R. bursa (Rahal et al., 2020).
R. bursa was detected from June 2002 to May
2003, in Taher region (Jijel province) (9.35%)

Infestation rate of Rhipicephalus ticks
In May and June, goats are more infested than
sheep. During June and July all sheep females
are infested, whereas only sheep are infested at
a shallow rate in August. Rh. bursa has been
widespread, and the incidence of tick
infestation peaks in June on goats males, while
Rh. sanguineus peaks in goats males in May.
Rh (Boophilus) annulatus was absent in June
and August. The average intensity was 3 ticks
per animal. The highest values were observed
in May, especially in goats (Table 1).
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(Benchikh-Elfegoun et al., 2007), and in
Constantine at rate of 22.8% (BenchikhElfegoun et al., 2019). This hard tick species;
Rh. bursa is a cosmopolitan tick; in Morocco,

this tick was found with a rate of 19.22%
(1326/6899) in cattle (Laamari and Kharrim,
2012).

Table 1. Incidence and intensity of adult hard ticks of domestic animalsin Tadjenanet, Mila, north-eastern Algeria
May
Animals category

Cattle

June

Goat

Sheep

C

G

S

Species (n; %) Animals

M

M

F

M

F

M

M

F

M

F

Rh. annulatus (9; 3.44)

0

1

1

0

0

0

0

0

0

0

Rh. bursa (107; 40.84)

0

14

14

6

0

5

35

4

4

2

Rh. sanguineus (93; 35.5)

0

40

5

9

0

9

9

3

1

9

Hy. anatolicum (4; 1.53)

0

0

0

0

0

4

0

0

0

0

Hy. excavatum (1; 0.38)

0

0

0

0

0

0

0

1

0

0

Hy. impeltatum (1; 0.38)

0

0

0

0

0

0

1

0

0

0

Hy. lusitanicum (5; 1.91)

0

0

0

0

0

5

0

0

0

0

Hy. marginatum (8; 3.05)

0

0

0

0

0

8

0

0

0

0

Hy. scupense (34; 12.98)

0

0

0

0

0

32

0

0

0

0

Tick number (262)

0

55

20

15

0

63

45

8

5

11

Animals examined (448)

15

37

34

18

14

20

37

29

15

6

Animals infested (67)

0

8

3

3

0

7

9

6

3

6

Incidence, %

0

21.62

8.82

16.67

0

35

24.32

20.69

20

100

Overall incidence (14.95)

0

15.39

Intensity (ticks/animal)

0

6.88

Overall intensity (3.91)

0

9.37

35
5

0

6

5

22.72
9

5

9

C

Species Animals sex
Rh. annulatus

M

M

F

M

F

M

M

Rh. bursa

6

1

0

0

0

0

0

0

4

6

11

1

0

0

0

1

5

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0
2

Hy. excavatum
Hy. impeltatum
Hy. lusitanicum
Hy. marginatum
Hy. scupense
Tick number
Animals examined
Animals infested
Incidence, %
Overall incidence
Intensity (ticks/animal)
Overall intensity

1.67

1.83
1

August

Animals category

Hy. anatolicum

1.33
3

July

Rh. sanguineus

42.85

G

S

C

G

S

F

M

F

0

0

0

0

0

0

1

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

8

5

7

16

2

0

0

0

0

2

19

29

20

55

9

16

5

5

40

25

4

3

2

9

2

0

0

0

0

2

21.05

10.34

10

16.36

22.22

0

0

0

0

8

21.05
2.00
2

10.2
1.67

2

17.8
3.5

1.78

52

1

0
1

0
0

0
0

0

3.07
0

1
1

Hyalomma scupence (Rahal et al., 2020). It was
detected Rickettsia-positive (Boucheikhchoukh
et al., 2018). DNA of Ri. aeschlimannii was
detected in 6/20 (30%) Hyalomma scupence
(Leulmi et al., 2016). Hyalomma excavum was
also identified in our study; Coxiella-like DNA
was detected in 36% (8/22) of Hyalomma
excavatum (Rahal et al., 2020), it is a tick that
can host Rickettsia aeschlimannii, 'Candidatus
Rickettsia barbariae' and Coxiella burnetii
(Abdelkadir et al., 2019). This tick was
identified in sheep as a vector of Theileria
lestoquardi in Tunisia (Rjeibi et al., 2016).
Hyalomma anatolicum was reported in Iran at
38.83% (Biglari et al., 2018). In Iraq, 50 ticks
collected from cows were characterised by
PCR. The result shows the presence of
Hyalomma anatolicum (Al-Fatlawi et al.,
2018). In Turkey, a study by Aktas showed that
2895 ticks were identified as Hyalomma
anatolicum and that 11.3% of male ticks and
22.4% of female ticks were positive in
Theileria (Aktas et al., 2004), and DNA of
Ri. aeschlimannii was detected in 6/20 (30%)
Hyalomma anatolicum (Leulmi et al., 2016).
Hy. impeltatum is expanding its geographical
repartition in Algeria since it was found in the
sub-humid region (Guelma) (Derradj et al.,
2019; data not published), in Adrar southwest
of Algeria (Bouhous et al., 2011). For this tick,
it is essential to note that this is the third report
from north-eastern Algeria with the detection
of Rickettsia aeschlimannii in this tick species
(Sadeddine et al., 2020). In Tunisia, Bouattour
et al. (2000) described it in arid and desert
areas. It was also identified in Sudan by Um El
Hassan Mustafa in 1983 as the vector of
Theileria annulata. Hy. impeltatum is mainly
present in Mediterranean regions, steppes and
deserts (Walker, 2003). Other studies are
needed to answer what factors could explain its
expansion in Algeria. Hyalomma marginatum
and Hyalomma lusitanicum are widespread in
the Mediterranean climate (Walker et al.,
2003). Coxiella-like DNA was detected in
(1/3) of Hyalomma lusitanicum, in 14% (4/28)
of Hyalomma marginatum (Rahal et al., 2020).
Hyalomma marginatum host Rickettsia
aeschlimannii (Abdelkadir et al., 2019).
Benchikh-Elfegoun already described it in 2019
at 11% and 3.9% for Hy. lusitanicum. The
results show that it is abundant in the humid

Table 2. Number of adult hard ticks with respect
to site of attachment on domestic animals in Tadjenanet
(May, June, July, and August 2020)
Ears

Eyes

Testicles Anus

Back

Mammals

Site of attachment
May

5

0

Goat
0

1

0

0

June

6

0

4

1

0

0

Jully

1

0

2

1

1

1

August

0

0

0

0

0

0

Total

12

0

6

3

1

1

May

1

0

Sheep
0

0

0

0

June

5

0

2

1

0

0

Jully

7

0

0

0

0

0

August

2

0

0

0

0

0

Total

15

0

2

1

0

0

May

0

0

Cattle
0

0

0

0

June

0

0

2

0

0

0

July

0

1

1

0

0

0

August

0

0

0

0

0

0

Total

0

1

3

0

0

0

Rh. (Boophilus) annulatus (3.43%) is the vector
of Babesia bigemina and Babesia bovis in
cattle. It was described in 2011 in Ivory Coast
(less than 5%) (Madder et al., 2011). In
Algeria, several pathogens as Theileria
annulata, ʻCandidatus Ehrlichia urmiteiʼ,
Theileria buffeli and Anaplasma platys were
detected in Rh. annulatus (Sadeddine et al.,
2020), Rickettsia-positive (Boucheikhchoukh et
al., 2018). Rh. sanguineus reported at 26.6%
(Benchikh-Elfegoun et al., 2019) was also
identified in Spain at 0.5% (Toure et al., 2014).
In Algeria, Rickettsia massiliae and Anaplasma
ovis were detected in this species (Sadeddine et
al., 2020b), Coxiella-like DNA was detected in
61% (11/18) of Rh. sanguineus (Rahal et al.,
2020). In this study, Hy. scupense, a tick that
transmits several pathogens such as Theileria
annulata, was identified in arid regions,
particularly in the north. These results are
consistent with recent papers (Yousfi-Monod
Aeshilmann, 1986; Gharbi et al., 2013; Gharbi
and Darghouth, 2014; Benchikh-Elfegoun et
al., 2018; Benchikh-Elfegoun et al., 2019).
Coxiella-like DNA was detected in (1/4) of
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Abstract
This article presents an analysis of the particle distribution of granular lyophilized synbiotic products. The main
purpose of the present study is to find a relationship between the particle size distribution and the varying component in
the composition of the products. Particle size measurements were performed with an ANALYSETTE 22 NanoTec plus
analyzer. The results obtained we then subjected to statistical analysis to study the distribution properties of functional
food samples. It has been found that for the preparation of granules with a low degree of dusting it is optimal to use
10% sucrose, 1% locus bean gum and 1% fructooligosaccharides (FOS) for processing the lyophilized mixture.
Determining the distribution of granules is directly dependent on their composition and purpose. The natural
composition of the granulated "LIO - Milk strawberry" and "LIO - Milk chokeberry" guarantees exceptional uniformity
in use, as well as prevention of possible oxidation.
Key words: granular synbiotic product, locus bean gum, particle size, distribution, fructooligosaccharides.

INTRODUCTION

expectations of consumers. The most stable and
clinically tested bacteria with probiotic
properties are available on the commercial
network (Zhao et al., 2019; Marinova et al.,
2019; Binda et al., 2020).
Kefir is a probiotic dairy product, the result of
two fermentations with kefir grains - lactic acid
and alcohol. Kefir is a probiotic dairy product,
the result of two fermentations with kefir grains
- lactic acid and alcohol. Kefir grains contain a
mixture of lactose-fermenting lactic acid bacteria - Lactobacillus, Leuconostoc, Lactococcus,
acetic acid bacteria and yeast linked in a
clustered immobilized system of casein and
polysaccharide matrix (Garrote et al., 2010;
Seo et al., 2018; Nacheva et al., 2018).
The preservation of viable probiotic strains and
biologically active components of a given
commercial product during storage are criteria
for its healthy characteristics (Rathnayaka,
2013; Marinova et al., 2019).
The technology of freeze-drying (lyophilization) is an established method for obtaining
stable food products. The process includes three
stages: freezing, primary drying (sublimetion of
ice crystals) and secondary drying (desorption
of residual moisture). Sublimation drying is
used for the preservation and storage of microorganisms, starter cultures, probiotic products
and has wide practical application (Lodato et
al., 1999; Nowak and Jakubczyk, 2020).

In modern everyday life, human society is
showing increasing interest in natural remedies
that have a positive impact on human health, in
the form of probiotics, prebiotics, functional
foods, biological stimulants and more. This
predisposes to constantly implement and
develop new products that meet modern norms
and requirements for healthy eating (MarkHerbert, 2004; Topolska et al., 2021; Ivanov et
al., 2021; Terziyska et al., 2015; Valchkov et
al., 2016).
Fermented probiotic products, containing live
microorganisms,
occupy
a
particularly
important place among functional foods
because they affect positive on the intestinal
microflora, have a health effect greater than
that of the main food and affect favorable of
human health (Piano et al., 2006; Oliveira et
al., 2016; Marco et al., 2021; Zhao et al., 2019;
Nacheva et al., 2015).
Probiotics must meet certain conditions in
order to be included in some healthy functional
product. To this end, it must be clinically
established that they show some positive health
benefits. For the healthy еfects of some
probiotic or synbiotic product, it is necessary to
have good information to consumers, effective
marketing strategies and, above all, the product
itself to be of good quality, meeting the
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Foods, after undergoing a process of
lyophilization, have fully preserved nutritional
and biological value, taste, aroma, color, can be
preserved for a long period of time, can be
avoid difficulties with their transportation. For
this reason, more and more manufacturing
companies producing functional foods,
including probiotics, use lyophilization as the
main processing method to obtain high quality
products with a long shelf life (Nowak and
Jakubczyk, 2020; Bhatta et al., 2020).
This scientific publication presents an analysis
of the particle distribution in variations of new
granular functional products by means of the
ANALYSETTE
22
NanoTecplus
laser
granulomer. The main purpose of the research
done is to determine the influence of a varying
component in the composition of the products
on the spectrum of distribution of the obtained
product granules.

During the experiments, two new lyophilized
kefir-based products were evaluated. The
technology for obtaining and the composition
of the new products are presented in a report
(Solakov et al., 2020).
For each of the two synbiotic products "LIO Milk strawberry" and "LIO - Milk chokeberry"
4 variants of granulating components have been
developed.
In order to establish the optimal composition of
the granulating mixtures, in which minimal
dusting is observed, it is necessary to prepare
variants of mixtures with different types and
concentrations of substances.
For each of the two synbiotic products "LIO Milk strawberry" and "LIO - Milk chokeberry"
4 variants of granulating components have been
developed.
Variant 1 - lyophilized product with added 30%
sucrose.
Variant 2 - lyophilized product with added 10%
sucrose and 2% fructooligosaccharides (FOS).
Variant 3 - lyophilized product with added 10%
sucrose and 2% locust bean gum.
Variant 4 - lyophilized product with added 10%
sucrose, 1% locust bean gum and 1% FOS.
Sucrose solution was used as a component in
the technological process of granulation of the
product. In order to reduce the sucrose content
and in order to preserve the dietary and health
qualities of the products, polysaccharide
solutions are added in 3 of the variants.
The polysaccharides used have functional
properties, which makes them suitable for
inclusion in the composition of the granulating
mixture, namely: high chemical and biological
resistance;
hydrophilicity;
cryoprotective
properties; good permeability for the included
material; large relative surface area and
porosity after lyophilization; possibility to
obtain convenient from a technological and
practical point of view forms - powder,
granules, tablet, etc.
They are soluble in water, form colloidal
solutions, which are influenced by their
molecular weight, concentration, temperature
and pH, etc. The degree of their hydration
depends on the distribution of the particles in
the medium, the rate of homogenization, the
composition of the hydration medium and the
particle size.

MATERIALS AND METHODS
Experimental setup
ANALYSETTE 22 NanoTec plus measures
nanoparticles
in
an
extremely
wide
measurement range (0.01-2000 pm). The
extremely large measuring range of the
ANALYSETTE 22 NanoTec plus with a lower
measuring limit of approximately 0.01 pm is
due to the Triple-laser technology for forward
and backward scattering. ANALYSETTE 22
NanoTec plus always uses all 57 measuring
channels of the detector. By combining the
different measuring positions, it is possible to
perform measurements with up to 165 effective
channels, which guarantee a particularly high
resolution and sensitivity.
ANALYSETTE 22 NanoTec plus is ideal for
efficient and reliable particle size distribution
in production and quality control, and also in
research and development. The device is shown
in Figure 1.

Figure 1. ANALYSETTE 22 NanoTec plus
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Laser diffraction provides information on a
quantitative basis so that the mean size can be
used to determine the center point, although
median is more commonly used than mean
when using this technique. The equation for
determining the average size is:

The process of production of granular synbiotic
products takes place in the following stages:
• Grinding of the obtained lyophilized
products;
• Addition of the corresponding granulating
solutions and homogenization;
• Granulation of the obtained products in an
oscillating granulator "ERWEKA" with a
sieve size of 1 mm.
The resulting granulate is dried for 24 hours at
30-40°C, after which 1-3% talc is added to it
for better passability of the granules through
the particle distribution apparatus.
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where, the value of Di for each channel is the
geometric mean value, the square root of the
high to small diameters. A geometric mean is a
type of mean that shows a major trend or the
typical value of a set of numbers using the
product of their values (as opposed to the
arithmetic mean value that uses their sum). The
geometric mean is defined as the nth root of the
product of n numbers, ie, for a set of numbers
{xi }iN=1 ,, the geometric mean value is determined by the following way:

RESULTS AND DISCUSSIONS
All variant samples were tested with Analysette
22 NanoTec plus. The device works on the
basis of laser diffraction and determines the
volume, ie. what percentage of the full volume
of the sample is filled with particles smaller
than x μm.
The results obtained for the three samples are
grouped into 102 channels from 0 to 2000 μm.
For particle size distribution (PSD) the most
important values are mean (average value usually average - for example the average of
2.7 and 9 will be 2 + 7 + 9 divided by three, ie 6), median (the median - the value of the
average of the whole aggregate, for example
from 7 measured values the average will be the
fourth 1, 2, 3, 4, 5, 6, 7) and mode (mode - the
most common value in the whole aggregate, for
example in the series of numbers 2, 3, 4, 5, 4, 7,
4 the most common is 4).
In symmetric distributions, all these values are
equivalent: mean = median = mode. Accordingly, in asymmetric distributions mean, median
and mode will have three different values.
The best way to determine the mean volume is
by using a histogram (a graphical method of
representing the frequency distribution)
showing the lower and upper limit of the
respective channel and what percentage of the
full volume of the sample falls into it.
Some of the most commonly used varieties of
� 10,
the mean volume are the arithmetic mean 𝐷𝐷𝐷𝐷
�
the mean diameter 𝐷𝐷𝐷𝐷32, which represents ratio
between volume and surface mean and mean
� 43 (also called
particle diameter in volume 𝐷𝐷𝐷𝐷
the DeBroukere mean), which was chosen for
evaluation in the present researches.

1/ N

 N 
 ∏ xi 
 i =1 

Thus, for the numerator in equation (1), the
geometric value of Di is the product of the
fourth power x percent in this channel, summed
for all channels. The value of the denominator
is the product of the third power of Di x percent
in this channel, summed for all channels.
Median values are defined as a value (in
microns) at which half of the particles are
above this point and the other half is below it.
The median for particle size distributions is
called D50. Dv50 (or Dv0.5) is the median for
volume distribution, DN50 is used for number
of distributions and Ds50 is used for surface
distributions.
Since the main result of laser diffraction is
volume distribution, by default the cited D50 is
the median of the volume and D50 usually
refers to DV50. This value is one of the easiest
statistics to understand, and also one of the
most significant for the particle size distribution.
Mode is visualized as the highest peak in the
chart distribution. The mode most often
expresses the particle size (or size range)
represented in the distribution. Less attention is
paid to determining whether the value is based
on the volume, area or number. The mode is
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where: Dv0.5 or D50 is the median defined as
the diameter at which half of the particles are
below this value. Similarly, 90% of the
distribution lies below D90, and 10% of the
particles are lower than D10.
According to the results obtained from
ANALYSETTE 22 NanoTec plus, it is depicts
graphically on the histogram and presents a
cumulative frequency distribution in the variant
samples.
The results of the granulometric analysis of the
three granule variants are presented in Figures
2-9. Analysis of the presented histograms
shows that the frequency of distribution is not
symmetrical. In Variant 1, consisting of a
granular lyophilized product (control) and
sucrose powder, the resulting histogram shows
that the largest volume of particles have a size
between 250 and 1100 µm, and the volumes of
particles with size bigger than 1500 µm are
practically empty, i.e. there are no particles of
this size (Figures 2 and 6).
The results of samples of granular product with
FOS and locust bean gum were analyzed in the
same way. The results for variants from 2nd to
4th for both products are similar.

not so often used, but can be descriptive, in
particular, if there is more than one peak in the
distribution. The modes are useful for
describing the midpoint of the various peaks.
Most instruments are used to measure the
distribution of the size of particles, which
means an interest in the width or breadth of the
distribution. In the field of statistics, some
calculations are used to describe the width of
distributions, and these calculations are sometimes used in the field of particle characterization. The most common calculations are
standard deviation and variance. The standard
deviation (SD) is the preferred value in our
study area.
After the introduction of "model independent"
algorithms, many scientists working in the field
of particles began to use various calculations to
describe the width of the distribution. One of
the most common values used for laser
diffraction results is the duration of the step
(span), defined in the equation below:

Span =

Dv 0.9 − Dv 0.1
Dv 0.5

(2)

Figure 2. Histogram and cumulative frequency in
Variant 1 of granular LIO - Milk strawberry

Figure 3. Histogram and cumulative frequency in
Variant 2 of granular LIO - Milk strawberry

Figure 4. Histogram and cumulative frequency in
Variant 3 of granular LIO - Milk strawberry

Figure 5. Histogram and cumulative frequency
in Variant 4 of granular LIO - Milk strawberry
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Figure 6. Histogram and cumulative frequency in
Variant 1 of granular LIO - Milk chokeberry

Figure 7. Histogram and cumulative frequency in
Variant 2 of granular LIO - Milk chokeberry

Figure 8. Histogram and cumulative frequency in
Variant 3 of granular LIO - Milk chokeberry

Figure 9. Histogram and cumulative frequency in
Variant 4 of granular LIO - Milk chokeberry

and 4, there is less scattering of the sample
data. These results are confirmed by statistical
processing of the experimental data (Tables 1
and 2).

In Variant 2, a granular product with FOS and
sucrose powder, the frequency of distribution is
asymmetric (Figures 3 and 7). Particle volumes
with size between 0 and 20 µm and size larger
than 1500 µm are very small (closer to zero),
which means that they are practically not represented. The largest number of particles is
concentrated in the range between 340 and
1200 µm.
In Variant 3 - granular product with locust bean
gum and sucrose powder, the frequency
distribution is again not symmetrical (Figures 4
and 8). Volumes of particles with size between
0 and 20 µm and size larger than 1500 µm are
very small (closer to zero), which means that in
practice they do not exist. The largest number
of particles is concentrated in the range
between 300 and 1100 µm.
In Variant 4, a combination of FOS and locust
bean gum was used in the granulation solution.
The particle volumes are concentrated in the
range between 300 and 1200 µm (Figures 5 and
9).
The differences in the particle distribution at
the different granule variants are significant. As
can be seen from the histograms at variants 2, 3

Table 1. Statistical parameters of the variant samples
granulated product LIO - Milk strawberry
Product
LIO - Milk
strawberry
Variant 1
Variant 2
Variant 3
Variant 4

D [43]
(μm)

Mode
(μm)

Span

600.5
628.2
657.2
762.0

750.17
800.52
800.52
882.46

1.28
1.26
1.23
1.13

Table 2. Statistical parameters of the variant samples
granulated product LIO - Milk chokeberry
Product
LIO - Milk
chokeberry
Variant 1
Variant 2
Variant 3
Variant 4

D [43] (μm)

Mode
(μm)

Span

591.65
686.3
658.3
741.6

750.17
826.95
800.52
802.46

1.29
1.26
1.21
1.19

In variants 2, 3 and 4, the results obtained for
the mean volume diameter (D [43]) and Mode
are higher than the controls. An important
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concentrates are characterized by pronounced
probiotic activity and high biological value,
which defines them as products for
prophylactic and therapeutic nutrition.

indicator is and the width of the distribution
(Span), as it gives grounds to assess the
homogeneity of the granules and their
distribution by fraction of different sizes.
Lower values correspond to less scattering of
particles by size and volume. Lower results
were calculated for Variants 2, 3 and 4.
According to this indicator at Variant 4 of the
two products the highest degree of homogeneity of the granules is reported.
The obtained experimental data show a deviation in the particle distribution of the studied
products. As expected, the change in the composition of the product leads to a change in the
distribution caused by the different physically
characteristics of the ingredients of the product.
The inclusion of locust bean gum and FOS to
the granules leads to stabilization of the structure and increase of the number of particles
concentrated in the range between 300 and
1200 µm.
Granules with only added sucrose can be more
easily crushed and dusted during transport or
due to the weight of the product itself. This
adversely affects the dissolution rate, dosing
accuracy and commercial appearance of the
product.
As a result of the experiments performed and
after analysis of the obtained data, we found
that for the preparation of granules with a low
degree of dusting it is optimal to use 10%
sucrose, 1% locust bean gum and 1% FOS for
processing the lyophilized mixture. This will
achieve optimization of the technological
process for the production of synbiotic products
"LIO - Milk strawberry" and "LIO - Milk
chokeberry".
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Abstract
One potential application of essential oils as low-risk biopesticides is as seeds disinfectant. The main goal of this study
was to test the activity of thyme essential oil on four strains of seed/soilborne plant pathogenic fungi, Fusarium
graminearum, Botrytis allii, Rhizoctonia solani, and Pythium ultimum, and to evaluate the effect of the inhibitory doses
on plant seed germination. The direct application of thyme essential oil on seeds demonstrates a lack of selectivity. The
main effects were related to radicle architecture and development of the primary and lateral roots, both in monocotyl,
sorghum (Sorghum saccharatum), and in the dicotyls garden cress (Lepidium sativum) and white mustard (Sinapis
alba). One potential solution to the lack of selectivity of direct application of the essential oils is biofumigation, i.e.,
application by volatilization in the rhizosphere area. Our paper raises this issue of compatibility between the necessary
doses to inhibit the plant pathogenic fungi and the effects on plant seeds. Formulation of essential oils as slow-release
nanoformulation could reduce phytotoxicity while maintaining and even enhancing the activity against plant pathogens.
Key words: essential oils, antifungal, fungistatic effect, fungicidal effect, seed germination inhibition.

INTRODUCTION

category of crop protection agents due to their
pathogen inhibitory effects, short actual action
time and low environmental toxicity (Arraiza et
al., 2018). Studies are being carried out on the
use of essential oils as effective biofungicides
(Krzyśko-Łupicka et al., 2019). In recent
decades, EOs have also been studied to
evaluate their use in weed control, mainly due
to their allelopathic potential (Abd-ElGawad et
al., 2021) and enhancement of crop
productivity (Chrysargyris et al., 2020). The
compounds with such properties could be used
for the biological control of plant pathogens
and weeds as natural pesticides and herbicides
with less destructive effects on the
environment. The effect of their biological
action depends on their chemical composition
and the dose of essential oils, as well as the
sensitivity of phytopathogen strains.
Researchers have identified mono- and
sesquiterpene-type hydrocarbons as inhibitors

Fungal infections change the physiology of
plants, disrupting their normal functioning,
reducing their growth, and sometimes causing
their cell death. The control of the fungal
diseases is done by applying fungicide, a
specific class of pesticides (Tudi et al., 2021).
Synthetic pesticides are considered a real
problem to the environment and human health,
which has increased the interest in the
development of biodegradable and non-toxic
compounds (Angelini et al., 2003; De Almeida
et al., 2010; Nicolopoulou-Stamati et al., 2016).
One possible alternative to synthetic pesticides/
fungicides is represented by essential oils
(EOs) that are known for their antimicrobial
and insecticidal properties (Raveau et al.,
2020). EOs are mostly used in medicinearomatherapy, the food industry and lately
started to be used in agriculture. EOs are a new
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of microbial plant pathogens (Raveau et al.,
2020). Usually mono and sesquiterpenes such
as phenols, alcohols, ethers, carbohydrates,
aldehydes and ketones are the main
constituents of essential oils, being responsible
for their biological activity as well as their
odor. Components such as thymol, carvacrol,
and linalool have antimicrobial activity and are
found mostly in the composition of volatile
essential oils (Cimanga et al., 2002).
One possible application is to inhibit the fungal
infection of seeds by applying EOs as seed
treatment, but EOs should not negatively affect
the seeds and plant development.
Thymus vulgaris and other species of the
Lamiaceae family, is native of Mediterranean
countries, growing abundantly over wide areas
in France, Spain, Portugal, Italy, Algeria and
Morocco. Moreover, it is also cultivated in
other parts of Europe and North America,
North Asia and Oceania (Porte and Godoy,
2008). In addition to its use in foods,
T. vulgaris is a well-known herbal medicine
that has been used for thousands of years to
treat alopecia, dental plaque, dermatophyte
infections, bronchitis, cough, inflammatory
skin disorders, and gastrointestinal distress. The
major constituents of commercial T. vulgaris
essential oil are thymol (23-60%), γ-terpinene
(18-50%), p-cymene (8-44%), carvacrol (28%), and linalool (3-4%) (Duke, 2017).
EOs from Thymus genera exert antifungal,
bactericidal, phytotoxic, antiparasitic, and
insecticidal activities (Li et al., 2019; Zeljkovic
and Maksimovic, 2015). This extended range
of biological activities encourage their
exploration and potential use for plant
protection and food preservation purposes
(Raveau et al., 2020). Different EOs obtained
from some thyme species have demonstrated
allelopathic effects and could be used for weed
control (Ghasemi et al., 2020). Thymol, 5methyl-2-isopropyl-1-phenol,
the
major
constituent of EOs from Thymus species was
approved as biocide/pesticide in European
Union and USA (Rathod et al., 2021).
In this study we investigated the application of
thyme essential oil (TEO) as seed disinfectant
and soil treatment. The main aim of this study
was to test the activity of TEO on four plant
pathogenic fungi, Fusarium graminearum,
Rhizoctonia solani, Pythium ultimum and

Botrytis allii and to evaluate the effect of
fungal inhibitory doses on plant seed
germination. Each of the tested fungal
pathogens causes devastating diseases, with
important economic losses (Katan, 2017). Their
epidemiological cycle is dominated by the
dominancy of the soilborne primary inoculum
(Lucas, 2006). Conservative farming practices,
e.g, no-tillage and soil coverage with plant
residues increase soilborne pathogens (Bockus
& Shroyer, 1998; Page et al., 2013).
Disinfection by biofumigation of the
rhizosphere areas reduces not only the
incidence of the seedling blight, root rot and
damping off (Baysal-Gurel et al., 2018), but
also the late plant disease, i.e., head blight
(Drakopoulos et al., 2020).
TEO could be used as biofumigant from slowrelease nanoformulations, applied as soil
treatment or seed dressing, to decrease primary
inoculum of the soilborne pathogen and to
reduce the severity of plant disease. However,
the main issue is related to the phytotoxicity of
the thymol, the principal component of TEO
(Pinheiro et al., 2015). The results presented
here aim to evaluate the directions for
development of TEO nanoformulation with
reduced phytotoxicity and even enhanced
inhibitory activity against plant pathogens.
MATERIALS AND METHODS
Materials
The following culture media and chemicals
were used: Potato Dextrose Agar (PDA,
purchased from Scharlau, Barcelona, Spain);
synthetic low-nutrient agar (KH2PO4 1.0 g/L,
KNO3 1.0 g/L, MgSO4 · 7H2O 0.5 g/L, KCl 0.5
g/L, glucose 0.2 g/L, sucrose 0.2 g/L, agar 15
g/L, all substances being for microbiological
use, purchased from Scharlau, Barcelona,
Spain), thyme essential oil, according to ISO
19817:2017, with 54% thymol (Aroma-Soap,
Salonta, Romania); agar for roots proton pump
assay (Scharlau, Barcelona, Spain) and bromocresol (Sigma, Merck Group, Darmstad,
Germany); reagents for reactive oxygen species
identification: Phosphate Buffer (Scharlau,
Spain) and Nitroblue Tetrazolium Chloride,
NBT (Sigma, Merck Group, Darmstad,
Germany); phytotoxicity test kit according to
ISO 18763:2016, Phytotox kit - for liquid
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when the plate surface of the control was
covered by fungus.
The growth inhibition rate (GIR), was
measured as the percentage of inhibition of
radial growth relative to the control, calculated
using the following formula (eq. 1):

samples (supplied by MicroBioTests, Gent,
Belgium) with 3 species of seeds included
(Sorghum saccharatum; Lepidium sativum;
Sinapis alba); pure water produced by Milli-Q®
Purification System (Merck, Darmstad,
Germany).

GIR = ((DC - DT) / DC) × 100

Fungal strains and cultivation methods
The fungal strains used in this study were
F. graminearum CBS 454.97 (Culture
collection of fungi and yeasts, Westerdijk
Fungal
Biodiversity
Institute,
Utrecht,
Netherland), R. solani anastomosis group AG4, P. ultimum DSM 62987, B. allii DSMZ
62081 (DSMZ - German Collection of
Microorganisms and Cell Cultures, Leibniz
Institute, Braunschweig, Germany). The PDA
medium was prepared following the standard
protocol and it was sterilized in an autoclave
(MLS - 3751L, PHCBI, Tokyo, Japan) at
121ºC for 15 minutes. The PDA medium was
poured in sterilized 90 mm Petri dishes, 20 ml
per dish. Fresh cultures of F. graminearum,
R. solani, P. ultimum and B. allii, were
prepared by inoculating mycelial disks excised
from the edge of old cultures into the centre of
Petri dish with PDA medium. The inoculated
Petri dishes with the plant pathogenic fungi
were kept in an incubator (MIR-154-PE,
PHCBI, Tokyo, Japan), at 28ºC, for 7 days.

(eq. 1)

where: DC represents the mycelial growth
diameter of the fungal colony in the control and
DT represents the mycelial growth diameter in
the treatment. Fungal growth was measured
using ImageJ software. Experiments were
performed in triplicate. The minimum
fungistatic dose (MFsD) was the dose at which
the growth inhibition was 100%.
Fungicidal activity of thyme essential oil
To establish the fungicidal effects of TEO on
the phytopathogens of interest, transfer
experiments were done. The mycelium discs
that were 100% inhibited by TEO dose were
transferred to fresh PDA to assess their
viability after five days incubation at 28°C. The
residual fungal growth was monitored by
measuring the radial growth of the fungi and
the minimum fungicidal dose (MFcD) was
determined as the dose for which there was
zero residual fungal growth.
The activity of thyme essential oil on plant
seeds
The effect of TEO on plant seeds was determined using Phytotox kit at 0.1% TEO,
approximately the average of the 3 highest
MFcD obtained. The seeds were incubated in
the provided plate with 20 mL ddH2O (control)
and 20 mL ddH2O + 0.02 mL TEO. On each
plate, 10 seeds were placed, at 10 mm from
each other. The samples were incubated in the
growth chamber for 3 days, in an upright
position, in their cardboard supports, in a
growth chamber at 25°C (+/- 1°C) for 3 days.
Phytotoxicity of TEO comprised several
procedures and measurements: percent of
germinated seeds, roots and shoots length, roots
proton pump, seedling qualitative and semiquantitative total reactive oxygen species, by
staining with nitro blue tetrazolium (NBT) and
stereomicroscope analysis by Image Analysis
software - ImageJ (Schindelin et al., 2015).

Fungistatic activity of thyme essential oil
Antifungal assays were performed using the
filter paper disc diffusion method according to
(Soylu et al., 2010) with minor modifications
and applied on plate lid. Mycelium 6 mm discs
of 10 days old fungus grown previously on
synthetic low-nutrient agar were placed at the
center of 60 mm Petri dishes containing PDA
culture medium and incubated at 28˚C in darkness. Several doses of pure TEO were applied
on sterilized filter paper disc (Whatman No. 1)
of 5 mm diameter and placed on the inner
surface of the inverted lid of Petri dishes. The
plates were immediately sealed with parafilm
to prevent the loss of essential oils from the
plates and incubited at 28°C until the control
was completely grown in the plate. The doses
varied between 0.005 and 8.77 µL/cm3. The
mean radial mycelial growth of the pathogen
was determined by measuring the diameter of
the colony in two directions at right angles
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Percentage of germinated seeds, roots and
shoots length
After the 3 days of seeds incubation, the plates
were photographed and incubated in the
climate chamber, for another 24 hours in the
dark. Percentage of germinated seeds was
calculated according to the formula:

outside the environment. The plates were incubated at room temperature for 24/48 h,
depending on the plant species, after which
they were examined.
Reactive oxygen species assay
The protocol for detection of O2- ions in plant
tissues with NBT was used (Kaur et al., 2016).
Briefly, the roots were soaked for 15-20 min in
eppendorf tubes containing 2 mL of 2 mM
NBT in phosphate buffer pH 6.1. The roots
were next washed with ddH2O and visualized
under stereomicroscope and the color intensity
was analyzed with ImageJ.

(eq. 2)

((A-B) / A) × 100

where: A-control and B-TEO treatment. The
roots and shoots were measured by
photographing the plates and performing
analysis with ImageJ (Schindelin et al., 2015).
Proton pump assay
Roots proton pump assay was adapted
according to the previous method (Zandonadi
et al., 2016) with minor modifications.
The specific medium was prepared: 0.75%
agar, bromocresol purple (0.004% /L). The pH
was adjusted to 6.8 before the agar was added.
The medium was autoclaved at 121oC for 15
minutes. After cooling, 25 mL of medium was
poured into 90 mm Petri plate. For each Petri
dish, 2 seedlings was positioned, with the roots
embedded in the agar, and the stem and leaves

RESULTS AND DISCUSSIONS
The growth of all the strains tested was
inhibited by TEO, but the inhibitory dose was
dependent on fungal species.
Figure 1A shows the inhibitory percent as a
function of dose for B. allii, in the fungistatic
test. The aspect of the inhibition of colonies
growth and development at various TEO doses,
is presented in Figure 1B.
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0.027 µL/ cm³

0.049 µL/ cm³
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Figure 1. (A) Inhibition percent of mycelia growth of B. allii as a function of TEO dose;
(B) Aspect of B. allii colonies in Petri dish at different TEO doses
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Figure 2. (A) Inhibition percent of mycelia growth of P. ultimum as a function of TEO dose;
(B) Aspect of P. ultimum colonies in Petri dish at different TEO doses

The complete fungistatic effect was reached
within the first 5 doses tested (MFsD
0.108 µL/cm3). Similar behaviour was
observed for the other strains, the most resistant
strain being P. ultimum (Figure 2A and B,
MFsD 0.244 µL/cm3) and the least resistant
being R. solani (MFsD 0.054 µL /cm3).
The mycelium discs incubated at doses that
induced 100% fungistatic effects were tested
for MFcD of TEO, by transferring them on
fresh PDA medium without TEO and
evaluating the residual growth on fresh PDA
medium after previous exposure to the doses
with total fungistatic effect. Figure 3A and B

shows the behaviour of mycelium B. allii, with
a large difference between MFsD and MFcD.
All MFsD and MfcD values are included in
Table 1. One can see that MFcD can be from
much higher (20x higher MFcD than MFsD in
the case of B. allii) to identical to MFsD
(R. solani and P. ultimum), with intermediate
difference between MFsD and MFcD for
F. graminearum. The highest MFsD
(P. ultimum) is 4x higher than the lowest MFsD
(R. solani) and the highest MFcD (B. allii) is
almost 40x higher than the lowest MFcD
(R. solani).
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Figure 3. (A) Percent of residual growth of B. allii on fresh PDA after previous exposure to the dose represented on
the X axis; (B) Aspect of the B. allii colonies up to MFcD (2.193 µL/ cm3)

summer flowers and perennials (Kamoun et al.,
2015). P. ultimum thrives in soil or substrates
with high-water content and at medium temperatures and proliferates in no-tillage managed
fields (Bickel & Koehler, 2021).
Plant pathogens from Phytium, Fusarium and
Rhizoctonia spp. are the most frequent pathogens that cause damping-off of seedling, a
devastating disease in nursery and greenhouses
(Bickel et al., 2021).
B. allii was for long time considered either a
synonym for B. aclada or a hybrid between B.
byssoidea x B. aclada (Staats et al., 2004).
Today is recognised as a distinct specie,
(telemorph Botryotinia allii), closely related to
B. byssoidea and B. aclada (Steentjes et al.,
2021) B. allii is a pathogen that causes onion
neck rot, survives in soil or on rotten bulbs as
sclerotia. During storage, the infection is
mostly seen in the throat region, but can also
come from any tissue that comes in contact
with the fungal inoculum (Steentjes et al.,
2021).
As we mentioned already, we selected these
fungal plant pathogen species because their
soilborne primary inoculum is essential for

Table 1. MFsD and MFcD values of TEO
Fungal strain
F. graminearum
B. allii
R. solani
P. ultimum

MFsD (µL/cm³)
0.122
0.108
0.054
0.244

MFcD (µL/cm³)
0.439
2.193
0.054
0.244

F. graminearum Schwabe (teleomorph:
Gibberella zeae) is one of the most destructive
plant pathogens, causing seedling blight, crown
and root rot and head blight in cereals (Del
Ponte et al., 2022). F. graminearum is a
soilborne pathogen and agricultural practices
are key factors in controlling its primary
inoculum (Leplat et al., 2013).
R. solani Kühn (teleomorph: Thanatephorus
cucumeris) is an ubiquitous soilborne plant
pathogen that infects a wide range of important
cultivated plants - cereals, legumes, potatoes,
root crops such as sugar beet, fodder crop such
as alfalfa, leafy vegetables (Ajayi-Oyetunde &
Bradley, 2018).
P. ultimum is an oomycetes plant pathogen that
produce seedling blight and root/stem rot on a
wide range of host plants, including corn, vegetables and ornamentals such as flower bulbs,
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mainly affected in the case of L. sativum
(almost 99%) (Figure 5).
The TEO effect was lower for S. alba seedling,
formed from an oleaginous seed, than was for
the other seedlings, formed by starchy seeds.

plant disease progression and biofumigation in
the rhizosphere with EOs could be effective.
In order to test the effects on seeds, we applied
the average dose of the 3 highest MFcD
(0.941 µL/cm³, approximated to 0.1%) on 3
plant species: Sorghum saccharatum, Lepidium
sativum, Sinapis alba.
Photos of the plants were taken in order to
measure the roots and shoots length (Figure 4).
TEO partially inhibited the seed germination
and more significantly the development of
seeds.
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Figure 4. Seed germination and growth of S. saccharatum
(A, B); L. sativum (C, D); S. alba (E, F) without (A, C, E)
and with (B, D, F) TEO
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The germination inhibition induced by TEO
was 34% for Lepidium sativum, 25% for
Sorghum saccharatum and 4% for Sinapis
alba. The most significant phytotoxic effect of
TEO was manifested as root growth inhibition:
97% (L. sativum), 87.11% (S. alba), 97.47%
(S. saccharatum).
The development of primary and lateral root
was affected, resulting in deterioration of root
architecture. The shoot development was
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Figure 5. Germination percent, root length and shoot
length of seeds in the presence and absence of 0.1% TEO
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Figure 6. Proton pump from seedling of the tested plants not-exposed (a) and exposed (b) to the thyme essential oils
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Figure 7. Detection of O ions with nitro blue tetrazolium in tissues of plant not-exposed (a) and exposed (b) to the
thyme essential oils
2-

seed germination (Farooq et al., 2021). In the
dicot plant the ROS production is significantly
amplified (Figure 7 and Figure 8). These dicot
plants are more sensitive to endo-signals formed
by ROS, such as modification of the redox
status of glutathione pool (Castro et al., 2021).
% of root with color induced by NBT

The oil bodies reduce toxic effect of
hydrophobic TEO oil constituents. The same
reduced toxic effect of TEO was determined
for another oleaginous seed, soybean (Sotelo et
al., 2021). The proton pump is slightly
amplified in C3 seeds (L. sativum, S. alba) and
is not affected in the C4 monocot seeds
(S. saccharatum) by the TEO treatment (Figure
6). Most probably this is related to the main
mechanism
of
EOs,
including
TEO
phytotoxicity – induction of high level of
reactive oxygen species (Lima et al., 2019;
Singh et al., 2009; Staszek et al., 2021).
Intensity of the color formation by NBT in
reaction with ROS, determined by image
analysis of the radicles, suggest a modulation
of the reactive oxygen species level during seed
germination. In sorghum, a monocot plant,
TEO have not a statistical influence on ROS
formation, with tendency to decrease, In such
monocot plant ROS play a significant role in
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Figure 8. Intensity of the color formation by nitroblue
tetrazolium in reaction with reactive oxygen species
from radicles of the tested seedlings, determined by
image analysis of the stained radicles.
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The results presented here suggest that the
formulation of the TEO should include hydrophobic compounds and a safener, a compounds
that protect plants against ROS action. Such
formulation will slowly release the volatile
components and will reduce their side-effects.
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CONCLUSIONS
TEO has both fungistatic and fungitoxic effect.
The most sensitive fungal specie, both to
fungistatic effects and to fungitoxic effects was
R. solani. TEO has potential to reduce
inoculum of soilborne plant pathogens by
reducing the soil inoculum by fumigation.
TEO is phytotoxic for the tested seeds,
S. saccharatum, S. alba, and L. sativum. The
phytotoxic effect is related to higher production
of ROS, Further studies should nanoformulate
TEO with hydrophobic compounds and
compounds that protect plants against ROS
action.
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Abstract
Limited information is available on irrigation practices of black cumin. This study aimed to evaluate the effect of
different irrigation levels on seed yield, fixed oil content, and essential oil content and composition. The experiment was
carried out for one crop season. The trial was arranged based on a randomized complete block design, with five
treatments and four replications. Seed yield, fixed oil and essential oil contents were significantly affected by the
different treatments. It can be concluded that supplying quantities of water below black cumin’s water requirement does
not adversely affect its seed yield and oils content.
Key words: medicinal plant, pharmaceutical potential, evapotranspiration, water management.

INTRODUCTION

(Nickavar et al., 2003) including COVID-19
(Koshak et al., 2021; Shirvani et al., 2021).
Turkey has been increasing both its sown area
and production in the last years (Figure 1);
going from a sown area of 230 ha and a
production of 161 tons in 2012 to a sowing area
of 3,377 ha and a production of 3,412 tons in
2020 (Turkish Statistical Institute, 2021).

Black cumin (Nigella sativa L.) is a medicinal
plant. It is an annual herb native to
Mediterranean and western Asia (D’Antuono et
al., 2002). The dried seeds have high contents
of fatty acids (Ali et al., 2012) and also contain
essential oil, which has shown to have large
therapeutic potential to treat various diseases

Figure 1. Black Cumin seed production on the basis of provinces in Turkey in 2019.
1) Burdur: 929 tons; 2) Uşak: 779 tons; 3) Konya: 753 tons; 4) Antalya: 203 tons; 5) Çorum: 199 tons;
6) Bursa: 132 tons; 7) Kütahya: 93 tons; 8) Samsun: 90 tons; 9) Sivas: 77 tons; 10) Kayseri: 70 tons.
Turkey’s overall production of black cumin is 3,603 tons.
Source: Adapted from DrDataStats (2019)
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evaluate the effect of different levels of
irrigation during seed maturation on black
cumin on seed and oil yields. Our hypothesis is
that certain degree of water shortage during the
seed maturation stage will lead to increases in
the parameters measured.

Despite the enormous potential of this species
as a medicinal plant and its increasing demand
in the pharmaceutical industry, limited
information about its cultivation is available.
Provided that agriculture is the largest user of
water and its demand for water will increase to
meet the rising need for food, fiber, and
biofuels (FAO, 2017) and that climate change
will significantly increase temperatures and
reduce the annual precipitation in the future
(Konapala et al., 2020), the need to find new
cultivation strategies for stressful weather
conditions to reduce the water consumption and
maximize final productivity is evident. One
promising strategy might be regulated deficit
irrigation (RDI), originally developed for fruit
orchards (Santesteban et al., 2011), that
purposely stresses a crop at a specific
developmental stage such that there is little or
no negative impact on the yield of marketable
product (Goldhamer et al., 2007). This
technique might as well be adopted for other
crops such as black cumin as we did in this
study. The present experiment aimed to

MATERIALS AND METHODS
Experiment site and plant material
The experiment was carried out at the
experimental field of the field crops department
of Çukurova university, Adana-Turkey (37° 2´
2.23" N, 35° 20´ 52.12" E). Black cumin seeds
belonging to Çameli variety were brought from
the institute of agricultural research of
Eskişehir (Eskişehir-Turkey) and used as
vegetal material.
Climate
Adana city is situated in southern Turkey, on
the Mediterranean Sea, where climate is
characterized by mild wet winters and hot dry
summers (Table 1).

Table 1. Weather data during the growing cycle
Parameter
Maximum Temperature (°C)
Minimum Temperature (°C)
Precipitation (mm)
Relative Humidity (%)

Nov
2016
23.2
11.4
58.4
61.3

Dec
2016
17.1
7.2
131.0
66.8

Jan
2017
13.9
5.08
51.8
62.1

Feb
2017
17.6
5.59
0.80
50.7

March
2017
21.1
10.3
65.4
62.8

April
2017
24.7
13.0
65.9
60.7

May
2017
27.4
17.0
45.9
68.8

June
2017
32.1
21.3
17.3
69.1

between blocks 1 m. The total area of the
experiment was 168 m2.

Experiment design
The experimental design was randomized
complete block. Treatments corresponded to
different percentages of the irrigation
requirement (IR) of the plant, which is defined
as the amount of water needed to compensate
water loss through evapotranspiration (ET)
(Brouwer and Heibloem, 1986). Five
treatments were established, namely 0% IR,
10% IR, 50% IR, 70% IR, and 100% IR, each
one replicated for four times. Thus, having 20
experimental plots. The experiment was
conducted for one crop season. The trial
initiated on November 8th, 2016, and finalized
on June 5th, 2017. Treatments were applied
during the seed maturation stage (from May
15th, 2017, until June 5th, 2017). The area of
each plot was 3.75 m2 (1.25 m x 3 m), distance
between treatments was 1.5 m and distance

Water management and water requirement
calculation
Sprinkler-irrigation was done three times,
including the irrigation applied at sowing.
During the seed maturation stage, drip
irrigation was used for applying the different
treatments. Irrigation requirements were
calculated by using the formula below
(Equation 1) (Sampathkumar et al., 2013) and a
Class-A pan, which provided the evaporation
datum, which is referred to as CPE in the
equation:
IR (Liters) = CPE (mm) * Kp * Kc * Wp (%) *
S (m2)
(Equation 1)
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hydro-distillation for 3 hours using a
Clevenger apparatus.
- Essential oil composition. The analysis of the
essential oil was carried out on a 7000 Series
Triple Quad GC/MS apparatus [Agilent],
equipped with split-splitless injector and
automatic liquid sampler, attached to HP-5MS
capillary column (30 m x 0.25 mm x 0.25 µm
film thickness, 5% phenyl methyl poly
siloxane). The carrier gas flow rate (He) was
1 ml/min, split ratio 1:30, oven temperature
program was started at 50°C (held for 3 min)
while column temperature was linearly
programmed from 50-240°C (at rate of 3°
min-1). For this measurement only three
samples were taken from each treatment and
two of them were randomly selected to run the
essential oil composition analysis.

Where: IR is the volume of water to apply
[liters/plant]; CPE corresponds to cumulative
pan evaporation during the days between two
consecutive irrigation events [mm], for the case
seven days; Kp is the pan coefficient, which
depends on the relative humidity, the wind
speed and the distance between the crop and
the pan (Allen et al., 2006); Kc is the crop
coefficient, this value depends on the type of
crop, the growth stage of the plant, and the
weather.
For this experiment the crop
coefficient of the Seed Maturation development
stage was taken from a study carried out by
Ghamarnia et al. (2014), which so far is the
only known reporting of it; Wp is the
percentage of crop area wetted by the drip
irrigation system, it was assumed to be 0.8 [%];
and S corresponding to the crop density [m2],
which was 0.15 m*0.25 m.

Statistical analysis
Analysis of Variance (ANOVA) was employed
to test differences among treatments.
Difference between means was identified by
using the Tukey’s honestly significant
difference (HSD) test at P<0.05. Analyses were
performed in InfoStat software versions 2014
and 2020 (Di Rienzo et al., 2020).

Measured parameters and sampling
The measured parameters were seed yield, fixed
oil content, essential oil content, and essential
oil composition. To measure all parameters,
forty plants were randomly taken from each
treatment.
- Fixed oil content. To determine the content of
fixed oil of black cumin seeds, three grams of
powder seeds were extracted with hexane as the
extraction solvent using a Soxhlet apparatus for
three hours (Ghourchian et al., 2016).
- Essential oil content. The essential oil
content (%) produced by a 50-gram seed
sample was determined by extraction by

RESULTS AND DISCUSSIONS
Evapotranspiration was measured by using a
Class-A pan. This data along with other
parameters (Equation 1) were used to calculate
the amount of water to apply to plants from
each treatment (Table 2).

Table 2. Cumulative evaporation in a Class-A pan on each of the dates when differentiated irrigation was applied and
water supplied by drip irrigation to plants from each treatment during the seed maturation stage
Water applied to the different treatments (L)
0%
10%
50%
70%
100%
0
0.12
0.60
0.85
1.22

Date

Evaporation (mm)

15.05.2017

3.9

22.05.2017

1.6

0

0.05

0.25

0.35

0.50

29.05.2017

2.3

0

0.04

0.22

0.30

0.72

05.06.2017

2.9

0

0.05

0.27

0.38

0.90

maturation stage significantly affected seed
yield (F=28.06, P<0.05), fixed oil content
F=25.10, P<0.05), and essential oil content
(F=35.70, P<0.05) of black cumin.

Seed yield, fixed oil content, and essential oil
content
Analysis of variance (ANOVA) showed that
the amount of water applied during the seed
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Figure 2. Effect of different irrigation levels on: (A) Seed yield; (B) Fixed oil content; (C) Essential oil content.
Means with different letters are significantly different (P<0.05)

the research carried out by Ghamarnia et al.
(2010) and Ghamarnia and Jalili (2013) who
concluded that higher amounts of water applied
produced higher seed yields. On the other hand,
Bannayan et al. (2008) established an
experiment with four different irrigation
regimes. Researchers concluded that the start of
the blooming stage was the most sensitive to a
water deficit. This indicates the possibility of
obtaining higher seed yields with less water
applied if irrigation is ceased over a tolerant
developmental stage (Figure 2).

Essential oil composition
According to the analysis of variance, contents
of α-terpinene (F = 42849.0, P<0.05), farnesol
(F = 8.20, P<0.05), γ-terpinene (F = 41.40,
P<0.05), lauryl-alcohol (F = 25.66, P<0.05) ρcymene (F = 12.23, P<0.05), and βcaryophyllene (F = 24.21, P<0.05) were
significantly affected by treatments (Table 3).
Seed yield
The results of the present study (Figure 2) do
not agree with studies previously performed by

Table 3. Composition of essential oil (%) from black cumin seeds as affected by different irrigation levels
COMPOUND
α-terpinene
Citronellal
Farnesol
γ-terpinene
Guaiyl-acetate
Lauryl-alcohol
ρ-cymene
Nerolidol
β-caryophyllene
Other compounds*

0% IR
1.04b
1.8ª
3.55ª
42.03b
2.98ª
0.76ab
10.45c
0a
0a
37.39

10% IR
0a
1.35ª
14.58ab
7.81ª
0a
1.56bc
4.58abc
2.24ª
0a
67.88

50% IR
0a
2.53ª
20.79b
0a
0a
2.12c
1.74ab
0a
0a
72.82

Values with different letters are significantly different (P<0.05)
*Compounds corresponding to solvents or present in values less than 1.0%
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0a
1.5bc
0ª
0a
1.23b
90.2

100% IR
0a
1.82ª
20.05ab
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Figure 3. Composition of essential oil from black cumin seeds as affected by different irrigation levels
applied during the seed maturation stage

value of essential oil was obtained from the 0%
IR-treatment, which had a content of 0.69%
essential oil, followed by treatments of 100%
IR (0.43%), 70% IR (0.36%), 50% IR (0.04%),
and 10% IR (0.01%). The results of the present
study suggest that water stress applied to black
cumin should be either quite severe or very
slight in order to obtain high yields. Although
the 0% IR and 10% IR treatments are pretty
close to one another in terms of the amount of
water applied to the plants, contents of essential
oil obtained from treatments are very
contrasting, which might suggest that there is a
critical and very narrow threshold at which the
water stress turns from having a positive effect
on the production of secondary metabolites (i.e.
essential oils) to having a detrimental effect.
The present findings agree with the results of
the increasing research carried out in recent
years on secondary metabolites, and
particularly with studies about the effect of
water stress on aromatic and medicinal plants’
production of essential oil production. Studies
indicate that water stress induces an increase in
the production of secondary metabolites such
as essential oils, which provide plants with
characteristic aroma and biological properties
(Chrysargyris et al., 2016; Mandoulakani et al.,
2017; Morshedloo et al., 2017).
Ghamarnia and Jalili (2013) established a trial
to study the effect of water stress on yield
components of black cumin. Results showed
that black cumin essential oil yield decreased

El-Mekawy (2012) performed an experiment to
study the effects of sowing date and irrigation
regimes on growth and yield of black cumin.
This research concluded that decreasing the soil
moisture content (increasing the period
between irrigation events) during the seed
maturation stage caused the decrease of seed
yield. The results do not agree with the findings
of the present study, according to which,
shortening the amount of water provided to
black cumin plants during the seed maturation
stage by 90% and 50% percent produced the
highest seed yields.
Fixed oil content
According to the results, the applied treatments
affected black cumin fixed oil content (Figure
2). The highest content belonged to the 50%
IR-treatment with 36.33% fixed oil; there was
no significant difference between the
treatments 50% IR, 10% IR, and 0% IR. Fixed
oil contents observed in the present research are
higher than those reported by Ghamarnia et al.
2010, which showed that the higher the amount
of water applied, the higher the fixed oil
content. On the other hand, Ghamarnia and
Jalili (2013) found out that contents of fixed oil
decreased as a result of increasing water stress.
Essential oil content
Results showed that the amount of water
applied to black cumin affected significantly
essential oil content (Figure 2). The highest
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seed production. Concerning the fixed oil
content, the highest yields were obtained when
water quantities equal to fifty percent or less of
the irrigation requirements were applied. The
treatment consisting of no-irrigation showed
the highest essential oil content. Ultimately,
results show that providing black cumin plants
with hundred percent of the water requirement
during the seed maturation stage does not
produce higher yields.
The results obtained in the present study
constitute an initial yet important contribution
to the knowledge of black cumin water
management. Further studies should be carried
out applying regulated deficit irrigation during
the seed maturation stage to validate the
findings here obtained. Also, future studies are
recommended on other phenological stages of
black cumin in order to examine which of the
phenological stages is the most sensitive to
water shortages.

rapidly as a result of increasing water stress.
Researchers concluded that black cumin is
sensitive to water stress and has as threshold
value 80% of water requirement; a water stress
level above this value is not recommended.
Essential oil composition
The essential oil extracted from black cumin
seeds in the present study did not contain
thymoquinone, which is thought to be largely
responsible for its medicinal properties. In
investigations carried out by Hamrouni-Sellami
et al. (2007) and Wajs et al. (2008),
thymoquinone was not detected either.
D’Antuono et al. (2002) and Nickavar et al.
(2003),
reported
concentrations
of
thymoquinone lower than 5%. While
thymoquinone was not found in the essential
oil, another compound with well-known
pharmaceutical properties was detected;
farnesol was found in never before reported
amounts for black cumin essential oil. As
shown in Figure 3 and Table 3, farnesol
concentration was significantly affected by
treatments (F = 8.20, P<0.05). Researchers like
Kokoska et al. (2008) and Benkaci-Ali et al.
(2011) did find farnesol to be present in the
essential oil of Nigella sativa seeds, however,
concentrations ranged from less than 0.05% to
as much as 0.9%. In the present study, on the
other hand, farnesol concentrations ranged
from 3.04% to 20.79%. the highest
concentration corresponded to 50% IRtreatment. This result is worth highlighting for
farnesol suppresses the formation of
histopathological manifestations of colon
cancer, which adds weight to the hypothesis
that this agent possesses chemopreventive
activity against colon carcinogenesis (Rao et
al., 2002). Farnesol can also intensify the effect
of antimicrobial agents on Escherichia coli and
Mycobacterium smegmatis (Jing et al., 2010;
Constantino et al., 2016).
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Abstract
C. jejuni and C. coli have the greatest zoonotic potential. In humans, they cause campylobacteriosis with symptoms of
food poisoning. Epidemics are mostly related to the consumption of non-chlorinated water and contaminated chicken
food and in the spring-summer season. Since 2005, according to the European Food Safety Agency and the European
Center for Disease Prevention and Control, campylobacteriosis has been considered the leading alimentary
intoxication. A review of the literature was published in Medline, PubMed, Google Scholar, electronically available
scientific journals, books, textbooks, proceedings books and reports EFSA/ ECDC, FAO/ WHO. Only literature in
English, Bosnian/Croatian/Serbian is included. As a measure to prevent campylobacteriosis, sanitation is recommended
in the primary production of chicken meat, and the use of probiotics in meat as biological preservatives is being
investigated.
Key words: Campylobacter spp., chicken meat, epidemiology, sanitation systems, probiotic bacteria.

INTRODUCTION

Hazards represent different stages of primary
production (fattening, slaughter and primary
processing of chicken meat), so it is important
to respect hygienic and sanitary standards in
different stages of primary production, “farm to
table” (Crim et al., 2014). It is extremely
important to respect the concepts Hazard
Analysis Critical Control Point (HACCP)
which is enabled by the application of Good
Manufacturing Practice (GMP) and Good
Hygienic Practice (GHP) (da Cruz, Cenci and
Maia, 2006). Each country should have a
strategic plan and strict biosecurity measures to
prevent contamination of production facilities
with thermophilic Campylobacter spp. which is
the obligation of the Member States of the EU
(Bilska and Kowalski, 2014; Facciolà et al.,
2017).

Campylobacter spp. are microaerophilic, gramnegative bacteria, of zoonotic potential that
cause campylobacteriosis. The most common
causes of the disease are: C. jejuni (95%) and
C. coli (2-5%) (Wieczorek and Osek, 2013).
Campylobacteriosis is a seasonal zoonosis with
a site of action of bacteria on the epithelium of
the intestinal and reproductive tract (Chukwu et
al., 2019). There is no relevant scientific
evidence that humans can be carriers, while
warm-blooded
animals
are
considered
reservoirs of infection, especially poultry.
Thermophilic Campylobacter spp. (C. jejuni
and C. coli) are found in the digestive tract of
seemingly healthy poultry, often with a
percentage of 100%, and are also found on
feathers and are a source of infection for
humans. Cross-contamination with raw chicken
meat is a high risk factor for getting
campylobacteriosis. Food should be handled
with care to prevent possible food poisoning,
the symptoms of which range from mild
symptoms (gastroenterocolitis) to possible
death. Contamination of raw chicken meat
largely depends on slaughter processing.

General characteristics of
Campylobacter spp.
Campylobacter spp. belong to the genus
Campylobacter. Thermophilic species are
important for public health: C. jejuni, C. coli,
C. fetus, C. lari, C. hyointestinalis and
C. sputorum (On, 2001). Thermophilic species
are found in the intestines of various animals.
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Tambur et al., 2009; Wieczorek and Osek,
2013). The food most often associated with
campylobacteriosis epidemics in different
European countries is chicken meat,
unpasteurized eggs, unpasteurized dairy
products, then non-chlorinated water (Jiménez
et al., 2005; Forbes et al., 2009; Silva et al.,
2011; Markey et al., 2013). Human-to-human
transmission
is
also
possible
in
immunocompromised humans (Huang et al.,
2005). Complications can also occur if bacteria
enter the bloodstream through the intestinal
wall (Chukwu et al., 2019). Young children and
people with HIV, autoimmune and neoplastic
diseases
are
very
susceptible
to
campylobacteriosis (Balen-Topić et al., 2007;
Kalenić et al., 2013; Markey et al., 2013).

The most important reservoirs of infection are:
poultry, domestic and wild animals, pets, birds,
mollusks (Brown et al., 2004; Workman et al.,
2005). They show high sensitivity to
disinfectants, acids and salts. Inactivation is
achieved at -12°C, some species survive at
-70°C. They show sensitivity to high
temperatures and gradual drying (Ivanović,
2004). The optimum temperature is 30°C45.5°C (Chukwu et al., 2019). These are
microaerophilic, gram-negative bacilli, seagull
wing shapes or the letter S. They are
asporogenic and motile. Most oxidases and
catalases are positive, reduce nitrate to nitrite
and do not break down glucose. In the
differentiation of thermophilic species C. jejuni
and C. coli, hydrolysis of hippurate, which is
negative in C. coli, is performed and tested. To
differentiate C. lari, a test is performed on
nalidic acid to which isolated C. lari is
naturally resistant (Markey et al., 2013).
Colonies are not subject to hemolysis. They
have a variable appearance depending on the
Campylobacter species and the nutrient media
used for cultivation. On Karmala agar they are
flat, gray in color, moist and spill, while on
Skirrow agar they are gray and brown. On
modified agar with carbon-cefoperazonedeoxycholate (mCCDA) they are small and flat,
gray-white in color, with a tendency to spill and
are watery. C. jejuni form flat, gray, and water
colonies, and C. coli, round, glossy, and white
(Quinn et al., 2011).

Epidemiological data
Campylobacteriosis occurs in the springsummer season (Chukwu et al., 2019). A
growth trend has been observed in developed
and developing countries (Sahin et al., 2012;
Kaakoush et al., 2015). According to the
European Food Safety Authority (EFSA) and
the European Center for Disease Prevention
and Control (ECDC), the growth trend in the
number of patients in Europe has been growing
since 2005 and continues to grow (EFSA and
ECDC, 2008-2019). In Africa, Asia, Middle
East, they are not recorded as leading enterites
(Vukelić et al., 2003). In underdeveloped
countries, one billion people get intestinal
infections annually (Trošelj-Vukić and
Cekinović, 2010).

Etiology, epizootiology and epidemiology
Just a drop of chicken juice with C. jejuni is
enough to cause gastroenterocolitis in the
consumer (Tambur et al., 2009). C. upsaliensis
from pets is also characterized by a low
infectious dose, and susceptible are young
animals that live in conditions of poor
zoohygiene
and
deficient
nutrition
(Mohammed, 2010; Marks et al., 2011).
Reproductive disorders in cattle and sheep are
associated with C. fetus. It is rarely isolated
from meat due to the lack of appropriate
selective media (Wagenaar et al., 2014). The
sources of infection for humans are quite wide,
because they are ubiquitous bacteria
(Wieczorek and Osek, 2013). Transmission is
direct through animals and indirect through
water and food (Marriott and Gravani, 2006;

Pathogenesis and pathogenicity
Bacteria possess the ability to adhere, to adhere
to the substrate. They are characterized by
mobility that has a directed movement
(chemotaxis) towards various organs through
the epithelium (translocation). They can invade
the epithelium (invasion), form a biofilm,
release endotoxins and resist immunity (Quin et
al., 2011; Bolton, 2015; Kaakoush et al., 2015).
Immune and non-immune defense
mechanisms
Host immunity is based on cellular, humoral
immunity
and
non-immune
defense
mechanisms (Begovac et al., 2006). Cellular
immunity in the form of T lymphocyte
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scientific journals, different books, textbooks,
proceedings books and reports EFSA/ ECDC
and FAO/ WHO. Inclusion criteria: Available
literature in English, Bosnian/Croatian/Serbian.
Exclusion criteria: Literature in other
languages.

production is important in immunocompromised patients, in patients with autoimmune
diseases, HIV infection, neoplastic diseases. In
campylobacteriosis, the humoral immune
response is more significant where IgA
immunoglobulins (acute phase), IgG, IgM play
a major role. Overcoming the infection leaves
an insecure immunity (Vučković and Abram,
2009; Markey et al., 2013). The non-immune
response depends on the composition of the
intestinal flora. Bacteria of the genus
Lactobacillus and Bifidobacterium play a
significant role in alleviating the clinical
picture, because they release bactericidal,
fungicidal, virucidal substances (Ljungh and
Wadstrom, 2006; Zhang et al., 2017).
Probiotics
reduce
the
possibility
of
complications of campylobacteriosis in the
form of celiac disease, Crohn's disease,
ulcerative colitis, etc. (Lebwohl et al., 2015).

RESULTS AND DISCUSSIONS
Campylobacteriosis is caused by animal,
pathogenic bacterial species of the genus
Campylobacter, which in humans most often
cause symptoms of acute food poisoning. The
most pathogenic species for humans are C.
jejuni, C. coli, C. upsaliensis, and C. lari
(Workman et al., 2005). The most common
causes of campylobacteriosis in humans are
Campylobacter
jejuni
(95%)
and
Campylobacter coli (2-5%) (Wieczorek and
Osek, 2013). The food that is most often
associated with reported epidemics of
campylobacteriosis
is
chicken
meat,
unpasteurized eggs, unpasteurized dairy
products, etc. (Silva et al., 2011; Markey et al.,
2013). It is a predominantly gastrointestinal
infection, but reproductive infections are also
possible (Chukwu et al., 2019). It is primarily
transmitted through contaminated water and
food or by direct contact with animals that
transmit the infection. Secondary transmission
refers to subsequently contaminated food with
animal feces (Nicholas, 2005; Markey et al.,
2013). Subsequent contamination of meat most
often occurs in primary production, so it is
important to respect hygienic and sanitary
standards at different stages of primary
production (fattening, slaughter, primary
processing) (Crim et al., 2014). The application
of Hazard Analysis Critical Control Point
(HACCP), Longitudinal Integrated Safety
Assurance (LISA), Good Manufacture Praxis
(GMP), Quality, Safety, Acceptability (QSA)
and Specific Patogen Free (SPF) systems for
the purpose of “safe food” production is also
very important (da Cruz, Cenci and Maia,
2006). Based on epidemiological data,
epidemics of campylobacteriosis are most often
associated with developed countries: Sweden,
Denmark and the United States (Sahin et al.,
2012; Kaakoush et al., 2015). The increase in
campylobacteriosis is evident in developing
countries,
and
is
least
present
in

Probiotics in food (biological preservatives)
Foods enriched with probiotic cultures of the
genera Lactobacillus and Bifidobacterium
contributes to health (FAO and WHO, 2001).
For the fermentation of dairy products, one of
the most well-known species is Lactobacillus
acidophilus (Ljungh and Wadstrom, 2006;
Fijan, 2014). Lactobacillus convert sugars into
lactic acid and serve in the preparation of
fermented products (Fabre-Gea et al., 2000).
Lactobacillus have the ability to synthesize
bacteriocins that damage pathogens. The effect
is still being investigated, and nisin is used
(Cotter et al., 2013).
Bacteriocins are used today as biological food
preservatives, and canning of dairy products is
also recommended (Perez, Zendo, &
Sonomoto, 2014). Lactobacillus salivarius and
Lactobacillus plantarum can inhibit the growth
of Campylobacter spp. From food (Messaoudi
et al., 2012; Wang et al., 2014).
MATERIALS AND METHODS
It is an analytical review of the literature of
index databases Medline, PubMed, index and
citation databases then citation databases
Google Schoolar, various articles in veterinary
medicine,
agricultural,
public
health,
biomedical sciences, medical sciences and
science about food, electronically available
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in the development of a strategy to control the
spread of campylobacteriosis.
Prevention includes sanitation in primary
chicken production, the avoidance of crosscontamination and consideration of the use of
probiotics bacteria as biological preservatives.

underdeveloped countries in Africa, Asia and
the Middle East (Vukelic et al., 2003). In
Europe, there has been a growing trend of
campylobacteriosis since 2005 and it is the
leading alimentary intoxication (EFSA and
ECDC,
2008).
The
mechanisms
of
campylobacter pathogenicity are: adherence,
motility, chemotaxis, invasion, translocation,
endotoxins, resistance to immunity, and the
possibility of biofilm formation (Quin et al.,
2011; Bolton, 2015; Kaakoush et al., 2015).
Virulence is related to the strength of the
released endotoxin (Markey et al., 2013).
Immunity resistance is related to the lack of
cytokine release.
The clinical picture of the disease is related to
cellular and humoral immunity. Cellular
immunity refers to the release of Tlymphocytes, the so-called "Killer cell", and
humoral immunity to the production of
antibodies, immunoglobulin IgA, IgG and IgM.
In campylobacteriosis, humoral immunity is
more important (Vučković and Abram, 2009;
Markey et al., 2013). In the fight against
campylobacteriosis, there are also non-immune
defense mechanisms related to the composition
of the intestinal flora of the host. Bacteria of
the genera Lactobacillus and Bifidobacterium
play a significant role in alleviating the clinical
picture of campylobacteriosis (Ljungh and
Wadstrom, 2006). Bacteriocin enzymes, which
are the product of probiotic bacteria, can also
be used in food preservation as biological
preservatives in the so-called. "New food",
which excludes the use of harmful, chemical
compounds nitrite and nitrate, which are
necessary for food to be free of pathogens
(Perez, Zendo and Sonomoto, 2014).
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Abstract
Plants constitute dynamic systems with different strategies to face biotic and abiotic stress. Water deficit is one of the
most challenging abiotic factors increased by climate change, affecting seriously the quality of soils and crop yields,
decreasing photosynthetic rate, increasing the accumulation of free radicals, and modifying root morphology. In this
regard, the potential role of the host plant - arbuscular mycorrhizal fungi (AMF) and plant growth-promoting bacteria
(PGPB) interactions within the rhizosphere in the alleviation of drought stress is being deeply studied. These symbiotic
relationships not only allow a major nutrient and water uptake, but also could be integrated as a sustainable approach
to improve the growth and productivity of crops under water scarcity conditions. A better comprehension of the
mechanisms of these synergies between PGPB and AMF with plants is becoming an important key to develop effective
applications of these natural symbiosis. In this work, the highlighted knowledge concerning these associations and their
effect in the response of plants under drought stress have been reviewed, focusing on the interactions described in
Solanaceae vegetables, one of the most relevant crops in the Mediterranean area.
Key words: arbuscular mycorrhizal fungi, drought tolerance, plant biostimulants, plant growth - promoting bacteria,
symbiosis.

INTRODUCTION

(Du Jardin, 2015). Numerous studies have
demonstrated their efficiency to improve fruit
quality and yield, as well as to reduce damage
caused by biotic and abiotic stresses, through
their interaction with plant roots (Berta et al.,
2014; Noceto et al., 2021; Parada et al., 2018).
AMF are symbiotic associations established
between different soil fungi and plants. These
fungi belong to the phylum Glomeromycota
(Schüßler et al., 2001), being obligate biotrophs
which establish symbiotic interactions with
most land plant species (Smith & Read, 2008).
AMF colonize root system of plants through
infected roots, spores, or hyphae, modifying the
normal root architecture (Smith & Read, 2008),
characterised by the formation of arbuscules in
root cortical cells (Strullu-Derrien et al., 2016).
In this regard, AMF allow a better water and
some nutrients uptake from soil (Helber et al.,
2011), such as potassium (K), nitrogen (N), and
mainly phosphorus (P) (Asrar et al., 2014; Qiu
et al., 2022), which stimulate plant growth and
yield (Kheyri et al., 2022), improve crop
quality (Kheyri et al., 2022) and enhance

There is an increasing need for rising crop yield
to sustain the growing global population,
ideally with a reduction of the impact on
agroecosystems and human health (Colla &
Rouphael, 2015). A promising and resilient
farming strategy which is being widely studied
is the use of plant biostimulants (PBs). A plant
biostimulant (PB) is any beneficial substance
and/or microorganism for plants without
corresponding to nutrients, soil improvers or
pesticides (Colla & Rouphael, 2015; Du Jardin,
2015). These products represent a nonpolluting organic approach to boost plant
growth, nutrient use efficiency (NUE),
flowering, fruit set, fruit quality, crop yield and
to relieve the effect of biotic and abiotic stress
conditions (Barea et al., 2005; Bona et al.,
2017; Colla & Rouphael, 2015).
Arbuscular Mycorrhizal Fungi (AMF) and
Plant Growth-promoting bacteria (PGPB), in
addition to other beneficial microorganisms,
constitute the microbial biostimulants subgroup
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photosynthesis rate (Ran et al., 2021). AMF
association also influences the normal plant
metabolism and hormones biosynthesis
(Campo & San Segundo, 2020) and improve
the defence capability to biotic (Klinsukon et
al., 2021) and abiotic stress (Figure 1) (Borde
et al., 2017).
PGPB are root - associated plant - growth
promoting bacteria that establish symbiosis
with many different crops (Rai et al., 2021).
PGPB stimulate plant development and growth
by improving mineral nutrition through the
phosphate solubilization, the nitrogen fixation
or the iron chelation via siderophores
(Gamalero & Glick, 2011), as well as
producing plant growth phytohormones, such
as cytokinins, auxins and gibberellins (Liu et
al., 2013; Luziatelli et al., 2021). PGPB are also
able to provide some resistance or tolerance to
Morphological changes:
⬆Water and nutrient uptake
⬆Volume, length, biomass and surface of roots
⬆Length, biomass and surface of leaves
⬆Plant biomass

different abiotic and biotic factors due to
reducing stress – ethylene, and synthetising
different bioactive compounds (Figure 1) (Kim
et al., 2022; Rossi et al., 2021). PGPB include
different genera, such as Arthrobacter,
Enterobacter, Acinetobacter, Pseudomonas,
Serratia,
Streptomyces,
Ochrobactrum,
Bacillus, etc. (Ribeiro et al., 2022; Siebielec et
al., 2021; Ummara et al., 2021; Wang et al.,
2022).
Drought stress is one of the most harmful
abiotic factors on Earth, causing physiological,
biochemical and molecular alterations in plants
(Figure 1) (Wang et al., 2022), limiting plant
development, growth and yield (Sharma &
Dubey, 2005). To cope with water loss, plants
must regulate stomata closure to avoid major
metabolism alterations (Prasch & Sonnewald,
2015).
Host Plant

Antioxidant mechanisms:
⬇ROS levels
⬆Non - enzymatic antioxidant system:
Ascorbate, flavonoids, carotenoids, etc
⬆Enzymatic antioxidant system:
SOD, APX, CAT, etc.

Phytohormone regulations:
Modification of the concentration
of and/or production of:
Cytokinins, ethylene, ABA, auxins
(like IAA)
PGPB  ACC deaminase
Osmotic adjustment:
Modification of the concentration
of and/or production of:
Betaine, proline, sugars, glutamate,
glycine, trehalose

Photosynthesis and water status:
⬆WUE
⬆Stomatal conductance
⬆Transpiration rate
⬆Photosynthetic efficiency

Drought stress
⬇Development and yield
⬇Osmotic potential: ⬇Cell water and ⬇Cell expansion
⬆ROS injury: key structures damage (cell membranes, proteins, DNA)

Figure 1. Effects of drought on plants and the mechanisms developed by AMF and PGPB to alleviate water deficit
injury. The up and down arrows are indicative of increase or decrease of that element or process. ROS: Reactive oxygen
species, SOD: Superoxide dismutase, APX: Ascorbate peroxidase, CAT: catalase, WUE: Water Use Efficiency, ABA:
Abscisic Acid, IAA: Indoleacetic acid, ACC deaminase: 1 - aminocyclopropane - 1 - carboxylic acid deaminase

Moreover, drought causes relevant oxidative
damage, involving rising levels of reactive
oxygen species (ROS) (Figure 1) (Smirnof,
1993). Although plant cells have complex
antioxidants mechanisms against ROS injury,
when concentration exceeds the tolerance
range, these compounds could severely damage
key structures, like cell membranes, proteins
and DNA (Prasch & Sonnewald, 2015).

The Solanaceae family is characterised by its
wide variability and distribution around the
world (Coelho et al., 2017). The genera
Solanum represents the largest and the richest
of the family (Bohs, 2007), where
economically important species, such as
tomato, eggplant and potato are included (Basu
& De, 2003). The interest of this family also
lies in pharmacological relevant species
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(2018) quantified an increase in the root
colonization intensity by Funneliformis
mosseae in tomato plants under drought. The
same patter was observed by Leventis et al.,
(2021) in tomato F1 hybrid plants, inoculated
with
Rhizophagus
irregularis
and
Funneliformis mosseae, which showed a two fold increase in root colonization under drought
conditions. Tallapragada et al. (2016) also
reported a significant enhancement in the
colonization percentage of Rhizopagus
fasciculatum after drought management in
sweet pepper plants. However, contrary results
were reported by Duc et al. (2018), who
quantified and important decrease in the
inoculation rate of Septoglomus constrictum
and Septoglomus deserticola after drought
treatment in tomato plants. The same result was
reported by Yooyongwech et al. (2016), who
detected in two different potato varieties,
inoculated with a mix of Glomus sp. and
Acaulospora sp., a significant reduction in the
inoculation rate after water stress.

belonged to Atropa, Solanum, Capsicum or
Datura genera (Shah et al., 2013), other
economically valuable crops, like peppers
(Basu & De, 2003) and species with
ornamental uses, such as petunias (Basu et al.,
2014).
Numerous scientific sources of information
have reported valuable knowledge about the
effects of AMF and PGPB in Solanaceae crops
in the last decades, demonstrated their potential
behaviour to alleviate multiple biotic and
abiotic stresses. In this regard, this review aims
to gather the most up-to date information and
results for AMF and PBPG applications on the
most economically important Solanaceae crops
to reduce the harmful stress of water deficit.
STRATEGIES OF AMF - MEDIATED
WATER DEFICIT STRESS TOLERANCE
AMF play a key role in the ecological balance
maintenance of ecosystems, especially in arid
areas (Cheng et al., 2021). The mechanisms
involved in the enhancement of drought
tolerance in plants by AMF are complex to
elucidate and understand, producing multiple
and variable responses in plants (Figure 1)
(Cheng et al., 2021).

AMF - Assisted drought stress tolerance by
morphological changes
The effects of AMF symbiosis on plants root
morphology have been widely studied (Saia et
al., 2020). Thus, AMF allow a better
distribution and penetration of plant root
systems in soil, in addition to the promotion of
some root traits, such as the volume, length,
biomass and surface area (Liu et al., 2016).
These modifications could maintain a balanced
nutrient and water uptake in host plants under
drought (Bahadur et al., 2019).
In this regard, tomato F1 hybrid plants
inoculated with R. irregularis and F. mosseae
showed a relevant increase in shoot growth,
leaf surface and roots dry weight compared to
non-inoculated plants under water deficit
(Leventis et al., 2021). Duc et al. (2018)
observed in tomato plants with S. constrictum
an increase in root and shoot dry weights than
non-inoculated plants under drought. Bitterlich
et al. (2018) reported an increase in the leaf and
root areas as well as in the root volume density
of tomato plants inoculated with F. mosseae
after water stress. Krishna et al. (2018) detected
in hot pepper plants inoculated with Glomus
coronatum a higher increase in root biomass
compared to non-inoculated ones under 60%

Effects of water deficit on AMF colonization
In response to water deficit, AMF can perform
the anastomosis function, i.e. the capability to
trigger the inter-individual fusion of vegetative
cells, allowing to rebuild a disrupted mycelium
after facing water stress (Bahadur et al., 2019).
Moreover, the development of extraradical
hyphal network of AMF outside the plant root
system can contribute about the 20% of total
water uptake by the plant host (Ruth et al.,
2011). However, different studies have also
shown negative effects of drought stress not
only on the AMF colonization, but also during
the post-colonization and the extraradical
mycelium formation (Bahadur et al., 2019),
difficulting the proper establishment of AMF plant symbiosis. In this regard, Xu et al. (2018)
observed that the inoculum of Rhizophagus
intraradices added to wild - type (wt) tomato
plants, as well as to ABA - deficient mutant
not-abilis (not) tomato plants, had a
colonization rate higher under water scarcity
than in full water regime. Bitterlich et al.,
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and 40% field capacity (FC). Enjili et al. (2018)
reported a major number of leaves, and a
higher fresh and dry weight of fruits in
inoculated sweet pepper plants with Glomus
intraradices under water deficit conditions.
Tallapragada et al. (2016) also observed in
sweet
pepper
plants
colonised
by
R. fasciculatum an increase in root length and
weight, as well as in shoot length and weight
under drought compared to non-inoculated
plants. Badr et al. (2020) reported in eggplant
F1
hybrid
plants,
inoculated
with
G. intraradices, an important increase in yield
average and in total dry biomass compared to
non-inoculated plants after a reduction of
irrigation. Swetha & Padmavathi (2020)
observed in plants of two eggplant cultivars,
inoculated with Piriformospora indica, a
significant increase in the root and shoot
lengths, as well as in the dry weight of root and
shoots. The number of leaves and the leaf
surface area were also increase by AMF
compared to non-inoculated plants under
drought. In potato crop, Yooyongwech et al.
(2016) reported in plants of potato variety
Tainung 57, colonised by a mix of Glomus sp.
and Acaulospora sp., a significant increase in
both tuber fresh weight and in the number of
leaves compared to non-inoculated plants under
drought. Regarding nutrient absorption, Xu et
al. (2018) inoculated wt and not tomato plants
with R. intraradices, reporting higher P levels
in shoots of wt plants under both water
regimes, whereas not plants did not showed
relevant effects. Leventis et al. (2021) reported
that inoculated tomato hybrid plants with
R. irregularis and F. mosseae showed an
increase in P levels in both water regime. Badr
et al. (2020) quantified in eggplant hybrid
plants with G. intraradices, a total N and P
content in fruits and shoots significantly higher
than in non-inoculated plants under water
deficit. Yooyongwech et al. (2016) observed in
two potato varieties inoculated with Glomus sp.
and Acaulospora sp., a significantly increase in
the leaf P content compare with non-inoculated
plants.

of the accumulation of ROS (Nath et al., 2016).
This effect may be the result of increased root
hydration due to the AMF hyphae water
absorption and its transfer to root cortical cells
(Boutasknit et al., 2020). However, the
reduction of ROS levels in inoculated plants
may also result from the enhancement of nonenzymatic and enzymatic antioxidant defence
systems (Zou et al., 2021). The non-enzymatic
antioxidants
include
ascorbate
(ASC),
flavonoids, carotenoids, or glutathione (GSH);
whereas enzymatic antioxidants involve
superoxide dismutase (SOD), ascorbate
peroxidase (APX), catalase (CAT), glutathione
peroxidase (GPX) or guaiacol peroxidase (GPOD) (Kamali & Mehraban, 2020; Karimkhani
et al., 2021; Xiao et al., 2022). Some evidence
also suggests that AMF antioxidant system
promotes the alleviation of oxidative stress in
plants (Zou et al., 2021).
In this regard, Duc et al. (2018) observed in
tomato plants with S. constrictum a reduction in
the oxidative damage by drought due to an
increase in leaf and root POD, SOD and CAT
activities compared to non-inoculated plants.
Tallapragada et al. (2016) reported in sweet
pepper plants colonised with R. fasciculatum an
increase in CAT activity, as well as a decrease
in GPX activity under drought conditions.
Swetha & Padmavathi (2020) also observed in
two eggplant cultivars an increase in GPX and
CAT activities compared to non-inoculated
plants with P. indica under water scarcity.
Yooyongwech et al. (2016) reported in plants
of the potato variety PROC 65-3, inoculated
with Glomus sp. and Acaulospora sp., a
significantly major total carotenoids level
compared to non-inoculated plants under
drought.
AMF - Assisted drought stress tolerance by
differential regulation of phytohormones
AMF symbiosis has also shown the ability to
reduce the harmful effects of water deficit by
modifying the endogenous phytohormonal
levels (Bahadur et al., 2019), such as
cytokinins, ethylene, abscisic acid (ABA), or
auxins like indoleacetic acid (IAA) (FernándezLizarazo & Moreno-Fonseca, 2016). Abscisic
acid (ABA), induces stomatal closure to reduce
water loss by transpiration and the expression
of different stress - related genes (Bahadur et

AMF - Assisted drought stress tolerance by
enhancing antioxidant mechanisms
Some AMF species are interesting candidates
for reducing or neutralizing the harmful impact
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al., 2019; Zhang et al., 2006), and it may be
also involved in the proper symbiosis
establishment (Etemadi et al., 2014). It has also
been observed the increase of ABA content in
plants due to it induction by AMF under
drought, reducing water loss by transpiration
through the stomatal closure (Jia-Dong et al.,
2019); though, other studies have detected
higher ABA levels in non-colonized root plants
(Song et al., 2020). However, in both type of
cases, the colonized plants showed a higher
drought tolerance than non-colonized plants.
In this regard, Xu et al. (2018) observed that
inoculation with R. intraradices up-regulated
the expression of different genes involved in
ABA signalling pathway, such as 14-3-3 genes,
related to stomatal behaviour, in wt tomato
plants, whereas stomata of not plants remained
opened.

2020; Pons et al., 2020; Yooyongwech et al.,
2013).
Thus, Krishna et al. (2018) reported in
G. coronatus - inoculated hot pepper plants that
the ion-leakage range was the half of the range
observed in non-inoculated plants. The same
drought alleviation sign was observed under
40% FC, when the ion leakage range had a
reduction of more than ten percent than noninoculated ones. Enjili et al. (2018) reported a
lower proline content in sweet pepper plants
with G. intraradicese than non-inoculated
plants under drought, whereas Swetha &
Padmavathi (2020) observed in two eggplant
cultivars, inoculated with P. indica, an increase
in the proline content compared to noninoculated plants under water deficit.
AMF - Assisted drought stress tolerance by
modifying
plant
water
status
and
photosynthesis
AMF - plant symbiotic interactions allow
plants to tackle drought stress by modifying
their root structure and plant water relations
(Pavithra & Yapa, 2018). Thus, this
improvement in plant water status by AMF
may enhance the water use efficiency (WUE),
as well as may increase transpiration rate,
photosynthetic
efficiency
or
stomatal
conductance (Begum et al., 2019; FernándezLizarazo & Moreno-Fonseca, 2016). Moreover,
different authors have reported that AMF inoculated
plants
showed
a
lower
photoinhibition and photosynthetic apparatus
injury (Fernández-Lizarazo & MorenoFonseca, 2016).
In this way, tomato plants with R. irregularis
and F. mosseeae showed an important increase
in WUE compared to non-inoculated plants
under drought (Leventis et al., 2021). Duc et al.
(2018) quantified in tomato plants with
S. constrictum a stomatal conductance (gs)
value almost twice as high as gs detected in
non-colonised plants under drought, as well as
an increase in leaf water potential, in relative
water content and in maximal photochemical
efficiency of photosystem II under water stress.
Bitterlich et al. (2018) also reported in tomato
plants with F. mosseae an enhancement in the
plant available water content. Krishna et al.
(2018) observed in G. coronatus - inoculated
hot pepper plants that chlorophyll stability

AMF - Assisted drought stress tolerance by
osmotic adjustments
Osmotic stress participates in the inhibition of
cell growth due to the restriction of the cell
expansion (Bahadur et al., 2019). To reduce
osmotic stress, plant cells promote osmotic
adjustments, that involve organic solutes, like
sugars, proteins, proline, etc., as well as
inorganic solutes, such as Ca2+, Mg2+, K+, etc.
(Ozturk et al., 2021). Osmotic adjustments
maintain the water potential gradient, favouring
the proper water flow from soil into roots
(Zhang et al., 2016). It has been reported that
AMF colonized plants are favourable to make
osmotic adjustments under water deficit stress
owing to a major concentration of solutes (Zou
et al., 2021).
However, other studies have reported contrary
results, due to AMF symbiosis seemed to
reduce the presence of different solutes, such as
sugars or proline (Manoharan et al., 2010; Wu
et al., 2017). These reductions could be the
result of a higher drought tolerance in
colonized plants (Liu et al., 2016). Proline is an
important osmoprotectant that avoids the
denaturation of different enzymes and other
proteins, as well as it scavenges hydroxyl
radical (Chaves et al., 2003; Ruiz-Lozano,
2003). Proline concentration has shown a
variable behaviour in AMF colonized plants,
increasing, reducing or maintaining its
concentration under water deficit (Al-Arjani,
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index (CSI) was significantly higher than in
non-inoculated ones under water scarcity. It
was reported in sweet pepper plants with
G. intraradicese higher chlorophyll contents
than in non-inoculated plants under drought
(Enjili et al., 2018). Badr et al. (2020) also
quantified in F1 hybrid aubergine plants with
G. intraradices, a significant increase in WUE
compared to non-inoculated plants, and the gs
and photosynthetic rate (Pn) in inoculated
plants showed a significant lower reduction in
contrast with non-inoculated ones under water
deficit conditions. Swetha & Padmavathi
(2020) observed in two eggplant cultivars with
P. indica an increase in the relative water
content, as well as in the total chlorophyll
content compared to non-inoculated plants
under drought regime. Yooyongwech et al.
(2016) observed the same pattern in potato
varieties Tainung 57 and PROC 65-3,
inoculated with a mix of Glomus sp. and
Acaulospora sp., which showed a significant
increase in total chlorophyll in inoculated
plants compared to non-inoculated ones under
drought. Moreover, inoculated PROC 65-3
plants had a significant increase in photon yield
of PSII, as well as in the net photosynthetic rate
(Pn) compared to non-inoculated plants under
water stress.

quantified survival rates of up to 40% in
Bacillus amyloliquefaciens 54 of colonized
roots after drought stress compared to 6.25% of
bacteria without PGPB root inoculation.
Tallapragada et al. (2016) reported that tomato
plants inoculated with Burkholderia seminalis
showed a higher colonization rate after drought
stress management compared to full irrigation.
However, Evseeva et al. (2019) reported a
negative effect of drought over the survival rate
of Azospirillum brasilense Sp245 and
Ochrobactrum cytisi IPA7.2 in potato plants.
PGPB - Assisted drought stress tolerance by
morphological changes
Plants perform different strategies to face
drought injury, involving not only root
morphology alterations, but also the production
of root exudates, which one of its aims is the
attraction of soil bacteria (Mohammadipanah &
Zamanzadeh, 2019). PGPB can also produce
and release different enzymes, phytohormones
and secondary metabolites, which tend to
promote the proper development of shoots, as
well as to reduce the growth of primary roots,
while the number and length of lateral roots
tend to increase (Ahluwalia et al., 2021;
Vacheron et al., 2013) under drought.
Thus, Tallapragada et al. (2016) observed in
tomato plants inoculated with B. seminalis a
significant increase in root length and weight,
as well as in shoot length and weight under
water deficit. Vigani et al. (2019) reported that
the inoculation of Bacillus subtilis and
Paenibacillus illinoinensis in pepper plants
increased both fresh and dry weights compared
to non-inoculated plants under drought.
Tallapragada et al. (2016) showed than bell
pepper plants with B. seminalis increased both
shoot length and weight, as well as the root
length compared to non-inoculated plants after
water stress. Fathalla and Sabry (2020) also
observed in eggplant with Pseudomonas putida
SAB10 and Pseudomonas palleroniana
SAW21 a significant increase in plant length
and weight, as well as in root and shoot dry
weights, being significantly higher in both type
of inoculated plants compared to control plants
under drought.
Arkhipova et al. (2020) reported in potato
plants with A. brasilense Sp245 or O. cytisi
IPA7.2 a significant increase in stem length, as

STRATEGIES OF PGPB - MEDIATED
WATER DEFICIT STRESS TOLERANCE
PGPBs are microorganisms which inhabit the
rhizosphere, where their metabolic activity is
usually promoted by plant root exudates (Xiong
et al., 2020). These microorganisms lend plants
some growth - promoting benefits by root
colonization, using either their own metabolism
or by acting on the plant metabolism (Figure 1)
(Kabiraj et al., 2020). As with AMF
mechanisms, the strategies used by PGPBs to
alleviate drought stress in plants are complex
and not clearly elucidated.
Effects of water deficit on PGPB colonization
It has been reported that the intensity and
duration of water deficit stress may affect the
efficiency of the benefits of PGPB (Ngumbi &
Kloepper, 2016). PGPB survival can be also
seriously affected by the presence or notpresence of host roots. Thus Wang et al. (2019)
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compared to non – inoculated plants at 7 and
11 days after drought. Mekureyaw et al. (2022)
observed in plants with P. fluorescens G20-18
an increase in SOD, POX and CAT activities,
as well as a major anthocyanin content
compared to non-inoculated plants under water
deficit. However, Tallapragada et al. (2016)
observed a decrease in CAT and GPX in
B. seminalis - inoculated tomato plants under
drought against non-inoculated plants, though
plants showed a significant increase in root and
shoot dry weights. Bell pepper plants with
B. seminalis showed an increase in CAT
activity, whereas the GPX activity showed a
decrease compared to non-inoculated ones
under drought.

well as in the fresh mass of leaves and roots,
especially in IPA7.2 inoculated plants,
compared to non-inoculated plants under
drought. Evseeva et al. (2019), observed in
potato plants with A. brasilense Sp245 and
O. cytisi IPA7.2, a significant increase in shoot
length and the number of nodes on shoots,
compared to non-inoculated plants under water
deficit. Moreover, IPA7.2 inoculated plants
showed a significant major leaf wet weight
compared to Sp245 - inoculated and noninoculated plants under drought. Belimov et al.
(2015) also reported in potato plants with
Achromobacter xylosoxidans Cm4 and
Variovorax paradoxus 5C-2 an increase in
tuber yield and tuber number per plant
compared to non-inoculated ones under deficit
irrigation.
Related to nutrient uptake, Tahiri et al. (2021)
observed that inoculated tomato plants with
Acinetobacter sp. and Rahnella sp. showed an
increase in shoot Na+ and Ca2+ levels, as well
as root Ca2+ levels under drought. Vigani et al.
(2019) reported in pepper plants with B. subtilis
and P. illinoinensis a significant increase in
root Na+ and K+ levels compared to noninoculated plants under water deficit.

PGPB - Assisted drought stress tolerance by
differential regulation of phytohormones
PGPB can synthetize different phytohormones,
promoting the cell division, the tissue growth
and the increase of tolerance against variable
stresses (Mohammadipanah & Zamanzadeh,
2019). Thus, ethylene is a phytohormone which
is released under stress, promoting the ripening
of fruits, or determining the gender of plants.
Though, an excess of ethylene levels can
produce detrimental effects on plants, such as
decreasing the proper development of roots and
shoots as well as stomatal conductance, and
promoting plant death (Ahluwalia et al., 2021).
In this regard, IAA is a phytohormone
produced by about 80% of PGPB, participating
in cell growth and tissue elongation, promoting
a higher root surface area (Etesami et al.,
2015), and a major nutrient and water uptake
(Ngumbi & Kloepper, 2016). PGPB also can
increase drought tolerance in host plants
through the enzyme synthesis of 1 –
aminocyclopropane – 1 – carboxylic acid
(ACC)
deaminase,
reducing
ethylene
concentration in root system of plants (Saikia et
al., 2018). Thus, the increase of IAA and ACC
deaminase in PGPB inoculated plants under
drought have shown a better plant
development, as well as a lower cell damage
(Ahluwalia et al., 2021).
Wang et al., (2019) observed in tomato plants
with B. amyloliquefaciens 54 that nced1 gene,
related to ABA biosynthesis was up –regulated
under drought, as well as higher ABA levels,
compared to non – inoculated plants under

PGPB - Assisted drought stress tolerance by
enhancing antioxidant mechanisms

It has been observed that PGPB promote plants
to increase the accumulation of different
antioxidant components, or modify the activity
of these compounds under water deficit,
resulting in drought tolerance (Gusain et al.,
2015; Vurukonda et al., 2016). Thus, an
increase in ROS scavenging enzymes, such as
APX, GPX and CAT has been observed in
inoculated plants under drought, correlating it
with a major drought tolerance (Batool et al.,
2020). Though, other studies reported contrary
results, quantifying a decrease in the
antioxidant components in PGPB - plants,
which could be indicative of a lower stress
level in front of non-inoculated plants under
drought (Armada et al., 2014). In both cases,
PGPB symbiosis seemed to alleviate plant
oxidative damage (Ahluwalia et al., 2021).
PGPB has also shown a role as drought
relievers. Thus, Wang et al. (2019) detected in
B. amyloliquefaciens 54 - inoculated plants
higher SOD, CAT, POD and APX activities
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production and a higher plant development
(Naylor & Coleman-Derr, 2018).
Some of the strategies that enhance drought
tolerance have been elucidated, such as the
production of extracellular matrices or biofilms
to avoid dehydration of plant root systems
(Bhagat et al., 2021; Sandhya et al., 2009). This
improvement in plant water status is related
with a higher photosynthetic capacity.
In this regard, Wang et al. (2019) reported that
tomato plants with B. amyloliquefaciens 54 had
a higher leaf relative water content (RWC) than
non-inoculated plants, due to the formation of
biofilm. The root vigor was also improved due
to symbiosis, and the stomatal aperture was
reduced at 8 and 24 h compared to noninoculated plants under drought. Mekureyaw et
al. (2022) observed in tomato plants with P.
fluorescens G20-18 an increase in the leaf
chlorophyll content after drought stress
compared to control plants.
However, gs was reduced in inoculated plants
under water stress against non-inoculated
plants. This effect in gs was correlated with the
increase observed in ABA levels in inoculated
plants (Mekureyaw et al., 2022). Vigani et al.
(2019) reported in pepper plants inoculated
with two different strains, B. subtilis and
P. illinoinensis, a better water status in
inoculated plants under drought. The
photosynthesis (Pn) and transpiration (E) rates,
as well as the stomatal conductance (gs), were
also higher in inoculated plants than in noninoculated ones under stress. Evseeva et al.
(2019), observed in potato plants with
A. brasilense Sp245 and O. cytisi IPA7.2, a
significantly major content of chlorophyll a in
IPA7.2 - inoculated plants compared to noninoculated ones under water deficit. Belimov et
al. (2015) also reported in potato plants with
A. xylosoxidans Cm4 and V. paradoxus 5C-2
an increase in the WUE parameter in both type
of inoculated plants compared to noninoculated plants under drought.

water stress. Tomato plants with P. fluorescens
G20 – 18 also showed a significant increase in
ABA levels under drought (Mekureyaw et al.,
2022). Arkhipova et al., (2020) quantified in
potato inoculated plants with A. brasilense
Sp245 or O. cytisi IPA7.2 a significant increase
in stem IAA levels and a decrease of root IAA
content compared to non – inoculated plants
under water stress. ABA levels in leaves were
also significantly reduced in inoculated plants
compared to non – inoculated ones under
drought, could being a signal of drought
tolerance. Related to cytokinin levels, zeatin
derivatives showed in inoculated plants a
significant increase in stems compared to non –
inoculated plants under drought. Finally, the
accumulation of cytokinins isopentenyladenine
derivatives showed a significant increase in
leaves of Sp245 inoculated plants compared to
non – inoculated ones under water scarcity.
PGPB - Assisted drought stress tolerance by
osmotic adjustments
PGPB have demonstrated the ability to produce
numerous osmoprotectans, increasing their
concentration in the soil, which is favourable
for the proper performance of osmotic
adjustment mechanisms of host plants
(Ahluwalia et al., 2021). In this regard,
numerous authors have described an increase in
proline, betaine, glutamate, trehalose and
glycine content under drought in PGPB
inoculated plants, promoting greater water
deficit tolerance (Li et al., 2020).
Thus, Vigani et al., (2019) showed in pepper
plants with B. subtilis and P. illinoinensis a
significant reduction in the proline content
against non-inoculated plants under drought.
Fathalla & Sabry (2020), also reported in
aubergine plants with P. putida SAB10 and
P. palleroniana SAW21 a significant reduction
of total proline content in leaves of inoculated
plants compared to non-inoculated ones under
water stress.

CONCLUSIONS AND PERSPECTIVES

PGPB - Assisted drought stress tolerance by
modifying
plant
water
status
and
photosynthesis
PGPB have different abilities to provide
drought tolerance in host plants. PGPB - plant
symbiosis has demonstrated to increase
photosynthesis rate, involving a mayor root

Plants are not autonomous systems in
agroecosystems, being involved in numerous
symbiotic interactions with different microbes
in the rhizosphere, obtaining multiple benefits,
such as increasing their tolerance to drought
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stress. These interactions have also been
described in Solanaceae crops, like tomato,
pepper, eggplant and potato. However, we have
observed that there is a lack of information
about the role of AMF and PGPB in improving
plant status under water deficit in this family of
plants compared to other crops.
Due to the increasing water scarcity problems
worldwide, the application of AMF and PGPB
could be a relevant resilient and sustainable
strategy to improve Solanaceae production.
Therefore, we consider that it is crucial to
continue studying and learning about the
interactions and effects produced by this kind
of microorganisms on these valuable crops.
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Abstract
The aim of this article is to present the possibility of reducing sternum fractures (KBF) in laying hens by using calcium
particulate 2 hours before turning off the lights (CaT), alone or in combination with 25-hydroxyholecalciferol (Hyd).
For the experiment, a total of 240 birds were used that were exposed to one of four treatment combinations in a 2X2
factorial design (Factor 1: CaT+ or Control (CaT-); Factor 2: Hyd vs. Control (Hyd-). All birds were housed in a
commercial aviary until 33 weeks of age when they were moved to a test barn and randomly assigned to one of the eight
pens (30 hens/pen). After one week of habituation to the novel housing, all birds began to receive one of the four
treatment combinations (n = 2 replicate pens/treatment combinations). The ability of the treatment combinations to
reduce fracture susceptibility was tested using an ex vivo impact testing protocol. After 39 weeks of age the keels were
removed and scored for damage using an established three-point severity scale. The likelihood of an experimental
fracture occurring in the CaT-/Hyd- was 3.6 times more likely compared to the CaT+ /Hyd+ treatment (1.1 to 5.8).
Key words: laying hens, keel bone damage, calcium timing (CaT).

INTRODUCTION

Belgium, Germany (Rodenburg et al., 2008;
Heerkens et al., 2016) and Canada (Petrik et al.,
2015). KBD affects different genetic lines of
laying hens (Kappeli et al., 2011), as well as all
types of breeding systems (Wilkins et al., 2011;
Petrik et al., 2015), including organic
production systems (Bestman and Wagenaar,
2014). Despite their ubiquity, the causes and
influencing factors of KBD remain largely
unknown to the research community, a
circumstance that makes it very difficult to
develop effective strategies to reduce their
occurrence and severity. According to most
experts working in this field, the main cause of
bone damage in laying hens is the early onset
of the egg-laying period. Skeletal growth in
hens ends at about 16-18 weeks of age. In most
industrial egg-laying hybrids, laying begins at
about 17 weeks of age. Ossification of the
sternum, however, is not complete until about
40 weeks of age. This fact underlies the
hypothesis that due to the need for large
amounts of calcium to form the eggshell during
early laying, the sternum (still cartilage)

The extremely high frequency and severity of
keel bone damages (KBD) is one of the biggest
animal welfare problems facing the industry.
Most of the leading animal welfare
organizations, including the United Kingdom's
Animal Welfare Committee and EFSA, are
sounding the alarm. The prevalence of KBD
has increased dramatically since the
introduction of changes imposed by EU
legislation banning the use of conventional
cages since January 2012. Despite good
intentions to improve the welfare of chickens,
the unexpected consequences are cause for
serious reflection. The poultry industry is
facing the unexpected challenge of significantly
increasing KBD, which is compromising
animal welfare and reducing farm productivity.
The problem of keel bone damage is
widespread with similar but very varying levels
reported in different countries such as
Switzerland (Kappeli et al., 2011), United
Kingdom (Wilkins et al., 2011), Netherlands,
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experimental groups (60 birds/dietary combination). A 2X2 factorial design was used. Group
A - control receiving standard feed, Group B calcium in the feed is reduced by 50%
(18 g/kg), but 2 hours before turning off the
lights birds have free access to calcium
carbonate with particle sizes 3-5 mm (calcium
content 38%). Group C - the diet of group B +
32.84 IE/kg Hyd and Group D - standard feed +
32.84 IE/kg Hyd.
At 39 weeks of age, hens were euthanized by
sedation with Phenobarbital (600 mg/kg, IP;
Esconarkon, Streuli Pharma AG, Switzerland)
and subsequent cervical dislocation. After the
injection, the birds were placed in a small, dark
box for about 7-10 minutes, in order to provide
peace of mind until their unconsciousness and
avoid self-harm. Cervical dislocation was
performed only when the birds were
completely relaxed and did not show reflexive
actions (dilation of the pupils, retraction of the
nails). Prior to euthanasia, their weight was
determined and recorded. Time between death
and impact also were recorded and typically
were within 120 s. Impact testing was
performed following a protocol previously
described by Michael Toscano (Toscano et al.,
2013). Specially designed and manufactured
test equipment (Atelier Lorraine, Bern,
Switzerland) was used for the testing
procedure. In order to ensure contact of the
impact element with the ventral surface of the
sternum, the carcasses were positioned in a
supine position. The point of impact was
located about 2 cm in front of the caudal end of
the bone. Two different values of impact force
were used: 3.248 J and 4.331 J. After
mechanical impact, the sternum was removed
and examined for damage using an established
three-point weight scale. In addition, the
presence or absence of old fractures and their
severity was recorded using a rating system
published by Wilkins (Wilkins et al., 2011).
The entire experimental procedure was
performed at the Center for Proper Housing:
Poultry and Rabbits (ZTHZ), in Bern,
Switzerland, using the Commercial Genetic
Line (LSL).
The experiment was approved by the Cantonal
Veterinary Office and complied with Swiss
regulations regarding the treatment of
experimental animals.

receives less than the calcium needed for
proper ossification. Many authors confirm that
high productivity and long egg-laying periods
leave bones weak and prone to breakage
(Whitehead and Fleming, 2000; Whitehead,
2004). Egg production demineralises bones to
provide the calcium needed for the shell. The
bulk of the eggshell is formed during the dark
phase of the day, when there is no intake of
food and minerals in the digestive system
(Thiele, 2015). The main sources of minerals
during this part of the day are bones. About
30% of the required calcium is extracted from
them. Increasing the amount of calcium in the
feed is ineffective because absorption is a
limiting factor (Newman and Leeson, 1997).
The aim of the present study was to implement
an established technique (CaTiming; CaT)
commonly used in laying hens to improve shell
quality (Thiele, 2015) in a new way to reduce
sternal fractures in hens in the early stages of
laying. Our specific goal was to test the
following hypotheses:
− Providing some of the daily calcium in the
2-hour period before stopping lighting (CaT)
increases the resistance of the sternum to
fractures and improves bone strength;
− The inclusion of (Hyd) in the diet provides
an additional effect.
It was expected that the combination of the two
factors (CaT) and (Hyd), which is known to
increase calcium absorption (Soares et al.,
1995), will further increase bone strength.
MATERIALS AND METHODS
The ability of CaT and Hyd to reduce the
susceptibility of the sternum to fractures was
tested using an ex vivo protocol (Toscano et al.,
2013). The basis of this study is a direct
mechanical impact with quantifiable energy
loads on the sternum of killed birds, which
allows assessing the likelihood of fracture in
the relevant experimental group. A total of 240
Leghorn (LSL) birds were used in the study. At
18 weeks of age, all birds were housed in an
industrial aviary and received a standard diet
until 33 weeks of age. They were then moved
to the experimental building and randomly
assigned to one of the eight pens (30 hens/pen).
After 1 week of habituation (34 weeks), the
pens were randomly divided into four
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group B receiving calcium particles, this
percentage was 57. In experimental group C,
which received a combination of the two
studied factors, the percentage of experimental
fractures was the lowest - 46%. Our results
support the claim of Nascimento et al. (2014)
that bone strength increases as calcium levels
increase.
High levels of calcium in the blood stimulate
calcitonin-releasing cells, and thus reducing
bone resorption leads to increased bone
strength (Whitehead, 2004; Nunes et al., 2006).
A significant difference between the groups
was found in both the overall percentage and
the percentage of fractures resulting from the
different energy impacts (Table 1).
With an energy impact of 3.248 J, the highest
percentage of fractures was again in group D 63%, followed by groups A - 57%, B - 51%
and group C - 31%. As a result of the high
energy impact (4.331 J) the leader was once
again Group D, with a remarkable 85% of
experimental fractures. In group B the result
was 67%, and in experimental groups A and C
- 58% (Figure 1).

Descriptive statistical methods were used to
determine the mean and standard deviations
(± SD). Fracture susceptibility was statistically
analyzed using logistic regression with fractures as a binomial response, and dietary
combination, impact energy, and body weight
as predictors.
RESULTS AND DISCUSSIONS
The processing of the obtained results showed
that there is no significant difference in the
number and severity of old fractures between
the experimental groups. This finding is
completely expected, as up to 33 weeks of age
all hens received the same diet. Almost all birds
included in the study had at least one sternal
fracture. About 9% of them had two fractures
of different location and severity. It also
confirms the view that most fractures occur in
the first 40 weeks of life of the laying hens due
to incomplete ossification of the sternum
(Buckner al., 1947). This was not the case with
fractures experimentally induced by controlled
mechanical action. In experimental group D,
receiving standard feed with the addition of 25hydroxycholecalciferol, the new fractures as a
result of the experimental impact were over
73% (Table 1).

Experimental fractures %

56.7

57.7

Table 1. Old fractures and experimental fractures
in laying hens, as a result of impact testing
with different level of energy load

66.7

57.7

51.4

A (n = 56)

B (n = 56)

C (n = 56)

D (n = 56)

Old
Breaks

94.6% (53)

96.4% (54)

98.2% (55)

94.6% (53)

Exp.
Fract.
in total

57.1% (32)

57.143% (32)

46.429% (26)

73.214% (41)

H
(26)

H
(21)

H
(26)

H
(26)

A (Control)

B (CaT)

C (CaT+Hyd)

3.248 J

L (35)

L (30)

L (30)

63.3

36.7

Groups

Energy L (30)

84.6

D (Hyd)

4.331 J

Figure 1. Percentage distribution of experimental
fractures according to the force of impact

It is noteworthy that in control group (A) the
difference between the two energy effects is
insignificant. In experimental group B, it could
be concluded that the applied dietary combination reduces the likelihood of fractures at low
energy effects, but increases it dramatically at
high ones.
In experimental group C the sensitivity to
fractures at high energy impacts is identical to
the control group, while the probability of
fractures due to low energy is the lowest.

56.7% 57.7% 51.4% 66.7% 36.7% 57.7% 63.3% 84.6%
(17)
(15)
(18)
(14)
(11)
(15)
(19)
(22)

This result contrasts with the findings of Sahin
et al. (2009) found improved bone mineralization after the addition of 25(OH)D3 to the
diet of laying quails.
This discrepancy may be due to the fact that the
activity of 25(OH)D3 is highly dependent on
the biological response of birds (Aburto et al.,
1998). In control group A and experimental
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In group A the result was 5 out of 6 (83%), in
group B - 4 out of 6 (67%) and in group D - 1
out of 3 (~34%). This result is difficult to
comment on categorically, but our assumption
is that birds that have undergone multiple
previous fractures have been able to achieve
increased resilience thanks to the applied
dietary combination of CaT and Hyd.
CONCLUSIONS
The application of CaT contributes to
increasing the resilience of bones to low energy
effects, but makes them more susceptible to
high energy effects compared to the control
group. Co-administration of CaT and Hyd
enhances the positive effect at low impact
energy without having a negative effect at high
energy.
The
addition
of
25hydroxycholecalciferol alone has a negative
effect on the strength of the keel bone,
regardless of the strength of the impact.
ACKNOWLEDGEMENTS
This research work was carried out with the
support of COST Action CA15224 „Identifying
causes and solutions of keel bone damage in
laying hens”. We express our heartfelt thanks
to the entire staff of Aviforum for their
dedicated work.
102

protocol to model bone fracture in laying hens
resulting from collisions. PLoS One, 8, e66215. doi:
10.1371/journal.pone.0066215.
Whitehead, C. C. (2004) Overview of bone biology in
the egg-laying hen. Poultry Science, 83(1): 193-199.
Whitehead, C. C., Fleming, R. H. (2000). Osteoporosis
in cage layers. Poult. Sci., 79, 1033-1041.

Wilkins, L. J., Mckinstry, J. L., Avery, N. C., Knowles,
T. G., Brown, S. N., Tarlton, J. and Nicol, C. J.
(2011). Influence of housing system and design on
bone strength and keel bone fractures in laying hens.
Veterinary Record, 169, 414.

103

AgroLife Scientific Journal - Volume 11, Number 1, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

WHEAT BIOLOGICAL YIELD VARIATION IN RELATION
TO NITROGEN AND FOLIAR BIOSTIMULATOR TREATMENT
Gabriela MACRA, Florin SALA
Banat University of Agricultural Sciences and Veterinary Medicine “King Michael I of Romania”
from Timisoara, Calea Aradului 119, 300645, Timisoara, Romania
Corresponding author email: florin_sala@usab-tm.ro
Abstract
The study evaluated the variation of biological yield in wheat, the Alex variety, under the influence of nitrogen and
foliar biostimulator. Nitrogen was applied to the ground, in five variants (N0, N50, N100, N150, N200), in doses
between 0 to 200 kg ha-1. The Superfifty biostimulator (Sf) was applied foliar, six variants (Sf0, Sf1, Sf2, Sf3, Sf4, Sf5)
on each level of N fertilization, in concentrations between 0 - 5 L ha-1. Biological yield was determined in the BBCH
code 9 stage. The variation of the biological yield of wheat, Alex cultivar, under the influence of fertilization with
Superfifty product, in the six concentrations tested, on the five levels of N, was described by polynomial equations of
order 2 and 3, in statistical safety conditions. The regression analysis evidenced the variation of biological yield, as the
direct influence and interaction of the two factors (N and Sf), in general conditions of statistical safety, according to
R2 = 0.984, p <0.001. The ANOVA test confirmed the statistical certainty of the values of the coefficients of the
obtained equation (p = 0.00749 for a; p<<0.001 for b; p<<0.001 for c; p<0.001 for d; p<<0.001 for e).
Key words: biological yield, foliar biostimulator, nitrogen, optimal doses, wheat.

INTRODUCTION

The variation of crop production was studied in
relation to different organic and mineral
fertilized resources and fertilizer doses
(Blanchet et al., 2016; Ghosh & Devi, 2019;
Mohamed et al., 2019; Adebayo & Sebetha,
2020; Cen et al., 2020).
Macroelements (NPK), under conditions of
different fertilization resources, were studied in
relation to physiological indices and
quantitative and qualitative aspects of
agricultural production, and under different soil
and climatic conditions (Zhang et al., 2020).
Foliar fertilization with different fertilizers or
biostimulators is of interest for supplementing
plant nutrition, stimulating metabolic activity,
with quantified effects in the quantitative and
qualitative level of agricultural production in
different crops (Niewiadomska et al., 2020).
In wheat crop, the variation of some
physiological indices, of the elements of
productivity, of the production and quality in
relation to different soil and foliar treatments
with macro- and microelements was studied
(Rawashdeh & Sala, 2013, 2014a,b; Stepien &
Wojtkowiak, 2016; Sobolewska et al., 2020).
Very useful are non-destructive methods and

Productivity of agricultural systems and crops
(reproductive efficiency) is approached from
different perspectives (Edgerton, 2009;
Shiferaw et al., 2011; Willcox et al., 2018).
Harvest indices are of interest for the analysis
and characterization of crops or agricultural
systems, in relation to different ecological,
economic and social factors of influence
(Uncovich et al., 2010; Li et al., 2020;
Vannevel and Goethals, 2020).
Knowledge of biological production and
harvest indices is of interest from an ecological,
agronomic perspective, but also of genetic
strategies and breeding programs (Donald &
Hamblin, 1976; Valizadeh et al., 2014;
Nadolska-Orczyk et al., 2017; Kobata et al.,
2018; Bailey-Serres et al., 2019; Sabella et al.,
2020).
The biological yield of agricultural crops varies
depending on the species, the cultivated
genotype, the pedoclimatic conditions, the
cultivation technologies, stress factors, etc.
(Jing et al., 2016; Khan, 2016; Trivedi et al.,
2017; Najafi et al., 2018; Liu et al., 2020).
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Timisoara, BUASVM Timisoara, in the period
2018-2019.
Nitrogen was provided as ammonium nitrate in
doses ranging from 0 to 200 kg a.s. ha-1, with a
variation unit of 50 kg, and the variants N0,
N50, N100, N150, N200 resulted.
The Superfifty foliar biostimulator was applied
on each level of N fertilization in concentrations of 0, 1, 2, 3, 4 and 5 L ha-1 (Figure 1).
The combination of the two fertilizing resources
resulted in 30 variants, in three repetitions.
The biological yield was determined, by
weighing at physiological maturity (evaluation
was done at 1 m2, three repetitions), in stage
BBCH 9, Senescence (Meier, 2001).
The experimental data were analyzed by the
ANOVA test. This analysis highlighted the
presence of variance in the set of data
experimentally obtained, and also confirmed
the safety of the recorded data.
The regression analysis highlighted the
biological response of wheat crop depending on
the fertilization applied to the soil and foliar.
The optimal values for nitrogen and the
Superfifty
foliar
biostimulator
were
determined. PAST software (Hammer et al.,
2001) and Wolfram Alpha (Wolfram, 2020)
were used for statistical analysis of the data.

applications for mobile devices, for the study of
foliar indices in relation to the state of
vegetation of plants (Drienovsky et al., 2017;
Müller-Linow et al., 2019).
In order to evaluate the nutritional status of
wheat, an index of expression of nutritional
stress was proposed, in relation to the doses of
nitrogen fertilization (Datcu et al., 2020).
At the same time, different models of
fertilization optimization have been found for
wheat crop, in relation to productivity,
production quality and economic indices (Sala
et al., 2011; Jahan & Amiri, 2018; Tabak et al.,
2020; Woo et al., 2020).
The present study evaluated the influence of
nitrogen fertilization and Superfifty foliar
biostimulator on wheat biological yield, Alex
cultivar, and were found mathematical models
for dose optimization.
MATERIALS AND METHODS
The study evaluated the variation of biological
yield in wheat, Alex cultivar, under the
influence of nitrogen mineral fertilization, and
Superfifty biostimulator foliar application.
The study was carried out in the conditions of a
cambic chernozem soil, located within SDE

Figure 1. Aspect in the experimental field
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by N in relation to foliar biostimulator
(Sperfifty); the increase generated by foliar
biostimulator (Superfifty) in relation to N; the
interaction effect. The growth increase generated by N was between 150 to 628 g/m2 in the
case of Sf0; between 407 to 688 g/m2 in the
case of Sf1; between 488 to 686 g/m2 in the
case of Sf2; between 70 to 356 g/m2 in in the
case of Sf3; between 165 to 273 g/m2 in the
case of Sf4; and respectively between 294 to
413 g/m2 in the case of Sf5. The growth
increase generated by the foliar biostimulator
(Superfifty) was between 31 to 561 g/m2 on the
N0 level; between 288 to 576 g/m2 on the N50
level; between 126 to 395 g/m2 on the N100
level; between 46 to 328 g/m2 on the N150
level; and respectively between 19 to 246 g/m2
on the N200 level.
The ANOVA Two-Factor test, Alpha = 0.001,
confirmed the data safety and the presence of
the variance in the set of experimental data
obtained (Table 2).
It was analyzed the possibility to describe the
variation of biological yield, depending on the
Superfifty foliar biostimulator, through mathematical models as well as their statistical
safety. The variation of the biological yield of
wheat plants, Alex cultivar, under the influence
of fertilization with Superfifty biostimulator, in
the six tested concentrations (0-5 L ha-1), on the
five levels of N (N0-N200 kg ha-1), was
described by polynomial equations of order 2
and 3, in statistical safety conditions (Table 3).

The study was conducted in conditions of a
cambic chernozem soil, with a medium level of
fertility.
The
differentiated
nutritional
conditions provided to the wheat crop, the Alex
cultivar, through the two fertilizing resources
used, led to a specific variation of plant growth
and development. In response to the applied
treatments, there was a variation of biological
yield, determined at physiological maturity
(BBCH 99, Senescence, harvested product),
according to the values presented in Table 1.
Table 1. Variation of wheat biological yield under the
influence of Superfifty foliar biostimulator on different
levels of nitrogen, Alex cultivar
Superfifty biostimulator

Variants

Sf0

Sf1

N doses

Sf2

Sf3

Sf4

Sf5

Biological yield (g/m2)

N0

278

309

356

796

839

512

N50

428

716

844

866

1004

806

N100

613

739

857

920

1008

840

N150

784

830

874

967

1112

890

N200

906

1007

1042

1152

951

925

From the overall analysis of the results, the
variation of the biological yield was registered
between 278 g/m2 at the control variant (N0,
Sf0) and 1152 g/m2 at the variant N200, Sf3.
The increase generated by each of the two
fertilizer products used was analyzed, as well
as the interaction effect; the increase generated

Table 2. ANOVA Two-Factor test
Source of
Variation

SS

df

MS

F

P-value

F crit

Rows

797245.5

4

199311.4

18.6656

1.58E-06

7.096034

9.232673

0.000112

6.460562

Columns

492932.7

5

98586.54

Error

213560.1

20

10678.01

Total

1503738

29

Table 3. Equations for describing the variation of wheat biological yield, Alex cultivar,
in relation to nitrogen fertilizer and Superfifty foliar biostimulator
Nitrogen doses
N0
N50

Equation
3

2

BY(N0) = −39.815 x + 266.36 x − 292.78 x + 298.37
2

BY(N50) = −42.679 x + 292.71x + 436.79
3

2

Eq No

P

R2

(1)

p<0.001

R = 0.935

(2)

p<0.001

R2 = 0.936

2

N100

BY(N100) = −8.6296 x + 35.115 x + 86.61x + 617.53

(3)

p<0.001

R2 = 0.968

N150

BY(N150) = −17.4444 x 3 + 115.33x 2 − 119.03x + 801.19

(4)

p<0.001

R2 = 0.867

N200

BY(N200) = −28.196 x 2 + 142.04 x + 900.54

(5)

p<0.001

R2 = 0.712

(BY - biological yield at different N levels; x - value of Superfifty concentration)
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the level N100, and R2 = 0.867 on the level
N150, respectively.
In the case of N50 and N200 nitrogen variants,
polynomial models of degree 2 were obtained
which described the variation of biological
yield under the influence of the Superfifty
biostimulator, under conditions of R2 = 0.936
on the N50 level, and R2 = 0.712 on the N200
level, respectively.

The graphical distribution of the values, and of
the obtained polynomial models are presented
in Figure 2.
The variation of biological yield under the
influence of the Superfifty biostimulator, on the
level N0, N100 and N150 was described by
polynomial equations of degree 3, in conditions
of R2 = 0.935 on the level N0, R2 = 0.968 on

1400

N0

1200

N50

g m-2

1000
N100

800

N150

600
400

N200

200
0

0

1

2

3

4

5

Poli.
(N0)

L ha-1

Figure 2. Graphic distribution of total wheat biological yield, under the influence of Superfifty biostimulator,
on different nitrogen levels

The regression analysis led to the obtaining of a
model of variation of the biological yield,
under the concomitant influence, as direct
action and interaction, of the two factors (N and
Sf). Biological yield was described by equation
(6), in general conditions of statistical safety,
according to R2 = 0.984, p <0.001.
BY = ax 2 + by 2 + cx + dy + exy + f

depending on nitrogen (x - axes) and Superfifty
(y - axes) is presented in 3D format (Figure 3),
and in isoquant form (Figure 4).
Optimal values for x (Nitrogen doses) and y
(Superfifty foliar biostimulator concentration)
were calculated, starting from equation (6).
Thus, the values xopt = 188.44 kg N a.s. ha-1,
and yopt = 2.562 L ha-1 (Superfifty foliar
fertilizer) were obtained.

(6)

where: BY - biological yield
x - N doses;
y - Foliar biostimulator concentration;
a, b, c, d, e, f - coefficients of the equation (6);
a = -0.0137295668549906;
b = -38.0143664245359;
c = 7.00308474576271;
d = 327.969362389023;
e = -0.702974011299434;
f = 0.

According to the ANOVA test and the values
of the coefficients of equation (6) presented
statistical certainty (p = 0.00749 for a;
p<<0.001 for b; p<<0.001 for c; p<0.001 for d;
p<<0.001 for e).
The graphical distribution of the values of
biological yield in wheat, Alex cultivar,

Figure 3. 3D variation model of biological yield in
wheat, Alex cultivar, under the influence of Nitrogen (x axes) and Superfifty foliar biostimulator (y - axes)
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yield comparable to other similar studies, and
in statistical safety conditions.
CONCLUSIONS
Nitrogen applied in variable rates between 0 200 kg ha-1 and the Superfifty biostimulator
applied foliar in concentrations between 0 to 5
L ha-1, generated variations of the biological
production of wheat, Alex cultivar, in
conditions of statistical safety of the results.
The variation of the biological yield, according
to the foliar product Superfifty, on the five
levels of N fertilization, was described by
mathematical models of polynomial type, of
degree 2 and 3, in conditions of statistical
safety.
The direct and of interaction effect of the two
products was evidenced by regression analysis
and it was possible to calculate the optimal
doses for N and Superfifty.

Figure 4. Isoquant variation model of biological yield in
wheat, Alex cultivar, under the influence of Nitrogen (x axes) and Superfifty foliar biostimulator (y - axes)

Yield and biological yield in wheat have been
studied in relation to soil conditions (Woźniak
& Gos, 2014; Sobolewska et al., 2020), to
climatic conditions (Yang et al., 2019; Sabella
et al., 2020; Shew et al. al., 2020), with the
potential of cultivated genotypes (White &
Wilson, 2006; Fayed et al., 2015; Ruiz et al.,
2019), with the conditions of agricultural
technologies (Robertson et al., 2016; AlZahrani et al., 2019), with the fertilization
system (Mandic et al., 2015; Imran et al.,
2017), with growth biostimulators (Popko et
al., 2018; Szczepanek et al., 2018; Laurent et
al., 2020 ; Wang et al., 2020).
Belete et al. (2018) found the variation of
biological production and N content from straw
to wheat, in relation to the N fertilization rate.
Similar results were also reported by Worku et
al. (2007) and Alemu et al. (2012). Hussain et
al. (2006) found variations but also some
similarities of biological production and
productivity elements of wheat, four varieties
for bakery, in relation to the N doses.
Al-juthery et al. (2019) reported the variation
of physiological indices, biometric parameters
and biological production of wheat under the
influence of products with amino acids and
nano-fertilizer. Favorable results on wheat
biological yield, different genotypes, were also
recorded in relation to foliar treatments with
different fertilizers with macro- and
microelements (Rawashdeh & Sala, 2014a;
Khan et al., 2019; Rafiullah et al., 2020 ).
Under the present study, nitrogen fertilization
and foliar fertilization with the Superfifty
biostimulator led to increases in biological
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Abstract
Reliable access to safe, economic and nutritious food was at increasing risk many decades ago, burdening society and
social relations, especially in urban areas. It is now known that climate change, the pandemics and the economic crisis
are directly responsible for food security. For this reason, science has undertaken to safeguard the future of food. Any
proposal to reduce the catastrophic effects of the climate crisis on cities must be based on ecological farming methods to
achieve sustainable urban horticulture. Co-cultivation is an old forgotten cultivation method, beneficial to mankind and
the environment. It can make a positive contribution to the agri-food planning of a city and to tackling the effects of
climate change. A bibliographic review is carried out in the Mediterranean region concerning the co-cultivation
(companion planting) of aromatic-medicinal plants and vegetables on the University premises (USAMV Bucharest). An
attempt is made to evaluate the adaptability of Mediterranean plants and the evolution of their co-cultivation. The results
of this research will be useful to city managers, architects, agronomists, etc. This work aims to prove through a
comparative method that the use of co-cultivation is a critical factor in sustainable urban agriculture and, consequently,
food security and that climate change can affect people's eating habits.
Key words: co-cultivation, sustainable urban horticulture, food security, climate and pandemic crisis.

INTRODUCTION

the modern way of life has undergone many
changes affecting health, diet, environment,
society. Thus, despite the recognized benefits of
the Mediterranean diet, its observance has been
significantly reduced (Lamy et al., 2022). In this
case, alternatives are sought for the transition to
sustainable food cultivation and food justice by
introducing the concept of Food Well-Being
which includes the food producer, i.e. the
gardener (Giraud et al., 2021). To achieve the
transition, it is necessary to propose alternatives
that align with the values of permaculture,
seeking to meet human survival needs
(Gabowitsch, 2021).
Urban and suburban gardening, through cocultivation, is valued as the best solution to
address food insecurity, mitigating the effects of
climate change and connecting humans to nature
(Lucertini & Di Giustino, 2021). It is also argued
that urban gardens could be used as social

There is no doubt that lower-income developing
countries have been more affected by the Covid19 pandemic (Dasgupta & Robinson, 2022) or
that globalization has emerged as a driving force
behind the current global pollution, poverty and
disease crises (Florea, 2020), creating difficulties for survival. The food industry, markets,
agriculture, and access to affordable food are not
easily guaranteed (Roubík et al., 2022).
Undoubtedly, in addition to the climate and
economic crisis, the health crisis has highlighted
the food system's vulnerability, creating
insecurity even in developed countries (Food
and Agriculture Organization of the United
Nations, 2021).
The effects of food insecurity on hunger,
malnutrition, health and quality of life were first
studied in 1974 (Akbari et al., 2022). Since then,
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The long period of economic and health crisis
has deepened inequalities in individual
countries, exacerbated ecological collapse,
climate change and public health (Gray & Gills,
2022) more sustainable and durable food system
(Macnea et al., 2021). Apart from the food crisis
that monopolized the discussions in the relevant
European committees, climate change is now
listed as a critical pillar in everyday political
discourse. Although it has not yet been
addressed, the threat of environmental crises
results in worsening eco-anxiety and ecological
grief for the climate (Hamdon et al., 2021).
In conclusion, it has become clear that the crises
facing humanity affect the food and security of
both developing and developed countries,
leaving the way open for the introduction of
urban gardening as an activity of the sustainable
food system (Abeliotis & Doudoumopoulos,
2019).

catalysts to protect the environment and mitigate
greenhouse gases in cities (Puigdueta et al.,
2021) by helping to build resilience in the city
and socio-economic systems (BurchardDziubińska, 2021).
Although the personality of the grower shapes
the application of urban gardening, the goals do
not change. On the contrary, goals are
prioritized based on moral values, such as access
to fresh vegetables, claiming free space,
strengthening solidarity, improving mental and
physical health, nutritional education, etc.
(Hammelman, 2022). It is also worth
mentioning the opportunities community urban
vegetable gardens offer to women to gain selfconfidence through alternative forms of political
action, such as "beyond gender" (Bizarria,
2022). Therefore, there is a need to highlight and
promote urban gardening using sustainability
criteria that are expressed through the cocultivation of many plant species. Therefore,
this work aims to promote the role of cocultivation in the design of sustainable urban
gardening using a literature review and an
experimental co-cultivation of aromatic plants.
It is a method of utilizing resources that enhance
overall crop productivity and disease
suppression (Verma et al., 2021).

Sustainable urban gardening - Co-cultivation Permaculture
Dealing with the crisis requires a simple but
sustainable approach to the planet's challenges
in recent decades to facilitate the inhabitants,
collectively and individually. Permaculture is
considered a simple approach based on the
principle that man must protect nature and vice
versa (Gika, 2016). The concept of permaculture
includes crops with different plant species and
varieties (Feldmann & Vogler, 2021), evaluates
alternative uses of ecological pesticides, is a
solution to support biodiversity and increase
food security by supporting the criteria of
sustainable urban gardening (Thiesen et al.,
2022). This interconnection can provide
solutions at the institutional level for protecting
the planet (Shrestha, 2021) while respecting the
principle that the diversity of systems is aimed
at balancing the environment and productivity
(Gika, 2016).
An example that highlights the Principle of
Diversity is the comparison sought in studies on
monoculture of plant species, which uses
chemical solutions to increase production,
versus co-cultivation, which enhances the selfsufficiency of plant systems (Gika, 2016).
Urban
gardening,
which
focuses
on
permaculture varieties (Feldmann & Vogler,
2021), has many advantages over conventional
agriculture, such as improved seed and plant

Consequences of economic, climatic and health
crisis
Developments in urbanization predict that by
2050, 68% of the world's population will live in
cities, and by 2100 the rate will have risen to
85%. The same situation prevails in Europe,
where urbanization will reach about 82.7% in
2050. Also, the built-up areas will expand by 3%
of the territory, by 2030, with Romania and
Belgium being in the first position (European
Commision, n.d.), while the European Union
envisages no horizontal approach to reduce
uncontrolled urbanization (Committee of the
Regions, 2020).
Urbanization is a significant anthropogenic
factor of decline in ecology, economy and
polluters (Ayers & Rehan, 2021), significantly
affecting the urban food system, mainly
production, processing and consumption (Zhong
et al., 2021). Therefore, the applicable European
policy guidelines promote biodiversity (Ayers &
Rehan, 2021), food security, and reduce food
waste (Zhong et al., 2021).
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data are limited, several studies with qualitative
data have shown that urban gardening can offer
a wide range of benefits (Lampert, 2021) for
physical, mental, social health and can be a
strategy for promoting public health (Gregis et
al., 2021).
The significant contribution of co-cultivation
with aromatic and medicinal plants in a vegetable garden has gained renewed interest in
developed countries (Sánchez et al., 2020) and
is increasingly recognized by the elderly population (Van den Berg et al., 2010). However, the
pandemic also positively affected human
relationships by increasing communication with
friends and relatives over the telephone,
gardening, and other similar activities (Thyrian
et al., 2020), providing opportunities for older
people to engage in activities that stimulate
social behaviours (Gagliardi et al., 2019).
Another particular approach to co-cultivation is
the promotion of the Mediterranean diet, which
has been associated with increasing the
population's life expectancy; therefore, the
elderly should adopt or maintain it (Bonaccio et
al., 2018). Supporting and enhancing the
Mediterranean diet is crucial for sustainable
development and response to malnutrition in the
Mediterranean region (Ciheam, 2015). Starting
at school age, with the creation of vegetable
gardens, the Mediterranean standard of nutrition
is adopted by children and reinforced by adults
(Xanthidis, 2021). Some Mediterranean countries,
Italy, Greece, Spain, and France dynamically
support urban gardening by cultivating
aromatic/medicinal plants and vegetables.
In Italy, a program of involving volunteers in
urban vegetable gardens was used in parks in
Rome, where the co-cultivation of aromatic and
medicinal plants and vegetables was the
occasion for the acquisition of professional
skills in order to contribute to unemployment
(Social Farming, 2015).
In France (Nantes), to deal with the crisis, the
Municipality has created fifty vegetable gardens
throughout the city for needy families to feed the
poor. The urban and solidarity gardens are
located in parks, in public gardens, in the
surrounding area of the City Hall, in flower
beds, squares, etc. (Rosso, 2020).
In Thessaloniki (Greece), thirty families manage
a garden of 600 sq.m. through the Kipos3urban
program under the supervision of the

health, better absorbed substrates, higher crop
yields, etc. (Xi et al., 2021). In practice, it is
expressed by appropriate selection of plants,
with co-cultivation of plant species and
avoidance of chemical pesticides while covering
a wide range of plant uses varieties (Feldmann
& Vogler, 2021).
Co-cultivation in a vegetable garden reinforces
the view that its application provokes positive
attitudes among growers, improves environmental awareness, contributes to increased
vegetable consumption (Nova et al., 2020), and
develops rural the culture and spirit of rural
entrepreneurship. It is also believed to promote
innovations that positively affect the sustainable
development of urban gardening (Drikvand et
al., 2021), such as the cultivation of landless
vegetables (Aminatulhawa & Amaddin, 2020)
or green roofs, which are considered an
alternative to limited space, for tackling climate
change (Calheiros & Stefanakis, 2021).
An essential factor of co-cultivation is the
appropriate selection of plants (Feldmann &
Vogler, 2021) for mutual assistance and
protection against diseases, contributing to the
cultivation of greater plant diversity (Conboy et
al., 2019). Research has shown that plants
communicate through the root system by
secreting chemicals and that touching the leaves
of different plants determines their strategic
growth based on their character (Devlin, 2018).
By highlighting the benefits of co-cultivation,
sustainable farming is promoted as a vital factor
for food security. It can also support sustainable
development goals (Viana et al., 2022) by
addressing the health, social, economic and
environmental impacts through a series of
coordinated actions to improve this situation
(Hutton et al., 2021).
Initially, it is necessary to understand the role of
urban gardening, as income, as a contribution to
nutrition (Ponge, 2020) and as a cooperative
structure on the one hand for the revitalization
of open spaces (Vargas-Hernández, 2020) in
metropolitan suburbs on the other hand for its
preservation in the old food landscape North
(Darly et al., 2021).
As mentioned, sustainable urban culture, which
is expressed by permaculture, contributes both
to self-sufficiency through various techniques
(The Permaculture Kitchen Garden, 2021) and
the protection of health. Although quantitative
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(Central Macedonia Region) at the USAMV
Bucharest and concerns the effort to adapt them
by measuring their growth. The plants selected
with multiple criteria (nutrition, landscape
architecture, seasonality) thrive throughout
Greece and have been adapted in recent years in
Central Macedonia. Some of them are
considered endemic to Crete, and the rest come
from various parts of Greece.
The main selection criterion was their use as
edible plant species, and then the nutritional and
medicinal criteria and the appearance were taken
into account. These are the plants: Aloysia
citrodora, Οriganum dictamnus, Sideritis
syriaca,
Origanum
majorana,
Thymus
citriodorus, Satureja thymbra, Thymus vulgaris,
Salvia officinalis, Rosmarinus officinalis,
Mentha piperita, Mentha spicata, Artemisia
draconiana, Origanum vulgare, Pelargonium
graveolens, Tomato red, Capsicum annumm (De
Cayenne). For the cultivation of the seventeen
plant species, among which fifteen are aromatic
and medicinal plants, the method of cocultivation in solar 60 sq.m. was chosen on the
University premises (Figure 6). The
compositions of four plant species were
preferred in areas of 1 sq.m. to transfer nature at
home scale to make it easier to understand the
possibility of using them.
Each plant composition was designed with
criteria that refer to the co-culture theory and the
SWOT Analysis listed in the results chapter.
Initially, a table was created with data from the
analysis of each plant, and then the desired
combinations were selected. The co-cultivation
criteria
considered
are
plant
family,
evergreen/annual, flowering period, watering
needs, brightness, soil quality, final height, root
system and the approach of beneficial insects.
Initially, a table was created with data from the
analysis of each plant, and then the desired
combinations were selected. The co-cultivation
criteria considered are plant family, evergreen/
annual, flowering period, watering needs,
brightness, soil quality, final height, root system
and the approach of beneficial insects.
The growth of each plant was examined by the
process of measuring height and width, i.e. one
measurement was made at the time of planting
and one after about four months. The
measurements were passed to Excel and
processed accordingly.

Municipality (Dimitrova, 2018), while the
claims for the creation of urban gardening areas
such as vegetable gardens in inactive military
Camps continue, with the aim of their
utilization, socially equitable development and
the use of available natural resources in a
sustainable way (Maknea & Georgi, 2019).
The lack of building land in Barcelona (Spain)
has led residents to turn to other forms of urban
gardening, such as growing on the roofs of
municipal buildings through the Rooftop
Garden program run by the Municipal Institute
for People with Disabilities (Municipal Institute
for People with Disabilities, 2019).
As it turns out, the Principles of permaculture
define a list of messages that can express more
science. Together with Landscape Architecture,
as two separate sciences, they contribute to the
landscape, to nature and try to develop them.
Landscape Architecture uses elements of
permaculture and vice versa (Gika, 2016).
MATERIALS AND METHODS
Initially, with the help of the literature review,
the material was collected to present the effects
of global crises in recent years, sustainable
urban farming, permaculture and co-cultivation
as an alternative. The keywords were used for
the review: sustainable urban horticulture/
agriculture / gardening, co-cultivation / companion gardening, permaculture, sustainable food
system, selecting all languages for 2020-2022.
Then, the SWOT Analysis method was selected
to process the collected data for co-culture. The
method will also help identify the strengths and
weaknesses and examine the opportunities and
threats it faces by helping to strengthen the
strengths, maximize the opportunities offered,
and address the weaknesses and risks that
threaten them (Dori et al., 2018). The practical
significance of the tool is presented in the results
(Table 1) to develop long-term institutionalization strategies and the integration of
elements in the design of a sustainable city
(Orekhov et al., 2018).
However, the work aims to highlight cocultivation, as a method of sustainable urban
cultivation, through a study that tests the
adaptability of different plant species.
This is the co-cultivation of aromatic and
medicinal plants and vegetables from Greece
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Table 1. SWOT Analysis for evaluation of advantages and disadvantages of co-cultivation

RESULTS AND DISCUSSIONS

In particular, when selecting the varieties to be
co-cultivated, the height of the plants, the
watering requirements, the type of root system
(Loehwing, 1937), the flowering and harvesting
period, the possibility of attracting beneficial
insects, etc. should be taken into account.

As a sample, Figures 1 and 2 show the growth
rate in each co-culture group for Rosmarinus
officinalis and Aloysia citrodora, respectively.
Figures 3, 4, 5, 6, show the attracting beneficial
insects and the visual effect of the co-cultivation
from which data are collected specifically for
landscape architecture.
After analysing the advantages and disadvantages of co-cultivation, the possible applications
of urban gardening, its criteria were studied. The
reference point for each crop is the personal or
collective purpose and then follows the
application of the criteria of the viability of the
co-crop. In particular, when selecting varieties
to be mixed, the height of the plants, the
watering requirements, the type of root system
(Loehwing, 1937), the flowering and harvesting
season, the possibility of attracting beneficial
insects should be taken into account.

Figure 1. Rosmarinus officinalis growth
in different co-cultivations
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Figure 6. Co-cultivation of different plant species in solar
Figure 2. Aloysia citrodora growth
in different co- cultivations

As observed in experimental co-cultivation,
groups of plants where the varieties differ
significantly in height can not be easily cocultivated. The reason is that the taller plant has
a greater advantage in terms of light intake,
while plants that grow at almost the same height
can easily co-cultivate with each other and
usually reach an average height. Another
conclusion from the results is that it does not
make sense to plant a varied composition if a
passage is foreseen between the plants. The
growth of disturbed plants is slowed down while
the possibility of the disease spreading among
the plant's increases.
From the above, it appears that co-cultivation is
not considered a science. As the review shows,
both in scientific research sources and on the
free internet, knowledge of co-cultivation is
limited to the practical part. At the same time,
there is no accurate and sufficient data for the
interaction of plants. This lack is because
amateur growers apply most co-cultivations in
urban gardening and not for scientific research.
Therefore most of the elements suggested by the
internet are based on experience and are
considered extremely useful for a city dweller
seeking to improve his quality of life. However,
the ecological significance of the observed
responses needs to be investigated.
The SWOT table grouped the advantages and
disadvantages of "co-cultivation" to be correctly
interpreted and applied in design. This table is a
comprehensive approach to co-cultivation,
based on the literature findings, dynamically
identifying a researcher who wants to delve into
scientific criteria. The essence of the results
should be emphasized, which arises from the
advantages expressed through strengths and
opportunities, despite the weaknesses and

Figure 3. Beneficial insects as a result of co-cultivation

Figure 4. Co-cultivation medicinal aromatic plants

Figure 5. Co-cultivation medicinal aromatic plants

116

REFERENCES

threats that can be further analyzed to address
them. Table 1 shows that the advantages
outweigh the disadvantages; it can be turned into
opportunities with proper design. Specifically,
there were 12 strengths, four weaknesses, 13
opportunities, and four threats. Weaknesses (W)
and opportunities (O) can be involved in
designing a sustainable city and developing
residents' quality of life. Strengths (S) and
threats (T) can help to avoid specific threats,
such as lack of integration into local planning,
co-cultivation, further strengthening (S). There
are also factors supporting an opportunity or
overcoming a threat (Sarsby, 2012) to be
considered viable, as co-cultivation. Columns
(S) and (O) are actions that can be included in
the design without further processing. Finally,
(W) and (T) show which weaknesses directly or
indirectly affect the development of (T).
For example, suppose the lack of institutional
framework, which is a weakness, is not
addressed. Co-cultivation can not be formally
considered a sustainable form of urban
cultivation to be integrated into urban planning.

Abeliotis, K. & Doudoumopoulos, K. (2019). Urban
farming in the Era of Crisis in Greece: The case study
of the Urban Garden of Ag. Anargiri-Kamatero and
Fili. In Sustainable Building for a Cleaner
Environment,
179-186.
Springer,
Cham.
https://doi.org/10.1007/978-3-319-94595-8_16.
Akbari, M., Foroudi, P., Shahmoradi, M., Padash, H.,
Parizi, Z. S., Khosravani, A. ... & Cuomo, M. T.
(2022). The evolution of food security: where are we
now, where should we go next? Sustainability, 14(6),
3634. https://doi.org/10.3390/su14063634.
Aminatulhawa, P. & Amaddin, M. (2020). Plant Density
and Planter Level of Leafy Vegetables Affected Yield
and Plant Components in Vertiplanter, Self-Watering
Vertical for Urban Gardening. International Journal
of Agriculture, Forestry and Plantation, 10, 24621757.
https://www.academia.edu/64975318/Plant_
Density_and_Planter_Level_of_Leafy_Vegetables_A
ffected_Yield_and_Plant_Components_in_Vertiplant
er_Self_Watering_Vertical_for_Urban_Gardening.
Ayers, A. C. & Rehan, S. M. (2021). Supporting bees in
cities: how bees are influenced by local and landscape
features. Insects, 12(2), 128. https://doi.org/10.3390/
insects12020128.
Bizarria, M. T. B., Palomino-Schalscha, M. & Stupples,
P. (2022). Community gardens as feminist spaces: A
more-than-gendered approach to their transformative
potential. Geography compass. https://doi.org/
10.1111/gec3.12608.
Bonaccio, M., Di Castelnuovo, A., Costanzo, S., Gialluisi,
A., Persichillo, M., Cerletti, C. ... & Iacoviello, L.
(2018). Mediterranean diet and mortality in the
elderly: a prospective cohort study and a metaanalysis. British Journal of Nutrition, 120(8), 841854. https://doi.org/10.1017/S0007114518002179.
Burchard-Dziubińska, M. (2021). The role of urban
gardening in building city resilience to climate change.
Ekonomia i Środowisko. https://doi.org/10.34659/
2021/3/19.
Calheiros, C. S. & Stefanakis, A. I. (2021). Green roofs
towards circular and resilient cities. Circular Economy
and Sustainability, 1(1), 395-411. https://doi.org/
10.1007/s43615-021-00033-0.
Ciheam, F. (2015). Mediterranean food consumption
patterns: diet, environment, society, economy and
health. A White Paper Priority, 5, 76.
Conboy, N. J., McDaniel, T., Ormerod, A., George, D.,
Gatehouse, A. M., Wharton, E. ... & Tosh, C. R.
(2019). Companion planting with French marigolds
protects tomato plants from glasshouse whiteflies
through the emission of airborne limonene. PloS one,
14(3),
e0213071.
https://doi.org/10.1371/
journal.pone.0213071.
Darly, S., Feuillet, T. & Laforêt, C. (2021). Home
gardening and the social divide of suburban space:
Methodological proposal for the spatial analysis of a
social practice in the Greater Paris urban area.
Sustainability,
13(6),
3243.
https://doi.org/10.3390/SU13063243.

CONCLUSIONS
The present work described the function of cocultivation as a strategy that uses the ethical
ethics of sustainability and as a practical
application of sustainable urban cultivation that
follows the steps of permaculture.
The design criteria of a co-cultivation of
aromatic medicinal plants and vegetables were
applied in a case of experimental urban
gardening to explore the fundamental values of
the method and then to promote the design of the
urban policy strategy.
The findings positively addressed the central
question regarding the contribution of cocultivation to sustainable urban culture and the
increase of the quality of life of the city's
inhabitants. The cultivation of different plant
species together can be applied for other reasons
such as the return to the Mediterranean diet, the
decoration of the personal space with elements
of nature, the maintenance of mental and
physical health, the creation of a small
ecosystem in the area around the house or the
area housing, lifelong learning and deepening in
environmental issues and permaculture, etc.
117

Dasgupta, S. & Robinson, E. J. (2022). Impact of COVID19 on food insecurity using multiple waves of high
frequency household surveys. Scientific reports,
12(1), 1-15. https://doi.org/10.1038/s41598-02205664-3.
Devlin, H. (2018). Plants 'talk to' each other through their
roots. The Guardian. https://www.theguardian.com/
science/2018/may/02/plants-talk-to-each-otherthrough-their-roots.
Dilley, P. (2010). Companion Planting Guide.
Permaculture
Research
Institute.
https://www.permaculturenews.org/2010/07/30/comp
anion-planting-guide/.
Dimitrova, M. (2018). Urban community gardens project
in Thessaloniki helps 30 families to grow organic
fruits
and
vegetables.
The
Mayor.
https://www.themayor.eu/en/a/view/urbancommunity-gardens-project-in-thessaloniki-helps-30families-to-grow-organic-fruits-and-vegetables1146?trans=en-US.
Dori, Y. J., Tal, T. & Even-Zahav, A. (2018). SWOT
Analysis of STEM Education in Academia: The
Disciplinary versus Cross Disciplinary Conflict. In
Application of Management Theories for STEM
Education
(pp.
25-41).
Springer,
Cham.
https://doi.org/10.1007/978-3-319-68950-0_2.
Drikvand, M., Moridsadat, P. & Razavian, M. T. (2021).
Identifying the Factors Affecting the Sustainable
Devel-opment of Urban and Suburban Agriculture
with an Entrepreneurial Approach (Case Study:
Central District of Khorramabad City). Journal of
Rural
Research,
12(3),
426-445.
https://doi.org/10.22059/jrur.2021.324051.1638.
Elhakeem, A., Markovic, D., Broberg, A., Anten, N. P. &
Ninkovic, V. (2018). Aboveground mechanical
stimuli
affect
belowground
plant-plant
communication. PLoS One, 13(5), e0195646.
Feldmann, F. & Vogler, U. (2021). Towards sustainable
performance of urban horticulture: ten challenging
fields of action for modern integrated pest
management in cities. Journal of Plant Diseases and
Protection,
128(1),
55-66.
https://doi.org/10.1007/s41348-020-00379-x
https://link.springer.com/article/10.1007/s41348-02000379-x#citeas.
Florea, N. (2020, June). The Public’s Guide to Climate
Change Mitigation: Contemporary Crises. In
Proceedings of the 17th International RAIS
Conference on Social Sciences and Humanities, 208212, Scientia Moralitas Research Institute.
Gabowitsch, M. (2021). Towards a perma-sociology?
Laura Centemeri on permaculture as a social
movement and a way of life. Partecipazione e
Conflitto.
Gagliardi, C., Santini, S., Piccinini, F., Fabbietti, P. & di
Rosa, M. (2019). A pilot programme evaluation of
social farming horticultural and occupational activities
for older people in Italy. Health & Social Care in the
Community, 27(1), 207-214. doi: 10.1111/hsc.12641.
Epub 2018 Aug 29. PMID: 30160045.
Gika, A. (2016). Permaculture lifestyle based on the laws
of nature and its integration in landscape architecture.
[Degree thesis]. Technological educational institution

of Epirus. Arta https://docplayer.gr/49646038Ptyhiaki-ergasia-permakoyltoyra-tropos-zoisvasismeni-se-nomoys-tis-fysis-kai-i-entaxi-tis-stinarhitektoniki-topioy.html.
Giraud, E. G., El-Sayed, S. & Opejin, A. (2021).
Gardening for food well-being in the COVID-19 era.
Sustainability, 13(17), 9687. https://doi.org/10.3390/
su13179687.
Gray, K. & Gills, B. (2022). Introduction: post-COVID
transformations. Globalizations, 19(3), 369-379.
https://doi.org/10.1080/14747731.2022.2049063.
Gregis, A., Ghisalberti, C., Sciascia, S., Sottile, F. &
Peano, C. (2021). Community garden initiatives
addressing health and well-being outcomes: a
systematic review of infodemiology aspects,
outcomes, and target populations. International
Journal of Environmental Research and Public
Health,
18(4),
1943.
https://doi.org/10.3390/
ijerph18041943.
Hamdon, C., Huynh, J., Marinna-Grant, A. & Mussett, K.
(2021).
Reconciling
Relationships:
Critical
Perspectives on Eco-Anxiety, Human-Nature
Dichotomies, and Urban Gardening (Doctoral
dissertation, University of British Columbia).
https://www.academia.edu/72604881/Reconciling_R
elationships_Critical_Perspectives_on_Eco_Anxiety_
Human_Nature_Dichotomies_and_Urban_Gardening
Hammelman, C. (2022). It Is Not Just About the Food:
Integrated Qualitative Valuations of Urban
Agriculture. In Greening Cities by Growing Food, 5981, Springer, Cham.
Helweg, K. K. (2020). Gardening at medieval farmsteads:
Archaeobotanical indications of horticulture in
Denmark and southern Sweden, AD 1000–500.
Archaeobotanical studies of past plant cultivation in
northern
Europe,
5,
119-30.
https://www.academia.edu/44523805/Gardening_at_
medieval_farmsteads_Archaeobotanical_indications_
of_horticulture_in_Denmark_and_southern_Sweden_
AD_1000_1500.
Hutton, G. B., Brugulat-Panés, A., Bhagtani, D.,
Maadjhou, C. M., Birch, J. M., Shih, H. ... & Unwin,
N. (2021). A systematic scoping review of the impacts
of community food production initiatives in Kenya,
Cameroon, and South Africa. Journal of global health
reports, 5. doi: 10.29392/001c.19468. PMID:
33829114; PMCID: PMC7610539.
Lampert, T., Costa, J., Santos, O., Sousa, J., Ribeiro, T. &
Freire, E. (2021). Evidence on the contribution of
community gardens to promote physical and mental
health and well-being of non-institutionalized
individuals: A systematic review. Plos one, 16(8),
e0255621.
https://doi.org/10.1371/journal.pone.0255621.
Lamy, E., Conceição, C., e Silva, F. C. & Lucas, M. R.
(2022). Mediterranean Diet as a Healthy, Sustainable,
and Secure Food Pattern. In Impacts of Climate
Change and Economic and Health Crises on the
Agriculture and Food Sectors (pp. 185-205). IGI
Global.
https://doi.org/10.4018/978-1-7998-95572.ch010.

118

Loehwing, W. F. (1937). Root interactions of plants. The
Botanical
Review,
3(4),
195-239.
http://www.jstor.org/ stable/4353150.
Lucertini, G. & Di Giustino, G. (2021). Urban and PeriUrban Agriculture as a Tool for Food Security and
Climate Change Mitigation and Adaptation: The Case
of
Mestre.
Sustainability,
13(11),
5999.
https://doi.org/10.3390/su13115999.
Maknea, K. I. & Georgi, N. T. J. (2019, July). Integration
of urban agriculture in public areas. The case of the exmilitary camp “Karatassiou” in Thessaloniki. In IOP
Conference Series: Earth and Environmental Science
(Vol. 296, No. 1, pp. 012004). IOP Publishing.
https://doi:10.1088/1755-1315/296/1/012004.
Macnea, C. E., Asanica, A., Fabian, C., Peticila, A. &
Tzortzi, J. N. (2021). Urban horticulture inner livings
city,
interactions
and
trade-offs.
http://agrolifejournal.usamv.ro/index.php/scientificpapers/24-vol-10-issue-1/581-urban-horticultureinner-living-city-interactions-and-trade-offs-581.
Nova, P., Pinto, E., Chaves, B. & Silva, M. (2020). Urban
organic
community
gardening
to
promote
environmental sustainability practices and increase
fruit, vegetables and organic food consumption.
Gaceta
Sanitaria,
34,
4-9.
https://doi.org/10.1016/j.gaceta.2018.09.001.
Orekhov, A., Kleimenov, D. & Kuznetsova, E. (2018).
SWOT-analysis as a tool for assessing the socioeconomic development of municipalities. Proceedings
of the Voronezh State University of Engineering
Technologies. 80, 416-422. 10.20914/2310-12022018-3-416-422.
Ponge, A. (2020). African Urban Agriculture and Food
Security: Interrogating the Confluence of Gender and
Sustainable Food Security in Kenya. GSJ, 8(11).
https://www.academia.edu/44577067/Ponge_Awuor_
2020_African_Urban_Agriculture_and_Food_Securit
y_Interrogating_the_Confluence_of_Gender_and_Su
stainable_Food_Security_in_Kenya.
Puigdueta, I., Aguilera, E., Cruz, J. L., Iglesias, A. &
Sanz-Cobena, A. (2021). Urban agriculture may
change food consumption towards low carbon diets.
Global
Food
Security,
28,
100507.
https://doi.org/10.1016/j.gfs.2021.100507.
Rosso, G. (2020). Paysages Nourriciers: 50 vegetable
gardens throughout the city of Nantes to counter the
crisis.
Gamber
Rosso.
https://www.gamberorossointernational.com/news/pa
ysages-nourriciers-50-vegetable-gardens-throughoutthe-city-of-nantes-to-counter-the-crisis/.
Roubík, H., Lošťák, M., Ketuama, C. T., Procházka, P.,
Soukupová, J., Hakl, J. ... & Hejcman, M. (2022).
Current Coronavirus Crisis and Past Pandemics-what
can happen in post-COVID-19 agriculture?
Sustainable
Production
and
Consumption.
https://doi.org/10.1016/j.spc.2022.01.007.
Sánchez, M., González-Burgos, E., Iglesias, I., Lozano, R.
& Gómez-Serranillos, M. P. (2020). Current uses and
knowledge of medicinal plants in the Autonomous
Community of Madrid (Spain): A descriptive crosssectional study. BMC complementary medicine and
therapies, 20(1), 1-13. https://doi.org/10.1186/
s12906-020-03089-x.

Sarsby, A. (2012). A Useful Guide to SWOT Analysis.
https://www.cii.co.uk/media/6158020/a-useful-guideto-swot-analysis.pdf.
Shrestha, P. (2021). Urban permaculture for climateresilient farming in Worcester, Massachusetts.
https://commons.clarku.edu/idce_masters_papers/254
Thiesen, T., Bhat, M. G., Liu, H. & Rovira, R. (2022). An
Ecosystem Service Approach to Assessing AgroEcosystems in Urban Landscapes. Land, 11(4), 469.
https://doi.org/10.3390/ land11040469.
Thyrian, J. R., Kracht, F., Nikelski, A., Boekholt, M.,
Schumacher-Schönert, F., Rädke, A. ... & Kreisel, S.
H. (2020). The situation of elderly with cognitive
impairment living at home during lockdown in the
Corona-pandemic in Germany. BMC geriatrics, 20(1),
1-15. https://doi.org/10.1186/s12877-020-01957-2.
Van den Berg, A. E., van Winsum-Westra, M., De Vries,
S. & Van Dillen, S. M. (2010). Allotment gardening
and health: a comparative survey among allotment
gardeners and their neighbors without an allotment.
Environmental
Health,
9(1),
1-12.
https://doi.org/10.1186/1476-069X-9-74.
Vargas-Hernández, J. G. (2020). Urban Sustainable
Growth, Development, and Governance Structures for
Revitalization of Open Vacant Spaces in Agriculture
and Farming. In Developing Sustainable Food
Systems, Policies, and Securities (pp. 38-59). IGI
Global.
https://doi.org/10.4018/978-1-7998-25999.CH003.
Verma, K., Singh, K. P., Singh, A., Lothe, N. B., Kumar,
D., Singh, A. K. ... & Singh, S. (2021). Co-cultivation
of a medicinal plant kalmegh [Andrographis
paniculata (Burm. F.) Wall ex. Nees] with food crops
for enhancing field productivity and resource use
efficiency. Industrial Crops and Products, 159, 113076.
https://doi.org/10.1016/j.indcrop.2020. 113076.
Viana, C. M., Freire, D., Abrantes, P., Rocha, J. & Pereira,
P. (2022). Agricultural land systems importance for
supporting food security and sustainable development
goals: A systematic review. Science of the Total
Environment, 806, 150718.
Waddington, E. (n.d.). The Complete Guide Into the
World
of
Companion
Planting.
https://www.firsttunnels.co.uk/userfiles/pdf/Compani
on-Planting-Guide_compressed.pdf.
Xanthidis, I. (2021). Methods of approaching primary
school children in order to adopt a healthy diet.
Appropriate strategies. [Bachelor Thesis]. Η.Μ.U,
School of Health Sciences (SHS), Nutrition and
Dietetics Sciences Dept. https://apothesis.lib.hmu.gr/
handle/20.500.12688/9788.
Xi, L., Zhang, M., Zhang, L., Lew, T. T. & Lam, Y. M.
(2021). Novel Materials for Urban Farming. Advanced
Materials, 2105009. doi: 10.1002/adma.202105009.
Epub ahead of print. PMID: 34668260.
Zhang, X., Zhang, Y. & Zhai, J. (2021). Home Garden
with Eco-healing Functions Benefiting Mental Health
and Biodiversity During and After the COVID-19
Pandemic: A Scoping Review. Frontiers in public
health, 1692.
Zhong, Q., Wang, L. & Cui, S. (2021). Urban food
systems: a bibliometric review from 1991 to 2020.
Foods, 10(3). https://doi.org/10.3390/foods10030662

119

https://www.academia.edu/14173442/Mediterranean_foo
d_consumption_patterns_and_health_Diet_environm
ent_society_economy.
***Committee of the Regions (2020). Opinion of the
European Committee of the Regions on Equal living
conditions - Shared responsibility for all levels of
government in Europe. https://eur-lex.europa.eu/legalcontent/EL/TXT/PDF/?uri=CELEX:52020IR2612&f
rom=EN.
***European Commision. (n.d.). Developments and
Forecasts on Continuing Urbanisation. Retrieved
March
25,
2022,
from
https://knowledge4policy.ec.europa.eu/foresight/topic
/continuing-urbanisation/developments-andforecasts-on-continuing-urbanisation_en.
***Food and Agriculture Organization of the United
Nations. (2021). The State of Food and Agriculture
2021. Making agri-food systems more resilient to
shocks and stresses. https://www.fao.org/3/cb4476en/
cb4476en.pdf.

***Mediterranean Diet. (n.d.). Retrieved March 25, 2022,
from
https://en.wikipedia.org/wiki/Mediterranean_diet.
***Municipal Institute for People with Disabilities,
Barcelona. (2019). Rooftop Gardens: Growing greens
for
social
inclusion.
https://publicadministration.un.org/unpsa/Portals/0/U
NPSA_Submitted_Docs/2019/afcc5af9-7783-4899bd7d-d04437c06c95/EPSA%20AWARD%
20and%20Summary_27112019_072231_3fe9682f5afc-49dc-9b67-31c55d694ccb.pdf?ver=2019-11-27072231-650.
***Social Farming. (2015). www.volunteerworld.com/
en/volunteer-program/social-farming-in-italy-rome.
***The Permaculture Kitchen Garden. (2021, December
13). Freepermaculture. www.freepermaculture.com/
kitchen-garden

120

AgroLife Scientific Journal - Volume 11, Number 1, 2022
ISSN 2285-5718; ISSN CD-ROM 2285-5726; ISSN ONLINE 2286-0126; ISSN-L 2285-5718

THE INFLUENCE OF LONG-TERM FERTILIZATION WITH NITROGEN
AND PHOSPHORUS ON THE NPK CONTENT IN SOIL
Nicoleta MĂRIN1, Maria NEGRILĂ2
1

National Research and Development Institute for Soil Science, Agro-Chemistry and Environment ICPA Bucharest, 61 Marasti Blvd, District 1, Bucharest, Romania
2
Agricultural Development Research Station Teleorman, Draganesti-Vlasca, Teleorman, Romania
Corresponding author email: marinnicoleta37@yahoo.com
Abstract
This paper presents the experimental results obtained from a long-term experience after 29 years of fertilization with
nitrogen and phosphorus. The applied nitrogen derived from ammonium nitrate and phosphorus from concentrated
superphosphate (in dosages of 0, 40, 80, 120, 160 kg/ha). The application of phosphorus fertilizers led to very
significant increases of mobile phosphorus content for all application dosages. Mobile phosphorus values increased
from 60 mg/kg for P0 to 204 mg/kg for P160 kg/ha. Total phosphorus presented very significant increases for the
application dosages of 80, 120 and 160 kg/ha (from 0.094% P for the unfertilized control to 0.146% P for the 160 kg
P/ha dosage). Mobile potassium level decrease in soil as a result of nitrogen and phosphorus fertilization. The
ammonium nitrate determined a decrease of the soil reaction and varied depending on the applied dosage, from 5.75
for the unfertilized control to 5.37 pH units.
Key words: long-term experience, nitrogen, total and mobile phosphorus, total and mobile potassium.

INTRODUCTION

poor supply with macro and micronutrients,
soil pollution or remove aside lands out of
farming.
Agrochemical study of agricultural land
substantiates rational use of fertilizers and
amendments, in order to obtain higher production both in terms of quantity and quality, to
increase soil fertility condition, and for
environment protection.
The various aspects of agrochemicals development of the soil are highlighted by the results
obtained after many long-term experiences on
stationary, about the content of nitrogen,
phosphorus and potassium (Borlan et al.,
1994).
In order to determine the increasing of the
plant’s production, actions are taken through a
complex of measures for improving the properties of soil and environmental conditions by
satisfying an extent as possible the requirements for plant nutrition, as well as through a
series of steps on plants in order to increase
their ability to absorb substances and energy
from the surrounding environment (Sala, 2007).
Long term experiments plays a vital role in
analyzing the stability of crop production,
trends in soil quality, technological progress

To meet the society constantly increasing
requirements of alimentary nature, the
production increasing per unit area is needed,
since the expansion of cultivated areas is
achievable only in certain regions of the world,
South America, Central Africa, East and
Southeast Asia with high costs, due to poor
quality of land and large investments for their
arrangement in order to build new agricultural
systems.
Specialized organizations FAO, after analyzing
various solutions for increasing food resources
for mankind, concluded that, for now, the only
safe and major source for obtaining higher
quantities of food resources are the agricultural
ecosystems, and to enhance these food resources is necessary to intensify the production
process, obtaining large quantities of
agricultural products per unit area (Sala, 2007).
In Romania overall situation of soils quality it
is unsatisfactory due to many restrictive factors
of production capacity as: periodic excessive
humidity of soil or prolonged drought,
alkalizing or salinisation of soil, low and
extremely low humus reserve, compacting,
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points). It shows that low values, very low and
extremely low represents 65.41% of the
agricultural area of the country (Dumitru,
2000).
Following 50 years of research at the
Experimental Center of crop rotation in
Ivanovice in the Czech Republic showed that
the production of winter wheat was influenced
primarily by the cultivated variety, followed by
the effect of fertilizers, previous cropping and
manure application (3). Several researchers
have found that the application only of NPK
fertilizers can not sustain productivity in
intensive culture systems, while the inclusion
of organic fertilizer improves the physical
properties, soil fertility and crop yields (Jiang
et al., 2008).
Long term application of the compost prepared
in the farm, or in combination with NP,
improved level of nutrients for: P, K, Ca, Mg
and Zn in the first 10 cm of the soil, while the
application of the fertilizer with NP contributed
only to the increase of phosphorus levels in the
soil (Bedada et al., 2016).
The data presented in Figures 1, 2 and 3
concerning the evolution of the nitrogen
content of the soil, show that fertilization with
phosphorus, das not offer significant changes in
nitrogen supply of the soil. The total nitrogen
content in the soil increased significantly after
the application of 40 and 80 kg N/ha doses
(from 0.166% at control without fertilizers to
0.171% at both applied doses). A very
significant increase of the total nitrogen values
were noted on application of 120 and 160 kg
N/ha. Following effect of interaction of the two
fertilizer it is found that application of 160 kg
N/ha without phosphorus fertilizer, nitrogen
content of the soil increased significantly
distinct. Significant increases were brought by
applying doses of N120 and N160, together
with P40 and P80.
Application of the ammonium nitrate has led to
fall of soil pH. After 39 years of fertilizing the
soil falls to moderate acid class, values between
5.95 and 5.30 pH units, which require the
application of amendments. The humus content
is between 3.66% and 4.27%, the degree of
base saturation have the values between 73%
and 81%.
A group of experts from the European
Community who studied the efficiency of

and changes in environmental factors, but also
the budget calculation of nutrients (Kunzova et
al., 2009).
MATERIALS AND METHODS
Samples were harvested from the experimental
field of SCDA Teleorman after 39 years longterm fertilizing with ammonium nitrate and
phosphorus in superphosphate by 5 degrees: 0,
40, 80, 120, 160 kg/ha. The effect of application fertilizers with nitrogen and phosphorus
was follow on the content of total nitrogen,
total and mobile phosphorus, and total and
mobile potassium from the soil.
Soil samples were collected at the end of the
wheat crop vegetation, from the depth of 0-20
cm.
In the laboratory phase, in order to determine
the elements the following analytical methods
were used:
• total nitrogen content (N%): Kjeldahl method,
disintegration with H2SO4 at 350°C, a catalyst
of potassium sulfate and copper sulfate - SR
ISO 11261:2000.
• accessible phosphorus (mobile) after EgnerRiehm-Domingo method and colorimetric
dosed with blue by molybdenum after MurphyRiley method (ascorbic acid reduction).
• accessible potassium (mobile) extraction by
Egner-Riehm-Domingo method and by dosing
flame photometry.
RESULTS AND DISCUSSIONS
1. Influence of NP fertilization on the
nitrogen content of the soil
Nitrogen is one of the fundamental elements of
plant nutrition, essential for the growth of
plants, theirs leaf area and there of it
determines the increasing the quantity of fruit
and seeds (Dodocioiu et al., 2009).
In Romania, research conducted within the
National Monitoring System of Soil Quality on
a network of 16x16 km, showed that on 0-50
cm depth of the soil nitrogen supply is very low
(<0.101%) to 23.36% of the surface (220 sites),
small (0.101 to 0.140%) in 27.60% of the area
(280 sites), medium (0.141-0.270%) in 36.73%
of cases (346 sites), higher (0.271-0.600%) to
10.40% of the cases (98 sampling points), and
very high (>0.600%) in 4.48% of cases (42
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while the global average EUN sector crop
production was 44% and excess global
environment of nitrogen in agriculture EU27
including livestock was about 80 kg/ha. In
2010 EUN in the EU 27 increased to over 50%
(Oenema et al., 2015).
In this experiment the efficiency use of the
nitrogen was 211% in terms of applying a dose
of 40 kg N/ha, 122% in variants fertilized with
80 kg/ha nitrogen, 85% in variants fertilized
with 120 kg/ha N and 81% in terms of
fertilization 160 kg/ha nitrogen. It can be
concluded that the application of nitrogen doses
up to 80 kg/ha led to a mining type agriculture,
based on the use of nitrogen from the soil,
while doses of 120 to 160 kg/ha nitrogen falls
within the desired range of nitrogen use
efficiency. If the index of recovery of nitrogen
is below 50%, there is a risk of the inefficient
use and, thereof, the amounts of nitrogen use
efficiency is very low.

nitrogen use (EUN) as an indicator for use of
nitrogen in agriculture and food systems have
shown the relation: EUN = nitrogen exits on
the harvested yeld/inputs of nitrogen. It was
concluded that the target values for nitrogen
use efficiency (EUN), the outputs of nitrogen
and the nitrogen surplus depends on the type of
farming system and conditions of climate, soil,
environment, as well as the type of nitrogen
used. This means that the targets are specific to
the system and location.
The reference values (50% < EUN < 90%;
nitrogen output > 80 kg/ha and year, the excess
nitrogen < 80 kg/ha and year, serving as a first
attempt to reach such set point values are based
on experts considerations on the production and
environmental objectives for a particular
culture system. Those targets proposed are
averages in Europe. For example global
average nitrogen outflows from agricultural
land in the EU 27 in 2000 were about 80 kg/ha,
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Figure 1. Phosphorus fertilization
influence on the nitrogen content
LSD 5% = 0.003 %
LSD 1% = 0.004 %
LSD 0.1 % = 0.006%
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Figure 2. Nitrogen fertilization
influence on the nitrogen content
LSD 5% = 0.005%
LSD 1% = 0.006%
LSD 0.1% = 0.008%

2. Influence of fertilization with NP on total
and mobile phosphorus content in soil
Phosphorus is an essential element for plant
and animal growth, needed to maintain profitable plants and animal production (Dobermann
et al., 1996).
In Romania researches made within the Soil
Quality Monitoring System in 16 x 16 km
network showed that in the 0-50 cm depth,
supply of the soil with phosphorus is extremely
low (< 4 mg/kg) to 11.36% of the surface (107
sites), very low (4-8 mg/kg) in 21.02% (198
points), low (9-18 mg/kg) in 33.01% of cases
(311 sites), the average (19-36 mg/kg) in
20.70% of cases (195 sampling points), high
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Figure 3. NP fertilization influence
on the nitrogen content
LSD 5% =0.011%
LSD 1% = 0.014%
LSD 0.1%= 0.019%

(37-72 mg/kg) in 9.45% of cases (89 points)
and very high (> 72 mg/kg) in 4.48% of cases
(42 points). It shows that low values, very low
and extremely low represents 65.41% of the
agricultural area of the country (Dumitru,
2000).
Unlike this situation in the Netherland where
the amount of phosphorus in soils can be found
in very high doses it was necessary to reduce
the organic and mineral fertilizers with this
element, and to find possible solutions to
reduce the amount of phosphorus in the organic
fertilizer.
A significant amount of P in the grain is in the
form of phytate, which can’t be digested by
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pigs and chickens. Thus, are used additives
with enzymes to animal feed in order to
increase the efficiency of phosphorus uptake
during digestion. These enzymes may reduce
the need for supplemental P in food and,
possibly, reduce the P content of the manure
(The Pennsylvania State University, 2001).
In the Philippines in rice culture it tries to
minimize the accumulation of phosphorus in
the soil above the sufficient levels for optimal
growth of the crop, by applying the phosphorus
fertilizer locally. Unlike the management of
nitrogenous fertilizers, to maximize the level of
recovery of phosphorus is less important, this is
due to the fact that P is less mobile in the soil,
the inputs of phosphorus, other than the
fertilizer are small, and a large part of the the
residual phosphorus fertilizer applied to the
plant remains available for subsequent crops
(Dobermann et al., 1996).
By comparing the content of phosphorus in
three long-term experiments (30 years) have
shown that the type of soil, due to different
contents of organic matter, have a significant
influence on phosphorus dynamics.
Application of the phosphorus both in the form
of fertilizer inorganic and organic as manure
has a considerable influence on the
accessibility, absorption, washing or fixing of
phosphorus, but the rate of recovery by culture
of phosphorus from the mineral fertilizers does
not exceed 35%, with the lowest recovery
(18%) in the soils with the highest content of
clay from Rothamsted. The most efficient use
of phosphorus (on average 47% to 37% from
Rothamsted BadLauchestaedt) was on soils
treated with manure. The largest quantity of
phosphorus washing or fixed (8 and 25
kg/ha/year) appears in soils treated with
superphosphate (Blake et al., 2000).
Following the experiments carried out at
Rothamsted Experimental farm, it was found
that about 13% of the reserve of P fertilizers
and manures gained from the available
phosphorus is retained as determined by Olsen
method (extraction with sodium bicarbonate to
pH 8.5) (Johnston et al., 1992). Other studies
have also shown that for every 100 kg ha-1 P
would increase the excess phosphorus of
2-6 mg/kg of soil (Tang et al., 2008).
The interaction of N with P may be called the
most significant interaction between nutrients

having practical significance (Aulakh et al.,
2007). Research has shown the ratio N/P for
cereals (n = 759) and indicated that over 40%
of crop production reach a maximum when this
ratio is relatively tight, ranging between 4 and
6 (Sadras, 2006).
When the P fertilizer input exceeds the P
outputs of the culture, the accumulation of P in
soil increases gradually in time (Kuo et al.,
2005). The information obtained from the
fractionation scheme, P was used to estimate
the behavior of applied P and the relationship
between the P shapes applied and to the plant
nutrition with P (Ryan et al., 1985; Furlani et
al., 1987; Cox et al., 1997). Thus, for the
development of P long-term management
strategies, it is important to establish forms and
characteristics P remaining in the soil after
repeated application of fertilizers (Takahashi et
al., 2007).
Total phosphorus content in the arable layer of
soil is the difference between the inputs of
phosphorus (with fertilizers, take up by roots
from underlying horizons) and exports (exports
harvest, losses by erosion), in which, for plant
nutrition, the main source is phosphate neocluşi
mineral particles from the surface of the soil.
The plant nutrition is determined by the
processes of desorption and diffusion of
phosphate ions in the soil solution (Borlan et
al., 1990).
Long-term experiments is a means of
measuring the sustainable management systems
in agriculture (Ramsussen et al., 1998). Since
the dose of phosphorus applied, the low
efficiency of phosphorus absorbed by crop
plants is the main problem imposed to
phosphorus fertilization (Takahashi et al.,
2007).
The experimental data obtained in long-term
experience, after 39 years of fertilization with
ammonium nitrate and superphosphate showed
that mobile phosphorus in the soil has
increased very significantly at all doses
applied, from 60 mg/kg in the control to
204 mg/kg at 160 kg P application/ha per year.
Total phosphorus concentration increased
significantly distinct from the application 40 kg
P/ha, and very significant at application rates of
80, 120 and 160 kg/ha, from 0.094% in the
control to 0.146% in variant treated with 160
kg P/ha.
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By applying nitrogen in doses of 80, 120 to 160
kg/ha, the phosphorus content decreased very
significantly, from 144 mg/kg to 132 mg/kg.
Nitrogen fertilization has led to increased yield
and also to increased consumption of phosphorus. The accumulation of total phosphorus
in soil showed no statistically increases under
the influence of nitrogen fertilization.
The interaction of these two fertilizer gave the
following results: the application of the
nitrogen fertilizer without phosphorus, led to a
significant decrease in mobile phosphorus in
the soil at the application 120 and 160 kg N/ha.
Fertilization with 120 kg N/ha without P led to
a very significant reductions of the content of
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Figure 4. Influence of phosphorus
fertilization on the mobile
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mobile phosphorus. In variants that were
applied to 80-160 kg P/ha on the background of
fertilization with nitrogen content of total phosphorus in the soil increased significantly (from
0.108% to 0.118% at the dose of 80 kg N/ha),
and very significantly (from 0.134% to 0.150%
at the dose of 160 kg N/ha) (Figures 4-9).
Fertilization with higher doses of phosphorus
than the P take it by yield, led to increases
significantly the content of phosphorus in the
soil in the first 20 years of the experiment
(Hera, 2013).
Mineral fertilization with nitrogen only has a
negative influence of the phosphorus content of
the plowed soil layer.
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Figure 8. Influence of nitrogen
fertilization on the total
phosphorus content
LSD 5% = 0.004%
LSD 1% = 0.005%
LSD 0.1% = 0.007%

3. The influence of long term NP fertilizer on
the content in total and mobile potassium of
soil
Potassium is a macronutrient that plays a key
role in the synthesis of the cells, enzymes,
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Figure 9. Influence of NP fertilization
on the total
phosphorus content
LSD 5% = 0.007%
LSD 1% = 0.009%
LSD 0.1%= 0.012%

proteins, starch, cellulose and vitamins, in the
transport of nutrients and their absorption,
which confers resistance to abiotic and biotic
factors and improve the quality of crops
(Epstein et al., 2005; Pettigrew, 2008).
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The issue of sustainable management of soil
potassium was partially ignored in recent
decades, agricultural use of nitrogen and
phosphorus was considered a more important
issue. It has become apparent that mixed
systems
can
exhausted
soil
in
K
interchangeably if this is not replaced by the
minerals in the soil with the amount of K
export crops. The release rate is dependent on
the balance and fixing K in the soil, which
confirms that they are reversible processes
which depend on absorption of plant and
fertilizer application (Simonsson et al., 2007).
KAL (mg/kg)
250

250

234

235

234

228

226

200

200
150
P0

P40

P80 P120 P160

100

300
250
200
150

150

Figure 10. Influence of phosphorus
fertilization on the mobile
potassium content
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Figure 11. Influence of nitrogen
fertilization on the mobile potassium
content
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In order to avoid the lack of K and to support
the long-term productivity, a continuous supply
of potassium in the soil occurs from the soil
inner reserve (Andrist-Rangel et al., 2007).
Budgets or balance sheet items are increasingly
used to assess the sustainability and long-term
effects of nutrient management in the agro
systems (Smaling et al., 1999; Dargaard et al.,
2006).
In Figures 10-15, is shown the mobile potassium content of the soil, due to the NP fertilization, it decreased significantly distinct from
the application of 160 kg N/ha and 160 kg P/ha.

P0
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Figure 12. Influence of NP
fertilization on the mobile
potassium content
LSD 5% = 14%
LSD 1% = 19%
LSD 0.1%= 25%
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Figure 13. Influence of phosphorus
fertilization on the total
potassium content
LSD 5% = 0.319%
LSD 1% = 0.464%
LSD 0.1 % = 0.697%
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Figure 14. Influence of nitrogen
fertilization on the total
potassium content
LSD 5% = 0.106%
LSD 1% = 0.142%
LSD 0.1% = 0.187%

After 39 years of the NP fertilizer, mobile
potassium decreased to about 10 mg/kg
compared to control variant. Although K
fertilizers were not applied, the mobile
potassium content of the soil fall in the class

N0
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P80 P120 P160
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Figure 15. Influence of NP
fertilization on the total
potassium content
LSD 5% = 0.238%
LSD 1% = 0.318%
LSD 0.1%= 0.418%

with high mobile potassium content (Florea et
al., 1987).
NP fertilization did not result in statistically
changes to the total potassium content of the
soil.
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Abstract
Castor bean is an important oil plant, which in Romania is cultivated on small areas for scientific, ornamental,
industrial and medicinal purposes. Having into consideration the importance of the crop in the past, respectively up to
1989, when Romania was the sixth largest cultivator of castor bean in the world, and having in view the great
importance of its oil, it can be said that in Romania the castor bean has a real potential to develop in the future.
Optimizing row spacing and plant density has a significant influence on seed yield. Therefore, our research focused on
determining the optimal combination of row spacing and plant density to obtain the best yield under the environmental
conditions specific to the South Romania and taking into account the phenotypic expression of the cultivated variety.
Researches were performed in field conditions at the Agricultural and Development Research Station Teleorman
located in Teleorman County in South Romania, in the years 2019 and 2020 and on cambic chernozem soil conditions.
The experiment was placed according to the method of subdivided plots into 3 replications, with the following factors:
Factor A - row spacing, with 4 graduations (30, 50, 70 and 90 cm); Factor B - plant density, with 3 graduations
(40,000, 60,000 and 80,000 plants/ha); Factor C - castor bean variety, with 2 graduations (Teleorman and Rivlas). The
results of the performed research proved that decreasing the row spacing is associated with decreasing of yield, while
increasing the plant density is associated with increasing of yield. The Rivlas variety turned out to be more productive
than the Teleorman variety.
Key words: castor bean, row spacing, plant density, variety, plant characteristics, yield.

INTRODUCTION

Optimizing row spacing and plant density is a
simple, low-cost procedure, but it has a
significant influence on production (Severino et
al., 2006a; 2006b; Soratto et al., 2012) and it is
essential for maximizing seed production (Cox
& Cherney, 2011). But, it has to be taken into
consideration that increased plant density may
result in overcrowded plants (Carvalho et al.,
2010) prone to fall, while a small plant
population may favor weed infestation, late
flowering, broad lateral branches, and tall
stems that affect mechanical harvesting (Lopes
et al., 2008; Severino et al., 2012).
For castor bean, the nutrition space has a very
important role due to the fact that the number
of branches on plant depends on the nutrition
area and in some cases, on the characteristics of
the cultivated variety. The obtained results in
this respect highlighted the differentiation of
the optimal plant density according to the
morpho-physiological peculiarities of the
variety, the soil fertility and the water supply.
Thus, for the southern conditions of Romania,
in the past it was recommended that castor bean

Castor bean (Ricinus communis L.) is one of
the valuable oil plants. In Romania, up to 1989
it ranked fourth as cultivated area among oil
crops, after sunflower, soybean and linseed. At
that time, Romania was the sixth largest
cultivator of castor bean at world level. At
present, there are sporadic attempts to cultivate
castor bean for ornamental, industrial and
medicinal purposes, for entrepreneurs this
proving to be an unpretentious crop, which is
easily and very profitably cultivated,
extraordinarily useful and, as a result, highly
sought after.
In most castor bean growing regions, yields can
be rapidly increased by using improved
agronomic practices. Key technologies include
selecting the right genotype combined with the
use of good quality seeds, appropriate sowing
date, irrigation, soil fertilization, weed, pest and
disease management, optimized plant density,
mechanical harvesting and post-harvest
management (Severino et al., 2012).
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Castor bean has a considerable ability to adjust
its yield so that a certain change in plant
density is compensated by adjusting the
number of racemes, the number of seeds per
raceme and the weight of the seeds.
For this reason, it is common to consider
negligible or inconsistent the effect of plant
density on castor bean production (Bizinoto et
al., 2010; Diniz et al., 2009; Petinari et al.,
2012; Severino and Auld, 2013; Soratto et al.,
2011; 2012; Souza-Schlick et al., 2011; 2012).
The optimal combination of row spacing and
plant density can lead to economic
maximization of castor bean yield.
Thus, the best economic results were obtained
when a smaller space between rows was used
(0.45 m).
The highest production cost was for the density
of 70,000 plants/ha, due to the use of a larger
amount of seeds and fungicide applications.
The best profitability index (27.46%) was
obtained by combining the distance between
rows of 0.45 m and the density of 55,000
plants/ha (Petinari et al., 2012).
In drought conditions, for castor bean crop, the
height of the main raceme is positively and
directly correlated to plant density. But, the
number of racemes per plant and the diameter
of the stem are inversely proportional to the
plant density. However, yield was not
influenced by the number of plants per hectare
(Severino et al., 2012).
The use of the optimal combination of row
spacing and plant density among a crop allows
the best use of light, water and nutrients by
plants (Henderson et al., 2000; Tourinho et al.,
2002).
The ideal arrangement of plants in the planting
area depends on the intrinsic characteristics of
the cultivar, such as size, growth habits and
architecture of the plants (Bezerra et al., 2009),
as well as on the pedo-climatic conditions and
management system (Severino et al., 2006a;
2006b; Bizinoto et al., 2010).
Optimizing row spacing and plant density has a
significant influence on seed yield. Therefore,
our research focused on determining the
optimal combination of row spacing and plant
density to obtain the best yield under the
environmental conditions specific to the South
Romania and taking into account the
phenotypic expression of the cultivated variety.

must be sown at 80 cm between rows and 2025 cm between plants per row, achieving
optimal densities of 50-62 thousand plants per
hectare (Vrânceanu & Stoenescu, 1970).
Most phytotechnical research has focused on
establishing the optimal plant density, because
this technological component together with the
genetic potential is a determinant of the
productive superiority of castor bean varieties.
For the growing conditions in Romania,
respecting the optimal sowing time and
ensuring an appropriate density (80-90
thousand germinal seeds/ha) are leading to safe
and good yields of castor bean, plants reaching
maturity in time and harvest being performed in
a single pass (Prodan & Prodan, 1993).
Research on plant density variation revealed
that, compared to the old varieties, the optimal
density for new varieties is higher, the optimal
density underwent small variations, due to the
manifestation of the phenomenon of compensation between productivity elements (Sturzu et
al., 2014). It was also highlighted the dependence of yield on plant density in correlation
with the reserve and soil moisture dynamics, as
well as the relationships between the high plant
density and the incidence of disease attack, and
the correlation of row distance to weeds with
weed control method (Sturzu et al., 2014).
For the pedoclimatic conditions in the Burnas
Plain in South Romania, following the studies
carried out, Sărdan (2003) recommends a
density of 60,000 or 70,000 plants/ha to reduce
the degree of branching and increase yields on
the main raceme, depending on the climatic
conditions of the year.
Attempts to define an optimal plant density of
the castor bean crop fail because this optimal
density depends on many factors such as plant
architecture,
soil
characteristics,
crop
management (fertilization, weed control etc.)
and environmental conditions during growing
period (rainfall, temperature, solar radiation,
and air humidity) (Severino et al., 2017).
The complex interaction of plant density
factors is reflected in the fact that it is not a
widely accepted optimal plant density defined
even for major crops such as maize (Zea mays
L.), cotton (Gossypium hirsutum L.), peanuts
(Arachis hypogaea L.) and soybean (Glycine
max L.) (Boquet, 2005; Egli, 1988; Rossini et
al., 2011; Wells, 1991).
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MATERIALS AND METHODS

resistance, and achieved seed yields of 15342540 kg/ha.
The surface of the experimental plot, the
sowing density, the distance between rows, the
number of plants/plot, the number of
plants/row, the distance between plants/row
varied depending on the combination of
experimental factors (Table 1).
Crop management. The preceding crop was
common autumn wheat. After harvesting the
preceding crop, there was performed a
harrowing work, and after that the ploughing
was performed at a depth of 30 cm. In the
autumn, 100 kg of nitrocalcar (27% nitrogen)
were applied, being incorporated with the disc
harrow work. In the spring, complex chemical
fertilizers of the 15:15:15 type were applied, in
a dose of 200 kg commercial product on ha.
For the preparation of the germination bed, two
perpendicular works made with a combinator
were performed. After preparing the
germination bed, the sowing rows were marked
with the SPC-8 seed drill. The sowing was
done manually with the planter at a depth of
6 cm. To ensure the number of plants on the
plot, 2-3 seeds were sown in the nest. After
plant emergence, the plants were thinned,
leaving only one plant in the nest.
The control of the weeds was performed by the
application immediately after sowing of the
herbicides Dual Gold 960 EC (S-metolachlor
960 g/l) at a rate of 1.5 l/ha and Roundup
(glyphosate 360 g/l) at a rate of 2.0 l/ha. For
controlling in the vegetation period of the
monocotyledonous weeds, the herbicide
Leopard 5 EC (quizalofop-P-ethyl 50 g/l) was
applied in a rate of 0.75 l/ha in the growth stage
of 5-6 leaves. Unfortunately, for the control of
dicotyledonous weeds there is not yet an
herbicide for the castor bean crop with
application in the vegetation period. As a
consequence, in our field experiments the
control of dicotyledonous weeds in the
vegetation period was done by a mechanical
weeding followed by a manual correction
weeding. After the growth stage of appearance
of the main raceme, the weeds are no longer a
problem for the castor bean crop, because they
no longer have favorable conditions for
development (light, water and nutrients), the
land being well covered by the canopy of the
castor bean plants.

Researches were carried out in field experiments at the Agricultural and Development
Research Station Teleorman (ADRS Teleorman)
located in South Romania (Teleorman County)
in the years 2019 and 2020.
The researches were performed under rainfed
conditions on a soil of cambic chernozem type,
the vertical subtype, having a loam-clay texture
on the depth of the ploughed layer (0-25 cm).
From the point of view of the physical and
chemical properties, the soil is characterized by
a clay content of 45%, humus content of 3.1%,
weakly acid reaction (pH varies between 6.1
and 6.5), total nitrogen content of 0.166%,
phosphorus mobile of 40-60 ppm, and mobile
potassium of 250 ppm.
The main hydro-physical indices of the soil on
the horizon 0-80 cm have the following average
values: bulk density of 1.43 t/m3, field capacity
of 27.3% (310.4 mm), and permanent wilting
point of 15.0% (171.0 mm).
Experimental design. The experiment was
based on the method of subdivided plots into 3
replications, with the following factors:
- Factor A - row spacing, with 4 graduations:
• a1 = 30 cm;
• a2 = 50 cm;
• a3 = 70 cm;
• a4 = 90 cm.
- Factor B - plant density, with 3 graduations:
• b1 = 40,000 plants/ha;
• b2 = 60,000 plants/ha;
• b3 = 80,000 plants/ha.
- Factor C - castor bean variety, with 2
graduations:
• c1 = Teleorman variety;
• c2 = Rivlas variety.
The small plot was represented by the variety,
the medium plot by the plant density and the
large plot by the row spacing.
The biological material consists of two
varieties of castor bean, creations of SCDA
Teleorman, respectively Teleorman variety,
which is an early variety, with 1-3 secondary
racemes per plant and with average drought
resistance, and achieved seed yields of 10501720 kg/ha, and Rivlas variety, which is a
semi-late variety, with 0.1-0.2 secondary
racemes per plant and with average drought
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Table 1. Experimental factors of the castor bean field experiments in the years 2019 and 2020, at ARDS Teleorman
Experimental factors
Row spacing
Plant density
Castor bean
(cm)
(plants/ha)
variety
30
40,000
Teleorman

Fild
no.

Combination of
experimental
factors

Plots
surface
(m2)

No of
plants/
plots

No of
plants/
row

Distance
between
plants/row (cm)

1

a1b1c1

10

40

10

50.0

2

a1b1c2

30

40,000

Rivlas

10

40

10

50.0

3

a1b2c1

30

60,000

Teleorman

10

40

10

50.0

4

a1b2c2

30

60,000

Rivlas

10

40

10

50.0

5

a1b3c1

30

80,000

Teleorman

14

56

14

35.7

6

a1b3c2

30

80,000

Rivlas

14

56

14

35.7

7

a2b1c1

50

40,000

Teleorman

14

56

14

35.7

8

a2b1c2

50

40,000

Rivlas

14

56

14

35.7

9

a2b2c1

50

60,000

Teleorman

10

60

15

33.3

10

a2b2c2

50

60,000

Rivlas

10

60

15

33.3

11

a2b3c1

50

80,000

Teleorman

10

60

15

33.3

12

a2b3c2

50

80,000

Rivlas

10

60

15

33.3

13

a3b1c1

70

40,000

Teleorman

14

84

21

23.8

14

a3b1c2

70

40,000

Rivlas

14

84

21

23.8

15

a3b2c1

70

60,000

Teleorman

14

84

21

23.8

16

a3b2c2

70

60,000

Rivlas

14

84

21

23.8

17

a3b3c1

70

80,000

Teleorman

10

80

20

25.0

18

a3b3c2

70

80,000

Rivlas

10

80

20

25.0

19

a4b1c1

90

40,000

Teleorman

10

80

20

25.0

20

a4b1c2

90

40,000

Rivlas

10

80

20

25.0

21

a4b2c1

90

60,000

Teleorman

14

112

28

17.8

22

a4b2c2

90

60,000

Rivlas

14

112

28

17.8

23

a4b3c1

90

80,000

Teleorman

14

112

28

17.8

24

a4b3c2

90

80,000

Rivlas

14

112

28

17.8

All experimental variants were sown on the
same day and benefited from the same
technological elements applied from sowing to
harvesting.
All variants were sown on 26 of April in 2019,
respectively on 19 of April in 2020. The plants
emerged on 8 of May in 2019, respectively on
11 of May in 2020. Harvesting was done
manually. After harvesting, the seeds were
peeled by hand on each variant.
The calculation and interpretation of the results
were made based on the analysis of variance
for the experiments placed according to the
method of subdivided plots (Ceapoiu, 1968).
Climatic data. In terms of temperature in the
experimental years, castor bean benefited
throughout the vegetation period from
temperatures higher than the multiannual
average (Figure 1).
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In terms of rainfall, in 2019, castor bean
benefited from 376.6 mm of rainfall over the
entire vegetation period, being 76.6 mm more
than the crop's requirements for moisture, but
their distribution was unfavorable to the castor
bean crop. Thus, in the first part of the
vegetation period the rainfall was quantitatively
higher than the multiannual average by
+27.2 mm in April, +48.1 mm in May and
+99.3 mm in June. During the yield formation
period, respectively in July and August there
was an accentuated water deficit of - 27.1 mm
in July and - 47.2 mm in August (Figure 2).
In 2020, there were excess rainfall in May
(+7.8 mm) and June (+11.6 mm), while in
April (-21.8 mm), July and August a
cumulative deficit of -92.9 mm was registered,
compared to the multiannual averages of the
area. Practically, it can be said that in July the

total drought was installed, when only 2.8 mm
of rainfall was recorded, the rainfall being
practically absent, and the deficit of the month
being of 58.6 mm. The drought continued in

August, when only 12.6 mm of rainfall was
registered, of which 12.2 mm in the second
decade, and the deficit was of 34.4 mm.
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Figure 1. Evolution of average monthly temperatures at ARDS Teleorman in the years 2019 and 2020
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Figure 2. Evolution of rainfall at ARDS Teleorman in the years 2019 and 2020

RESULTS AND DISCUSSIONS

and the number of days from sowing to
maturity did not differ.
Due to the architecture of the castor bean plant,
breaking strength is a phenomenon that can
cause significant production losses. The use of
a smaller distance between rows and an
increased plant density can result in
overcrowded plants prone to falling and
breaking, while a larger distance between rows
and a lower plant density can favor weed
infestation, late flowering, lateral branches and
tall stems that affect mechanical harvesting,
prolongs
the
vegetation
period
and
consequently reduces productivity. On average,
the lowest percentage of broken plants (6.6%)
was recorded at 70 cm between rows and the
highest percentage of broken plants at 30 cm
between rows (10.9%) (Table 2). On average

The sum of the temperature degrees from
sowing to maturity was different, with values
between 2448oC and 2699oC in 2019.
The experimental variants sown in the
combinations of factors that resulted in a
narrower nutritional space required a sum of
degrees of lower temperature to reach maturity
compared to variants with more space for
nutrition. In the case of the number of days
from sowing to maturity, the situation is the
same, variants whose combinations of factors
determined a smaller area of nutrition reached
maturity faster than those with a larger area of
nutrition. In 2020, in June, there was a drought
that affected the castor bean plants so that the
differences in the sum of temperature degrees
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per plant density at the row spacing of 30 cm, it
is observed that with the increase of plant
density increased the percentage of broken
plants, while at the row spacing of 50 cm, the
increase in plant density decreased the
percentage of broken plants. At row spacing of
70 cm, the increase in plant density did not
affect the percentage of broken plants, and at
the row spacing of 90 cm, the increase in plant
density from 40,000 to 80,000 plants/ha led to
almost a triple increase in the percentage of
broken plants (from 3.4 to 9.6%) (Table 2).
For the growing conditions of Romania, as the
maturity of secondary racemes is attributed to
uncertainty, due to their later appearance, a safe
production of castor bean is achieved only from

the main racemes. The percentage of
monoracemal plants (plants with only one
raceme) was influenced by the experimental
factors studied, the most visible influence being
the row spacing. Thus, the reduction of the
distance between the rows to 30 cm led to the
overcrowding of the plants and to the reduction
of the number of secondary branches, so the
increase of the number of monoracemal plants
(92.2%). Increasing of the distance between
rows determined the decreasing of the
percentage of monoracemal plants, the lowest
percentage being registered at the row spacing
of 90 cm (71.7%) (Table 2). On average, the
Teleorman variety has the lowest number of
secondary branches of the two studied varieties.

Table 2. Influence of experimental factors on the percentage of broken plants and the percentage
of monoracemal plants (ARDS Teleorman, 2019-2020)
Plant
density
(plants/ha)

Percentage of broken plants

40,000
60,000
80,000
Average 50 cm
40,000
70
60,000
80,000
Average 70 cm
40,000
60,000
90
80,000

Variety
Teleorman
Rivlas
2019 2020
2019
2020
11.1
1.3
18.7
0.5
14.4
1.2
17.7
0.8
15.6
1.0
17.4
1.2
13.7
1.2
17.9
0.8
18.0
1.7
19.7
0.5
17.0
1.3
14.7
0.4
10.3
1.2
7.8
0.5
15.1
1.4
14.1
0.5
9.1
0.6
10.2
0.5
9.8
0.5
9.4
0.5
10.0
1.2
8.7
0.5
9.6
0.8
9.4
0.5
7.1
0.5
4.9
1.2
7.6
0.5
7.1
0.5
20.7
1.0
16.2
0.5

Average 90 cm

11.8

0.7

9.4

0.7

12.5

1.0

12.7

0.6

Row
spacing
(cm)
30

40,000
60,000
80,000

Average 30
50

Average variety

6.75

6.65

Percentage of monoracemal plants
Average
Variety
Average
Teleorman
Rivlas
Plant
Row
Plant
Row
density spacing 2019
density spacing
2020 2019 2020
7.9
89.3
96.2
86.5
92.5
91.1
8.5
87.2
92.3
89.0
91.9
901
8.8
97.4
92.1
97.3
94.3
95.3
10.9
91.3
93.5
90.9
92.9
92.2
10.0
91.7
90.3
87.5
84.2
88.4
8.3
86.9
89.7
83.3
80.3
85.1
4.9
93.8
91.2
83.2
80.3
87.1
10.2
90.8
90.4
84.7
81.6
86.9
5.1
57.1
83.2
55.7
80.2
69.1
5.0
69.8
80.3
65.7
79.5
73.8
5.1
91.3
82.7
89.2
80.3
85.9
6.6
72.7
82.1
70.2
80.0
76.3
3.4
55.4
70.3
56.0
70.0
62.9
3.9
66.9
78.9
57.7
73.1
69.2
9.6
89.8
76.3
90.4
75.6
83.0
7.3

70.7

75.2

81.4
85.3
83.4

The plant height is influenced by the distance
between the rows. It increases with increasing
distance between rows and does not show
significant differences in different plant
densities. On average per variety, Rivlas has
the highest height, of 144.6 cm (Table 3).
On average for row spacing, the length of the
main raceme had the highest value (34.3 cm) at
50 cm between rows and the smallest value
(30.7 cm) at 30 cm between rows. At all
graduations of factor A, the decrease of the
length of the main raceme is observed with the
increase of the plant density. On average per

68.0

72.9

71.7

78.5
81.9
80.2

variety, the Rivlas variety had the longest main
raceme (34.0 cm) (Table 3).
Table 4 shows how the row spacing and plant
density influence the number of seeds on the
main raceme. The highest number of seeds on
the main raceme (131.6) was obtained at 50 cm
between rows, and the smallest number of
seeds (101.3) was obtained at 30 cm between
rows. On average per variety, Rivlas had the
highest number of seeds on the main raceme
(120.4).
The weight of the seeds on the main raceme
was influenced more by the row spacing than
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by the plant density. Thus, at 90 cm between
rows, the weight of the seeds was of 29.9 g,
31.6 g at 70 cm between rows, 32.5 g at 50 cm
between rows, and 25.7 g at 30 cm between

rows. On average per variety, Rivlas had a
higher seed weight on the main raceme than
Teleorman variety (Table 4).

Table 3. Influence of experimental factors on plant height and main raceme length
(ARDS Teleorman, 2019-2020)
The plant height (cm)
Row
spacing
(cm)

Plant
density
(plants/ha)

30
Average 30
50

Rivlas

Plant Row
density spacing

Variety
Teleorman

Average
Rivlas

2019

2020

2019

2020

Plant
density

130.3

37

23

40

21

30.3

129.5

40

19

40

20

29.8

20
20.7
26

40
40.0
46

30
23.7
32

32.0

138.5

38
38.3
42

131.8

44

22

53

25

36.0

141.8

40

21

41

20

30.5

42.0

23.0

46.7

25.7

2020

2019

2020

40,000

143

113

156

109

60,000

147

117

154

100

80,000

105
111.7
115

158
156.0
160

100
103.0
131

128.0

40,000

149
146.3
148

60,000

150

110

164

103

80,000

148

123

161

135

129.3

137.3

36.5

148.7

116.0

161.7

123.0

147

144

162

131

146.0

40

20

49

23

33.0

60,000

159

119

164

144

146.5

43

20

46

21

32.5

80,000

156

122

167

131

144.0

38

24

47

20

32.3

40.3

21.3

47.3

21.3

34.3

154.0

128.3

164.3

135.0

40,000

160

112

167

148

146.8

36

21

45

23

31.3

60,000

153

136

169

144

150.5

40

23

46

26

33.8

80,000

159

94

167

145

141.3

36

24

41

21

30.5

37.3
39.5

22.7
21.9

44.0
44.5

23.3
23.5

Average 90
Average variety

157.3 114.0
151.6 117.5
134.6

145.5

167.7 146.0
162.4 126.8
144.6

146.2

30.7

34.0

Row
spacing

30.7

40,000

Average 70
90

Teleorman

The length of the main raceme (cm)
Average

2019

Average 50
70

Variety

32.6

31.8

Table 4. Influence of experimental factors on the number of seeds and their weight on the main raceme
(ARDS Teleorman, 2019-2020)
Row
spacing
(cm)
30
Average 30
50
Average 50
70
Average 70
90
Average 90

Plant
density
(plants/ha
)
40,000
60,000
80,000
40,000
60,000
80,000
40,000
60,000
80,000
40,000
60,000
80,000

Average variety

Number of seeds on the main raceme
Variety
Average
Teleorman
Rivlas
Plant
Row
2019
2020
2019
2020 density spacing
90
74
154
77
98.8
98
68
129
75
92.5
80
89
130
75
93.5
89.3
77.0
137.7
75.7
101.3
155
98
58
78
97.3
166
86
72
112
109.0
139
90
119
107
113.8
153.3
91.3
150.0
99.0
131.6
106
120
122
102
112.5
164
87
135
140
131.5
93
93
122
112
105.0
121.0 100.0 126.3 118.0
115.8
130
96
134
126
121.5
121
103
133
122
119.8
133
111,0
134
120,0 124.5
128.0 103.3 133.7 122.7
121.7
122.9
92.9
136.9 103.8
107.9
120.4
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Seed weight on the main raceme (g)
Variety
Average
Teleorman
Rivlas
Plant
Row
2019
2020
2019
2020 density spacing
23.8
20.7
46.3
21.4
28.1
26.1
16.4
38.4
18.9
25.0
21.3
17.9
38.9
18.8
24.2
23.7
18.3
41.2
19.7
25.7
41.2
23.5
38.0
24.7
31.9
41.9
17.6
45.8
31.1
34.1
32.3
21.4
46.1
26.5
31.6
38.5
20.8
43.3
27.4
32.5
29.2
26.2
37.9
30.5
31.0
40.9
24.4
41.6
31.3
34.6
26.8
22.9
39.1
28.0
29.2
32.3
24.5
39.5
29.9
31.6
33.8
30.7
40.6
36.3
35.4
34.1
26.0
42.8
29.1
33.0
32.2
24.4
43.3
30.4
32.6
33.4
27.0
42.2
31.9
29.9
32.0
22.7
41.6
27.3
27.4
34.5

For all biometric productivity elements one can
say that they are largely influenced by factor A
(row spacing) and factor C (variety).
Factor B (plant density) to a lesser extent
influences the differences between the
experimental variants.

Analyzing the yields obtained for the
experimental variants one can observe that the
increase of the distance between rows from
30 cm to 50 cm, 70 cm and 90 cm determines a
progressive increase of the yields in both years
of experimentation (Table 5).

Table 5. Influence of experimental factors on castor bean yields (ARDS Teleorman, 2019-2020)
Plant density
Row spacing (cm)
(plants/ha)

Teleorman
2019
2020
740
620
788
846
665
1107
731.0
857.7
1320
845
1741
914
1722
1474

40,000
60,000
80,000

30
Average 30 cm

40,000
60,000
80,000

50
Average 50 cm

Average 70 cm
40,000
60,000
80,000

90
Average 90 cm
Average variety

Yields (kg/ha)

2019
1408
1188
1230
1275.3
1174
2276
2448

1594.3
1077.7
1564
936
2185
1257
1882
1605
1877.0
1266.0
2410
1143
1766
1442
1870
1874,0
2015.3
1486.3
1554.4
1171.9
1363.2

40,000
60,000
80,000

70

Variety

Rivlas

2020
713
946
1314
991.0
839
1462
1645

Average
Plant density

Row spacing

870.3
942.0
1079.0
954.7

1044.5
1598.3
1822.3

1966.0
1315.3
1945
1001
2224
1522
2730
1740
2299.7
1421.0
2643
1370
2707
1699
2556
1945,0
2635.3
1671.3
1590.1
1349.7
1469.9

1361.5
1797.0
1989.3

1488.3

1814.2
189.5
1903.5
2061.3

2045.7

Table 6. Limit differences for all combinations of factors (ARDS Teleorman, 2019-2020)
LSD
(kg/ha)

For row spacing
2019

2020

For plant density
2019

2020

For variety

a1b2-a1b1

a2b2-a1b1

a1c2-a1c1

2019

2020

2019

2020

2019

2020

2019

2020

5%

137.7

92.98

130.5

30.36

119.4

30.71

260.9

70.14

236.8

105.17

206.8

61.45

1%

208.5

140.79

172.4

41.81

162.3

41.75

344.8

106.22

325.4

155.70

281.1

83.52

0.01%
5%

334.9

226.18
b1c2-b1c1

237.3

5757
b2c2-b1c2

217.4

238.8

53.21

195.9

43.49

86.1

1%

324.6

72.32

263.1

59.42

0.01%

434.8

96.86

356.4

80.45

476.6 170.63
a1b1c2-a1b1c1

470.5 241.90
a1b2c1-a1b1c1

42.67

391.8

86.05

386.6

52.21

82.19

128.88

121.8

48.63

526.2

116.96

527.8

59.31

139.33

185.02

175.6

56.28

712.9

156.64

729.8

68.92

296.56

273.58

55.91
a2c2-a1c2

Comparing the average yields one find that
there are statistically assured differences
between the yields obtained at the four row
spacing. The strongest growth is recorded with
the increase of row spacing from 30 cm to
90 cm (+ 1091 kg/ha). The increasing trend is
maintained and it is still strong with each
increase in row spacing from 50 cm to 70 cm
and 90 cm, adding an increase of about
300 kg/ha, statistically increase being distinctly
significant (Table 5).

376.5 111.86
a2b1c1-a1b1c1

Analyzing the average yields by plant density,
one finds that there are differences depending
on this factor.
Yields increase with increasing of density from
40,000 plants/ha to 60,000 plants/ha and to
80,000 plants/ha.
Regardless of the row spacing and plant
density, the Rivlas variety exceeds the
Teleorman variety in average by 106.7 kg/ha, a
statistically assured difference being very
significant.
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By analyzing the influence of plant density at
the same row spacing one find that at the same
row spacing one can obtain yield increases by
increasing the plant density (Table 7). The

increases are statistically ensured for both
varieties by increasing the density from 40,000
plants/ha to 60,000 plants/ha and 80,000
plants/ha.

Table 7. Analysis of variance for experience with row spacing x plant density x variety (ARDS Teleorman, 2019-2020)
Source of Variation

Sum of Squares (SS)

Row spacing
Plant density
Row spacing x plant density

2019
17898.12
8051.20
32181.95

2020
4058932
5142410
84163,25

Variety

43134.74

Row spacing x variety

Degrees of
Freedom
(DF)

Mean Squares (MS)

F-test

3
2
6

2019
59660.71
4025.60
5363,66

2020
1352977.3
2571204.9
14027.2

2019
209.9***
9.6**
12.8***

2020
104.4***
1044.9***
5.7*

570312

1

43134.74

570312.0

71.3***

142.5***

179004.86

27330

3

59668.29

9110.0

98.6***

2.3NS

Plant density x variety

5367.92

127422.8

2

2683.96

63711.4

4.4NS

15.9**

Row spacing x plant density
x variety

10300.89

186392.3

6

858.41

31065.4

1.4NS

7.8**

CONCLUSIONS
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Abstract
Soybean is considered one of the main multipurpose crop and the quality of soybean based products have increasingly
received attention. Soybean growers have invested into agronomic practices to maximize production and increase its
potential, one of the practices are the usage of foliar fertilizer. In order to quantify the effects of foliar fertilization on
soybean seed quality, an experiment was carried out at Research and Development Station for Agriculture Turda, in
two consecutive years (2020-2021) and was based on a randomized blocks design with three replications. Seventy-five
soybean genotypes from four maturity groups were analyzed. A small influence of foliar fertilization on soybean yield
was observed with a slight decrease for the early genotypes when foliar fertilization in both growth and development
stages were applied. Regarding the quality, an improvement of the chemical composition of soybean seeds can be
reached by applying foliar fertilizers. The results from this study revealed that yields was not increased by treatments
applied on soybean growing season.
Key words: soybean, foliar fertilization, maturity group, seed quality.

INTRODUCTION

(Medic et al., 2014). Nevertheless, the seed
composition
is
strongly
affected
by
environmental factors and the genetic structure
(Macak & Candrakova, 2013).
Foliar fertilization can increase soybean yield
and obtain high quality seeds, being an
alternative method for supplying plant nutrition
(Domingos et al., 2021; Domingos et al., 2019).
The most important advantage is that the
nutrients are absorbed through aerial plant
parts, being an ecological method to reduce
negative impacts on the soil and to correct
nutritional deficiencies (Niu et al., 2020).
Domingos et al. (2021) explained the
importance of translocation of some nutrients
from the leaves to the forming seeds. Another
advantage of foliar fertilization is that nutrients
can be applied in controlled quantities and in a
specific stage (Domingos et al., 2021; YanTing
et al., 2009).
Westgate et al. (1999) stated that oil and
protein content are closely related to genetic
variability and environmental conditions, but
also to anthropogenic factors such as soil
fertilization and plant nutrition. Macro and
micronutrients are important for soybean
growth and development stages, most

Soybean is one of the most important
leguminous crops due to its nutrition value
being also a substantial source of vitamins and
minerals (Kubar et al., 2021; Pratap et al.,
2011), with contributes of 25% at the global
edible oil and about two-thirds at the world's
protein feed, for animal feed (Dinesh et al.,
2013). According to multiple literature sources,
soybean has a protein content of 30-60% and
oil content ranging from 14% and 30% (Kubar
et al., 2021; Al-Tayar et al., 2021). Lombardi et
al. (2013) stated that the expansion of soybean
cultivation areas in recent decades is due to
several factors including its ideal profile of
biochemical constituents, namely essential fatty
acids and amino acids absolutely necessary for
human health. The soybean protein contains
most of the amino acids necessary for human
nutrition, also the soybean oil rates major in
unsaturated fatty acids like an oleic and linoleic
(Al-Tayar et al., 2021; Carrera & Dardanelli,
2017; Chandel, 2002). The chemical
composition of soybeans and their multiple
uses reflect how soybean production can meet
the needs of a growing world population
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assimilated nutrients are exported in seeds,
according to Maehler et al. (2003).
Boron among other microelements, has an
important role in several metabolic processes
like: photosynthesis, cell structure and
synthesis of nucleic acids and protein
(Domingos et al., 2021; Cakmak & Römheld,
1997), biological nitrogen fixation, and
physiological seed formation processes
(Campos et al., 2020).
Nitrogen is a macronutrient needed in high
quantities according to Nendel et al. (2019),
and is being supplemented by foliar fertilizer
(Kebeney et al., 2015; Jabborova et al., 2020),
but also through symbiotic process (Bono et al.,
2019). Nitrogen is considered to have a
significant input at the growing and
development stages, also is a part of the protein
structure (Sharifi et al., 2018). The application
of low-doses of foliar fertilization is considered
a strategy to provide additional nitrogen and
therefore an increase in crop yield (Oliveira et
al., 2019).
Potassium is most frequent present in plant
tissue, plays a key role in regulating the
osmotic cellular potential and activates over 60
enzymes, mainly involved in the synthesis of
sugar, starch and protein (Lara et al., 2018;
Sharifi et al., 2018). Nevertheless, many
authors reported that a high yield with superior
quality indices is given by both genetic
development and sustainable management
practices (Tilman et al., 2011; Henchion et al.,
2017; Magrini et al., 2018).

Table 1. Country of origin and number of genotypes
experimented (Turda, 2020-2021)
No.

Country of
provenience

Number of
genotypes

1

Romania

28

2

Austria

14

3

France

6

4

Serbia

4

5

Switzerland

8

6

Croatia

8

7
8

Italy
Germany
Total

6
1

Maturity group
very early (000), early (00), semiearly (0), semi-late (I)
very early (000), early (00), semiearly (0), semi-late (I)
very early (000), early (00), semilate (I)
early (00), semi-early (0), semilate (I)
very early (000), early (00), semilate (I)
early (00), semi-early (0), semilate (I)
semi-early (0), semi-late (I)
early (00)
75

The experimental design was a complete
randomized block with three replications each
soybean genotypes being sown on two rows, 12
m length and 50 cm distance between rows
with the harvested plot of 10 m2.
The polyfactorial experiment included three
factors: year with two graduation (Y);
treatment variants with three graduation (T)
and maturity group with four graduation (G).
Three levels of fertilization were analyzed in
this experiment (Figure 1).

MATERIALS AND METHODS
Figure 1. The levels of fertilization applied on the
soybean genotypes

The present experiment was conducted at
Research and Development Station for
Agriculture Turda (RDSA Turda), at the
Soybean Breeding Laboratory field during
2020 and 2021. The soybean genotypes
selected for the trial included 75 genotypes
(Table 1), of local (28 genotypes) and foreign
origin (47 genotypes from seven European
countries), included in four maturity groups:
very early 000 (15 genotypes), early 00 (30
genotypes), semi-early 0 (15 genotypes) and
semi-late I (15 genotypes). Each soybean
variety was sown in the second decade of April
at a seed rate of 55 germinating seeds per 1 m2,
in a faeozem vertical soil.

The vegetative and reproductive stages were
noted using a worldwide standard descriptors
methodology proposed by Fehr and Caviness,
(1977). The soil type is Faeozem with a content
in humus 3.5%, mobile phosphorus 4.5 mg
P2O5/100 g soil (AL), mobile potassium 30 mg
K2O/100 g soil (AL) and the soil reaction is
characterized as neutral.
Quality parameters were determined using
Tango Bruker Optik Gmbh equipment and
experimental data was analyzed statistically
with Microsoft Excel and Polifact program was
used for the analysis of variance (ANOVA).
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RESULTS AND DISCUSSIONS
The climatic conditions varied a lot in the two
experimental years (Figures 2 and 3), the
temperature in the summer months exceeded
the sixty-year average, at the same time the
precipitations were unevenly distributed
alternating the dry months with the very rainy
ones.
After a rainy 2020, insufficient moisture was
observed in the second year during the soybean
reproductive stages with negative consequences
on yield.
Generally, according to F test, the studied
quantitative characters varied very significant
depending on the year, treatment and also on
the maturity group (Table 2). Statistically a non
significant influence of fertilizer on yield was
revealed.

Figure 3. Amount of rainfall on soybean growing season
(mm)

A significant and distinct significant decrease
in soybean yield was observed for the very
early and early soybean genotypes when foliar
fertilization was tested. Regarding the later
genotypes, a positive response not statistically
insured was noted when nutritional intake
offered by foliar fertilization (Figure 4).
For quality parameters, the obtained data highlights a different response to foliar fertilization
depending on experimented maturity groups.
Even if the protein and oil content are genetically control by the genotype with right technology, seed quality can be improved (Figures 5
and 6). For the very early genotypes an increase
in protein and oil content was noted at the
complete fertilization scheme. Urdă et al.
(2021) reported an improved seed quality when
studied the influence of soil tillage system,
fertilizer and treatment applied to seed on
soybean chemical composition.

Figure 2. Daily mean temperature (0C) on soybean
growing season (Turda 2020-2021)

Table 2. ANOVA for the yield, protein and oil contents (Turda, 2020-2021)
ANOVA
Source of variance
Y (Year)
T (Treatment)
YxT
G (Maturity group)
YxG
TxG
YxTxG
Error Y
Error T
Error G

Yield
SPA
1480060.00
14459.25
37561.75
849650.80
182705.30
70343.41
76620.02
13824.08
15498.33
103756.30

Protein
F Test
214.12***
3.73ns
9.69**
98.26***
21.13***
4.06***
4.43***

SPA
0.33
38.93
53.41
12.11
58.26
42.55
44.15
0.00
0.10
0.20

F Test
191.81***
1515.43***
2079.37***
708.78***
3409.74***
1245.16***
1292.09***

Oil
SPA
17.48
0.05
0.16
2.09
1.57
0.75
1.22
0.00
0.02
0.07

Note: ns = no significant differences, * = significant at P≤5%, ** = significant at P≤1%, *** = significant at P≤0.01%.
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F Test
51590.08***
8.87***
26.45***
341.20***
256.10***
61.78***
99.70***

T2

ns

0

Mt.

ns

T1

Mt.

Mt.

Control

Yield (kg/ha)

2700

ns

Mt.

2900
2800

ns

T1

3000
ns

0

00

2600
2500

ooo

oo

Control

T2

T2

T1

Control

T2

T1

2300

Control

2400

o

I

Maturity group

Figure 4. The interaction between treatment and maturity group (T x G) for yield (Turda, 2020-2021)
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Figure 5. The interaction between treatment and maturity group (T x G) for protein content (Turda, 2020-2021)

o
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Figure 6. The interaction between treatment and maturity group (T x G) for fat content (Turda, 2020-2021)
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The data obtained for the fatty acids profile
shows that the genotypes were different
influenced by the foliar fertilizer (Table 3).
A slight increase with very significant positive
difference compared to the control was
identified for stearic acid at early maturity
groups (000 and 00). A priority for the soybean
breeding programs is the improvement of oil
quality and stability.
The increasing of saturated fatty acid led to a
high oil stability while high values for the
unsaturated fatty acids are required in human

nutrition. The identification of an ideal
fertilization scheme with positive impact on oil
profile could be a solution to this concern. The
obtained data points out a high variability for
the quality parameters in the experimental
trials.
Krueger et al. (2013) stated some important
results in terms of oil content and major acids
when applying potassium and phosphorus
mineral fertilizer. He noticed an increase in
linolenic acid when high doses of phosphorus
and potassium were applied.

Table 3. The interaction between treatment and maturity group (TxG) for main fatty acids (Turda, 2020-2021)
Maturity
group
000
00
0
I

Variant
Control
T1 (Treatment 1)
T2 (Treatment 2)
Control
T1 (Treatment 1)
T2 (Treatment 2)
Control
T1 (Treatment 1)
T2 (Treatment 2)
Control
T1 (Treatment 1)
T2 (Treatment 2)
DL 5%
DL 1%
DL 0.1%

Stearic
acid
4.50Mt
4.95xxx
4.62xxx
4.53Mt
5.52xxx
4.62xxx
4.40Mt
4.350
4.45x
4.40Mt
4.38ns
4.47xx
0.04
0.06
0.08

Oleic
acid
24.18Mt
23.90000
24.75xxx
24.50Mt
23.05000
24.62ns
24.40Mt
24.2000
24.38ns
24.07Mt
24.13ns
24.53xxx
0.13
0.17
0.24

Linoleic
acid
54.88Mt
52.10000
54.02000
54.27Mt
51.70000
54.07ns
55.33Mt
55.47ns
54.83000
54.57Mt
54.47ns
54.40ns
0.25
0.33
0.45

Linolenic
acid
4.95Mt
5.65xxx
6.13xx
7.25Mt
6.88000
7.45xx
6.28Mt
6.357.18xxx
7.60Mt
7.430
7.25000
0.14
0.19
0.25

Note: ns = no significant differences, *, ° = significant at P≤5%, **, °° = significant at P≤1%, ***, °°° = significant at P≤0.01%.

CONCLUSIONS
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Abstract
Rainbow trout Oncorhynchus mykiss (Walbaum, 1792) is one of the most widely cultured fish species, with a high
market value. Although in the Black Sea there is a well-established tradition of cage farming in Turkish waters, in
Romania rainbow trout farming has been limited to inland mountain areas. Whereas there is an increasing interest of
Romanian economic operators to engage in sea cage farming, this research aimed at testing the adaptation of rainbow
trout to the Romanian Black Sea marine environment, determining its growth rate, establishing the optimal size for
transfer to saltwater, and increasing meat quality. The research was performed for 7 months, during the cold season,
and comprised two batches of O. mykiss individuals transferred to marine water from a mountain trout farm (with
initial mean biomasses of approximately 300 g and 180 g, respectively). Upon completion of the experiment, growth
parameters showed values much higher compared to freshwater culture, and the biomass gain was remarkable in both
batches (reaching final biomasses of approximately 1,700 g and 1,600 g, respectively), the results indicating smaller
fish as best fitted for transfer to marine water. The carotenoid-enriched feed provided to the fish resulted in a highly
nutritious meat, with the much-appreciated pink colorization.
Key words: biomass, Black Sea, marine water, meat quality, rainbow trout.

INTRODUCTION

mariculture potential and research activities
have been performed in order to stimulate the
development of the field, both for finfish
(Zaharia et al., 2017) and shellfish culture (Niță
& Nenciu, 2020).
Rainbow
trout,
Oncorhynchus
mykiss
(Walbaum, 1792), was one of the first fish
species whose life cycle was fully replicated to
enable it to be farmed. It has been cultured
since the late 19th century, making it one of the
species with the longest presence in modern
aquaculture (Gall and Crandell, 1992).
Rainbow trout is capable to occupy many
different habitats, ranging from an anadromous
life history (strain known as steelhead, living in
the ocean, but spawning in gravel-bottomed,
fast-flowing, well-oxygenated rivers and
streams) to permanently inhabiting freshwater
lakes (FAO, 2021). It is reared in a variety of
systems, in both freshwater and seawater, in
many areas around the world, making it one of

Worldwide there is a growing demand for fish
and seafood, while living aquatic resources
decrease more and more. This situation
generates the need for people involved in
aquaculture, in fresh or in marine waters, to be
concerned
about
economic
viability,
environmental safety, and social development
(Nicolae et al., 2015a). Experts are constantly
challenged to develop new technologies
designed to increase aquaculture production at
sustainable costs, with a focus on food safety
and quality, in animal welfare conditions (Anin
et al., 2021).
Whereas Romania’s Black Sea coastline is
limited to 245 km, of which more than half is
represented by the Danube Delta, traditional
Romanian aquaculture has been based mainly
on freshwater fish species. However, in recent
years, more and more focus has been put on
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conditions of the Romanian coast (Zaharia et
al., 2017). NIMRD’s experiments have shown
that the early transition to marine water induces
an increase in growth of approximately 20%
compared to that recorded in freshwater.
However, the main drawback that prevented the
application of the technology was the absence
of formulated high-quality feed for large scale
cultivation, as all fish meals were prepared ad
hoc by addition of carotenoids from beet and
shrimp shells, resulting in high operational
costs (Zaharia et al., 1998).
In the context of an increasing interest of
economic operators to potentially engage in sea
cage farming at the Romanian coast, as well as
the modern developments in aquafeed industry
(pellets containing synthetic pigments such as
astaxanthin and canthaxanthin), this research
aimed at testing the adaptation of rainbow trout
to the Black Sea marine environment,
determining its growth rate, establishing the
optimal size of specimens for transfer to salt
water, and increasing meat quality.

the most popular species in aquaculture.
Because of its temperate origins and optimum
temperature for farming of below 21°C, in low
latitude countries it is usually farmed in
mountainous regions (Sedgwick, 1995).
Worldwide, the production of rainbow trout has
grown exponentially since the 1950s, especially
in Europe and more recently in Chile. This is
primarily due to increased inland production in
countries such as France, Italy, Denmark,
Germany and Spain to supply the domestic
markets, and mariculture in cages in Norway
and Chile for the export market. Chile is
currently the largest producer (FAO, 2021).
In the Black Sea area, rainbow trout
aquaculture in floating cages dates back to
early 1970s in Turkey, on the coast east
between Sinop and Gerze (Șener, 2002), and
developed extensively in the 1990s (Akbulut et
al., 2002). The main reason for moving fish at
sea during the cold season was a higher
productivity (by more than 10%) compared to
strictly freshwater farms. In the Turkish part of
the Black Sea, there are more than 300 rainbow
trout farms, with different production capacities
(Șener, 2002).
In Romania, before 1989, trout aquaculture
(both brown and rainbow trout) was the
prerogative of the main managing authority of
the forests (Romsilva Directorate) and of the
national network of professional hunters and
fishermen associations. Fish hatcheries
belonged to the fishing associations managed
by the two authorities and were subsidized by
state (Bogan & Iamandei, 2016). After 1990,
trout breeding has developed intensively in
freshwater aquaculture systems, and was
capitalized from the economic and touristic
points of view, in parallel with the species
living freely in cold mountain waters. Year by
year, the number of Romanian companies that
have the object of trout breeding increased,
exceeding 360 in 2015 (Bogan & Iamandei,
2016).
Based on international experience and research,
during 1981-1985, within the Romanian
Marine Research Institute (currently, the
National Institute for Marine Research and
Development “Grigore Antipa” - NIMRD),
were performed the only experiments that
aimed at developing the technology for rearing
rainbow trout in Black Sea water in the

MATERIALS AND METHODS
Fish collection and acclimation
The experiment was performed for 7 months,
between October 2020 and April 2021. The
O. mykiss individuals were transferred from a
mountain trout farm located in the Prahova
County, approximately 300 km from the coast
(“Păstrăvăria Valea Stânii Zăganu”) and
transported using a temperature-controlled van,
maintaining water temperature at 10°C.
Upon arrival to NIMRD’s aquaculture
laboratory, the fish were weighed and separated
in two batches according to their size (Tank 1 30 large fish, mean biomass approximately
300 g; Tank 2 - 30 small fish, mean biomass
180 g), and placed in two fiberglass tanks. At
the moment of transfer, the tanks were filled
with freshwater, which was gradually replaced
by seawater within 24 hours, reaching a salinity
of 14 PSU and a temperature of 20°C.
In order to obtain as accurate results as
possible, similar conditions to the Black Sea
environment were provided in the experimental
tanks, using NIMRD’s pump-ashore system
(PAS). The water intake to the PAS is pumped
from the Black Sea and, before entering the
tanks, it is stored in a covered settlement tank,
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Using the biometric and gravimetric data
collected during the 7 months of study, Feed
Conversion Ratios (FCR), Specific Growth
Rates (SGR%/day) and Fulton’s Condition
Factor (K) were determined for the two
batches.
The equations used for calculating the feed
conversion ratio (FCR) and the specific growth
rate (SGR%/day) are detailed below (Hopkins,
1992):
FCR = Σfk/Wt-W0
SGR = 100[(lnWt-lnW0)/t]
where: t = feeding days, W0 = initial live
weight of fish (g), Wt = final live weight of fish
(g), L = total length (cm), and fk = weight of
feed consumed by fish at each feeding (g).
Fulton’s Condition Factor (K) was calculated
using the equation (Reis and Ateş, 2019):
K = (W/L3) * 100
where: W = total weight (g), L = maximum
standard length (cm)
For the statistical interpretation of the results,
data from the replicates of each group were
pooled for one-way ANOVA analysis and
differences at the 5% level (p<0.05) were
considered significant (Akbulut et al., 2002).

for sedimentation and reduction of suspended
solids (Niță & Nenciu, 2021). Additional
aeration pumps were used to increase the
oxygen content of the water, given the crucial
importance of oxygen saturation in trout
farming (Sedgwick, 1995).
Environmental parameters monitoring
Temperature (°C), salinity (PSU), pH and dissolved oxygen (DO) (%) in both experimental
tanks were measured daily, using a Mettler
Toledo Seven Excellence Multiparameter.
Feeding protocol
During the experimental period, two types of
feed were provided to the fish, both produced
by Skretting, namely Focus Salmo 3P F (7 mm
extruded floating pellets) for the large batch
and Optiline 2P F (3 mm extruded floating
pellets) for the small batch, at a calculated food
ratio of 2% of the fish biomass (Zaharia et al.,
2017). After 4 months of growth, both batches
were fed with the astaxanthin-enriched Focus
Salmo 3P F pellets, which resulted in the final
pink colorization of the flesh. The Focus Salmo
range is specifically formulated for ensuring
best fillet pigmentation of rainbow trout. Fish
fillet pigmentation is a physiological process
where feed raw materials, the antioxidant
nutrient profile and environmental parameters
(saltwater) play important roles (Bjerkeng et
al., 1992).

Meat quality analysis
Upon completion of the experimental period, a
comparative analysis of the proximate
composition of the trout meat was performed:
one sample reared in saltwater for seven
months and one sample reared in the mountain
trout farm, both in two replicates. The analysis
was performed by an accredited laboratory
(Biosanivet Ltd.), covering the following
parameters: raw fat (%, as per SR ISO
1444:2008), raw protein (%, as per SR ISO
937:2007), total ash (%, as per SR ISO
936:2009), moisture (%, as per SR ISO
1442:2010), carbohydrates (%, as per PA-L-34)
and energy values (Kcal/100 g and KJ/100 g, as
per PA-L-34).

Calculation of growth parameters and
statistical analysis
Weight and length measurements were made
monthly (Figure 1). The maximum standard
length (SL) of the specimens was measured on
an adapted measuring board to the nearest 1
millimetre. The total weight (W) of the fish was
taken on a Kern EW top loading balance and,
after fish grew in size, using an Anaconda Digi
Fish Scale.

RESULTS AND DISCUSSIONS
Immediately after transfer into NIMRD’s
aquaculture laboratory, the rainbow trout
individuals’ behaviour was carefully observed.
All specimens in both batches displayed normal
swimming behaviour and began feeding
immediately as pellets were administered. No

Figure 1. Weight and length measurements of rainbow
trout reared in seawater (original photos)
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be made from autumn to spring, in order to take
advantage of the optimal temperature for
biomass gain and avoid high temperatures
which could compromise the batch.

mortalities were recorded during the
experiment.
Throughout the entire 7-months experimental
period, temperature, salinity, dissolved oxygen
and pH were constantly monitored (Table 1),
showing no significant variations among the
two experimental batches (p≥0.05).
Rainbow trout can withstand vast ranges of
temperature variation (0-27°C), however
spawning and growth occur in a narrower range
(9-14°C). The optimum water temperature for
rainbow trout culture is below 21°C (Molony,
2001). During the experimental period, water
temperature in the tanks varied within the
normal range of the Black Sea in the cold
season, namely from 20°C in October 2020 to
9°C in March 2021 (Table 1, Figure 2), thus
being optimal for growth and development of
the fish up to a marketable size.
From many studies, the critical thermal maxima
(CTM) for O. mykiss are approximately 2426°C (Bidgood, 1980), temperature often
reached at the Romanian Black Sea coast
during summer months (Nicolaev et al., 2019).
For this reason, transfer to marine water should

Figure 2. Evolution of the monthly mean temperature
(°C) in the experimental tanks

O. mykiss appear to be adapted to rapid changes
in salinity and are sometimes directly
transferred from fresh to marine waters in
aquaculture grow-out situations. Finstad et al.
(1988) reported that O. mykiss tolerated direct
transfer from freshwater to 26 PSU.

Table 1. Monthly evolution of environmental parameters during the experimental period (mean values)
(Tank 1 = large fish, Tank 2 = small fish)
Month

Temperature (°C)

Salinity (PSU)

Dissolved Oxygen (%)

pH

Tank 1

Tank 2

Tank 1

Tank 2

Tank 1

Tank 2

Tank 1

Tank 2

Oct. 2020

20.23±0.63

19.79±0.69

15.19±0.97

15.21±1.82

82.14±4.35

83.04±4.89

8.26±0.03

8.29±0.03

Nov. 2020

18.35±0.94

16.61±1.18

14.32±0.86

14.84±0.72

80.48±5.29

80.72±4.12

8.27±0.07

8.28±0.05

Dec. 2020

14.27±1.77

13.05±0.68

13.29±0.25

13.83±0.23

81.21±2.29

81.79±2.26

8.09±0.05

8.13±0.08

Jan. 2021

11.96±0.88

11.62±0.97

15.02±0.90

15.56±0.90

78.55±4.62

78.88±5.81

8.01±0.04

8.08±0.07

Feb. 2021

10.10±0.84

9.69±0.89

15.77±0.20

16.31±0.18

76.84±7.78

79.47±5.91

8.03±0.09

8.07±0.14

Mar. 2021

9.79±0.30

9.25±0.29

14.80±0.48

15.43±0.52

81.70±5.44

82.95±4.53

8.14±0.09

8.23±0.08

Apr. 2021

11.80±0.68

11.55±0.79

14.09±0.51

14.57±0.55

68.95±9.05

68.29±7.58

8.01±0.12

8.05±0.11

Means

13.79±3.76

13.08±3.77

14.64±0.75

15.11±0.73

78.55±4.28

79.31±4.73

8.12±0.10

8.16±0.09

*The values among tanks (fish batches) were not significantly different (p ≥ 0.05)

However, mortalities were recorded at lower
temperatures and it appears that the interaction
of temperature and salinity is very significant
as ion exchange is reduced at extremely low
temperatures (Finstad et al., 1988). For this
reason, a gradual acclimation is recommended
before full exposure to sea water (Landless,
1976; Uno, 1988; Guner et al., 2006), which
simulates the “natural” movement of some
trout species into sea water, rather than acute
changes in salinity caused by the immediate
movement of fish from fresh water to marine

water (Molony, 2001).
In order to avoid any potential osmotic shock
and subsequent mortalities, salinity in the tanks
was increased to approximately 14 PSU by
gradually replacing the freshwater with marine
water from NIMRD’s PAS. Salinity was rather
constant during the 7-months experimental
period, around 14-15 PSU (Table 1, Figure 3),
which is in the normal range of the Romanian
Black Sea area (Nicolaev et al., 2019).
Previous research showed that salinity
influences fish appetite and, consequently,
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from spawning to hatching (Rubin, 1998). DO
concentrations during the experimental period
ranged between approximately 68% and 82%
in both tanks, with no significant differences
among the two batches (Table 1, Figure 5). The
values recorded were optimal for rainbow trout
rearing, known to be a highly sensitive species
to oxygen depletion (Molony, 2001). Prolonged
exposure to diminished DO conditions or
below the minimum tolerable concentration can
result in elevated stress, reduced feed intake,
growth, and feed conversion, which was not the
case. The exact DO concentration that leads to
acute negative health effects, including
mortality, can be dependent on many factors,
such as increasing feed loads, solid loads, and
stocking density (Welker et al., 2019).
However, mortalities due to asphyxiation have
been recorded in O. mykiss in waters with a DO
concentration of 50% or below (Mathias and
Barica, 1985) and no hatching of rainbow trout
eggs was recorded in oxygen levels below 6070% (Miller, 1989).
Taking into account that, due to the differential
solubility of oxygen, being much lower in
seawater than in freshwater (Molony, 2001),
the risk of low DO levels was avoided by
constantly ensuring a sufficient water flow and
additional aeration in the tanks.

biomass gain (McKay & Gjerde, 1985). As
such, food intake was reported to be maximal
in the intermediate salinities of 15 to 28 PSU,
and much less in fresh water and at salinities
above 30 PSU (MacLeod, 1977). Tatum (1976)
suggested that brackish water (8-16 PSU) may
enhance survival and growth of rainbow trout,
which is consistent with the values recorded in
the Romanian Black Sea.

Figure 3. Evolution of the monthly mean salinity (PSU)

in the experimental tanks

The pH tolerance of rainbow trout has been
extensively tested due to the acidification of
water bodies (Molony, 2001). The overall
results suggested that survival of trout is
possible at pH values below 5 (McDonald et
al., 1991). In one of the few studies examining
the effects of high pH on trout, Edwards (1978)
stated that pH > 9 can kill salmonids, especially
in the sensitive egg and early fry stage.
The pH values recorded during our experiment
were constant, around 8 in both tanks (Table 1,
Figure 4), which is an appropriate value for
rainbow trout development.

Figure 5. Evolution of the monthly mean dissolved

oxygen (DO%) in the experimental tanks

Growth and biomass gain of rainbow trout
transferred to Romanian Black Sea water were
the main aims of our research. The mean values
of the growth parameters recorded during the
experimental period are summarized in Table 2.
Regarding the evolution of mean fish length,
there was a normal linear increase in both
batches (Figure 6), and the final lengths were

Figure 4. Evolution of the monthly mean pH in the

experimental tanks

Oxygen concentration has been identified as
the critical factor for the survival of O. mykiss
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comparable (around 45 cm). However, the
small fish batch (Tank 2) showed a more
significant growth in length, from an initial

mean length of 25.45 cm to 44.38 cm, while the
fish with larger initial weight (Tank 1) grew
from 30 cm to 45.69 cm.

Table 2. Mean values of growth parameters recorded during the experimental period
Parameter
Initial length (cm)
Final length (cm)
Initial weight (g)
Final weight (g)
K
FCR
SGR (%/day)

Tank 1 (large fish)
30±1.87
45.69±2.98
308.60±33.38
1720.00±349.86
1.48±0.21
1.71±0.11
0.82±0.20

Tank 2 (small fish)
25.45±1.70
44.38±3.57
180.87±46.32
1632.00±427.05
1.41±0.20
1.51±0.29
1.05±0.40

ANOVA
p < 0.05
NS
p < 0.05
p < 0.05
NS
p < 0.05
p < 0.05

Tank 2 grew from a mean initial weight of
180.87 g to a final weight of 1,632 g (Figure 8).
The biomass gain was more extensive in fish
with an initial smaller size (Tank 2), which
multiplied their weight 8 times from the
beginning of the experiment, while larger fish
(Tank 1) increased their weight 4.5 times
(Figure 9); differences between the 2 batches
were statistically significant (p < 0.05).

The more pronounced increase in length of the
small fish batch is obvious from the percentual
monthly increase of fish length compared to the
initial length (Figure 7), namely rainbow trout
in Tank 2 increased their length by 74.38%,
while larger fish in Tank 1 only by 52.30%.

Figure 6. Evolution of fish length (mean monthly values)
Figure 8. Evolution of fish weight
(mean monthly values)

Figure 7. Percentual monthly increase of fish length
compared to the initial length

As far as the rainbow trout weight gain during
the experimental rearing in marine water is
concerned, all fish, regardless of their size,
grew extensively from month to month at a
rather constant rate. Thus, the fish in Tank 1,
from an initial mean weight of 306.60 g,
reached a final weight of 1,720 g, while fish in

Figure 9. Percentual monthly biomass gain compared to
the initial fish weight

Overall, the averaged total weight gain for the
two batches was approximately 1,400 g/7
months of rearing in seawater (total biomass
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(Hosseinzadeh and Nafari, 2014), which
suggests that marine water culture of the
species improves food conversion efficiency.

gain Tank 1 = 1,420 g, total biomass gain Tank
2 = 1,452 g), exceeding significantly the
reported biomass growth of rainbow trout
cultured exclusively in freshwater. The typical
weight gain in freshwater for rainbow trout,
from the initial “table fish“ size of 250 g to
“large table fish“ is approximately 1,000 g/year
(Woynarovich et al., 2011), depending on
environmental conditions, feeding regime and
stocking density (Ihuț et al., 2014).
Fulton’s Condition Factor (K) for the two
batches recorded mean values of 1.48 (Tank 1,
large fish) and 1.42 (Tank 2, small fish),
respectively (Figure 10), thus indicating a good
to excellent condition of the specimens (K =
1.60 indicates excellent condition, trophy class
fish, while K = 1.40 describes a good, wellproportioned fish) (Barnham & Baxter, 1998).
The value of K is an expression of the physical
condition of the fish (expected to be higher
than 1.0 for rainbow trout) and it was within
the normal ranges during our study, consistent
with K values recorded in O. mykiss cultured in
cages in Turkish Black Sea waters (Akbulut et
al., 2002).

Figure 11. Monthly evolution of the Food Conversion
Ratio (FCR)

Regarding the Specific Growth Rates - SGR
(%/day), fish in Tank 2 (small) recorded a
higher value (1.05) than larger fish in Tank 1
(namely, 0.82) (Figure 12), which is consistent
with an overall improved growth rhythm and
food efficiency conversion of smaller-sized
rainbow trout.
There were clear declines in the values of
growth parameters with increasing body
weight, and, as expected, the maximum daily
growth increments were observed at the
beginning of trial, when the fish were relatively
small, which is in line with findings reported in
other areas of the Black Sea (Akbulut et al.,
2002) and in the Caspian Sea (Farabi et al.,
2020).

Figure 10. Monthly evolution of the fish Condition
Factor (K)

The Food Conversion Ratios (FCR) in the two
experimental tanks recorded mean values of
1.71 in Tank 1 (large fish) and 1.51 in Tank 2
(smaller fish), respectively (Figure 11),
indicating a good efficiency of the feed
provided. Smaller fish proved to be more
efficient in converting the extruded pellets that
were offered as feed.
Our results on FCR are consistent with similar
values documented for rainbow trout reared in
sea water (Akbulut et al., 2002). On the other
hand, O. mykiss specimens cultured in
freshwater showed higher FCR values (up to 2)

Figure 12. Monthly evolution of the Specific Growth
Rates (SGR%/day).

Meat quality is highly important in any
aquaculture endeavour and, as such, improving
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the organoleptic and nutritional properties of
the reared rainbow trout specimens was one of
the aims of this research. The objectives in the

growth of valuable species of fish consist in
making certain features to be useful for human
consumption (Nicolae et al., 2012).

Table 3. Meat composition of freshwater reared vs. saltwater reared rainbow trout
Total lipid
content
(%FW)
Mean±SD

Protein
content
(%FW)
Mean±SD

Carbohydrate
content
(%FW)
Mean±SD

Total ash
(%FW)

Moisture
(%FW)

Mean±SD

Mean±SD

Kcal/100 g

KJ/100 g

Freshwater

7.04±0.13

18.43±0.09

0.00±0.00

1.13±0.05

73.32±0.08

137

574

Saltwater

13.53±0.08

19.18±0.1

0.00±0.00

1.38±0.03

65.91±0.21

198

827

ANOVA

p < 0.05

NS

NS

NS

p < 0.05

p < 0.05

p < 0.05

Culture
Env.

Energy

difference between the culture environments is
also essential, as rainbow trout reared in a
combination of fresh water (in early stages) and
marine/brackish water showed higher lipid
contents (around 9% FW) (De Souza et al.,
2015) compared to exclusively freshwater
culture (around 5% FW) (Nistor et al., 2019).
The extremely high lipid content (13.53%) in
saltwater reared rainbow trout during our
experiment is comparable with values recorded
in a related trout species, namely Black Sea
trout Salmo labrax (Pallas, 1814) reared in
cages in Turkey (11.02%) (Șahin et al., 2011).
Moreover, it must be taken into account that
meat samples for proximate analysis were
taken from fish weighing around 1,500 g, after
several months of feeding with a highly
nutritious formula, thus much larger than the
usual “table size” individuals (200-400 g)
analyzed
in
the
reported
references,
consequently higher fat contents and energy
were expected.
One of the most important quality parameters
of salmonid fish is their flesh color. Consumers
prefer to select the salmonids that have more
reddish or pink colored muscle (fillet).
Carotenoids are responsible for the typical
color of salmonid muscle, and especially
astaxanthin is the most efficient one used for
salmonid coloration (Storebakken & No, 1992).
Carotenoids are not only used for coloration,
but also for their benefits to human health, such
as decreasing the risk of some cancer cases and
cardiovascular
diseases
(Gaziano
&
Hennekens). Fish, like other animals, are
unable to synthesize carotenoids de novo
(Tzanova, 2018). Therefore, feeding fish with
carotenoid pigments is regarded as essential to
improve meat quality and overall aspect

The fish growth in aquaculture-controlled
conditions involves the application of
differentiated technologies depending on the
characteristics of the species (Nicolae et al.,
2015b). The results of the comparative analysis
of the proximate composition of the trout meat
(reared in freshwater vs. reared in saltwater) are
summarized in Table 3 above (where FW =
fresh weight).
The main finding was that total lipid content
was much higher in the meat of trout reared in
Black Sea water (13.53%) compared to the
freshwater meat sample (7.04%) (Figure 13,
left). As far as protein content is concerned, the
recorded values were similar (18.43% in
freshwater and 19.18% in salt water,
respectively) (Figure 13 right). Total ash
content was also similar in both samples, with
values of 1.13% in freshwater and 1.38% in
saltwater, respectively (Figure 14 left).
Moisture content, on the other hand, differed
significantly among the samples (73.32% in the
freshwater sample and 65.91% in the saltwater
sample, respectively), as a consequence of the
higher lipid content of fish reared in marine
water (Figure 14 right). This higher lipid
content also resulted in an overall higher
nutritional value (energy) of the marine water
reared specimens (137 Kcal/100 g/198 KJ/
100 g in freshwater reared trout against
574 Kcal/100 g/827 KJ/100 g in salt water
reared specimens, respectively) (Figure 15).
The body composition of rainbow trout varies
depending on their genotypic features and
habitats or culture environment (Oz & Suat,
2015). As such, wild fish tend to have lower
protein and lipid contents and, overall, a leaner
meat, while cultured fish accumulate more fat,
as well as protein (Taşbozan et al., 2016). The
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(Kurnia et al., 2015). As such, during the
experimental period, the feed provided to the
two batches was represented by astaxanthinenriched (75 mg/kg) extruded pellets, with a
protein content of 41% and a lipid content of

24%. The administration of this high-quality
feed resulted in the final pink colorization of
the meat, much more appealing to potential
consumers compared to specimens cultured
exclusively in the mountain farm.

Figure 13. Total lipid content (%FW) (left) and protein content (FW%) (right) in freshwater vs. saltwater reared rainbow trout

Figure 14. Total ash (%FW) (left) and moisture (%FW) (right) in freshwater vs. saltwater reared rainbow trout

well as increasing meat quality compared to
fresh water cultured fish. All specimens in both
batches displayed normal swimming behaviour
and began feeding immediately as pellets were
administered. No mortalities were recorded
during the experiment.
Throughout the entire 7-months experimental
period, temperature, salinity, dissolved oxygen
and pH were constantly monitored, showing no
significant variations among the two
experimental batches. Water temperature in the
tanks varied within the normal range of the
Black Sea in the cold season, namely from
20°C in October 2020 to 9°C in March 2021,
thus being optimal for growth and development
of the fish up to a marketable size. Salinity was
constant during the experiment, around 14-15
PSU, which is in the normal range of the
Romanian Black Sea area. The pH values
recorded were also constant, around 8 in both

Figure 15. Comparative energy values of freshwater
reared vs. saltwater reared rainbow trout

CONCLUSIONS
Our research, comprising two O. mykiss
batches of different sizes, aimed at testing the
adaptation of rainbow trout to the Romanian
Black Sea conditions, determining growth rates
and the optimal size for transfer to saltwater, as
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Globally, the results on growth parameters
suggest that the smaller fish (mean initial
biomass of 180 m g) are more appropriate for
transfer to marine water for a rapid and
economically efficient development.
Regarding meat quality, the proximate
composition of seawater reared trout revealed a
higher quality compared to freshwater cultured
fish. The main finding was that total lipid
content was much higher in the meat of trout
reared in Black Sea water (13.53%) compared
to the freshwater meat sample (7.04%). This
higher lipid content also resulted in an overall
higher nutritional value (energy) of the marine
water reared fish. As far as protein content is
concerned, the recorded values were similar
(18.43% in freshwater and 19.18% in salt
water, respectively).
The administration of astaxanthin-enriched
feed resulted in an optimal pink colorization of
the meat, which makes it much more appealing
to potential consumers.
The aggregated results of our experiment
revealed that rearing rainbow trout in Black Sea
water during winter months is a feasible and
salutary alternative for fostering the
diversification of Romanian aquaculture.

tanks, which is an appropriate value for
rainbow trout development. DO concentrations
ranged between approximately 68% and 82%
in both tanks, with no significant differences
among the two batches, the values recorded
being excellent for rainbow trout rearing,
known to be a highly sensitive species to
oxygen depletion.
Regarding the evolution of mean fish length,
there was a normal linear increase in both
batches, and the final lengths were comparable
(around 45 cm). However, the small fish batch
(Tank 2) showed a more significant growth in
length, from an initial mean length of 25.45 cm
to 44.38 cm, while the fish with larger initial
weight (Tank 1) grew from 30 cm to 45.69 cm.
As far as the weight gain during the
experimental rearing in marine water is
concerned, all fish, regardless of their size,
grew extensively from month to month at a
rather constant rate. Thus, the fish in Tank 1,
from an initial mean weight of 306.60 g,
reached a final weight of 1,720 g, while fish in
Tank 2 grew from a mean initial weight of
180.87 g to a final weight of 1,632. The
biomass gain was more extensive in fish with
an initial smaller size (Tank 2), which
multiplied their weight 8 times from the
beginning of the experiment, while larger fish
(Tank 1) increased their weight 4.5 times. The
best biomass growth was obtained at the small
size batch and differences between the two
batches were statistically significant. Overall,
the averaged total weight gain for the two
batches was approximately 1,400 g/7 months of
rearing in seawater (total biomass gain in Tank
1 = 1,420 g, total biomass gain in Tank 2 =
1,452 g), exceeding significantly the reported
biomass growth of rainbow trout cultured
exclusively in freshwater.
Fulton’s Condition Factor (K) for the two
batches recorded mean values of 1.48 (Tank 1,
large fish) and 1.42 (Tank 2, small fish),
respectively, thus indicating a good to excellent
condition of the specimens.
The Food Conversion Ratios (FCR) in the two
experimental tanks recorded mean values of
1.71 in Tank 1 (large fish) and 1.51 in Tank 2
(smaller fish), respectively, indicating a good
efficiency of the feed provided. Smaller fish
proved to be more efficient in converting the
extruded pellets that were offered as food.
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Abstract
Microphages represent the first line of defence against microbial aggression. The research aimed at evaluating
phagocytosis during a Marek’s disease episode in Rosso layers, showing ocular lesions, in spite of the vaccination at 1
day of age. Heparinized blood (50 IU/ml) was subjected to the in vitro carbon particle inclusion test on days 0 and 15
of the episode. Two microliters of an India ink were added to 0.5ml of blood; 0.15·ml of the mixture were transferred to
2·ml of saline and the rest was incubated for 30·min at 37°C and procedure repeated. Phagocytic activity index was
calculated as the difference between the natural logarithms of the optical densities of the phagocytosis read
spectrophotometrically (λ = 535·nm, d = 1·cm) after centrifugation (2500rpm for 10min), divided by time. The values
indicated a significant (p = 0.0259) increase of the phagocytosis towards the end of the monitoring interval, thus
indicating an evolving disease and underlining the probability of innate immunity being stimulated by the herpesvirus
during the observation period. Specific cell-mediated immunity and functional levels of humoral immune effectors
quantification could complete the pathogenic pattern in these birds.
Key words: Marek’s disease, hens, phagocytosis, spectrophotometry.

INTRODUCTION

first line of defence. These innate responses
provide the adaptive arm of the immune system
including antibody- and cell-mediated immune
responses to be tailored more specifically
against MDV.
In addition to the immune system, genetic and
epigenetic mechanisms contribute to the
outcome of MDV infection in chickens.
The review discusses the current understanding
of immune responses elicited against MDV and
genetic factors that contribute to the nature of
the response. Modern genetic analyses assisted
the clarification to some extent of the
susceptibility and also resistance mechanisms
to the disease.
Nevertheless,
neither
Marek's
disease
pathogenesis nor the immune response of the
host and the neoplastic changes are well
understood.
MDV genome in various strains shares
similarities and the gene content is similar but
there is a quite high difference between the
pathogenicity of these strains (McPhearson and
Delaney, 2016).

Polyneuritis described in 1907 by Marek has
spread
and
continuously
economically
impacted on poultry breading ever since. IN
spite of vaccination procedures implemented
worldwide, the disease kept on emerging in
various areas, leading to consideration of
changes that might have occurred in the
pathogenicity and pathogenesis of this herpes
virus infection (Biggs, 2001). Recently, there
have been several outbreaks of the disease in
various regions, due to the evolving nature of
MD virus (MDV), which necessitates the
implementation of improved prophylactic
approaches. It is therefore essential to better
understand the interactions between chickens
and the virus. The chicken immune system is
directly involved in controlling the entry and
the spread of the virus. It employs two distinct
but interrelated mechanisms to tackle viral
invasion. Innate defence mechanisms comprise
secretion of soluble factors as well as cells such
as macrophages and natural killer cells as the
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periodically with fresh wood shavings. They
were fed and watered according to the needs of
the category .
The hens were sampled twice at an 11 days’
interval and the heparinized blood (50 IU/ml)
was subjected to carbon particle inclusion and
to a leukocyte blast transformation tests.

Briefly, the pathogenesis of the MDV includes
the inhalation of the contaminated dander,
subsequent contact with the immune system in
the lungs and within 24 hours from inhalation,
with the immunocytes in the spleen, thymus,
and bursa of the infected individual (Schat et
al., 2008). The transfer of the viral particles to
the lymphoid structures benefits of infected
macrophage conveyance. Infected macrophages
can further transfer the viral particle to B and T
lymphocytes, but B cells could be also infected
directly (Barrow et al., 2003).
The four cycles virulent MDV undertakes four
stages, early cytolytic, latent, late cytolytic, and
transformation (Osterrieder et al., 2006).
Besides the involvement of the adaptive
immune system’s cells, the innate immune
response of the host to challenge has been
found to play a critical role in studies of inbred
chicken lines with differing MD resistance
(Kaiser, 2010). Chicken heterophils, acting as
microphagic neutrophils in mammals, trap and
destroy extracellular microbes, posing a
physical barrier and helping avoid microbial
spread (Chuammitri et al., 2009)
This study aimed to investigate the reciprocal
relationship of white cell categories involved in
the non-specific immune response, i.e., overall
phagocytosis.

Carbon particle inclusion test (phagocytic
activity). Phagocytic cells engulf inert particles
such as carbon due to the defensive capacity of
these cells. To obtain the carbon particle
suspension, India ink was centrifuged at 6000
rpm for 60·min (Hettich Mikro 22R centrifuge,
Germany). The collected supernatant was
mixed in 2·µl aliquots with 0.50·ml of the
blood (50 IU heparine/ml) sampled from each
birds and 0.15·ml of the mixture were
transferred immediately to 2·ml of saline. The
remaining of the mixture for each blood sample
was incubated 30·min at 37°C (Khokhlova et
al., 2004). All tubes containing saline, blood
and ink were centrifuged at 1500 rpm and the
supernatants were read spectrophotometrically
(l = 535·nm, d = 1·cm) (SUMAL PE2, Karl
Zeiss, Jena, Germany). If the phagocytosis is in
place, a decrease in absorbance with time
should be observed as the carbon particles are
phagocytized. Optical density values were
converted in natural logarithms and the
phagocytic activity index was then calculated
as the difference between the ln at 0 and
30·min divided by time (30·min).

MATERIALS AND METHODS
Biological material. The investigations were
carried out on a batch of Rosso layers (n = 65),
aged 52 weeks, from a conventional farm,
where the study was carried out and where they
steyed till the end of the research period.
Naturally occuring ocular signs ascribed to
Marek’s disease were observed in the
experimental birds.
According to the technology, the chicken house
was populated with replacement chickens aged
16 weeks, which were vaccinated at day one
agains Marek’s disease in the incubation
station. The technology designed for layers was
applied to the birds, involving teh start of the
laying period at age of 18 weeks. Subsequently,
the laying curve was calculated and it evolved
according to the technological parameters
planned.
During the technological cycle, the birds were
kept
on
permenent
litter,
completed

Statistical processing of the data. Averages of
phagocytic indices for both samplings along
with the standard deviations were calculated.
Percentage increases over incubation time were
estimated for each sampling and between
samplings. The Excel program was used to
calculate the significance of the differences
between the two samplings by means of the
t-Student test.
RESULTS AND DISCUSSIONS
In intensive farming technologies the
occurrence of infectious disease impede on
health and welfare but also on the productive
performances of the birds. The severity of the
disease outcome is further enhances under all
aspects, health and economy of the business
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(Morimura et al., 1998). The antigen
stimulation can change cytokine profiles
subsequent to cellular changes that occur (OIE,
2010).
The present study aimed at monitoring the
changes which occurred at global phagocytosis
level in birds clinically diagnosed with Marek’s
disease using a test based on carbon particle
inclusion by the circulating phagocytes.
As the individual values indicated, the
phagocytosis increased over incubation time,
from 0 to 30 minutes, as the inert particles were
engulfed by the phagocytes. Nevertheless, the
increased standard deviation for both samplings
stood for a relative non-uniformity of the
individual responses, while the values ranged
during the first sampling from 0.043 to 0.098
(at 0 min) and from 0.02 to 0.073 (at 30 min)
and during the second sampling from 0.088 to
0.456 (at 0 min) and from 0.019 to 0.11 (at 30
min).
Table 1 shows the comparison between the
averages for the phagocytic indices along with
the standard deviations. There was a 24.35%
increase of phagocytosis during the first
sampling incubation period, while the
engulfment of carbon particles was more active
during the second sampling, with a 27.20%
increase from 0 to 30 min.

when immune-suppressive viral infections are
involved. Increased costs of prevention and
control of such outbreaks add to the economic
losses faced by the farmers.
Marek's disease herpesvirus in chickens is
defined by lymphoma genesis in internal
organs along with neurological damage has
been associated to immune suppression
(Calnek, 2001; Payne et al., 2004).
Studies were initiated to investigate if an
increased level of genetic resistance could
provide means of enhancing flock protection,
during viral disease development, including
Marek’s disease. This research led to the
development of genetic descriptors which
could, in Marek’s disease and not only, provide
possibilities for the supplementary recognition
of resistance genes to upkeep the advancement
in obtaining disease-resistant lines of poultry.
Some results indicated improved responses
from various lines of chickens to live
attenuated vaccines, being qualified as high or
low responders and thus, initiating new
possibilities to optimize the outcome of
immune prevention by selection (Bumstead,
1998).
In prevention of Marek’s disease it was
essential to echelon the vaccines used inside the
vaccination protocol based on B haplotype of
the flock, since this regulates the immune
response to Marek’s disease (Pavizzi et al.,
2004; Payne et al., 1976). The numerous other
factors associated with raising technologies in
poultry farming, which could exert an
inhibiting
influence
by
increase
in
corticosteroid levels due to stress, should alo be
considered when evaluating the vaccination
outcome (Baaten et al., 2004).
The significance of the post-vaccination
antibody-mediated response in vaccine-induced
protection is increased by the cell-mediated
immunity (Sharma and Witter, 1975),
considering the substantial contribution
memory B cells have in a booster type response
to the aggressor (Sharma et al., 1975). Previous
research indicated the importance of the innate
immune response, the intervention of the NK
cell-mediated response being specifically
stressed, following vaccination with HVT+ SB1 (Heller and Schat, 1987). Vaccination against
marek’s disease can also induce cytotoxicity
against viral antigen mediated by CD8+ T cells

Table 1. Phagocytosis index in the experimental groups
(X ± DS)
Specification

Average
Stdev

First sampling
ln0

ln30

-2.71 -3.37
0.28 0.33

ln0-30

Second sampling
ln0

ln30

0.66 -1.55 -2.95
0.36 0.59 0.46

ln0-30

1.40
0.46

Figure 1. Percent of increase in phagocytic activity
during the incubation period (0 to 30 min) within each
sampling and the difference between the two samplings
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The infection in Marek’s disease takes place by
respiratory route, subsequent to inhalation of
contaminated dander/dust. The virus is
engulfed by phagocytic cells (macrophages) at
the respiratory system level. Due to the oaculiar
anatomy of the avian respiratory components,
including air sacs, the number of resident
macrophages is smaller in this location. It was
presumed that due to lesser numbers, the
macrophage carriers of Marek’s disease virus
have to cross lung epithelial lining before being
transported to lymphoid structures (Toth,
2000). No reference to the role of heterophiles
as small phagocytes in transporting the virus
within the blood stream is mentioned.
Non-the-less, there was a significant increase in
overall phagocytosis from the first to the
second sampling (p = 0.02) with the phagocytic
activity increasing with 121.12% in 11 days
(Figure 1), most probably due to the influence
of the infection with the Marek’s disease
herpesvirus.
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CONCLUSIONS
The statistically significant increase of the
phagocytosis towards the end of the monitoring
interval, recorded during this research indicated
an evolving disease and underlined the
probability of innate immunity being stimulated
by the herpesvirus during the observation
period. Quantifying functional levels of the
adaptive cell-mediated immunity and humoral
immune effectors could complete the immunepathogenic pattern of MDV in these birds.
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Abstract
With limited research undertaken on the distribution and biodiversity of meiobenthic fauna (living Ostracoda and
Foraminifera) in the Black Sea, the present study has focused to create the baseline data for the Romanian Black Sea
continental shelf. For this purpose, 9 short core samples were collected using a multi-corer in water depth ranging
from 27.8 m to 41.8 m in May 2018 around the Sf. Gheorghe area (map sheet L35-120B). A total of 14 species were
found belonging to Ostracoda (7 families), Cercozoa (one family), Foraminifera (5 families). The highest density of
meiobenthic species was correlated with the highest concentration of CaCO3 where the substrate is dominated by a
clayey silt or sandy silt while TOC concentrations were negatively correlated with the low densities occurring in the
western part of the perimeter silt clay substrate is found. The density of soft-shelled foraminifera has a positive
correlation with the concentration of salinity in the bottom water samples, and depth and a negative correlation with
the bottom water temperature. The density of Ostracoda has a positive correlation with temperature and depth but a
negative correlation with salinity in the bottom water samples. The relationships between high concentrations of CaCO3
and increased abundances of meiobenthic fauna and high concentrations of TOC and low meiofauna abundances,
respectively, reinforce the hypothesis according to which the dispersal of meiofaunal species is strongly influenced by
environmental gradients. The data collected from Romanian Black Sea Shelf (Sf. Gheorghe Area) in the perimeter of the
map sheet L35-120B, suggest another record of soft shelled monothalamous Foraminifera and Gromiidae group.
Key words: Black Sea, Cercozoa, Foraminifera, Ostracoda.

INTRODUCTION

We will:
• assess the abundance and taxonomic
composition of the meiobenthic fauna Ostracoda and Foraminifera;
• assess how physico-chemical and chemical
water parameters, depth and sediment
characteristics explain the distribution of
both Ostracoda and Foraminifera.

Meiofaunal organisms have high turnover rates
and short generation times allowing them to
quickly respond to environmental change
(Giere, 1993). They are basal components of
the trophic web and key to the degradation and
the mineralization of organic matter (Jones et
al., 1994). Despite their importance, meiobenthic biota and assemblages are not well known
particularly in the Black Sea. The available literature reveals that only a few research works on
living Ostracoda and Foraminifera from the
Romanian Black Sea shelf have been carried
out to understand the faunal diversity, their
relationship with the substrate and with other
ecological parameters. In this study we assess
meiobenthic fauna - Ostracoda and Foraminifera
of the Sf Gheorghe area and aim to identify
driving mechanisms explaining distribution.

MATERIAL AND METHODS
The study area is located in the upper littoral of
the continental shelf of the Romanian Black
Sea, between 8.7 (north, 29°45') to 11.6 (south)
km from the mouth of the Sf. Gheorghe arm of
the Danube River (45.0004°N/29.7498°E,
45.0004°N/29.9885°E, 44.8331°N/29.7493°E
and 44.8331°N/29.9885°E) (Figure 1). The
square surface (map sheet L35-120B) is 343
km2, with a side of 18.5 km (10 nautical miles).
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The area is heavily influenced by natural
erosion and deposition, currents and
terrigenous inflow from the Danube River.
Furthermore, it is impacted by anthropogenic
processes such as shipping, fishing and tourism
(Zaitsev, 1992; Gomoiu, 2001; Pojar et al.,
2021; Vasiliu et al., 2021; Black Sea State of
Environment Report 2009-2014/5). The entire
area, including the shallow seabed, is
constantly evolving due to the predominant
North South currents and sedimentation-input
from the Danube. The north and west parts of
this area belong to the ROSCI-0066 Danube
Delta - Marine Protected Area, part of the
Natura 2000 network, and ROSCI-0413.
Accordingly, the whole area has a very high
interest for biological diversity, and includes
marine habitats, flora and fauna of national

interest (Băcescu et al., 1965; Gomoiu, 1976;
1982; Begun et al., 2010; Dobrin et al., 2013).
Regarding the fauna, the analyzed perimeter is
situated on the circalittoral level with
terrigenous alluvial and coquina muds, marking
the transition between two major habitats
present on the Romanian continental shelf in
the Sf. Gheorghe area (the habitat of Melinna
palmata represented by tubicolous polychaeta
on terrigenic alluvial mud sediments and a
Mytilus galloprovincialis habitat on coarse
mixed sediments and sandy mud associated
with tube-building polychaete Dipolydora
quadrilobate) (Teaca et al., 2020). The
bathymetry in the study area ranges between
27.8 and 41.8 m (between H001 and H069
stations).

Figure 1. Map of the studied area from Romanian Black Sea Shelf (Sf. Gheorghe Area)
(Red points meiobenthic fauna samples)

magnesium chloride aqueous solution, fixed
with a 4% formaldehyde solution buffered in
seawater, and stained with a Rose Bengal
aqueous solution (Holme and McIntyre, 1971).
The organisms were sorted at the lowest
taxonomic rank possible under a Zeiss Stemi
508 stereomicroscope following World
Register of Marine Species (WoRMS). The
density data was represented in square metres
(indv. m−2).

We sampled nine quantitative meiobenthic
samples on the Romanian Black Sea shoreline,
in May 2018, on board of the Mare Nigrum
research vessel (Table 1). Meiobenthic samples
were collected by taking the superficial
sediment layer (5cm) from a tube with a
0.00785 m2 opening (∅ 10cm) from Mark 400 multicores (MC). Meiofauna samples were
washed through a 90 μm sieve to remove the
fine sediments, anesthetized with a 7%
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Table 1. Sampling stations collected in the perimeter of sheet L35-120B
Station

Depth
[m]

Bottom
Salinity
‰

Bottom
Temperature
°C

H001
H051
H091
H032
H063
H094
H066
H097
H069

27.8
35.7
39.8
35.0
39.6
40.7
40.0
41.7
41.8

18.1
18.1
18.8
18.3
18.2
18.2
18.3
18.5
18.4

6.1
6
6
6.5
6.4
5.8
6
5.6
5.5

Coordinates
Lat. N
44º59.492’
44º54.461’
44º50.508’
44º56.501’
44º53.473’
44º50.507’
44º53.483’
44º50.375’
44º53.451’

Other MC tubes were used to collect nine
samples for granulometric and geochemical
analysis. CaCO3 and Total organic carbon
(TOC) contents were determined using a
titrimetric method (Black, 1965; Gaudette et
al., 1974).
The sediments were then classified according
to calcium carbonate concentrations as: noncarbonated terrigenous (CaCO3 < 10%); low
calcareous terrigenous (10-30% CaCO3);
calcareous terrigenous (30-50% CaCO3);

Long. E
29º45.466’
29º45.425’
29º45.486’
29º46.932’
29º48.407’
29º49.926’
29º52.991’
29º54.461’
29º57.345’

Meiofauna
samples
Multicores
1
1
1
1
1
1
1
1
1

carbonated biogenic (50-70% CaCO3), and
strongly carbonated biogenic (CaCO3 > 70%).
Granulometry was analyzed by diffractometry
with a Mastersizer 2000E Ver.5.20 laser
granulometer (Malvern) with 1% of precision
and 99% of reproducibility.
This allowed to distinguish the sand, silt and
clay fractions according to the UddenWentworth logarithmic scale, completed by
three additional fractions at the 1φ interval in
the clay field (Table 2).

Table 2. The particle size composition from Romanian Black Sea Shelf (Sf. Gheorghe Area) stations
Stations

H001

H032

H051

H063

H066

H069

H091

H094

H097

Interval
Sediment
core
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6
0-1
1-2
2-4
4-6

Particle size composition
Sand
%
0.715
0.907
1.633
0.815
2.889
0.823
1.721
1.787
3.221
0.24
0.26
0.18
0.69
0.57
2.779
27.684
6.468
6.882
15.412
2.858
18.908
27.987
57.573
38.947
1.645
0.44
0.38
0.28
16.645
35.104
61.585
61.895
4.259
9.22
1.541
3.398

Silt %

Clay %

Shepard
classification

Median
(φ)

Mz
(φ)

Stand.
Dev.

Asymmetry

Kurtosis

56.141
66.852
64.044
68.495
42.491
47.027
46.668
48.55
60.728
47.634
47.313
47.336
54.933
52.172
54.132
53.916
62.147
51.918
46.48
59.21
46.882
52.973
29.382
45.021
56.61
55.621
48.285
47.668
53.432
47.791
20.867
24.035
67.606
60.807
62.833
62.23

43.144
32.241
34.323
30.69
54.62
52.15
51.611
49.663
36.051
52.126
52.427
52.484
44.377
47.258
43.089
18.4
31.385
41.2
38.108
37.932
34.21
19.04
13.045
16.032
41.745
43.939
51.335
52.052
29.923
17.105
17.548
14.07
28.135
29.973
35.626
34.372

Clayey silt
Clayey silt
Clayey silt
Clayey silt
Silty clay
Silty clay
Silty clay
Silty clay
Clayey silt
Silty clay
Silty clay
Silty clay
Clayey silt
Clayey silt
Clayey silt
Sandy silt
Clayey silt
Clayey silt
Clayey silt
Clayey silt
Clayey silt
Sandy silt
Silty sand
Sandy silt
Clayey silt
Clayey silt
Silty clay
Silty clay
Clayey silt
Sandy silt
Silty sand
Silty sand
Clayey silt
Clayey silt
Clayey silt
Clayey silt

7.73
7.38
7.45
7.08
8.16
8.05
8.03
7.95
7.30
8.06
8.08
8.09
7.72
7.84
7.67
6.30
7.37
7.62
7.32
7.55
7.14
6.41
3.45
5.62
7.67
7.73
8.02
8.04
6.96
6.25
2.49
2.91
7.20
7.19
7.48
7.27

7.78
7.44
7.48
7.12
8.06
8.07
7.98
7.95
7.32
7.95
8.00
8.11
7.73
7.87
7.69
5.73
7.39
7.55
6.94
7.55
6.62
5.97
4.38
5.32
7.69
7.71
8.04
7.94
6.56
5.49
4.01
4.17
7.20
7.08
7.50
7.23

1.66
1.51
1.50
1.74
2.07
1.85
1.97
1.87
1.88
1.93
1.98
1.92
1.86
1.78
1.94
2.53
2.05
2.12
2.74
1.65
2.86
2.56
2.62
2.66
1.68
1.74
1.76
1.72
2.61
2.77
3.01
2.74
1.63
2.06
1.60
1.91

0.14
0.13
0.09
0.09
-0.01
0.09
0.03
0.08
0.05
0.04
0.04
0.08
0.08
0.10
0.08
-0.26
0.02
-0.06
-0.14
0.09
-0.21
-0.20
0.49
-0.09
0.10
0.07
0.10
0.02
-0.21
-0.29
0.68
0.62
-0.02
-0.09
0.11
0.03

1.24
1.17
1.14
0.98
1.26
1.31
1.27
1.26
1.06
1.08
1.12
1.24
1.02
1.10
1.21
0.78
1.45
1.40
1.14
1.21
1.19
0.88
0.79
0.74
1.20
1.24
1.39
1.15
1.23
0.70
0.65
0.75
1.22
1.40
1.19
1.09

163

All statistical analyses were performed using
PRIMER 7 with PERMANOVA + add-on
software package (Anderson et al. 2008) and
xlSTAT 7.5.2. Software (AddinSoft, 2020).
The densities of Ostracoda and Foraminifera
were analysed with a dendrogram based on the
Bray-Curtis similarity (Bray and Curtis, 1975).
Pearson correlation and Principal Component
Analysis (PCA) were used to assess the relationships between the abundance of Ostracoda
and Foraminifera and environmental factors
(i.e., depth, salinity, temperature and sediment
geochemistry), based on the principal components (PCs) with eigenvalues greater than one.

the western part where the mud rich in Melinna
predominates, with the exception of the
southern part, where the high abundance of
Mytillus
causes
terrigenous
calcareous
sediments (Teaca et al., 2020). CaCO3
concentration values greater than 50% were
measured only sporadically (two values in the
H094 station, in the sedimentation intervals 1-2
and 2-4). This fact can be correlated with the
study period, which coincided with a strong
algal blooming (Petranu, 1997). The amount of
organic matter deposited on sediments surface
was not important except for the western part,
where the Danube influence was more
pronounced for the organic matter contribution.
In our samples, fine sediments dominated as
shown by the high values of clayey silt and low
median diameter (most values in the range
6.50-8.00φ). This is indicative of predominant
suspension-deposition, possibly related to the
activity of some planktonic organisms. The
standard deviation that illustrates the degree of
particle sorting also provides information on
sediment dynamics. In conditions where the
transport agent is intense and acts over long
distances, the sorting of particles is good
(standard deviation has values low below 0.7).
In our case, the degree of sorting of sediments
varies in the range of 1.50-3.50 (weak and very
weak sorting domains). Poor sorting is a
common feature in sediments deposited from
suspensions in relatively calm environments
being determined by the phenomenon of
particle agglomeration that prevents selective
deposition. The presence in several locations of
“silty clay” type sediments does not indicate a
special environment as the percentage values
were at the limit between the “silty clay” and
“clayey silt” fields on the Shepard diagram.
The lower values of the median diameter (often
close to 6φ) characteristic of “sandy silt” type
sediments are due to the coarser particles. The
percentages of sand, usually bioclastogenic and
less lithic, do not have a special dynamic
importance because its source is very likely the
frequent mollusk shells in the area. The low
sorting values comparable to those of the
“clayey silt” type sediments indicate the lack of
a long transport. Asymmetry values are generally indicative of deposition (positive domain)
or erosion (negative domain) processes. In the
present case, although the variation range is

RESULTS AND DISCUSSIONS
Water surface salinity (range: 10-17.3‰) and
temperature (range: 12-13°C) varied considerably, while bottom temperature (5.8-6.5oC)
and salinity (18.1-18.8‰) were relatively
stable (Table 1).
The primary origin of calcium from the
carbonate constituent is continental, but its
precipitation and deposition are linked to
chemical and biological factors specific to the
marine environment (Middelburg et al., 2020).
CaCO3 is transported and introduced into the
sea almost exclusively. CaCO3 concentrations
in our samples ranged from 11% to 55%,
suggesting the absence of carbonate-free
terrigenous sediments. Under the Black Sea
specific pH conditions (pH = 7.5-8.5), CaCO3
can precipitate directly from the solution as its
precipitation limit being at pH = 7.8, with an
optimal pH of 8-8.3, a common value in the
surface and shallow Black Sea waters. Direct
precipitation, controlled by the partial pressure
of CO2 in marine and interstitial water, is
proven by the presence of recent CaCO3 crusts
on relict shells. Surface sediments showed
TOC concentrations ranging between 0.32%
and 2.29% (1.19% on average) indicating
moderate biological productivity. The western
half of the study site showed TOC
concentrations > 1%, while they were generally
< 1% in the calcareous terrigenous sediments
of the eastern half. However, TOC concentrations >2% were measured in the low terrigenous sediments of H032, H043, H052 stations.
The studied area is characterized by low
calcareous terrigenous sediments, especially in
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relatively wide (-0.50 + 0.60), most values are
close to 0, which can be interpreted as a
balance between deposition and erosion
processes. The values in the negative range do
not mean erosion but being the result of the
presence in sediments of bioclastogenic
particles formed in situ.
The uniformity, with minor exceptions, of the
particle size composition and the textural
parameters along the core length shows that the
sedimentation environment has not changed

over time (Melinte-Dobrinescu et al., 2019).
During our investigations in May 2018 on the
Romanian continental shelf (Sf. Gheorghe
area), 14 species were found belonging to
Ostracoda (7 families), Cercozoa (one family),
Foraminifera (5 families) (Table 3).
Among the Ostracoda, 8 species from 7 families were identified. The average density of
Ostracoda was 109725 ind. m-2, with the dominant species being L. (C.) diffusa (30058 ind. m2
) and P. granulata (20378.5 ind. m-2) (Table 3).

Table 3. Qualitative and quantitative structure of Ostracoda and Foraminifera populations
from Romanian Black Sea Shelf (Sf. Gheorghe Area)
Species
Ab
D%
Noc
F%
Davg
Deco
W
Cercozoa
Gromiidae Dujardin, 1835
93765
6.37
8
88.89
10418.3 11720.625
23.80
Foraminifera
Allogromiidae Rhumbler, 1904
11172
0.76
1
11.11
1241.3
11172
2.90
Saccaminidae - Psammophaga sp.
169176
11.50
6
66.67
18797.3
28196
27.69
Eggerelloides scaber Williamson, 1858
113981
7.75
7
77.78
12664.6
16283
24.55
Cribroelphidium poeyanum d'Orbigny, 1839
89775
6.10
5
55.56
9975.0
17955
18.41
5586
0.38
2
22.22
620.7
2793
2.90
Ammonia tepida Cushman, 1926
Ostracoda
Leptocythere (Callistocythere) diffusa Mueller, 1894
270522
18.39
5
55.56
30058.0
54104.4
31.96
Palmoconcha granulata Sars, 1866
183407
12.47
7
77.78
20378.6
26201
31.14
Pseudopsammocythere similis Mueller, 1894
34846
2.37
3
33.33
3871.8
11615.3
8.89
Semicytherura sp. Wagner, 1957
14098
0.96
3
33.33
1566.4
4699.3
5.65
Hiltermannicythere rubra Mueller, 1894
85652
5.82
4
44.44
9516.9
21413
16.09
Xestoleberis cornelii Caraion, 1963
172634
11.74
4
44.44
19181.6
43158.5
22.84
Leptocythere multipunctata Seguenza, 1883
132069
8.98
5
55.56
14674.3
26413.8
22.33
Cytheroma variabilis Mueller, 1894
94297
6.41
8
88.89
10477.4 11787.125
23.87
*(Total Abundance - Ab, Dominance - D%, Occurrence number - Noc, Frequency - F%, Average density - Davg ind.m-2, Ecological
density - Deco ind.m-2, Ecological significance index - W)

distribution of Ostracoda (Boomer et al., 2010).
This explains the presence in the deep-water
areas (maximum 120 m) of the Romania shelf
of the species of northern origin P. granulata in
mud substrate areas where the temperature is
lower. P. granulata and C. variabilis are the
most common and widespread species all along
the Romanian shelf. These species live in the
bathymetric range of 18-135 m (Caraion,
1967). Another marine species is L. (C.)
diffusa, with depth preferences ranging
between 30-70 m, which is currently found on
the French coasts of the Atlantic Ocean, the
Mediterranean Sea and the Black Sea
(Opreanu, 2006). While between 1995-2005
the average density amongst ostracod
populations was represented by 2652 ind. m-2
(Opreanu, 2006), the current data show that the
total average density of all ostracod species
reaches considerably higher values of 109725
ind. m-2.

Ostracoda are one of the dominant meiofauna
groups. Both the lifestyle and spread of
Ostracoda are directly influenced by the
substrate nature and its concentration in organic
matter, by the depth and by the salinity
(Rajkumar et al., 2020). Some are euryhaline
species that adapted to low salinity with
fluctuations
from
freshwater
areas
(Leptocythere, Hiltermanicythere, etc.). On the
Romanian Black Sea shelf, two different
ostracod assemblages associated with either
shallow or deep waters can be observed
(Briceag & Ion, 2014). The ostracod
assemblages found is made up exclusively of
Atlantic-Mediterranean immigrated species,
represented by P. granulata, H. rubra, L.
multipunctata and X. cornelii species. These
species inhabit areas with a water depth
comprised between 20-200 m, with a mud-sand
substrate (Caraion, 1967). Temperature is
another important factor that influences the
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Another group, rich in species consisting of
single-celled
eukaryotes,
is
Rhizaria.
Monothalamous soft-shelled Foraminifera were
encountered in most of the samples. These
species are benthic with one single chamber
(i.e., Psammophaga sp.), which retains mineral
particles in their cytoplasm (Anikeeva, 2005).
The spatial distribution of monothalamous
Foraminifera depends on granulometric
composition, depth, organic matter and salinity
(Sabbatini et al., 2013). Moreover, they consume bacteria and are considered as eutrophiccation indicator (Sergeeva et al., 2017).
Although the diversity and abundance of calcareous Foraminifera fauna from the Romanian
Black Sea shelf are low, the following two
associations could be separated: the association
with Ammonia and the association with
Elphidium. There are still missing data regarding
the distribution of soft-shelled monothalamous
Foraminifera and the selective minerals
accumulation mechanism in their cytoplasm.
Among the Rhizaria group, Gromiidae are
characterized by unicellular organisms with a
soft test full of stercoma (consisting of organic
material and clay minerals from ingested
sediments) (Rothe et al., 2009). In the current
study, the Gromiidae sp. average density was
10418.3 ind. m-2. Other monothalamous softshelled Foraminifera showed average densities
of 1241.3 ind. m-2 for Allogromiidae sp., and
18797.3 ind. m-2 for Psammophaga sp. Studies
conducted by Pavel et al., 2021 on the
Romanian Black Sea Shelf, showed similar
densities (Gromiidae 16758 ind. m-2, for
Allogromiidae sp. 17689 ind. m-2 for
Psammophaga sp. 12103 ind. m-2). For the
agglutinated Foraminifera, represented by
Eggerelloides scaber Williamson, 1858, the
average density was 12664.5 ind. m-2. In
contrast, the average densities of the calcareous
Foraminifera
Cribroelphidium
poeyanum
d'Orbigny, 1839 and Ammonia tepida
Cushman, 1926, were 9975 ind. m-2 and 620.6
ind. m-2 respectively. The total density of
Ostracoda and Foraminifera varied from 17024
ind. m-2 at H051 to 578816 ind. m-2 at H066
and the total number of individuals counted
was 1470980. The highest densities for
Saccamminidae were reached at water depths
between 41-50 m and 51-60 m and for
Gromiidae and Allogromiidae in shallow

waters < 20 m, and in the bathymetric ranges
51-60 m and 91-100 m, respectively. The
species with the highest frequency (>50%)
were represented by Gromiidae, C. variabilis,
E. scaber, P. granulata, Psammophaga sp.,
Elphidium
spp.,
L.
(C.)
diffusa,
L. multipunctata (Table 3). From the 14
identified species in the studied area, only 8 are
more abundant (L. (C.) diffusa, P. granulate,
X.
cornelii,
Psammophaga
sp.,
L. multipunctata, E. scaber, C. variabilis and
Gromiidae) making over 80% of the total
average density.
The stations H066 and H069 showed the
highest abundance, followed by H097 and
H094. The rest of the stations had lower
abundances recorded. The high abundances
from the first two stations are related to the
sampling areas depth (> 40 m) and Danube
lower influence.
The distribution of
meiobenthic communities varied significantly.
The western part (H001, H051, H063, H091,
H032) showed lower densities than the eastern
part (H097, H094, H069, H066) (Figure 2).
The highest density of meiobenthic species was
correlated with the highest concentration of
CaCO3 (eastern part of the perimeter: H094,
H069, H066) while TOC concentrations were
negatively correlated with the low densities
occurring in the western part of the perimeter
(H032, H051, H011). Also, the two first
eigenvectors cover 64% from the Eigenvalues,
variability and cumulative in the Principal
Component Analysis (PCA) matrix (Figure 3).
The association of highest density of
meiobenthic species with CaCO3 indicates the
major contribution of shell fragments to the
sediment fraction found in the study area. In
addition to the clayey silt substrate, the
presence of calcium carbonate may be due to
the presence of biogenous sediments (tests of
planktonic, benthic Foraminifera, or shells
from Mytilus) noticed.
Organic matter content in the sediments is
inversely proportional to the calcium carbonate
content and directly proportional to the water
depth, in which the core samples have been
collected in the study area (Rajkumar et al.,
2020). Horne, 1983 and Sabbatini et al., 2013
stated that temperature and salinity are
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important controlling factors for the population
of ostracod and foraminifera.
Water parameters such as temperature and
salinity were correlated with ostracod and
foraminifera fauna distributed in the top layer
(0-5 cm) of the multi-core samples. The density
of soft-shelled Foraminifera has a positive
correlation with the concentration of salinity in
the bottom water samples, and depth and a
negative correlation with the bottom water

temperature. The density of Ostracoda has a
positive correlation with temperature and depth
but negative correlation with concentration of
salinity in the bottom water samples. However,
water depth is also considered as one of the
important factors in controlling the population
of ostracod and foraminifera in the study area.
Ostracod species showed the highest densities,
followed by soft-shelled monothalamous
Foraminifera.

Figure 2. The association index between densities of the Ostracoda and Foraminifera species (vertically) and the
stations based on the Bray-Curtis similarity (data transformed square root) (horizontally) from Romanian Black Sea
Shelf (Sf. Gheorghe Area) in the perimeter of the map sheet L35-120-B

Figure 3. Principal Component Analysis on the species densities with Salinity, Temperature, Depth, TOC, CaCO3
concentrations
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soft shelled monothalamous Foraminifera and
Gromiidae group.

The most dominant and ubiquitous species of
Ostracoda were C. variabilis, P. granulata,
Hiltermanicythere rubra Mueller, 1894,
X. cornelii, L. (C.) diffusa. From the analysis of
the meiobenthic population’s distribution, in
relation to different sub-areas (of depth or
substrate nature), the highest densities were
recorded in the stations H069 and H066 where
the water depths are greater (> 40 m depth) and
the substrate is dominated by a clayey silt or
sandy silt. The low abundances were recorded
in areas with water depths above 35 m and with
silt clay substrate. The latter are closer to the
Danube influence area, with a significant
freshwater supply, thus affecting specific
marine populations, shifted with euryhaline
organisms. The meiobenthic communities
(Ostracoda and Foraminifera) in the Romanian
Black Sea shelf (Sf. Gheorghe area) can be
characterized as a community composed of a
limited number of species occurring in
remarkably high densities. It appears that the
benthic invertebrate fauna is relatively well
represented in such habitats with high diversity,
supply by in situ primary production, whereas
small meiobenthic animals (Ostracoda and
Foraminifera) are relatively scarce in diversity
but high in densities.
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Abstract
Mandarin is a plant species which belongs to the group of winter seasonal fruit. It is highly valued for its vitamin C,
potassium and magnesium content. When buying mandarins, consumers do not have the information on the exact mineral
composition of mandarins so a study was conducted to determine the content of macroelements potassium and magnesium
in mandarins as well as to compare the results with regards to the place of purchase of individual samples. Mandarin
sampling was carried out in the city of Zagreb at 3 markets, 3 retail chains and 3 organic product stores. After digestion
with concentrated HNO3 and HClO4 in microwave oven, potassium was determined by flame photometry and magnesium
by atomic absorption spectrometry. Dry matter was determined gravimetrically by drying until constant mass. The content
of dry weight in the mandarin samples ranged from 7.86% to 8.70%. The content of potassium in dry weight of mandarin
ranged from 2.04% to 2.33%, and the content of magnesium from 0.101% to 0.110%. The content of potassium in the
fresh weight of mandarin ranged from 235 to 297 mg K/100 g fresh weight, and the content of magnesium ranged from
11.6 to 14.0 mg Mg/100 g fresh weight.
Key words: fruit, macroelements, minerals, nutritional value.

INTRODUCTION

potassium fixation is very fast, while the release
process is quite slow due to its strong binding to
the clay mineral (Zorb et al., 2014). By
increasing the potassium concentration in the
soil solution, most of the potassium is converted
into an exchangeable and fixed form, and only a
small part is leached into deeper soil layers
(Čoga & Slunjski, 2018). Potassium is an
essential element in human nutrition. In the
human body, it plays an important role in cell
metabolism by participating in energy transfer,
hormone secretion, and regulation of protein
synthesis (EFSA, 2016).
Magnesium is a biogenic macroelement that
plays an important role in metabolism, it is
involved in the movement of carbohydrates and
the production of oils and fats, and regulates the
absorption of other nutrients (Nikolić et al.,
2014). Magnesium ion (Mg2+) in the plant cell is
involved in the activation of enzymes that
control respiration, photosynthesis, and the
synthesis of DNA and RNA molecules

The mandarin (Citrus reticulata L.) is a
perennial green plant species belonging to the
Reticulata family and the genus Citrus. It has
been cultivated in the Mediterranean part of
Europe since the mid-19th century and in
Croatian coastal region since the beginning of
the 20th century (Ferenčić et al., 2016). The
mandarin fruits are consumed fresh and can be
processed into high-quality food products
(Beltran et al., 2008; Purewal et al., 2020).
Potassium plays an important role in regulating
water content in plants and adaptation of plants
to unfavourable climatic and soil conditions, it
is the main electrolyte of living tissues, and
strongly influences protoplasm hydration due to
its high concentration in protoplasm (Čoga
& Slunjski, 2018). Potassium plays an important
role in the production of sugars and starch in
citrus fruits, so its deficiency negatively affects
these processes (Coetzee, 2007). The process of
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(Lazarević and Poljak, 2019). It affects the
movement of carbohydrates from leaves to other
parts of the plant and stimulates the uptake of
phosphorus (Zekri and Obreza, 2013).
Magnesium availability depends significantly
on soil pH, ionic interactions with other cations
(Mg2+ and Ca2+, Mg2+ and K+, Mg2+ and NH4+),
soil moisture, and plant metabolism (Čoga and
Slunjski, 2018). Compared to other cations, such
as potassium and calcium, magnesium is more
mobile in soil. Its mobility results in significant
amounts being leached from the soil (Gransee
and Fuhrs, 2013). Magnesium deficiency occurs
on acidic soils due to leaching of bases and on
alkaline soils due to antagonism with other
cations. In addition to the antagonistic relationship, there is also a synergistic relationship
between magnesium and phosphorus. Better
supply of magnesium to the soil affects better
availability of phosphorus and vice versa (Čoga
and Slunjski, 2018).
Mandarin has many proven health benefits due
to its richness in vitamins and minerals.
Mandarin fruit is classified in the group of
important nutrients (Ferenčić et al., 2016; Šic
Žlabur et al., 2016). Kaleb (2014) states that 100
g of fresh mandarins contain 210 mg K, 33 mg
Ca, 11 mg Mg, and 30 mg vitamin C. Czech et
al. (2019) conducted a study to determine and
compare the mineral composition of the pulp
and peel of various citrus fruits purchased in
supermarkets. The study found that fresh
mandarin pulp in 100 g contains: 133 mg K 1.11
mg Na, 24.9 mg Ca, 18.7 mg P, 10.4 mg Mg,
0.24 mg Fe, 0.23 mg Zn, 0.04 mg Cu and 0.02
mg Mn. The nutrient content of the whole
mandarin fruit (in 100 g) was: 133 mg K, 1.19
mg Na, 30.01 mg Ca, 17.9 mg P, 11.1 mg Mg,
0.29 mg Fe, 0.26 mg Zn, 0.04 mg Cu and 0.07
mg Mn. According to Ferenčić et al. (2016), the
mineral content in 100 g of fresh pulp of
mandarin fruit is: 37.0 mg Ca, 12.0 mg Mg,
166.0 mg K, 20.0 mg P, 2.0 mg Na, 0.2 mg Fe,
and 0.1 mg Zn. Baghurst (2003) states that 100
g of fresh mandarin contain 26 mg Ca, 11 mg
Mg, 18 mg P, 141 mg K, 1 mg Na, 0.30 mg Fe,
0.10 mg Zn, 0.03 mg Cu, and 0.03 mg Mn.
The aim of this study was to determine the
content of the macronutrients potassium and
magnesium in mandarin fruit and to compare the
results in relation to the place of purchase of
each sample.

Sampling of mandarin fruit was carried out on
28 Oct 2020 in the market of the city of Zagreb
to determine the content of potassium and
magnesium in mandarin. The collection of
average mandarin samples in the city of Zagreb
was carried out in 3 different sales channels, on
each sale channel in 3 different sales points:
- 3 markets (M): Dolac (M1), Kvatrić
(M2) and Savski most (M3)
- 3 retail chains (RC): Konzum (RC1),
Diona (RC2) and Spar (RC3)
- 3 organic products stores (OPS): bio &
bio (OPS1), Juice Box (OPS2) and Grga
Čvarak (OPS3).
Sampling was performed in triplicate.
Insight into the declarations at sale points
provided information on the cultivation of mandarins. Since the mandarin samples from retail
chains were not labeled as organic products, it is
assumed that they are conventionally grown,
i.e., mineral fertilizers were used for their cultivation. Verbal interviews with traders at the
markets did not reveal any information about the
cultivation of mandarins regarding the fertilization. All samples from organic products stores
were organically cultivated, as only products
from certified organic cultivation are sold in
these stores.
Average samples of mandarins were sent after
collection to the analytical laboratory of the
Department of Plant Nutrition of the Faculty of
Agriculture, University of Zagreb, where
chemical analysis of mandarin fruit samples was
performed. The mandarin fruits were peeled,
sliced, and prepared for drying. The samples
were dried at 105 °C, after which were ground
and homogenised. The samples were then
digested with concentrated nitric acid (HNO3)
and perchloric acid (HClO4) in a microwave
oven. Potassium was then determined by flame
photometry and magnesium by atomic
absorption spectrometry (AOAC, 2015). Dry
matter was determined gravimetrically by
drying to constant mass.
Statistical data processing was performed using
the analysis of variance model (ANOVA). The
SAS System for Win. ver 9.1 program (SAS
Institute Inc.) was used, and the Tukey test for
171

The determined potassium content in the dry
matter of mandarins according to sales points
ranged from 1.89% K DM (Konzum retail
chain) to 2.37% K DM (Grga Čvarak organic
products store) (Table 2). Statistically, the
highest potassium content in dry matter were
found in the samples from bio & bio (2.36% K
DM) and Grga Čvarak (2.37% K DM) organic
products store, and statistically, the lowest
contents were found in the samples from Savski
most market (1.94% K DM) and Konzum retail
chain (1.89% K DM). The highest value among
the samples from the markets was found in
Kvatrić market (2.15% K DM), and among the
samples from the retail chains, the highest value
was found in Diona retail chain (2.17% K DM).

significant thresholds (SAS, 2002-2003) was
used to test the results.
RESULTS AND DISCUSSIONS
The average dry matter content in the analysed
samples by sales channels (markets, retail chains,
and organic product stores) is shown in Table 1.
The average dry matter content in the mandarin
samples ranged from 7.86 to 8.70%. Statistically, the highest average dry matter value was
obtained at markets (8.70%), compared to the
dry matter values obtained in retail chains
(7.95%) and organic products stores (7.86%).
Table 1. Dry matter (% DM) content determined in
mandarin samples collected from, markets, retail chains
and organic products stores
Sales channels
Markets (M)
Retail chains
(RC)
Organic
products stores
(OPS)

M1
M2
M3
RC1
RC2
RC3
OPS1
OPS2
OPS3

% dry matter
8.03 bcd
8.75 ab
8.70
9.33 ab
8.60 abc
7.86 bcd
7.95
7.40 d
7.82 cd
7.63 d
7.86
8.13 bcd

Table 2. Potassium content in dry matter of mandarin
determined in samples collected from, markets, retail
chains and organic products stores

a

Sales channels
Markets (M)

b

Retail chains
(RC)

b

Organic
products stores
(OPS)

Different letters represent significantly different values according
to Tukey's test, p≤0.05. The non-letter values are not significantly
different

M1
M2
M3
RC1
RC2
RC3
OPS1
OPS2
OPS3

% K in dry matter
2.02 d
2.15 c
2.03 b
1.94 de
1.89 e
2.17 c
2.06 b
2.12 c
2.36 a
2.26 b
2.33 a
2.37 a

Different letters represent significantly different values according
to Tukey's test, p≤0.05. The non-letter values are not significantly
different

Table 2 shows the determined content of dry
matter at different sales points. The determined
value of dry matter in mandarins at markets
ranged from 8.03 to 9.33%, from 7.40 to 8.60%
in retail chains, and from 7.63 to 8.13% in
organic products stores. The statistically highest
value of dry matter in mandarins was found at
Savski most market (9.33%), which was not
statistically different from the values from
Kvatrić market and Konzum retail chain, and the
statistically lowest values were found at Juice
Box organic products store (7.63%) and in the
Spar retail chain (7.40%).
Table 2 shows the average values of the
percentage of potassium in dry matter (% K
DM) of mandarins by sales channels. Equal
potassium content in dry matter were found in
samples from markets (2.04% K DM) and from
retail chains (2.06% K DM), while statistically
the highest potassium content in dry matter was
found in mandarins from organic products stores
(2.33% K DM).

The average potassium content in the fresh mass
of mandarins, expressed in mg K/100 g of fresh
matter (FM) of mandarins, is shown in Table 3.
The determined average potassium content in
the fresh mass of mandarins ranged from 235 mg
K/100 g FM (markets) to 297 mg K/100 g FM
(organic products stores) with statistically
significant difference.
Table 3 shows the potassium content in the fresh
matter of mandarins found in different sales
points. The values found ranged from 208 mg
K/100 g FM (Savski most market) to 302 mg
K/100 g FM (bio& bio organic products store).
The statistically highest value of potassium in
fresh matter was found in the sample from bio &
bio (302 mg K/100 g FM), which was not
statistically different from the samples Juice
Box, Grga Čvarak and Spar, while statistically
the lowest values were found in the samples
from Savski most market (208 mg K/100 g FM)
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market (0.102% Mg DM) and Savski most
market (0.102% Mg DM).
Table 5 shows the average magnesium content
in mandarin fresh matter expressed in mg
Mg/100 g FM. Almost equal average
magnesium content in fresh matter were found
in samples from retail chains (13.9 mg Mg/100
g FM) and organic products stores (14.0 mg
Mg/100 g FM), which are statistically higher
than the magnesium content in samples from
markets (11.6 mg Mg/100 g FM).

and from Konzum retail chain (222 mg K/100 g
FM).
Table 3. Potassium content in fresh matter of mandarin
determined in samples collected from, markets, retail
chains and organic products stores
Sales channels
Markets (M)
Retail chains
(RC)
Organic
products stores
(OPS)

M1
M2
M3
RC1
RC2
RC3
OPS1
OPS2
OPS3

mg K/100 g in fresh
matter
251 bcd
246 cd
235 b
208 d
222 d
278 abc
263 b
288 abc
302 abc
297 abc
297 a
291 abc

Table 5. Magnesium content in fresh matter of mandarin
determined in samples collected from, markets, retail
chains and organic products stores
Sales channels

Different letters represent significantly different values according
to Tukey's test, p≤0.05. The non-letter values are not significantly
different

Markets (M)

The average magnesium content in the dry
matter of mandarins (% Mg DM) according to
sales channels is shown in Table 4. The
magnesium content in mandarin dry matter
ranged from 0.101 (markets) to 0.110% Mg DM
(organic products stores).
The determined magnesium content in the dry
matter of mandarins according to sales points
ranged from 0.097 to 0.121% Mg DM (Table 4).
Statistically, the highest magnesium content in
dry matter were found among samples from the
Diona retail chain (0.121% Mg DM), and bio &
bio (0.118% Mg DM) and Juice Box (0.114%
Mg DM) organic products store.

Retail chains
(RC)
Organic
products stores
(OPS)

Different letters represent significantly different values according
to Tukey's test, p≤0.05. The non-letter values are not significantly
different

The magnesium content found in the fresh
matter of mandarins at different sales points
ranged from 10.5 to 15.5 mg Mg/100 g FM
(Table 5). Magnesium values in samples from
the market ranged from 10.5 to 12.7 mg Mg/100
g FM, in samples from retail chains from 11.4 to
15.5 mg Mg/100 g FM, and in samples from
organic products stores from 12.0 to 15.1 mg
Mg/100 g FM. Statistically the highest values of
magnesium in fresh matter were found in
samples from the Diona retail chain (15.5 mg
Mg/100 g FM) and from bio&bio (15.1 mg
Mg/100 g FM) and Juice Box (14.9 mg Mg/100
g FM) organic products stores, and the
statistically lowest value was found in a sample
from Savski most market (10.5 mg Mg/100 g
FM).
Kaleb (2014) states that 100 g fresh mandarin
contains 210 mg K and 11 mg Mg. Czech et al.
(2019) state that fresh mandarin pulp contains
133 mg K/100 g and 10.4 mg Mg/100 g.
According to Ferenčić et al. (2016), 100 g of
fresh mandarin pulp contains 166 mg K and 12
mg Mg. Baghurst (2003) states that 100 g of

Table 4. Magnesium content in dry matter of mandarin
determined in samples collected from, markets, retail
chains and organic products stores
Sales channels
Markets (M)
Retail chains
(RC)
Organic
products stores
(OPS)

M1
M2
M3
RC1
RC2
RC3
OPS1
OPS2
OPS3

M1
M2
M3
RC1
RC2
RC3
OPS1
OPS2
OPS3

mg Mg/100 g in fresh
matter
12.66 bc
11.76 cd 11.6 b
10.47 d
11.38 cd
15.55 a
13.9 a
14.64 ab
15.10 a
14.92 a
14.0 a
12.02 cd

% Mg in dry matter
0.102 bc
0.102 cd 0.100
0.098 d
0.097 cd
0.121 a
0.109
0.108 ab
0.118 a
0.114 a
0.110
0.097 cd

Different letters represent significantly different values according
to Tukey's test, p≤0.05. The non-letter values are not significantly
different

The highest magnesium content among the
samples from the markets were found at Dolac
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consumer information, the recommended daily
intake of potassium for adults is 2000 mg, while
the recommended daily intake of magnesium is
375 mg. Consumption of 100 g of mandarins
from this research from the market can provide
11.75% of the adult daily requirement of
potassium and 3.2% of the daily requirement of
magnesium. Consumption of 100 g of
mandarins from retail chains can meet 13.15%
of the daily requirement of potassium and 3.73%
of the daily requirement of magnesium. The
consumption of 100 g of mandarins from
organic products stores can cover 14.85% of the
daily requirement of potassium and 3.73% of the
daily requirement of magnesium.

fresh mandarin contains 141 mg K and 11 mg
Mg.
The potassium content in the fresh matter of all
the samples studied is higher than the values
reported in the literature. Statistically, the
highest potassium content in fresh matter were
determined in samples from organic products
stores, compared to the values determined in
samples from markets and retail chains.
Statistically, higher magnesium values in fresh
matter were found in samples from retail chains
and stores for organic products than in samples
from markets. In comparison with the
mentioned literature data, higher magnesium
content in fresh matter was found in mandarin
samples from Dolac market, retail chains Diona
and Spar, and organic products stores bio&bio
and Juice Box. The reason for the increased
magnesium content in the mandarin samples
from Dolac market and from the retail chains
Diona and Spar is probably the conventional
production method. This production method
uses mineral fertilizers, which contain more
nutrients per unit mass than organic fertilizers
(Petek et al., 2018). However, on average, the
highest content of potassium and magnesium in
mandarins were found in samples of mandarins
grown organically, where the use of mineral
fertilizers is not allowed. Organic fertilizers are
much lower in nutrient content than mineral
fertilizers, but their chemical composition has a
variety of positive effects. They have a positive
effect on the chemical and physical properties of
the soil, but also on the activity of the
microbiological phase of the soil (Bogunović et
al., 2018). Mostafa & Abdel-Rahman (2015)
state that organic and biological fertilizers
improve the uptake and utilization of many
nutrients by plants, as they increase their
availability in the soil by improving soil
structure, moisture, pH and many soil biological
properties. According to the results of their
research, they concluded that the use of natural
or biological fertilizers, singly or in
combination, as well as the use of these
fertilizers in combination with mineral NPK
fertilizers improves yield, fruit quality and
nutrient status in mandarins.
According to Regulation (EU) No. 1169/2011 of
the European Parliament and of the Council on

CONCLUSIONS
In this study, the content of dry matter in
mandarins, and the content of potassium and
magnesium both in the fresh and dry matter of
mandarins were determined. The average
content of dry matter in mandarin samples from
markets was 8.70%, in samples from retail
chains 7.95% and in samples from organic
products stores 7.86%. The average potassium
content in dry matter of mandarins ranged from
2.04 (market) to 2.33% K DM (organic products
stores), while the average magnesium content in
dry matter ranged from 0.101 (market) to
0.110% Mg DM (organic products stores). The
average potassium content in fresh matter
ranged from 235 to 297 mg K/100 FM,
depending on the sales channels. Statistically
significantly, the highest average potassium
content in fresh matter were found in samples of
mandarins from organic products stores, while
the lowest average potassium content were
found in samples from markets. Nearly equal
average magnesium content in fresh matter were
found in samples from retail chains (13.9 mg
Mg/100 g FM) and organic products stores (14.0
mg Mg/100 g FM), while statistically the lowest
content was found in samples from markets
(11.6 mg Mg/100 g FM). As by consumption of
100 g of fresh mandarins from this research
11.75-14.85% of the adult daily requirement of
potassium can be provided, it can be concluded
that mandarins are good source of the potassium.
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Abstract
In the article was analyzed the representativeness of rare taxa of protected ancient exotic tree species Pinophyta in
physiographical zones and mountainous countries of Ukraine. Sixtyone species, one subspecies, and one plant variety
of this genus were identified in the nature reserves of Ukraine. Among these, most species were found in forest-steppe
zone (32), Mountainous Crimea zone (31), and deciduous forest zone (22) suggesting that these three regions could
potentially be most favorable for the introduction and acclimatization of foreign Pinophyta species. In ecological
structure of the region, dominant are taxa of the mesophytes ecological group, containing frost and winter resistant tree
species. Within the geographic range, predominant are native plant species of circumboreal and Atlantic - Pacific
Northwest (total of 27 species), Madrean (12) and Western-Asian (11) floristic zones. All 63 taxa are on the IUCN Red
List (LC-42, VU-4, NT-7, EN-9, and CR-1 categories). At the same time, Abies nordmanniana (Steve) Spach. subspес.
equi-trojani (Asch. & Sint.) Code & Cull. (R) and Abies pinsapo Boiss. (VU) are on the European Red List. These two
species together with Abies numidica (CR) represent the rarest taxa among the century-old exotic Pinophyta trees in
Ukraine.
Key words: physiographic regions, floral analysis, protected localities, coniferous introduced species, protected trees.

INTRODUCTION

years. In 1991, the program "Famous and
Historic Trees of Ukraine" was initiated
(Kushnir et al., 1995). In 2009, a contest for
prominent trees over 1000 years of age was
held at the national level. Currently, about 30%
of century-old trees in Ukraine hold status of
botanical nature monuments. During the 20th
century, Ukraine lost six Quercus robur L.
trees with the tree age ranging between 1000
and 1500 years (Hrynyk et al., 2010; Schneider
et al., 2011).
The goal of our study was to determine
quantitatively and qualitatively the species
composition of century-old rare Pinophyta
trees introduced in nature reserves of Ukraine.
Within the nature reserves, there are 11
categories of territories and entities approved
by the national legislation of Ukraine. Among
these, the most researched taxa are introduced
in botanical gardens, dendrological parks, parkmonuments of landscape art (PMLA), and
man-made botanical nature monuments.
Introduced in Ukraine species of woody plants
present on red lists are called exotic woody
plants. The degree of rarity of plant species was
determined by their presence on the following
official international red lists: IUCN Red List,

Nature-protection research projects of ancient
trees are an important and urgent scientific task
that is being solved comprehensively and in
various parts of the world (Huckaby et al.,
2003; Pelt, 2008; Lindemayer et al., 2012;
Lindemayer & Laurance, 2016; Li & Zhang,
2017). For many years the identification and
inventory of the old-growth forests and
century-old trees have been important in the
neighboring with Ukraine countries: Moldova
(The most famous…, 2017), Romania
(Schickhofer & Schwarz, 2019), Hungary (The
thickest, tallest…, n.d.), Slovenia (The oldest
trees…, n.d.), Poland (Siewniak, 2007),
Belarus (Is the myth…, 2016) and Russia
(Trees are monuments…, n.d.).
In Ukraine, the protection practices of the
century-old trees began in the late nineteenth
century. However, active discussion of these
practices in the scientific community started
only in the 1960s (Ivchenko, 1967; Rubtsov &
Laptev, 1971; Lypa, 1977; Boreiko, 2001; Galkin
et al., 2014; Karpenko & Pototska, 2017).
Several attempts to inventory century-old trees
at the national level were made in the last 30
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The taxonomic status and plant Latin names
were verified against the checklist of exotic
trees of Ukraine (Popovych et al., 2016) and
the IUCN Red List and The Plant List
databases. The complete binary taxa names
with corresponding author names were only
provided in Table 1.

European Red List, Appendix I Bern
Convention, CITES (The convention…, 1979;
European…, 1992; Information…, 2002; The
IUCN Red List, 2018).
MATERIALS AND METHODS
To achieve the goal of the study, we composed
the summary of the taxa of century-old (100
years of age and older) exotic Pinophyta trees
introduced in nature reserves of Ukraine. This
work required a review of considerable number
of literary sources published in the last 20 years.
Simultaneously with the literature review, we
conducted the field inventory. This approach
made it possible to obtain data for the individual physiographic zones of Ukraine (Marynych
et al., 2003): forest-steppe (Popovych et al.,
2011b), steppe (Popovych et al., 2014), mixed
forest (Popovych et al., 2017b), and broadleaved forest zone (Popovych et al., 2020). The
published in this manuscript information on the
researched taxa, present in mountainous
countries and territory of Ukraine, appears in
the literature for the first time.
The compiled summary of taxa of century-old
exotic Pinophyta trees has been a subject to a
rigorously tested research method of structural
floristic analysis (Popovych et al., 2010, 2013,
2017a; 2019; Stepanenko & Popovych, 2015;
Vlasenko & Popovych, 2016; Savoskina &
Popovych, 2019; Miskevych & Popovych,
2019). We used published by Takhtajan (1978)
methods to determine how the plant species
were associated with the floristic regions of the
Eart.
A methodology associated with calculating an
acclimatization value was utilized to determine
the success rate of the introduction of centuryold exotic Pinophyta trees (Kohno & Kurdyuk,
2010). The highest degree of acclimatization
success was assigned to the plant species with
the highest acclimatization value (A = 100).
The ranking of plant wellbeing was determined
using Alekseev’s scale (1989).
Determined from publications tree age was
used as basis for ranking. Indicated in the
relevant publications, the age of the woody
plants was taken as the basis with the oldest
objects being specified by tested methods
(Kushnir et al., 1995; Boreyko, 2001; Hrynyk
et al., 2010; Schneider et al., 2011).

RESULTS AND DISCUSSIONS
The obtained data are presented separately for
each physiographic region and for the entire
area of Ukraine (Table 1).
Mixed forests zone (Ukrainian Polissia). All
nine studied tree species are listed on the IUCN
Red List predominantly in the Least Concern
(LC) category. The only species allocated to
the Endangered (EN) category is Ginkgo biloba
because it is the rarest one in the region. An
analysis of species geographical distribution of
century-old exotic Pinophyta trees revealed
that five species originated from the
circumboreal region, some of which also
originated from the American North-Atlantic
Floral Regions, whereas two species are
representative of the Rocky Mountains Region.
Century-old Larix decidua trees are the most
widespread. They have been identified in 22
nature reserves distributed among five
administrative regions. Among five species of
the genus Pinus L., Pinus strobus occurs most
frequently (seven localities).
Tree ages range between a 100 and 203 years.
The oldest trees are Larix decidua (203 years,
Vahanytskyi PMLA, the Chernihiv region) and
Pinus strobus (203 years, a botanical nature
monument "Yuzefinska dacha", the Rivne
region). A lonely Pinus sibirica is 153 years
old. Century-old trees most often were found in
PMLAs, especially those in the Zhytomyr
region.
Presence of century-old exotic trees,
particularly those over 150 years of age, is the
evidence of their full acclimatization in all
physiographic zones of the region (A = 100).
Plants usually retain growth rates, have a
pronounced frost and good drought resistance,
have an average adaptation level (score III),
form uniform seeds. Among the species, Larix
decidua stands out for its particularly high
vitality and prolific seed production.
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Table 1. Representation of rare species of protected century-old Pinophyta woody plants
in physiographic regions of Ukraine
Latin species names of woody plants

MFZ1

Abies balsamea (L.) Mill.
Abies cephalonica Loud.
Abies concolor Lindl. et Gord.
Abies nordmanniana (Stev.) Spach.
Abies nordmanniana (Steve) Spach. subsp.
equi-trojani (Asch. & Sint.) Code & Cull.
Abies numidica de Lannoy ex Carrière

Physiographic zones and mountainous regions
BLFZ2
FSZ3
SZ4
UCM5
2
110
2
112
2
7
1
105
130
120
1
1
2
2
110
140
112
120
1
110

Abies pinsapo Boiss.
Abies sibirica Ledeb.

1
105

Calocedrus decurrens (Torr.) Florin
Cedrus atlantica (Endl.) Manetti
Carrière
Cedrus deodara (D. Don) G. Don. f.

1
110

ex

1
105

Cedrus libani Harr. var. libani
Cephalotaxus harringtonia (Knight ex. J.
Forbes) C. Koch
Chamaecyparis lausoniana (Andr.) Parl.
Chamaecyparis pisifera (Sieb. et Zucc.)
Endl.
Cryptomeria japonica (L. f.) D. Don

2
125

Cupressus arizonica Greene

1
105

Cupressus goveniana Gordon

2
145

2
125

2
130

Cupressus guadalupensis Wats.
Cupressus lusitanica Mill.
Cupressus macrocarpa Hartw.
Cupressus sempervirens L.
Cupressus torulosa D. Don
Ginkgo biloba L.
Juniperus pseudosabina F. et M.

1
163

Juniperus virginiana L.
Larix decidua Mill.
Larix kaempferi (Lamb.) Carrière

22
203

Larix sibirica Ledeb.
Metasequoia glyptostroboides Hu & W. C.
Cheng
Picea engelmannii Parry ex Engelm.
Picea glauca (Moench.) Voss.

7
210
1
110
7
200
45
410
1
120
3
210

6
125
24
200
2
105
1
105
1
105

3
110
3
110
1
115
1
110
14
140

2
105

Picea jezoensis (Sieb. et Zucc.) Carr.
Picea mariana (Mill.) Britton, Sterns &
Poggenb.
Picea pungens Engelm.

13
250

3
103

9
200

178

2
130
2
115
1
135

6
120

5
200
2
150

2
105

2
107

3
120

MC6
1
175

1
125
2
105
2
175
2
165
5
165
3
178
5
155
1
165
1
110
1
110
1
175
1
105
2
105
1
178
2
175
8
203
1
175
1
205
1
105

Total for
Ukraine
2
110
3
175
9
130
6
140
2
125
2
105
2
175
2
110
3
165
5
165
3
180
5
155
1
165
3
125
6
145
1
110
2
105
1
105
2
105
1
178
2
175
8
200
1
175
30
250
1
110
16
200
98
410
5
150
4
210
1
105
3
110
7
110
1
115
1
110
31
200

Picea rubens Sarg.

1
105

Pinus banksiana Lamb.

1
145
1
110

Pinus coulteri D. Don
Pinus gerardiаna Wall. ex D. Don
Pinus halepensis Mill.
Pinus montezumae Lamb.
Pinus nigra J. F. Arnold

2
153

Pinus peuce Griseb.
Pinus pinaster Aiton

21
200
1
110

23
310

5
125

2
160
1
150

Pinus pinea L.
Pinus ponderosa Douglas ex C. Lawson
Pinus rigida Mill.
Pinus sibirica DuTour
Pinus strobus L.
Pinus teocote Schied. ex Schltdl. & Cham.

1
103
1
103
1
153
7
203

1
110
2
105
22
300

7
210
26
230

3
150
5
200

1
110
1
110
7
130

Pinus virginiana Mill.
Platycladus orientalis (L.) Franco
Pseudotsuga menziesii (Mirb.) Franco
Sequoiadendron giganteum (Lindl.)
Buchholz
Sequoia sempervirens (D. Don) Endl.

J.

Taxodium distychum (L.) Rich

1
110
1
110
6
130
3
110

Taxus cuspidata Siebold & Zucc.
Thuja occidentalis L.

1
113

Thuja plicata Donn ex D. Don

9
150

Thuja standishii Carr.
Torreya grandis Fortune ex Lindl.
Tsuga canadensis (L.) Carrière
Xanthocyparis
Spach

nootkatensis

(D.

Don)

4
135

2
110
1
110

6
150

2
125

6
130
1
140
3
220

2
118
2
110

1
105
1
175
1
185
1
105

2
303
6
203

1
165

1
105
2
175
2
175

4
150
1
105

4
150

1
110

2
145
1
110
1
105
1
175
1
185
1
105
53
310
2
150
2
303
6
203
2
110
1
103
10
210
61
300
1
165
1
110
6
150
19
200
2
175
3
175
4
220
1
110
22
150
4
110
2
110
1
110
10
150
1
110

1
MC - Mountainous Crimea, 2MFZ - mixed forests zone, 3BLFZ - broad-leaved forests zone, 4FSZ - forest-steppe zone, 5SZ - steppe zone, 6UCM Ukrainian Carpathian Mountains. The numerator contains the number of protected localities; the denominator provides the approximate maximum
age of the trees.

Broad-leaved forests zone. Among 22 taxa, 17
were on the IUCN Red List with the
predominance of LC category. Only Tsuga
canadensis and Platycladus orientalis belong
to the Near Threatened (NT) category, whereas
Ginkgo biloba, Pinus peuce, and Metasequoia
glyptostroboides belong to the EN category,
that is they are the rarest in this zone. In total,
12 plant species originated from the
circumboreal region (some of which also

In contrast, a 160-year-old Ginkgo biloba tree
growing in PMLA “Yuri Gagarin” (Zhytomyr)
does not form seeds. In general, majority of
trees are healthy without external crown and
bole damage.
In relation to moisture level, the eco-group
contains five mesophytes, one mesoxyrophyte,
two xerophytes, and one hygrophyte. All
examined plant species withstand freezing
temperatures to –20°C.
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Red List, two taxa (Abies lowiana Murr and
Larix × eurolepis A. Henry) were found in this
zone. Majority of the taxa in the region are
from the circumboreal (seven), Rocky
Mountains (seven), East Asian (six), and North
Atlantic (four) floral regions. Some species
took origin from the areas allocated to as many
as two floral zones, while others could have
come from a different set of areas, i.e. IranTuran, Madrean, and Caribbean floral regions.
One taxon was introduced from each the IranTuran and Mediterranean floral regions. The
geography of the researched plant species in
this region is quite representative. Larix
decidua (45 entities), Pinus strobus (26), Pinus
nigra (23), Picea pungens (14) have the highest
rate of occurrence.
By the age structure, the oldest are: Larix
decidua (410 years old, dendrological park
“Trostyanets”, the Chernihiv region); Pinus
nigra (310, PMLA “Little Sofiyivka”, the
Vinnytsia Region); Pinus strobus (230,
“Alexandria” dendrological park, the Kyiv
region); Pinus sibirica (230, two botanical
nature monuments “The Siberian Cedar”, the
Sumy and the Vinnytsia regions); Ginkgo
biloba (210, PMLA Krasnokutsky, the Kharkiv
region); Larix sibirica (210, “Alexandria”
dendrological park); Juniperus virginiana (200,
“Alexandria” dendrological park). The majority
of researched plant species are protected in
dendrological parks and in Chernihiv and
Poltava regions.
In relation of plants to moisture in the
environment, mesophytic and hygrophytic ecogroups dominate (12 taxa each), whereas the
xerophytic eco-group consists of the remaining
(eight) species. Some of the species form
intermediate eco-groups (xeromesophytes,
mesohygrophytes). Altogether, dominant are
winter-hardy plants (4 points) from the
Circumboreal and Atlantic - Pacific Northwest
floristic regions (A = 100: Picea glauca, Larix
kaempferi, Pinus banksiana, Abies concolor,
and others). In contrast, the most frost-resistant
plants can withstand temperatures of −25° to
−35° C (A=100: Picea engelmannii,
Xanthocyparis nootkatensis, and others), while
yet others could survive in temperatures below
−35° C (Taxus cuspidata, Abies balsamea and
others). A significant proportion is occupied by
the eco-group of moderately frost-resistant

originated from the American North-Atlantic
region), five came from the East Asian Floral
Areas, and three represented the Rocky
Mountains. The rest of the plant species were
introduced from the Iran-Turan and Madrean
floral regions. Larix decidua (24 sites), Pinus
nigra (21) and Ginkgo biloba (13) have the
most extensive distribution in the region.
Commonly studied plant species occur in
PMLAs, mainly in the Lviv and Khmelnytsky
regions.
The oldest tree group includes: Pinus strobus
(300 years old, Raivskyi PMLA of the Ternopil
region); Ginkgo biloba (250 y.o., PMLAs:
“The park of the seventeenth-century Great
Lubin” in the Lviv region and Viknianskyi park
in the Chernivtsi region); Larix decidua (200
y.o., five localities); Pseudotsuga menziesii and
Picea pungens (there are 200 of each one in the
Kremenets Botanical Garden of Ternopil
region); Pinus nigra (200 y.o., Kremenets
Botanical Gardens and PMLA Maliyivkyi in
the Khmelnitsky region).
Winter hardiness of plants is one of the main
indicators of their successful introduction (A =
100). Except for the oldest by tree age, tree
species Thuja occidentalis (150 years), Tsuga
canadensis (135), Сhamaecyparis pisifera
(125) and Juniperus virginiana (125) belong to
a group of frost-resistant and winter-hardy
plants. The least cold-hardy appeared to be
plants of Cupressus arizonica (A = 85). In
relation to moisture, the mesophytic eco-group
(mesophytes,
xeromesophytes
and
hygromezophytes) prevails. Hygrophytes and
xerophytes eco-groups contain six and five
plant species, respectively.
Forest-steppe zone. Allocated to this zone,
there are 31 protected plant species and one
subspecies. Among them, 28 species are on the
IUCN Red List with the predominance of a LC
category, two species (Tsuga canadensis and
Platycladus orientalis) belong to the NT
category, whereas Ginkgo biloba, Pinus peuce,
and Abies nordmanniana subsp. equi-trojani
belong to the EN category. Abies
nordmanniana subsp. equi-trojani is the rarest
in this zone. Besides IUCN Red List it is on the
European Red List due to its rarity (category R)
(European …, 1992). Among century-old
protected exotic tree species not on the IUCd N
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adaptation to low air temperatures, majority of
existing species are either frost resistant (eight
species: Picea pungens, Juniperus virginiana,
Thuja occidentalis, and 5 other species with
А = 100) or moderately frost-resistant (six
species: Chamaecyparis lawsoniana, Abies
nordmanniana, and four more with А = 100).

plants (A=85-90: Tsuga canadensis, Abies
nordmanniana, and others).
Steppe zone. Allocated to this zone, there are
14 protected century-old tree species. Among
them, 10 species that are listed on the IUCN
Red List with the predominance of a LC
category. One species (Chamaecyparis
lausoniana) belongs to the Vulnerable (VU)
category, two (Platycladus orientalis, Thuja
standishii) belong to the NT category, whereas
the rarest one in this zone (Ginkgo biloba)
belongs to the EN category. Half of all species
have originated from the Circumboreal region.
Home range of others besides Circumboreal
includes the American North-Atlantic and
Mediterranean Floral Regions. Three species
came from the Rocky Mountains Region, three
others take origin from the Western-Asian
Region (including one with home range
distribution also including Iran-Turan floral
region). One species was introduced from the
Madrean floral region. Pinus nigra (five
localities) has the highest distribution
frequency. Most species appear in two
localities. Only three species including Larix
decidua, Abies concolor, and Calocedrus
decurrens were found in a single locality. Most
of the century-old trees were found in protected
entities and dendrological parks of the Kherson
region, primarily in one of the oldest biosphere
reserves “Askania-Nova” (The Kherson
region).
In general, introduced trees found in the region
have a narrow age range between 100 and 133
years. The oldest trees are Larix decidua (135
years old, Velykoanadolskyi forest preserve,
the Donetsk region); Ginkgo biloba (130 y.o.,
Odessa Botanical Garden); Pinus nigra (125
y.o., dendrological park “Veseli Bokovenky”,
the Kirovograd region), Chamaecyparis
lausoniana (125 y.o., dendrological park
“Askania-Nova”), Platycladus orientalis (125
y.o., dendrological park “Askania-Nova”), and
Abies concolor (120 y.o., dendrological park
“Veseli Bokovenky”).
By distribution in the environment in relation
to environmental moisture conditions, among
the century-old exotic trees mesophytes ranked
the highest (seven species), followed by
xerophytes (four species), followed by
hygrophytes (three species). In relation to

Carpathian Mountains of Ukraine. There are
15 protected plant species fl located to this
zone. Among them, 12 species are on IUCN
Red List with the predominance of a LC
category, one species (Tsuga Canadensis)
belongs to the NT category, whereas the rarest
species in this mountainous region (Ginkgo
biloba and Sequoia semperviren) belong to the
EN category. Among century-old protected
exotic tree species that are not on the IUCN
Red List, we identified one taxon (Larix ×
eurolepis - 150 years, PMLA “Arboretum”, the
Ivano-Frankivsk region). In general, majority
of taxa are from either one of four zones, the
Circumboreal (four), East-Asian (three), Rocky
Mountains (two), and Madrean (one) floral
zones. The distribution of other plant species
covers the territory of two floral zones, namely,
the Сircumboreal and Atlantic - Pacific
Northwest (three), Rocky Mountains and
Atlantic - Pacific Northwest (one), Caribbean
and Atlantic - Pacific Northwest (one). The
highest occurrence rate in the region have
Ginkgo biloba, Pseudotsuga menziesii, Pinus
strobus (each of them occurs in six localities),
Larix decidua (occurs in five localities), Tsuga
canadensis and Thuja occidentalis (each occurs
in four localities).
In relation of plants to environmental moisture
level, hygrophytes (seven species) and
mesophytes (six species) ecological groups
dominate, with xerophytes ecological group
being represented by remaining two species. In
general, the majority (13 species) is represented
by frost-resistant plants (4 scores, A = 100).
Two moderately frost resistant species
(Sequoia
sempervirens
and
Taxodium
distychum) were able to naturalize only in the
Zakarpattia Lowland and foothills of the
Carpathians (A = 90).
Mountainous Crimea. Allocated to this zone,
there are 29 protected species, one subspecies,
and one plant variety. Among them, 16 species
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moderately frost resistant and thermophilic
plants (2-3 scores) dominate in this zone,
whereas
frost-resistant
plants
occur
significantly less often, that is, the majority of
Pinophyta plants in Mountainous Crimea have
a subtropical origin (А = 100).
The climatic conditions of the physiographic
regions of Ukraine are very diverse and each
condition individually determines the ability of
the introduction of taxa of woody plants
(Kotsun & Pylypchuk, 1999; Kalinichenko,
2003). Taking into consideration the urgency
and importance of the above-mentioned
problem, first time at the scale of the entire
country we composed a summary of the species
of century-old Pinophyta trees found in nature
reserves of Ukraine (Table 1). A comparative
quantitative and qualitative assessment of its
taxa composition revealed some regional
features.
Among the regions represented by the planes,
the mixed forest zone of Ukraine appeared to
be the least suitable for the introduction and
acclimatization of exotic Pinophyta plants due
to its harsh climatic and oligotrophic edaphic
conditions. Under further shift of conditions
toward xerophytic, species of woody plants of
boreal and montane origin, xeromezophytes
and frost-resistant species could be introduced
more extensively in this region, whereas
mesophytes and mesohygrophytes could be
introduced in river valleys. Since the broadleaved forests zone is an extension of the
Ukrainian forest-steppe zone to the west,
natural conditions of both zones are quite
similar as evidenced by the similarity of
species composition of the researched exotic
trees. Therefore, as climate keeps changing, it
would be worthwhile to introduce xerophytes
of montane and oceanic origin more
extensively in the western reaches of this
latitude, and in the coming decades conduct
trials of subtropical Pinophyta exotic trees in
the region. In this regard, V.P. Kucheriavyi
(1981) noted that Larix kaempferi (100 years)
is a species that in the city of Lviv is fastgrowing, winter-hardy, and frost-resistant.
Comparing results of success rates of
introduction of all rare exotic trees in Foreststeppe of Ukraine (Stepanenko & Popovych,
2015) with the acclimatization values of exotic
trees in the broad-leaved forest zone of Ukraine

are on the IUCN Red List with the
predominance of a LC category, three species
(Cryptomeria japonica, Pinus gerardiаna,
Pinus coulteri) belong to the NT category, two
species and one plant variety (Chamaecyparis
lausoniana, Cupressus macrocarpa, Cedrus
libani var. libani ) belong to the VU category,
seven species and one subspecies (Abies
pinsapo,
Cedrus
atlantica,
Cupressus
goveniana, Cupressus guadalupensis, Ginkgo
biloba, Sequoiadendron giganteum, Sequoia
sempervirens, Abies nordmanniana subsp.
equi-trojani) belong to the EN category,
whereas the rarest species in the region (Abies
numidica) belongs to the Critically Endangered
(CR)
category.
Simultaneously,
Abies
nordmanniana subsp. equi-trojani (R) and
Abies pinsapo (VU) are on the European Red
List (European …, 1992). By the geography of
origin, majority of taxa came from the Madrean
(ten), Mediterranean (eight), East-Asian (four),
Iran-Turan (three), or Rocky Mountains (two)
floral zones. One species originated from each
pair of the floral zones: Madrean and Atlantic Pacific Northwest, Madrean and Caribbean,
Mediterranean and Сircumboreal, and Atlantic
- Pacific Northwest and Сircumboreal. The
extent of species distribution in the region is
quite representative. Century-old Cupressus
sempervirens (seven localities), Pinus pinea
(six), as well as Cedrus atlantica (five) and
Cedrus libani var. libani (five) have the highest
occurrence rate.
The tree age ranges between 100 and 205
years. The oldest trees are Ginkgo biloba (205
years old); Cupressus sempervirens and Pinus
pinea (203 y.o. each); Pinus halepensis (185
y.o.); Cedrus deodara and Cupressus lusitanica
(178 y.o. each); Abies cephalonica, Abies
pinsapo,
Cupressus macrocarpa, Cupressus
torulosa, Pinus gerardiаna, Sequoiadendron
giganteum and Sequoia sempervirens (175 y.o.
each). All of them are under protection in
Nikitsky Botanical Garden, however, a
significant part of century-old exotic trees is
present in ancient PMLAs (Isikov, 2017а;
2017b).
In relation to environmental moisture levels,
the species distribution by ecological groups is
as follows: mesophytes and mesoxerophytes
(20
taxa),
xerophytes
(nine)
and
hygromezophytes
(two).
Undoubtedly,
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Zayachuk (2014) cited five tree lifespan
groups. Since exotic trees have a shorter
lifespan in comparison to native species, the
most successful approach for grouping belongs
to Kolesnikov (1974). According to this
approach, we identified four groups of trees by
age: 1) 100-200 years; 2) 201-300, 3) 301-400,
4) 401 and older. Based on this approach, 54
taxa belong to the first group, six taxa to the
second, two taxa to the third, and one taxon to
the fourth. Also, to find out the rarity range, we
grouped the plant species by the number of
protected localities where plants grow. Four
groups were identified: 1) 1-25, 2) 26-50, 3)
51-75, and 4) 76-100 localities. As a result, the
first group contains 58 taxa, the second
contains two, the third contains two, and the
fourth contains one taxa. Based on these two
approaches, Larix decidua and Pinus nigra are
the oldest and most common in the nature
reserves of Ukraine.

(Miskevych & Popovych, 2019), it is worth
noting that the indicators for both regions are
approximate. In particular, exotic trees,
completely acclimatized in the forest-steppe
zone, constitute a significant proportion of
species (42.2%). Therefore, it can be concluded
that the natural conditions, especially
temperature and moisture levels, of the
Ukrainian Forest-Steppe zone are optimal for
the introduction and acclimatization of exotic
Pinophyta species. This evidenced by the
highest values of tree age. It is also natural that
the oldest trees are preserved mainly in ancient
parks and farmsteads, which were designed
mostly by Polish landscape architects
(Popovych et al., 2012; Galkin et al., 2013).
Under changing climate, it is worthwhile to
introduce xerophytes more extensively, and in
the long run conduct trials of some subtropical
trees, especially in the right-bank section of the
region. A distinctive feature of the Steppe zone
of Ukraine in comparison to other
physiographic regions is a significant
proportion of moderately frost-resistant
species. In the future, with a gradual increase in
average annual air temperature, their
participation in the dendroflora of the region
will be higher. Therefore, it is advisable to
gradually acclimatize subtropical Pinophyta
plants.
The Ukrainian Carpathians have an extremely
wide climatic range from the lowlands
(Zakarpattia, i.e. the region west of the
Carpathian range and Peredkarpattia, i.e. the
region east of Carpathian range) with
subtropical climate supporting subtropical
forests to the mountain tops with temperate
climate supporting boreal coniferous forests
(Terletsky et al., 1985; Popovych et al., 2011a;
Pop et al., 2011; Chornyi et al., 2017). In the
future it is likely to have an ability to do test
trials in the mountainous regions of exotic
Pinophyta species adapted to warmer climates.
Instead, the southern coast of the Crimea has
the ecological conditions most suitable for the
introduction of subtropical plants (Popovych et
al., 2011a; Plugatar et al., 2014; Sakhno, 2015;
Koba et al., 2018).
By life longevity, trees in Ukraine are usually
divided into three groups: short, medium and
long lifespan (Rubtsov & Laptev, 1971).
Kolesnikov (1974) cited four, whereas

CONCLUSIONS
The oldest exotic trees in Ukraine are Larix
decidua Mill. (410 years old), Pinus nigra J. F.
Arnold (310 y.o.) and Pinus pinaster Aiton
(303 y.o.), whereas the most extensively
distributed trees belong to taxa Larix decidua
Mill. (98 localities), Pinus strobus L. (61
localities) and Pinus nigra J. F. Arnold (61
localities). Ginkgo biloba L. trees with the age
range between 100 and 250 represent the only
species distributed among all six physiographic
regions of Ukraine.
Century-old trees of Larix decidua have
successfully acclimated in five physiographic
regions, whereas Pinus nigra J. F. Arnold,
Picea pungens Engelm. and Thuja occidentalis
L.
have
somewhat
narrower
special
distribution.
Owing to ability to survive in wide range of
ecological zones and multiple flexible survival
strategies, Larix decidua and Pinus nigra are at
the top of the list in maximum age and highest
level of distribution categories.
Given the current trends of global climate
warming, researched Pinophyta species could
be recommended for the creation of the
scientific species collections and for more
extensive implementation in forest and
landscape-park management of Ukraine.
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Abstract
The breeding of indigenous Croatian goat breeds is most often marked by extreme extensiveness and very low
profitability and production efficiency. Possible additional income opportunity for breeders of indigenous goats is
provided by the offer of their products through agritourism. Therefore, the aim of this study was to determine the
awareness of consumers and their knowledge of the indigenous Croatian goat breeds and determine the perception of
the potential of indigenous goats and/or their products as a part of agritourism offer. An online survey was conducted
on a sample of 353 respondents. More than two thirds of the respondents would more often visit an agritourism where
indigenous goats are kept and/or which offer their products. Almost half of the respondents believe that the products of
the indigenous breeds are of better quality than the products of other goats, while one third of the respondents think
that the products of the indigenous goats should be more expensive than the products of other goats. These results
provide an informative basis for the development of innovative marketing strategies for agritourism owners who could
enrich their offer with the introduction of autochthonous (local) products.
Key words: agritourism, Croatian spotted goat, Croatian white goat, goat products.

INTRODUCTION

breeds, are its disorganization and pronounced
extensiveness, then lack of plants for
processing goat products (slaughterhouses,
dairy plants, etc.), depopulation/urbanization of
rural areas, lack of labour, and more (Caput et
al., 2010).
However, with the uniqueness and value of the
genome (a potential source of interesting genes
for improving and maintaining a desirable
resistance to some diseases and environmental
conditions), indigenous Croatian goats are
important for the production of meat (primarily
goat kid’s meat) and milk (cheese) of high
quality, as well as through the possibility of
organic food production (whose role in modern
nutrition takes on first-class significance). Of
course, the importance of indigenous breeds of
goats also stems from their pronounced
efficiency in the utilization of vegetation of
karst pastures, cost-effective and sustainable
maintenance of habitats (important for fire
prevention). In addition, the development of
agritourism and proximity to tourist
destinations on the Adriatic coast offers
significant revenue opportunities to present

Goat breeding has a long history and tradition
in the Republic of Croatia, especially in the
sparse and inaccessible areas of Dalmatian
hinterland, where the environmental conditions
for breeding larger species of domestic animals
are unfavourable. Thus, for example, in 1808
there were about 750,000 goats in Dalmatia,
which was the highest number in Europe at that
time (Ožanić, 1955, cited by Mioč et al., 2012).
However, the number of goats and their
economic importance has changed greatly
throughout history. Today, according to the
Central Bureau of Statistics (2020), 81,540
goats are bred in Croatia, with almost half of
the total recorded goat population being
indigenous Croatian goat breeds, namely the
Croatian spotted goat as the most numerous
breed and the Croatian white goat. They are
also the dominant goat breeds in the Dalmatian
hinterland, where they originated. Some of the
characteristics of goat production in Croatia, as
well as in some other Mediterranean countries,
especially in the case of indigenous goat
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respondents. Also, the survey questionnaire
was shared across various social networks such
as Facebook, WhatsApp and Viber. The survey
was conducted, i.e. it was available online in
the period from 15 May to 15 June 2020, and a
total of 353 adult respondents, of different
gender and age groups, level of education and
place of residence participated in the survey. In
the survey questionnaire, the questions were of
a closed type, and a five-point Likert scale was
used to measure the attitudes of the respondents
(1 = I completely disagree to 5 = I completely
agree). The reliability of the measurement scale
for measuring attitudes was α = 0.894.
In a separate group of questions, data were
collected
on
the
socio-demographic
characteristics of the respondents, such as:
gender, age, place of growing up, level of
education, employment status, number of
household members and monthly household
income.
Statistical data analysis was performed by use
of SPSS v. 21.0 software. The frequencies of
responses were calculated by use of univariate
analysis. Bivariate analysis (Chi-square test)
was used to determine relationship between
sociodemographic
characteristics
and
awareness of the existence of indigenous
Croatian goat breeds. Also, using ANOVA we
determine
relationship
between
sociodemographic
characteristics
and
respondents’ opinions towards products of
indigenous Croatian goat breeds as part of the
agritourism offer. The value of p < 0.05 was
considered significant in all tests.
As can be seen from the data shown in Table 1,
a higher proportion of female respondents
(67%) were represented in the study, while the
majority of respondents were under the age of
45 years (83%). The most common level of
education was a university degree (41%), while
38.5% of respondents had completed high
school. As many as two thirds (66%) of
respondents are employed. About 60% of
respondents live in households with 4 or more
respondents, while almost a quarter of
respondents live in households with children
under 10 years of age. The frequency of certain
categories
of
household
respondents
considering monthly income was similar (2126%, with the exception of the category up to
4,000 kuna per month which is only 4%).

(and future) goat breeders (Barać et al., 2011).
Therefore, the assumption of this study is that
indigenous goat breeds and their products
(meat, milk and their products) can be an
attractive part of the agritourism offer based on
high quality, authentic and autochthonous
products of a particular region.
Previous studies show that autochthonous food
products are important in preserving the
tradition, culture and identity of a particular
area (Bessière, 1998; Licitra, 2010). In
addition, they contribute to the development,
sustainability and diversification of rural areas,
protecting them from depopulation. This type
of product helps tourists to learn more about
the history and traditions of the local
communities of their host (Almli, 2012),
promoting the unique characteristics of the
products that are associated with the place of
origin and manufacturing process (Murdoch et
al., 2000; Renting et al., 2003). The reasons for
the increased demand for, in general, traditional
agri-food products stem from consumer fears
related to food safety, confidence in quality,
nostalgia for domestic products, but also the
desire to preserve the local economy and
tradition (Mesic et al., 2018; Jordana, 2010;
Belletti et al., 2007; Ilbery & Kneafsey, 1998).
As no research has been conducted in Croatia
so far on the potential of indigenous goat
breeds and their products, as well as the
possibility of their placement through
agritourism offer, the aim of this paper was to
determine consumer awareness of indigenous
Croatian goat breeds and their perception of
goat products as part of gastronomic offer in
agritourism.
MATERIALS AND METHODS
For the purpose of preparing this paper, a
survey was conducted which included potential
users of agritourism farms. The survey
questionnaire contained questions about
informing consumers about the indigenous
Croatian goat breeds, as well as questions
related to the perception of consumers about
the potential of goat products as part of
agritourism offer. The survey was created using
Google forms tools, and the survey
questionnaire was posted online, as well as sent
to the e-mail addresses of potential
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Table 1. Socio-demographic characteristics of respondents
Characteristics of respondents
Male
Female
18-29
30-45
46-60
60+
Village
Town

N
114
239
159
134
52
8
203
150

%
32.3
67.7
45
38
14.7
2.3
57.5
42.5

Level of education

Primary school
Secondary school
High school
University degree

6
136
65
146

1,7
38.5
18.4
41.4

Employment status

Employed
Unemployed
Pupil/student
Retired

235
14
94
10

66.6
4
26.6
2.8

1
2
3
4
5 and more
Yes
No
Up to 4,000
4,001-8,000
8,001-12,000
12,001-16,000
More than 16,000

11
45
82
113
102
90
263
14
91
92
82
74

3.1
12.7
23.2
32
28.9
25.5
74.5
4
25.8
26.1
23.2
21

Gender
Age
Place of growing up

Number of household members

Households with children under 10 years of age

Monthly household income (in HRK)

Source: survey research

RESULTS AND DISCUSSIONS

Figure 2, even 94.9% of respondents think that
breeders of indigenous Croatian goat breeds
should be additionally financially supported,
with even 88.7% of all respondents believing
that this would encourage the preservation of
traditional production and national identity.
This is in accordance with Stupnišek et al.
(2019), who determined that the vast majority
of respondents believe that it is important to
preserve the indigenous Turopolje pig breed,
due to the preservation of biodiversity and
domestic heritage.
According to the results presented in Figure 2,
only 5.1% of respondents believe that breeders
of indigenous breeds should not be additionally
financially supported (either because they think
they are already sufficiently encouraged, or
because they think that this will not
significantly affect the interest in goat farming,
or because they believe that the existing system
of financial support should also be abolished).

According to the results of the study presented
in Figure 1, 58.6% of respondents knew about
the existence of some of the indigenous
Croatian goat breeds, with most of them
(26.3% of respondents) for the indigenous
Croatian goats found out through the media
(radio shows, TV, internet), 13% by reading
professional literature, 10.5% by attending
professional lectures, 5.7% by visiting fairs and
similar events, while 3.1% found out about the
indigenous goat breeds by visiting the farm
where they are kept.
However, even 41.4% of respondents did not
know of the existence of any of indigenous
Croatian goat breeds (Figure 1), which is
comparable with the results given by Zrakić et
al. (2018) by which even more than half of the
respondents did not know about the existence
of Busha - the indigenous Croatian breed of
cattle. As can be seen from the results shown in
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Figure 1. Awareness of the existence of indigenous Croatian goat breeds and information channels

These results are in line with the results of a
survey of the attitudes of EU residents on the
Common Agricultural Policy (European
Commission, 2020) according to which more
than half of respondents think that in general
EU financial support to farmers should increase
in the next 10 years. Scown et al. (2020) point

out, however, that the prevailing opinion
among EU residents is that subsidies in
agriculture should be increased in order to
prevent the loss of biodiversity. Of course, the
preservation of indigenous breeds of domestic
animals is an important part of the preservation
of overall biodiversity (Caput et al., 2010).

Figure 2. Should breeders of indigenous Croatian goat breeds be additionally financially supported?

The vast majority of respondents (91.2%)
believe that the indigenous Croatian goat
breeds and/or their products should be
additionally promoted (Figure 3), in which
almost half of all respondents (45.3%) believe

that they should be promoted by protecting
their products with some of the designations of
origin at the EU level, 35.1% of respondents
think that the indigenous goat breeds should be
promoted by branding their products, while
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10.8% think that the promotion should be
carried out through the media.
These results are largely in line with previous
researches suggesting an increase in demand
for value-added products that carry a strong
identification with a particular geographical
area (Cerjak & Mesić, 2007; Mesić & Cerjak,
2012). Commercialization and development of
production of these products, especially if they
are protected with geographical indications and
designations of origin, leads to higher demand
and sales, higher employment, and thus an

increase in income of the local population
(Almli, 2012; Mesić, 2014).
Previous studies have found that protecting
products with geographical indications helps
manufacturers achieve a premium price for
their products (Bowen, 2008; Grote, 2009),
protects a traditional product against name
abuse (Suh & MacPherson, 2007), increases its
visibility in the global market (van Ittersum et
al., 2007) and contributes to a positive image of
the production area - region (Babcock &
Clemens, 2004; Suh & Macpherson, 2007).

Figure 3. Do you think that indigenous Croatian goat breeds and/or their products should be additionally promoted?

From the distribution of respondents' answers
shown in Figure 4 it is noticeable that the
majority (53.5%) of respondents do not visit
agritourism farms at all, but most of them
(39.1% of the total respondents) intend to visit
them. Grgić et al. (2011) point out the lack of
interest, lack of information, lack of
opportunity and financial impossibility as the
main reasons for not using agritourism services.
According to data presented in Figure 4,
agritourism farms are visited once a year or less
frequently by 27.8% of respondents, and
several times a year by 18.7% of respondents.

18.70%

27.80%

14.40%

39.10%

According to the conducted statistical analysis
by crossing the variables of the level of
education of respondents and the frequency of
visits to agritourism farms, a statistically
significant difference (χ2 = 26.2958; P =
0.0350) was observed in the distribution of
respondents' answers with regard to their level
of education.
Namely, as can be seen from the data shown in
Table 2, only 7.53% of respondents with a
university degree stated that they do not visit
agritourism farms nor are interested in it, while
in the group of respondents with a high school
diploma or higher education 19.12% and
21.54% of respondents said so. However,
according to the calculation of the χ2 test, there
was no statistically significant (P > 0.05)
difference in the frequency of visits to
agritourism farms with regard to the amount of
monthly household income of the respondents
(χ2 = 8.553).

I don’t visit, nor I
am interested
I don’t visit, but I
plan to
Once a year or less
frequently
Several times a year

Figure 4. How often do you visit agritourism farms?
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Table 2. Frequency of visits to agritourism farms with regard to the level of education of the respondents
Level of education
I don’t visit, nor am I interested
I don’t visit, but I plan to
Once a year or less frequently
Several times a year
Total
a

Primary
school
0a
(0.0%)b
1
(0.28%)
2
(0.57%)
3
(0.85%)
6
(1.70%)

Secondary
school
26
(7.37%)
53
(15.01%)
36
(10.2%)
21
(6.79%)
136
(38.53%)

High
school
14
(3.97%)
19
(5.38%)
21
(5.95%)
11
(3.12%)
65
(18.41%)

University
degree
11
(3.12%)
65
(18.41%)
39
(11.05%)
31
(8.78%)
146
(41.36%)

Number of respondents.
The value in parentheses represents the frequency of respondents expressed as a share of the total number of respondents.

Total
51
(14.45%)
138
(39.09%)
98
(27.76%)
66
(18.70%)
353
(100%)

b

More than two thirds of the respondents
(67.4%) would more often visit agritourism
where indigenous breeds of goats are bred
and/or which offer their products (Figure 5).
Most of them or 39.1% of total respondents
would visit such agritourism because they think
it is "important to preserve something domestic
and indigenous", 18.7% of respondents because
goats are, in general, interesting and endearing
animals, while 9.6% would visit it because they
think that the products of indigenous breeds are

of better quality than the products of other
breeds of goats. For 25.8% of respondents,
indigenous goat breeds are not an important
factor when visiting an agritourism farm, either
because other animals are more interesting to
them (8.5% of respondents) or because they do
not consume goat products (17.3% of
respondents). In 6.8% of respondents, financial
possibilities, unfortunately, do not allow
visiting agritourism.
Yes, because goats are, in general,
interesting and endearing animals

17.30%

Yes, because I consider that products
from the indigenous breeds are of better
quality than products from other breeds

18.70%

Yes, because it is important to preserve
something local and indigenous

8.50%

9.60%

6.80%

No, because my financial possibilities do
not allow it
No, because other animals are more
interesting to me

39.10%

No, because I don’t consume goat
products

Figure 5. Would you visit agritourism more often where indigenous breeds of goats
are bred and/or their products are offered?

However, respondents of the youngest age
group (18 to 29 years) in a significantly higher
proportion than respondents of older age
groups said that, because goats are generally
interesting and cuddly animals, more often visit
agritourism that keeps the indigenous breeds of
goats / offers their products. Namely, as shown
in Table 3, considerably higher share of

respondents in older age groups (> 45 years)
stated that, due to the importance of preserving
something domestic and indigenous, they
would more often visit agritourism that keeps
indigenous goat breeds and/or in offer has their
products, than found in respondents of younger
age groups (groups 18-29 and 30-45 years).
However, respondents of the youngest age
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group (18 to 29 years) said in a significantly
higher proportion than respondents of older age
groups that, because goats are generally
interesting and endearing animals, would more

often visit agritourism that keeps the
indigenous breeds of goats/offers their
products.

Table 3. Frequency of answers to the question "If you knew that an agritourism keeps indigenous breeds of goats/offers
their products, would you visit that farm more often?" considering the age of the respondents
Age group
Yes, because it is important to preserve
something local and indigenous
Yes, because I think that products from
indigenous breeds are of better quality than
products from other breeds
Yes, because goats are, in general, interesting
and endearing animals
No, because my financial possibilities do not
allow it
No, because I don’t consume goat products
No, because other animals are more interesting
to me
Total
a

18-29
56a
(15.86%)b
14
(3.97%)

30-45
47
(13.31%)
14
(3.97%)

46-60
28
(7.93%)
6
(1.70%)

> 60
7
(1.98%)
0
(0.0%)

Total
138
(39.09%)
34
(9.63%)

39
(11.05%)
8
(2.27%)
27
(7.65%)
15
(4.25%)
159
(45.04%)

23
(6.52%)
10
(2.83%)
29
(8.22%)
11
(3.12%)
134
(37.96%)

4
(1.13%)
6
(1.70%)
5
(1.42%)
3
(0.85%)
52
(14.73%)

0
(0.0%)
0
(0.0%)
0
(0.0%)
1
(0.28%)
8
(2.27%)

66
(18.70%)
24
(6.80%)
61
(17.28%)
30
(8.50%)
353
(100%)

Number of respondents.
The value in parentheses represents the frequency of respondents expressed as a share of the total number of respondents.

b

Even 93.2% of respondents thinks that the
indigenous breeds of goats and their products
would enrich the offer of agritourism, where
61% of respondents thinks that their (goat)
products would enrich the gastronomic offer of
agritourism farms, and 32.1% of respondents
thinks that the keeping of indigenous breeds
would enrich the offer of agritourism because
goats are, in general, interesting and cuddly
animals (Figure 6). Only 6.8% of respondents

do not think that indigenous breeds of goats or
their products would enrich the offer of
agritourism. Results of this study are in line
with research conducted at EU level, with
about 80% of respondents saying that the
traditional value of products that have a strong
identification with a particular geographical
area is important in their decision to buy food
products (European Commission, 2020).

3.11% 3.71%

32.10%

61.08%

Yes, because goats are, in general,
interesting and endearing animals
(entertainment for children, play,
etc.)
Yes, because indigenous goat
products (milk, cheese, meat ...)
would enrich the gastronomic offer
of agritourism
No, because other breeds / their
products are equally interesting and
quality
No, because I don’t consume goat
products anyway

Figure 6. Do you think that indigenous breeds of goats and their products would enrich the offer of agritourism?

The successful development of agritourism
largely depends on the application of marketing

and promotion, which are among the most
important links in the business of the rural
192

tourism farms (Baćac, 2011; Mihailović &
Morić, 2012, cited by Cerjak & Mesić, 2015).
From the distribution of respondents' answers
shown in Figure 7, it is evident that even 75.6%
of respondents think that agritourism farms in
Croatia are not well promoted, which is in line
with the results of the previous studies
(Krajnović et al., 2011; Cerjak & Mesić, 2015)
which point to the weak promotion of
agritourism farms and the need for further
education of agritourism owners related to
marketing and promotion.

The 26.1% of respondents do not agree with
this statement (completely or mostly), while
22.7% of respondents do not have a clearly
expressed attitude. Comparable to the results of
this study, Zrakić et al. (2018) found that
almost three-quarters of respondents agree with
the statement that the development of
agritourism
would
contribute
to
the
development of rural areas and the stay of
young people in the countryside.
The 43.4% of respondents completely or
mostly agree that the indigenous goat breeds
products are of higher quality than the products
of other breeds, while 26.9% of the respondents
do not agree (mostly or completely) with this
statement (Figure 8). Almost one third of
respondents (29.7%) do not have a strong
opinion on this issue.
The 31.7% of respondents believe that products
of indigenous goat breeds should be more
expensive than other products (mostly or
completely), while 35.4% of respondents
mostly or completely disagree with this
statement (Figure 8).
Approximately every third respondent (32.9%)
has no opinion on this. According to the
calculation of the χ2 test (χ2 = 7.116), it was
found that there is no significant (P > 0.05)
difference in the frequency of respondents'
attitudes about whether products of indigenous
breeds should be more expensive than other
products due to the amount of monthly
household income of the respondents.

6.80%
17.60%
Yes
No
75.60%

No opinion

Figure 7. Do you think that agritourism farms in Croatia,
in general, are well promoted?

As can be seen from Figure 8, the majority of
respondents (51.3%) agree (mostly or
completely) with the statement that the
breeding of indigenous Croatian goat breeds for
agritourism would contribute to the stay of
young people in the countryside, or to
contribute to the revitalization of rural areas.

Figure 8. Respondents opinions towards products of the indigenous Croatian goat breeds
as part of the agritourism offer (in %)
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CONCLUSIONS

Z., Sindičić, M. (2011). Zelena knjiga izvornih
pasmina Hrvatske. Zagreb, CRO: Ministarstvo zaštite
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Belletti, G., Burgassi, T., Marescotti, A., Scaramuzzi, S.
(2007). The effects of certification costs on the
success of a PDO/PGI. In: L. Theuvsen (Ed.),
Quality Management in Food Chains (107-121),
Wageningen: Academic Publishers.
Bessière, J. (1998). Local development and heritage:
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oznakom zemljopisnog podrijetla. Proceedings of the
42nd Croatian and 2nd International Symposium on
Agriculture. Zagreb, CRO: Universityy of Zagreb
Faculty of Agriculture, 104-108.
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50th Croatian and 10th International Symposium on
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Faculty of Agriculture, 184-189.
Grgić, I., Zrakić, M., Cerjak, M. (2011). Agroturistička
ponuda Zagrebačke županije: ograničenja i
mogućnosti. Agronomski glasnik, 73, 41-58.
Grote, U. (2009). Environmental labeling, protected
geographical indications and the interests of
developing countries. The Estey Centre Journal of
International Law and Trade Policy, 10, 94-110.
Ilbery, B., Kneafsey, M. (1998). Product and place:
Promoting quality products and services in the
lagging rural regions of the European Union.
European Urban and Regional Studies, 5, 329-341.
Jordana, J. (2000). Traditional foods: challenges facing
the European food industry. Food Research
International, 33, 147-152.
Krajnović, A., Čičin-Šain, D., Predovan, M. (2011).
Strateško upravljanje razvojem ruralnog turizma problemi i smjernice. Oeconomica Jadertina, 1, 3045.
Licitra, G. (2010). World wide traditional cheeses:
Banned for business? Dairy Science and Technology,
90, 357-374.
Mesić, Ž. (2014). Uspješnost opskrbnih lanaca
tradicijskih poljoprivredno-prehrambenih proizvoda–
percepcija članova lanca. Doktorska disertacija,
Sveučilište u Zagrebu Agronomski fakultet.
Mesić, Ž., Cerjak, M. (2012). Zaštita zemljopisnim
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Results of this study indicate good prospects of
breeding of indigenous goat breeds for the
purposes of agritourism, arising from a good
perception that among domestic consumers
(respondents) have indigenous breeds of
domestic animals and their products, generally.
Although just over half of the respondents
knew about the existence of indigenous
Croatian goat breeds, almost 90% of them think
that breeders of indigenous goat breeds should
be additionally financially supported because it
encourages the preservation of national identity
and traditional production. Approximately the
same share of respondents is of the opinion that
indigenous goat breeds and their products
would enrich the offer of agritourism. In light
of this, it can be concluded that, despite the
good consumer perception of breeding
indigenous goat breeds for agritourism
confirmed by this study, indigenous Croatian
goat breeds (and their products) should be
additionally promoted, which was, after all,
confirmed by the vast majority of respondents.
Recommendation
of
future
research:
conducting research that would include the
owners of agritourism farms in order to
determine the potential of the offer of
indigenous breeds of goats, or their products, as
part of the agritourism offer of their farms. The
results of the study provide an informative
basis for the development of innovative
marketing strategies for agritourism owners
who could enrich their offer with the
introduction of new autochthonous (local)
products and become more recognizable and
competitive in the market.
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Abstract
Traditional varieties are good candidates to be grown under sustainable conditions. In this research we evaluated the
effect of reducing fertilization and irrigation dose, and the use of microbial biostimulants (N-fixing + K and Psolubilizing bacteria + mycorrhizal endomycorrhizae fungi) on yield parameters of two traditional pepper varieties
(BGV13004, BGV5126) and one commercial variety (Cabañeros). The treatments consisted of two fertilisation levels
(100% F and 50% F) combined with two irrigation levels (100% I and 75% I). Furthermore, the effect of microbial
biostimulants (B) was studied at the lowest fertilisation rate using the commercial products Bactogreen® and
Agromic®. Reduced fertilisation decreased total yield in varieties BGV13004 and Cabañeros, as a consequence of
reduced fruit set. On the contrary, in variety BGV5126, the decrease in the concentration of the nutrient solution (100%
F vs. 50% F) led to an increase in yield, probably due to a greater sensitivity of this variety to salinity. The effect of B
was highly dependent on the variety studied, with both an increase (BGV13004) and a decrease (BGV5126) or no
impact (Cabañeros) on total production.
Key words: PGPB, landrace, local varieties, sustainability, Capsicum.

INTRODUCTION

protect agricultural diversity and mitigate the
effect of genetic erosion (Fita et al., 2015).
Plant nutrition, especially nitrogen (N), has a
direct influence on crop yield. The correct
management of the plant nutrition is crucial for
the proper development of crops and for the
sustainability of the environment (Kanneh et
al., 2017). Thus, a deficiency of NPK has been
correlated with significant losses in crop
production (Abdelaziz et al., 2008). As a
consequence of the close correlation between N
fertilization and yield, over-application of N is
a widespread practice that leads to increased
nutrient leaching and environmental pollution
(da Silva et al., 2020). To achieve a sustainable
agriculture, different breeding approaches
should be considered, such as optimizing lowinput crop management or using microbial
biostimulants (B). Traditional varieties are the
result of a selection process by farmers under
local agro-climatic conditions of low
fertilization and irrigation (Fita et al., 2015). In

Agriculture has an important role in today's
economy, but also in maintaining the
environment. In recent years, there has been a
growing interest in sustainable agriculture.
Pepper (Capsicum spp.) is one of the most
economically important horticultural crops in
Spain (FAOSTAT, 2021). The genus Capsicum
consists of numerous species. Thanks to this,
there is a great genetic diversity of pepper in
colour, size, shape and use of its fruits
(Moscone et al., 2007). In Spain, a variety of
ecotypes of peppers adapted to the local
conditions can be found, where they are still
cultivated today. These varieties are called
traditional varieties or landraces (Pereira-Dias
et al., 2019). Modern agriculture's focus on
economically productive varieties has increased
genetic erosion leading to a loss of genetic
diversity in crops. In this sense, the cultivation
of local and traditional varieties can help to
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(Table 1 and Figure 1). Transplants were
established in December 2020 following a
randomized block design. Sixty plants were
distributed in the six treatments, with two
random blocks each, and five plants per block
(ten plants per treatment) for each variety. The
distance between the rows was 1.0 m and the
distance between adjacent plants within a row
was 0.4 m.
Chemical fertilization at 100% consisted of
175 kg·ha-1 of N, 180 kg·ha-1 of P2O5,
276 kg·ha-1 of K2O, 125 kg·ha-1 of Ca and
30 kg·ha-1 of Mg. The irrigation at 100%
consisted of 96 L/plant (0.24 m3/m2). Both
conditions were chosen following standard
production practice for the region. The products
used as the microbial biostimulant treatment
were Bactogreen® (Azospirillum brasilense,
Pseudomonas fluorescens, Bacillus megaterium
and Bacillus circulans), applied every month
from
the
transplant,
and
Agromic®
(Rhizophagus intraradices, Funneliformis
mosseae and Funneliformis caledonium),
applied in the seedbed and in the transplant.
The treatments consisted of two levels of
fertilisation (F), 100% F and 50% F, combined
with two levels of irrigation (I), 100% I and
75% I, resulting in four treatments (100F+100I,
100F+75I, 50F+100I, 50F+75I). In addition,
the effect of biostimulants (B) was studied at
the 50% fertilization level, both 100% and 75%
of irrigation, which resulted in four treatments
for comparison (50F+100I, 50F+100I+B,
50F+75I, 50F+75I+B).
To determine the yield, the number and mean
weight of the fruits, each fruit was collected
and weighed individually (from 28th January to
30th July). The results were statistically
analysed using the IBM SPSS Statistics 25
software through analysis of variance
(ANOVA) and Duncan's test to determine
differences between means.

this regard, these materials offer a great
opportunity for low-input cultivation.
Another aspect, in which traditional and
modern varieties seem to differ, is in their
interaction with soil microorganisms used as
biostimulants. It has been described in cereals,
that landraces interact better with mycorrhizae
than modern commercial varieties (Londoño et
al., 2019). Among these potential microbial
biostimulants, the arbuscular mycorrhizal fungi
(AMF) and the plant growth promoting bacteria
(PGPB) are promising (Glick, 2014; Bona et
al., 2015; Ruzzi & Aroca, 2015). The AMF
establishes a symbiosis with plant roots that
helps to enhance nutrient uptake by the host
plant and resist external abiotic factors and
pathogens (Emmanuel & Babalola, 2020). The
PGPBs promotes plant growth through
different mechanism, including nitrogen
fixation and solubilization of phosphorus and
potassium from the soil (Glick, 2012). The coinoculation of both organisms seems to
combine their benefits to achieve higher
productivity. PGPBs have been shown to
stimulate the beneficial role of AMF and vice
versa (Xie et al., 2018).
The objective of this work was to evaluate the
yield of traditional pepper varieties in response
to a low-input crop management, and its
combination with the use of microbial
biostimulants (AMF and PGPB).
MATERIALS AND METHODS
The experiment was carried out under
greenhouse conditions, in the experimental
farm 'Torreblanca', located in Torre Pacheco
(Murcia), SE Spain. Two varieties of traditional
pepper were cultivated (BGV13004 and
BGV5216) belonging to the Germplasm Bank
of COMAV-UPV in Valencia, and one
commercial variety, Cabañeros, as control

Table 1. Accession, species, type of variety, origin, type of pepper
and shape of fruit of the three varieties used
Accession

Species

Type
of variety

Origin

Common
name

Shape of the
fruit

BGV5126

Capsicum annuum L.

Traditional

Valencia, Spain

Valenciano

Triangular

BGV13004

Capsicum annuum L.

Traditional

Pimiento de asar

Triangular

Cabañeros

Capsicum annuum L

Commercial

Euskadi, Spain
Ramiro Arnedo
S.A.

Lamuyo

Rectangular
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Figure 1. Pictures of accessions BGV5126 (A). BGV13004 (B) and Cabañeros (C)
RESULTS AND DISCUSSIONS

growth and productivity (Padilla et al., 2017).
In previous studies, cultivars with different salt
tolerances have been reported depending on
their ability to activate a series of physiological
responses, such as the control of water and ion
homeostasis, the regulation of salt ion
uptake/accumulation or the detoxification of
reactive oxygen species (ROS) (Giorio et al.,
2020). Although some research suggests that
these mechanisms are less efficient in
commercial cultivars compared to landraces
(Fita et al., 2015), the lower yield observed in
the treatment with higher nutrient concentration
could be attributed to a higher sensitivity of the
BGV5126 variety to salinity.
Variability in response to irrigation dose
reduction was also found among the three
varieties. While in the traditional varieties
BGV13004 and BGV5126, the total yield was
not affected by a reduction in irrigation (75%
I), Cabañeros showed a decrease (p≤0.05) in
total yield due to this reduction (Table 2). A
significant interaction between fertilization and
irrigation dose (FxI) on mean fruit weight was
observed for Cabañeros (p<0.01) and
BGV5126 (p≤0.05). While in 100% F
conditions the mean fruit weight decreased
with decreasing irrigation dose, in 50% F the
weight, was not affected in BGV5126 or
increased in the case of Cabañeros. In our
study, an increase in salinity in the root zone is
to be expected both in the treatments with a
higher nutrient dose (100% F) and in the
treatments with a reduced irrigation dose where
the net nutrient supply is maintained (75% I).
Therefore, the decrease in production observed
in Cabañeros due to the reduction in irrigation
dose and the decrease in fruit weight obtained
in Cabañeros and BGV5126 by reducing
irrigation in the treatment with the highest

Considering the yield, the number of fruits and
the mean fruit weight, the response of each
variety to the treatments presented great
variation. A decrease in fertilizer dose from
100% to 50% significantly reduced total yield
in the traditional variety BGV13004 (p≤0.05)
and in the commercial variety Cabañeros
(p<0.01), regardless of irrigation dose (Table
2). In both varieties, this reduction was
attributed to a lower number of fruits (p≤0.05).
While in BGV13004 the mean fruit weight was
not significantly affected by the level of
fertilization at any of the irrigation doses, in
Cabañeros it increased as the fertilizer dose
decreased in the reduced irrigation treatment
(75% I). Contrary to that observed in these two
varieties, in BGV5126 the reduction of the
fertilization dose produced an increase in yield
(p≤0.05) regardless of the irrigation dose
(Table 2). This higher yield was triggered by an
increase in the number of fruits (p<0.01)
which, in the case of the 100% irrigation
treatment, was associated with a decrease in
fruit weight.
Pepper yield is highly sensitive to the amount
of fertilizer (Rodríguez et al., 2020). According
to Aminifard et al. (2012), vegetative growth
characters, which form the basis of flowering
and fruiting, are affected by the amounts of
nitrogen present in the plant. Similarly to that
observed for BGV13004 and Cabañeros,
previous studies describe that an increase in
NPK dose leads to an increase in pepper yield
(Tumbare et al., 2004; Law-Ogbomo &
Egharevba, 2009; Coolong et al., 2019).
However, a high concentration of nutrients can
cause an increase in salinity in the root zone,
which could eventually lead to reduced crop
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the sensitivity to salinity. Both the fertilization
dose and the irrigation dose, and the addition of
B, modify these two aspects and their effect
depends largely on the variety studied.
Therefore,
the
increase
in
nutrient
concentration can cause both an increase and a
decrease in production due to increased nutrient
availability and increased salinity, respectively.
In the same way, the reduction of the irrigation
dose, maintaining the level of nutrients, can
affect the varieties to a different extent
depending on their tolerance to salinity.
Moreover, microbial biostimulants increase the
nutrients available in the soil, in contact with
plant roots (Glick, 2012). Thus, B application
can also affect salinity in the root zone and
consequently affect varieties differently. The
higher nutrient concentration could lead to an
increase in salinity in the root zone and,
consequently, a decrease in yield in more
sensitive varieties (Aminifard et al., 2012), as
observed in BGV5126.

fertilisation dose (100F+75I), can be attributed
to an increase in salinity that would affect yield
parameters (Chartzoulakis & Klapaki, 2000).
Regarding the use of microbial biostimulants,
differences in their effect on yield were
observed according to pepper variety. The yield
of BGV13004 increased significantly (p≤0.05)
after the addition of the biostimulants, due to a
higher number of fruits (p<0.01) (Table 3).
According to these results, the microbial
biostimulants seem to compensate for the
reduction in the yield caused by the decrease in
fertilizer dose. On the contrary, in BGV5126,
the addition of biostimulants produced a
significant decrease in total yield (p≤0.05)
(Table 3). This decrease in total yield seems to
be due to a decrease in the number of fruits,
although no significant differences were
obtained for this parameter. Finally, in
Cabañeros, the effect of B on total pepper yield
was not significant but a reduction in mean
fruit weight (p<0.01) and an increase in fruit
number (p<0.01) were observed after B
addition (Table 3). Therefore, B seems to cause
more fruits but smaller, thus maintaining yield
in the commercial variety.
Microbial biostimulants affect pepper yield
(Ruzzi & Aroca, 2015; Pereira et al., 2016;
Bona et al., 2017) and differences in response
to microbial bioestimulants between pepper
varieties have been found (Sensoy et al., 2007).
According to Glick (2012), the main direct
effect of PGPB is to provide plants with
resources that are not available in the soil such
as nitrogen, phosphorus, and potassium. As
well, AMF form symbiotic associations with
the plant and increase the ability of roots to
absorb nutrients (Emmanuel & Babalola,
2020).
The increased production in BGV13004 after B
addition found in this study makes sense with
what is found in the literature (Sensoy et al.,
2007; Turkmen et al., 2008; Bona et al., 2017).
However, the beneficial effect of the microbial
biostimulants on production was not observed
in Cabañeros (no effect) and in BGV5126
(detrimental effect). The observed effect of the
treatments on the yield depends on two
opposing factors: the nutrient requirements and

CONCLUSIONS
In conclusion, the studied varieties presented
variability with regard to the response to the
dose of fertilizer, irrigation and the application
of microbial biostimulants. Contrary to that
observed in the commercial variety Cabañeros,
the traditional varieties BGV13004 and
BGV5126 tolerated the limitation of the
irrigation dose (75% of the control), so it could
contribute to the sustainability of the crop
through a management that implies water
saving.
Regarding fertilization management, the
highest production in variety BGV5126 was
obtained in treatments with lower fertilizer
concentration, probably due to a low tolerance
to salinity. Therefore, this variety is of great
interest for low-input. Finally, the response of
the variety BGV13004 to the application of
PGPB and AMF suggests that the nutrient
demand of this variety can be supplemented
with microbial biostimulants. All these results
show the suitability of the traditional varieties
studied to be cultivated under sustainable
management guidelines.
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Table 2. Effect of fertilization and irrigation on total yield, mean fruit weight and number of fruits in the commercial
variety Cabañeros and the traditional varieties BGV13004 and BGV5126
Accession

Treatment

Yield
(kg·plant-1)

Fruit weight
(g)

Number

Cabañeros

Fertilization (F)

100
50
p-value

3.46 ± 0.34
2.42 ± 0.24
*

204 ± 10
204 ± 8
ns

18 ± 1
13 ± 1
**

Irrigation (I)

100
75
p-value

3.54 ± 0.33
2.42 ± 0.26
*

216 ± 6
193 ± 9
*

17 ± 1
14 ± 1
ns

Irrigation (I)
100
75
100
75
p-value

4.17 ± 0.52
2.75 ± 0.39
2.90 ± 0.29
2.00 ± 0.33
ns

229 ± 4b
183 ± 15a
203 ± 10ab
205 ± 12b
**

19 ± 2
17 ± 2
15 ± 1
11 ± 1
ns

Fertilization (F)

100
50
p-value

2.00 ± 0.15
1.25 ± 0.16
*

135 ± 6
119 ± 6
ns

18 ± 2
10 ± 1
*

Irrigation (I)

100
75
p-value

1.641 ± 199
1.567 ± 163
ns

125 ± 7
129 ± 6
ns

15 ± 2
13 ± 2
ns

Irrigation (I)
100
75
100
75
p-value

2.03 ± 0.30
1.97 ± 0.15
1.31 ± 0.26
1.17 ± 0.19
ns

138 ± 9
135 ± 10
115 ± 9
123 ± 6
ns

19 ± 3
16 ± 2
11 ± 2
10 ± 2
Ns

Fertilization (F)

100
50
p-value

1.79 ± 0.19
2.78 ± 0.27
**

125 ± 9
114 ± 5
ns

17 ± 2
24 ± 2
*

Irrigation (I)

100
75
p-value

2.45 ± 0.29
2.12 ± 0.22
ns

132 ± 7
106 ± 5
**

20 ± 2
21 ± 2
ns

Irrigation (I)
100
75
100
75
p-value

1.78 ± 0.33
1.76 ± 0.25
3.25 ± 0.40
2.40 ± 0.34
ns

145 ± 12b
99 ± 7a
116 ± 5a
112 ± 7a
*

15 ± 2
20 ± 3
27 ± 4
23 ± 3
ns

Interaction (FxI)
Fertilization (F)
100
50

BGV13004

Interaction (FxI)
Fertilization (F)
100
50

BGV5126

Interaction (FxI)
Fertilization (F)
100
50

*and **represent p≤0.05 and p<0.01, respectively ns: not significant. Values are the means of ten replicates. Values followed by the same letter
within a column are not significantly different at the 0.05 level of probability according to the Duncan test. Data are means ± SE.
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Table 3. Effect of irrigation and biostimulants on total yield, mean fruit weight and number of fruits in the commercial
variety Cabañeros and the traditional varieties BGV13004 and BGV5126
Accession
Cabañeros

100
75
p-value

Biostimulants (B)

0
1
p-value

2.42 ± 0.24
2.94 ± 0.34
ns

204 ± 8
182 ± 9
*

13 ± 1
17 ± 2
*

Biostimulants (B)
0
1
0
1
p-value

3.09 ± 0.26
3.58 ± 0.46
2.00 ± 0.33
2.26 ± 0.33
ns

205 ± 12
194 ± 7
205 ± 12
176 ± 17
ns

16 ± 1
19 ± 2
11 ± 1
15 ± 3
ns

Irrigation (I)

100
75
p-value

1.64 ± 0.20
1.47 ± 0.16
ns

114 ± 5
124 ± 6
ns

15 ± 2
14 ± 2
ns

Biostimulants (B)

0
1
p-value

1.25 ± 0.16
1.84 ± 0.17
*

119 ± 6
119 ± 6
ns

10 ± 1
18 ± 2
**

Biostimulants (B)
0
1
0
1
p-value

1.27 ± 0.29
2.09 ± 0.29
1.17 ± 0.19
1.71 ± 0.21
ns

115 ± 10
118 ± 4
123 ± 6
125 ± 9
ns

11 ± 2
19 ± 3
10 ± 2
18 ± 3
ns

Irrigation (I)

100
75
p-value

2.65 ± 0.30
2.15 ± 0.26
ns

118 ± 6
109 ± 7
ns

23 ± 3
21 ± 2
ns

Biostimulants (B)

0
1
p-value

2.78 ± 0.27
1.90 ± 0.24
*

114 ±5
114 ±9
ns

24 ±2
18 ±2
ns

Biostimulants (B)
0
1
0
1
p-value

3.22 ± 0.46
2.05 ± 0.36
2.40 ± 0.36
1.65 ± 0.27
ns

117 ± 6
121 ± 10
112 ± 7
104 ± 15
ns

27 ± 4
19 ± 3
23 ± 3
17 ± 3
nNs

75

Interaction (IxB)
Irrigation (I)
100
75

BGV5126

Number

Irrigation (I)

Interaction (IxB)
Irrigation (I)
100

BGV13004

Fruit weight
(g)
194 ± 7
193 ± 10
ns

Yield
(kg·plant-1),
3.15 ± 0.29
2.10 ± 0.23
*

Treatment

Interaction (IxB)
Irrigation (I)
100
75

* and **represent p≤ 0.05 and p<0.01, respectively ns: not significant. Data are means ± SE
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17 ± 1
12 ± 1
*
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Abstract
The space regarded as land, as the primary support of mankind has undergone continuous evaluations from the source
of raw materials, means of agricultural production, forestry source to the location of social and urban activities being
thus an invaluable asset. The land’s potential is invaluable, so that its efficient, correct, accurate management is a sine
qua non condition for keeping it with all its benefits. Modern, its management can best be done through the
Geographical Information System. The territorial arrangement combines the balanced development of the exhaustible
geophysical elements, respecting the cultural, social, traditional (historical) elements of the environment and helps to
harmonize them and to avoid the negative evolutions. Territorial planning is the basis of sustainable development
policies. The theoretical notions that support the realization of the case study - creating the solar map of Timiș county,
Romania using open source GIS programs - are thoroughly documented, including aspects regarding solar energy
mapping and the methodology of solar irradiation calculation as well as the current global context in which emphasis
is put on the use of renewable energy.
Key words: Open-source GIS, planning, solar map, sustainable development.

INTRODUCTION

management and, finally, buildings, roads and
structures construction.
The actual changes of a territory are the result
of the decisions adopted by real estate developers, corporations, traders, bankers, politicians, urban planners, civil servants, roads,
architects, nongovernmental organizations,
people who want to build a house, of the
economic development, ecological balance,
social balance etc. In order to overcome this
chaos, a single general oversight, accepted by
all these actors, must be established to produce
integrity at all levels.
In this context, nowadays, there is a constant
preoccupation for drawing directions of action
in order to improve the cities competitiveness.
We can consider the following action strategies
as being of fundamental importance in order to
improve the cities competitiveness:
o Creating and providing good quality public
spaces;
o Modernization of infrastructure networks
and increasing energy efficiency;

The major problem of space today, more
precisely in relation to its lack, its affectation,
its exhaustion, is that it is necessary to maintain
a balance in its use and identify the benefits of
urban planning and controlled and sustainable
urban development.
Urban planning is a complex process of
effective use of greenfield and urban land,
involving urban design, transport infrastructure
and the harmonious integration of existing and
future buildings. Urban planning, although by
name seems to refer only to urban localities
(municipalities, cities and fairs) is much more
comprehensive covering any human settlement,
regardless of size. Sophisticated phenomenon,
urban planning involves fields such as architecture, construction engineering, research,
analysis, financing, strategic planning, public
consultation, neighbourhood planning, strategic
thinking, recommendations and limitations,
historical
preservation,
implementation,
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panels. Of particular interest is obtaining
information regarding solar potential in urban
environments, due to the advantages of producing energy closer to consumers. Moreover,
a number of research studies dealing with
models and methodologies for estimating the
solar potential of buildings and the degree of
roofs adequacy for the installation of
photovoltaic systems have been carried out
(Pinker et al., 2005).
Solar radiation is a key driving force for many
natural processes. At the Earth's surface, solar
radiation is the result of the complex interaction
between the atmosphere and the Earth's
surface. Solar radiation is a major driving force
for physical, biological, hydrological and
agricultural processes. The study of solar
radiation is particularly important recently in
the context of climate change. An overall
decrease in solar radiation of -0.51 ± 0.0 W/m2
per year was recorded between 1950 and 1980,
which is 2.7% per decade. This decrease
phenomenon is known as global blur. In
contrast, the opposite trend has been observed
since 1980, and is known as the worldwide
brightness, which is characterized by an
increase in overall solar radiation (Pons,
Ninyerola, 2008).
It has been documented that anthropogenic
activities have been the basis of the increase in
atmospheric concentrations of aerosols which
could be the reason for the decrease of solar
radiation (Protic et al., 2012). On the other
hand, specialists in the field have shown that
the reduction of aerosol emissions from anthropogenic activities in recent decades has
contributed to an increase in solar radiation
(Raaflaub, Collins, 2006). Suggesting a degree
of uncertainty in previous conclusions, experts
have emphasized the importance of anthropogenic aerosols in relation to local and
regional solar radiation.
The analysis of the spatial model of solar
radiation and/or irradiation is also of great
significance. The spatial variability of solar
radiation can be a key tool in ecological and
economic planning, as well as for the development of renewable energy strategies. The
spatial heterogeneity of the received solar
radiation is determined by many factors besides
atmospheric vapours and clouds, including
topography, the coefficient of water reflection

o Pro-active innovation and educational
policies;
o Paying
special
attention
to
the
disadvantaged areas in the context of the
city as a unitary whole;
o Strengthening the local economy and local
politics related to the labour market;
o Proactive education and education policies
for children and young people;
o Promoting efficient and cheap urban
transport.
MATERIALS AND METHODS
Renewable energy can bring a number of
benefits to humanity and the natural environment. These are reflected in:
1) social: health improvement, consumer
choice, greater self-confidence, job opportunities and technological advances;
2) environment: reducing air pollution,
reducing greenhouse gas emissions, lower
impact on reception basins, reduced
transport of energy resources and
maintaining long-term natural resources;
3) economic: job creation, cost reduction and
economic diversification.
Thus, countries generally tend to increase the
exploitation of renewable energy sources. For
example, according to the energy sector
development strategy for the coming period, a
short-term objective is to increase the existing
share of renewable energy sources (Pereec,
2004) to reach the highest gross consumption in
2020. Recent cost reduction of solar technology
has generated increasing interest in solar
energy exploitation, in particular. It is the
largest energy resource on Earth and the
International Energy Agency estimates that the
sun could also be the largest source of
electricity in the world by 2050. The potential
of solar energy is very high. Every half hour,
the Earth receives from the Sun an amount of
energy equivalent to the energy consumption of
mankind for a whole year. That is why solar
energy represents the energy alternative of the
future (Moscovici et al., 2020).
This approach has led to a series of studies on
solar potential of certain special geographical
areas (Pereec, 2010) and the mapping of
suitable locations for the installation of solar
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factor, shadow or geographical coordinates
(latitude and longitude). These input
parameters cover the influence of the first and
third main factors that have an effect on the
spatial variation of solar radiation, that is, the
relative orientation of the Earth in relation to
the sun and topography. In order to take into
account the impact of the second group of
factors, represented by clouds and other
atmospheric inhomogeneities, information such
as cloud cover is required.
Direct irradiation is a function of the solar
zenith angle, solar flux at the top of the
atmosphere, atmospheric transmittance, the
angle of solar illumination on the slope, and the
elements obstructing the sky. The zenith angle
and the solar flux depend on the calendar date,
while the atmospheric transmittance is a
function of altitude since the substances that
absorb the energy decrease in proportion to the
altitude. The angle of solar illumination (the
angle between an orthogonal plane to the sun's
rays and the ground) is a function of surface
altitude (slope and aspect of the ground) and
the relative position of the sun in the sky (sun
orientation and azimuth) (Watson et al., 2003).
Daily direct irradiation S*S(d) can be calculated
by using the following formula:

and the crowning of trees in green areas.
Topography, and in particular altitude, slope
and appearance are major factors that
determine the amount of incident solar
radiation on the Earth's surface (Ramanathan,
2001).
In recent years there have been a number of
initiatives to bring solar power closer to
citizens, business and public local communities, and many are using solar maps as a tool
to achieve this goal. In this context, the term
"solar map" refers to an interactive cartographic web tool that provides various
information related to the solar potential of
buildings or greenfield, as well as the benefits
related to this potential exploitation. The
information helps potential users plan their
investments in solar technology or include solar
energy in their future projects and plans (RuizArias et al., 2001).
There are a number of recently developed and
published urban solar maps. They have been
produced using different methods and are
intended to provide different levels of
information, from very basic (for example,
irradiation levels) to advanced (for example,
the production of solar systems, financial
considerations, installers etc.). It is expected
that many cities will develop their solar maps
in the near future.

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(ℎ)𝑖𝑖𝑖𝑖

∗
∗
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑑𝑑𝑑𝑑)
= ∑𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖=1 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(ℎ)𝑖𝑖𝑖𝑖
= ∑𝑛𝑛𝑛𝑛𝑖𝑖𝑖𝑖=1 𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖 sin 𝜃𝜃𝜃𝜃 cos 𝛾𝛾𝛾𝛾𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖

Solar irradiation calculation methodology
In this study, SAGA GIS – open source
software was used (Vilceanu, 2017) in particular the module called “Potential Incoming
Solar Radiation” (Unkasevic, 1997). The
detailed description of the implemented
methodology is given by the scientists Bohner
and Antonie (Bohner & Antonie, 2009) They
recognized three main factors that have an
effect on the spatial variation of solar radiation:
1) the relative orientation of the Earth in
relation to the sun;
2) clouds
and
other
atmospheric
inhomogeneities;
3) topography.

(1)

where:
∗
represent direct topographic
- 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(ℎ)𝑖𝑖𝑖𝑖
radiation per hour;
- z is the binary mask of shadow (0 =
shadow, 1 = non-shadow);
- 𝜃𝜃𝜃𝜃 - sun’s orientation of the over the
horizon;
- 𝛾𝛾𝛾𝛾 - sunlight’s angle;
- n is the number of hours used to
calculate daily radiation amounts.
In this study for n we have used 24 hours (time
frame between 0 a.m. to 24 p.m.).
Diffuse irradiation 𝑆𝑆𝑆𝑆(ℎ) is the part of the total
irradiation received from the sky hemisphere
(Watson et al., 2003). It is a function of the
solar geometry, the pressure (elevation) and the
scattering and absorption properties of the
atmosphere. It is necessary to calculate the sky
view factor ѱs to describe the portion of the sky
that can be obstructed by the terrain topography

SAGA GIS offers the possibility to enter many
input parameters to model the received solar
radiation potential, however the best option is
to use D.E.M. instead of individual terrain
features such as slope, appearance, clear sky
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for each individual location when modeling this
solar irradiation partition:
1

2𝜋𝜋𝜋𝜋

ѱs = 2𝜋𝜋𝜋𝜋 ∫0 [cos 𝛽𝛽𝛽𝛽𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 2 𝜋𝜋𝜋𝜋 + sin 𝛽𝛽𝛽𝛽 cos(𝛷𝛷𝛷𝛷 −
𝛼𝛼𝛼𝛼)(90 − 𝜑𝜑𝜑𝜑 − sin 𝜑𝜑𝜑𝜑 cos 𝜑𝜑𝜑𝜑)]𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
(2)

where:
- 𝜑𝜑𝜑𝜑 represents the zenith angle at the
local horizon for the azimuthal direction
𝛷𝛷𝛷𝛷;
- β and α represent the slope, respectively
the terrain’s aspect.
ѱs the sky view factor is a measure that
quantifies the diffuse irradiation ratio at a
certain point from that on an unobstructed
horizontal surface. This parameter ranges from
1 (for the completely unobstructed terrain
surface, such as the landscape of the plane
horizon or peaks or ridges) to 0 for the
completely obstructed terrain surface.
Topographic diffuse solar radiation 𝑆𝑆𝑆𝑆ℎ∗ is
calculated as:
𝑆𝑆𝑆𝑆ℎ∗ = 𝑆𝑆𝑆𝑆ℎ ѱs

Figure 1. Localization of Timiș County

From the point of view of urbanism and
territorial planning, at present the entire
territory of Timiş County is managed through
the specialized GIS software, MapSys Internet
Map Server, implemented within the County
Council.

(3)

Description of the study area
The geographical location of Timiș County
gives it a privileged location, being the
westernmost county in Romania.
It is bordered on the west by Csongrad County
- Hungary and on the southwest by the
province of Vojvodina - Serbia, the connection
between the two counties being ensured by the
border
crossing
points
from
Cenad,
respectively those from Stamora Moravița and
Jimbolia.
The neighbouring Romanian counties with
Timiș County are Arad to the North,
Hunedoara to the East and Caras-Severin to the
South-East.
Timiș, the largest county in the country (8697
km2), benefits from a very varied relief: plain in
the western and central part, hilly area
continued with mountainous relief, in the
eastern part.
The territory of the county is crossed by Timiș
and Bega rivers, and the climate is pleasant,
temperate-continental with Mediterranean
influences.

Figure 2. Overview of the Timiș County managed
with MapSys software

The most important layers defined in the
application include area town planning,
detailed urban plan, electric wires network,
territorial
administrative
boundaries,
vegetation, roads, green spaces, ortophotoplans
etc. which can be subject to geospatial analysis.
The final product of the geospatial analysis
consists in thematic maps.

Figure 3. Thematic map with Timiș county seismic
susceptibility
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with polygon function from the toolbar was
used to crop the “tiff” image of the Digital
Elevation Model from SRTM by overlapping it
with the digital map. But before executing the
function it is necessary to select only the
polygon that contains the region of Timiș
County. When using the function, the user can
choose to perform the processing including
only the selected polygon, a possibility offered
by the version QGIS 3.0. The goal is to get this
D.E.M. which only covers the study area, then
is saved for later use.
To download the “sky clearness index” we
need to know the coordinates of the cell in the
grid. These coordinates are in the WGS84
system and are found in the properties of the
layer cut in the previous step, in the section
“Metadata Properties”. “Sky clearness index” is
downloaded from the specialized site
https://eosweb.larc.nasa.gov/cgibin/sse/subset.cgi based on the grid coordinates
determined for D.E.M. cut only for Timiș
County (Tables 1 and 2).

Figure 4. Thematic map with Timiș county land use

RESULTS AND DISCUSSIONS
Creating the solar map for Timiș County,
Romania using open-source GIS involved
procuring, as initial geospatial data, the Digital
Elevation Model - D.E.M., the administrative
limits of the study area and the “sky clearness”.
D.E.M.
was
downloaded
from
http://srtm.csi.cgiar.org/SELECTION/inputCoo
rd.asp, being part of the Shuttle Radar
Topography Mission, 90 m resolution. The file
that covers Timiș County and was used for the
study is srtm_41_03.zip.
Timiș county map was downloaded from
http://www.gadm.org/country, a site which
contains a database with the administrative
boundaries of the countries. The file is
structured on 3 levels of administrative
boundaries: for country - (0), administrative
territorial units - (1) and municipalities - (2).
For this study, ROU_adm1.shp has been used.

Table 1. The grid limits needed to be determined to
download the “sky clearness index”
Limits

20.2637505219999987, 45.1937503549999988
22.5529170970000017, 46.1904169820000021

Limits

19,44 : 24,48

Table 2. “Sky clearness index” values for Timiș County
24
23
22
21
20
19

44
0.68
0.67
0.69
0.69
0.69
0.68

45
0.68
0.68
0.69
0.70
0.71
0.72

46
0.68
0.68
0.69
0.70
0.71
0.72

47
0.68
0.69
0.70
0.71
0.71
0.72

48
0.69
0.70
0.70
0.70
0.71
0.72

Solar radiation calculation involves having the
data in a 2D projection system, so it is
necessary to reproject the D.E.M. cut for Timiș
County before the actual processing of the solar
radiation. In this sense, the “warp (reproject)”
function is used.
Regarding the projection systems, we will
select EPSG: 4326 for the source and EPSG:
31700 (equivalent of the Stereographic
projection system 1970) as the target. Also
during this stage, the user can select the type of
interpolation to be bilinear or if the user types
“0” the software does not use interpolation data
in processing. The result of the reprojection is
saved for use in subsequent stages.

Figure 5. D.E.M. overlapped with administrative
boundaries of Timiș County

D.E.M. and the digital map were imported into
the specialized QGIS program. The Clip raster
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saga-gis/), we can position the solar map on
Google Maps.

In order to be able to create the solar map for
Timiș County based on the geospatial data
downloaded from the online environment, after
the D.E.M. reprojection in the 2D system, it is
necessary to create in QGIS a new layer in
which to import the “sky clearness index”
values. For this purpose, we used the Add
Layer - Add Delimited Text Layer command.

Figure 8. Solar map for Timis County, Romania

CONCLUSIONS
The economic and demographic evolution have
led to the current situation where we are facing
the shortage of spaces that ensure - at the same
time - all the necessary uses without creating a
conflict situation between them (for example,
housing - green spaces - traffic areas).
Adopting strategies such as creating and
ensuring good quality public spaces,
modernizing infrastructure networks and
increasing energy efficiency, pro-active
innovation and educational policies, paying
special attention to disadvantaged areas in the
context of the city as a whole, strengthening the
local economy and of local politics related to
the labour market, the promotion of pro-active
education and education policies for children
and young people and of an efficient and cheap
urban transport lead to an efficient territorial
arrangement.
The actual estimation of solar radiation is of
considerable interest in the sustainable planning
of the environment and resources. Increased
greenhouse gas concentration has led many
governments to explore renewable energy
sources. By the Kyoto Protocol signed in 2007,
175
countries
have
approved
the
implementation of the protocol, thus assuming
responsibility for increasing the amount of
energy produced from renewable energy, which
includes biomass, geothermal, solar and wind
energy sources. So far, the use of renewable
energy in Romania is mainly based on hydropower plants, biomass and wind farms to a
small extent. Although in the first years the
scope of the use of solar panels in Romania has
been quite limited, in recent years this

Figure 6. The result obtained after creating the layer with
the “sky clearness index” values

After all the geospatial data has been
introduced in the SAGA GIS software, the
“Potential Incoming Solar Radiation” function
is used (The European Solar Radiation Atlas,
2000). In the dialog box of this command, the
user chooses the option “Total Insolation” and
the time period for which we need to calculate
the solar radiation.

Figure 7. “Total Insolation” for a longer period of time

The actual calculation of the solar radiation is
done from the menu Tools - Lighting Visibility
- Potential Incoming Solar Radiation.
After the realization of the digital thematic
solar map, through the open layers or qgis2web
plugins available in GIS specialized programs
such
as
QGIS
and
SAGA
GIS
(https://sagatutorials.wordpress.com/about209

phenomenon has taken hold, energy production
being subsidized through different projects and
initiatives, considering the country's potential
for using solar energy.
The “Green House” program started timidly
with the support of the installation of solar
panels in 2012 and continues today with the
“Green House 2019” - regarding the financing
by the Romanian State of the citizens who
install their photovoltaic panels at home,
approved by Order number 1287/2018.
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Abstract
The paper presents descriptive statistics of the experimental results regarding the potential antifungal activity of four
essential oils obtained from new varieties of medicinal plants created in Romania (Yellow basil, Red basil, Marigold
and Hyssop). Efficacy tests were performed on the phytopathogenic fungus Fusarium oxysporum ZUM 2407, using four
concentrations, each with four repeats. It was observed the direct dependence of the efficacy of the antifungal action of
the essential oils depending on the concentration used, but also its decrease in time, due to volatilization and
consumption in the control process. It was established that the action of the studied essential oils is rather fungistatic
for all the analyzed variants. Based on the efficacy of the antifungal action of those four essential oils, the analyzed
variants could be ranked as attack intensity and a measure of economic efficiency was developed in order to further
apply these solutions in agricultural practice.
Key words: medicinal plants, new varieties, essential oils, antifungal action, Fusarium oxysporum.

INTRODUCTION

Mutlu-Ingok et al., 2020; Khaledi et al., 2021).
Also, the antifungal action of some plants has
been studied in various other forms: powder,
different types of extracts (Kocic-Tanackov et
al., 2011; Kowalska et al., 2020). The action of
some essential oils extracted from various
plants has also been studied as a possible
substitute for fungicides, pesticides (Koul et al.,
2008; Moghtader et al., 2011; Santra et al.,
2020).
The paper presents the results of the descriptive
statistical analysis regarding the antifungal
activity of four essential oils (EOs) obtained
from medicinal plants (Yellow basil, Red basil,
Marigold and Hyssop) comparatively, for the
phytopathogenic fungus Fusarium oxysporum
or blackening and rot of the root and package
of plants. Other symptoms include partial
yellowing of the basal leaves on one half of the
leaf blade; the twisting of the rosette leaves,
especially due to the asymmetrical development of the leaf tongue, or the uncharacteristic
embossing of the leaves (Gilardi et al., 2016;
Velarde et al., 2018).

Research on medicinal plants can be
approached from many different but equally
valuable points of view, including traditional
and new uses: botanical and phytochemical
characterization, metabolic model physiology,
crop, disease and pest management, economic
and industrial implications. Phytosanitary
protection in organic farming is one of the most
delicate issues, given that the technical means
available are relatively few and do not
guarantee the same efficacy as synthetic
chemicals, normally used in conventional
agriculture.
The approached field is not new, studies on
antifungal activity using essential oils obtained
from different plants, being made in various
conditions by other authors (Yulia, 2005; Lee
et al., 2007; Chuah et al., 2010; Jakowienko et
al., 2011; Nosrati et al., 2011; Aminifard et al.,
2012; Behdani et al., 2012; Sobhani et al.,
2014; Dakole et al., 2016; Dianez et al., 2018;
Moutassem et al., 2019; Olea et al., 2019;
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where: RC is the radius of the mycelia colony in
the control plate, RI is the radius of the mycelia
colony in the interaction zone.

F. oxysporum develops a white, reddish or
purplish mycelium, depending on the
composition of the nutrient substrate. The
pathogen produces in abundance microconidia,
oval or elliptical, attached to the microfialids. It
also forms abundant chlamydospores after 2-4
weeks of cultivation. They are often grouped in
pairs or in rows (Summerell et al., 2010).
MATERIALS AND METHODS
The experimental method
In order to study the inhibition of the growth of
the pathogen Fusarium oxysporum ZUM 2407,
four new varieties of medicinal plants were
tested (Yellow basil, 'Aromat de Buzau' variety,
Red basil, 'Seraphim' variety, Marigold,
'Nanuk' variety and Hyssop, 'Catalina' variety),
obtained by the method of hydrodistillation
using french equipment. They were used
undiluted (100%) or diluted in proportions of
3/4 (75%), 1/2 (50%) and 1/4 (25%).
The test was performed in vitro (Figure 1), in
sterile, unventilated Petri dishes with a
diameter of 9 cm. The vessels were loaded with
20 ml of CGA nutrient medium. The plates
were seeded centrally with the fungal
inoculums, from a 14-day culture, represented
by mycelia rounds calibrated to 6 mm in
diameter. At a distance of 2 cm from the fungal
inoculums, 4 sterile paper rounds were placed,
equidistant on each plate, loaded with a 10 µl
sample of essential oil. At the same time,
control plates were prepared according to the
same protocol, in which it was tested the
solvent used to dilute essential oils to analyze
the possible influence on mycelia growth.
Control cultures with F. oxysporum were also
prepared by seeding the pathogen according to
the same protocol. It should be noted that
during the course of the experiments, no
additional doses of essential oils were added.
Samples were incubated at 27°C and analyzed
for the first 10 days after inoculation.
Antifungal activity (Figure 2) was assessed
biometrically by measuring mycelia growths in
the test plates, compared to growths in the
control plates, according to the formula
proposed by Lahlali et al., 2010:
E=

100 ⋅ (RC − R I )
,%
RC

Figure 1. Essential oils inoculation model for testing
antifungal activity

Figure 2. Reduction in the density of Fusarium
oxysporum mycelium in the presence of Red basil
essential oil (left) compared to untreated control
(right)

The statistical analysis performed for the
interpolation of the experimental data on the
antimicrobial activity of essential oils (EOs)
were performed with the MathCAD 2000
programs (Reference manual, Math Soft, 2000)
and Excel from the MS Office 2007 package.
RESULTS AND DISCUSSIONS
This chapter presents the experimental data in
the form provided by descriptive statistics:
mean values, variation of mean values as a
function of time and concentration, linear
regression analysis. According to (Butanescu,
2018), descriptive statistics include methods
that allow the collection of data collections in a
simple and explicit form. Descriptive statistics
methods can be divided into numerical and
graphical methods. Numerical summaries are
obtained by numerical methods such as mean,
standard mean deviation, etc. Graphical
methods provide data visualizations, useful for
identifying data structure. The statistics
correspond to the populations formed by the
values of the growth radius of the mushroom

(1)
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The highest growth is the fungi colony
corresponding to the untreated control. Fungi
colonies that are given Yellow basil essential
oil increase in proportion to the inverse of the
concentration of essential oil used. This means
that the higher the concentration of Yellow
basil essential oil, the slower the growth of the
fungus (3-10 days) - the fungistatic action of
Yellow basil essential oil. Figure 5 shows that
the effectiveness of any of the 4 concentrations
used of Yellow basil essential oil decreases
over time. The probable causes of this
phenomenon
are
volatilization
and
consumption of essential oil in antifungal
action. Figure 4 also shows that the antifungal
efficacy of Yellow basil essential oil increases
in proportion to its concentration.

colony,
values
measured
during
the
experiment. The series of four repetitions
performed for each reading over time, for each
of the 4 essential oils (with 4 concentrations)
tested and the control variant, were studied by
elementary statistical estimators: arithmetic
means,
median,
quartiles.
Box
plot
representations were made. This preliminary
stage shows us that no aberrant values were
recorded and it was not necessary to delete the
data. Therefore, in the following calculation,
the average values of the series consisting of
the 4 essential oils (with 4 concentrations, each
analyzed in 4 repetitions) and the control
variant were used.
The average values obtained together with the
efficacy formula (1) lead to estimates of the
variation of efficiency according to time and
concentration and to the ranking of the
efficiency of the action of the four essential oils
analyzed.

growth radius, mm

45

Variation in the growth of Fusarium
oxysporum and the efficacy of the treatment
with Yellow basil, 'Aromat de Buzau' variety
essential oil
In Figure 3 are shown the average increases of
the radius of the fungi colony as a function of
time, for the 4 concentrations tested and for the
control. Each point marked on the graph in
Figure 3 corresponds to an average value for
the four repetitions of the experiment.
Experimental points are marked with symbols
of different shapes and colours, according to
legend. The regression trend lines (Butanescu,
2018), are shown for each oil concentration in
the corresponding colour (see the legend).
Figure 4 shows the variation of efficacy
(calculated with formula 1), for each
experimental point depending on the time
(period 3-10 days). The experimental points
and regression lines have the same colour code
as in Figure 3, according to the legend of
Figure 3.
Figure 5 shows the variation of the average
temporal efficacy, i.e. the way in which the
average efficacy varies depending on the time
and the concentration of Yellow basil essential
oil used.
From the graphic representations in figure 3 it
results that, in time, the rays of the fungi
colony increase, in the interval of 3-10 days.

35
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5
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time, days
blank, c=0%
c= 75%

c=25%
c= 100%

c= 50%

Figure 3. Variation of the average values of the growth
radius of the fungi colony and their trend lines depending
on the time, for the control and the 4 tested
concentrations of the Yellow basil essential oil

eficacy, %

100
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3
c=25%
c= 75%

5

7

9

time, days
c= 50%
c= 100%

Figure 4. Variation over time in the efficacy of Yellow
basil essential oil (4 different concentrations)

Figure 5 shows that the weighted average
efficiency over time increases with the
concentration of Yellow basil essential oil used
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concentration of Red basil essential oil, the
slower the growth of the phytopathogenic
fungus (3-10 days).

100
80
60
40
20
0

100

eficacy, %

weight average
eficacy, %

to control the phytopathogenic fungus
F. oxysporum. The shape of the curve in Figure
5 suggests that at a concentration of 80%, the
increases are small, negligible, compared to the
increases corresponding to concentrations
between 25% and 80%.

0

0

50

weight average
eficacy, %
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Figure 8. The dependence of the average temporal
efficacy, on the concentration, for Red basil essential oil

5
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time, days
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Figure 7 shows that the efficiency of any of the
solutions with different concentrations of Red
basil essential oil decreases over time (the
probable causes being volatilization and
consumption of essential oil) - therefore
decreasing the intensity of the fungistatic action
of Red basil essential oil. Figure 7 also shows
that the efficacy of antifungal solutions based
on Red basil essential oil increases in
proportion to its concentration.

Variation in the growth of Fusarium
oxysporum and the efficacy of antifungal
treatment with Red basil, 'Seraphim' variety
essential oil
The rules for graphical representation of data
and regression lines are the same as for Yellow
basil, the results being of the same type and
data in the same order, both for Red basil and
for Marigold and Hyssop.

5

7

Figure 7. Time dependence of Red basil oil efficacy
(4 different concentrations)

Figure 5. Dependence on the average temporal
concentration of the concentration, for the essential oil of
Yellow Basil

blank, c=0%

5
c=25%
c= 75%

100

concentration, %

-5 3

3

9
c= 100%

Figure 6. The time values for the control and the 4 tested
concentrations of Red basil essential oil were dependent
on the average values of the growth rate of the fungi
colony and their trend lines

As with Yellow basil, Figure 6 shows that for
Red basil oil, the radius of the colony increases
with time (3-10 days). Here, too, the largest
growth is the fungi colony corresponding to the
untreated control. Fungi colonies treated with
Red basil essential oil increase in proportion to
the inverse of the concentration of the solution
used for testing. This means that the higher the
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Variation in the growth of Fusarium
oxysporum and the efficacy of the treatment
performed with the essential oil of Marigold,
'Nanuk' variety essential oil
The rules for graphical representation of data
and regression lines are the same as for Basil
(Yellow and Red), the figures being in
correspondence with those for Yellow basil.
As in the case of Basil (Yellow and Red),
Figure 9 shows, for the essential oil of
Marigold, that the growth rays of the F.
oxysporum fungi colony increase in time, in the
interval of 3-10 days, and the greatest growth is

that for concentrations greater than 50%, the
growths are slower compared to the growths
found for oils with concentrations between
25% and 50%.
weight average eficacy,
%

the control (untreated sample). Fusarium
colonies treated with essential oil increase in
proportion to the inverse of the concentration
of the Marigold essential oil solution. This
means that the higher the concentration of
Marigold essential oil used, the slower the
growth of the fungus during the time the
observations were made (3-10 days).

growth radius, mm
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Figure 11. Concentration dependence of the temporal
efficacy of Marigold essential oils
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Variation in the growth of Fusarium
oxysporum fungi and of the efficacy of Hyssop,
'Catalina' variety essential oil treatment
The rules for graphical representation of data
and regression lines are similar to those
previously performed for the 3 essential oils.
The figures also correspond to the others.

9
c= 75%

c= 100%

Figure 9. Dependence of the average values of the
growth radius of the fungi colony and their trend lines,
depending on the time, for the control and the 4 tested
concentrations of Marigold essential oil
100
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Figure 12. Dependence of the average values of the
growth radius of the fungi colony and their trend lines, of
time, for the control and the four concentrations of
Hyssop essential oil

Figure 10. Time dependence of the efficacy of Marigold
essential oil (4 different concentrations)

Figure 10 shows that the efficiency of any of
the
solutions
containing
different
concentrations of Marigold essential oil
decreases over time (the probable cause being
the consumption of the essential oil in the
antifungal action). Also, Figure 10 results that
the efficacy of the antifungal solutions based
on
Marigold
essential
oil
increases
proportionally with the oil concentration.
Figure 11 shows that the time-weighted
average efficiency increases with the
concentration of Marigold essential oil used.
The shape of the curve in Figure 11 suggests

As in the previous cases presented, Figure 12
shows, for the Hyssop essential oil, that the
radius of the fungi colony increases over time
(interval 3-10 days). The highest increase is
recorded for the control sample, and the other
colonies of F. oxysporum, treated with Hyssop
essential oil, increase in proportion to the
inverse of the concentration of the oil used
solution. This means that the higher the
concentration of Hyssop essential oil, the
slower the growth of the fungus (3-10 days).
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Figure 15 shows the temporal dependencies of
the efficacies of the 16 variants of essential oil
solutions (4 essential oils with 4 concentrations
each). The variations represented in figure 15
allow some conclusions, but also some
questions regarding some directions for further
research.
It is observed that for all the studied essential
oils, obtained from the 4 medicinal plants, the
efficacy of the treatment is proportional to the
concentration of essential oil used. The best
efficacy of the treatment is obtained at the
value of 100% (pure oil), and the lowest is
achieved at the value of the concentration of
25%.
This is a somewhat expected conclusion and
validates the experimental results and the
statistical calculation. The conclusion is
confirmed by the graphical representations in
Figures 4, 7, 10, 13.
At the level of the graphical representations of
the descriptive statistics, Figure 15 results that,
for most of the observation interval (3-10
days), all the essential oils analyzed with 100%
concentration have the maximum efficacy, in
the following order: Red basil, Basil yellow,
Hyssop and Marigold. In the interval (of
variable length between these curves), the oils
with a concentration value of 75% extracted
from Yellow and Red basil are interspersed
(with compatible efficacy) in order, followed
by Hyssop and Marigold. The oil solutions with
a concentration value of 50% form a relatively
compact beam in relation to the other curves, in
order: Marigold essential oil, then Hyssop, and
finally Yellow and Red basil. In the end, the
lowest efficiency (where the bundle of curves
of the solutions of the four oils falls), have the
solutions with a concentration value of 25%, in
order: Hyssop, Marigold, Yellow and Red
basil.
The meaning of the order of the curves in
Figure 15 is mathematically vague, because the
order of the second curves may vary in the
range of observation. The meaning of the
notion of order in this paragraph is based on the
observation of the time interval, in which a
certain curve is "above" another. The precise
mathematical term can be introduced in the
case of knowing the optimal interpolation
expressions and can be expressed in the case of
the statistical study of nonlinear regression or
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Figure 13. Time dependence of the efficacy of Hyssop
essential oil (in 4 different concentrations)

weight average eficacy, %

Figure 13 shows that the efficacy of any of the
concentrations used of Hyssop essential oil
decreases over time, the probable causes being
the volatilization and consumption of essential
oil in the antifungal action) Also, Figure 13,
results that the efficacy of the antifungal
solutions based on Hyssop essential oil
increases proportionally with the increase of
the oil concentration in the used solution.
100
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20

40
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100

Figure 14. Dependence of the average temporal efficacy
on the concentration, for the essential oil of Hyssop

Figure 14 shows that the time-weighted
average efficiency increases with the increasing
concentration of Hyssop essential oil to use for
controlling the phytopathogenic fungus. The
shape of the curve in Figure 14 suggests that as
the concentration increases, the rate of increase
in the efficacy of the treatment with Hyssop
essential oil decreases slightly.
Following the paper, a study is made on the
comparative estimation of the performances of
the 4 essential oils (Yellow basil, Red basil,
Marigold, Hyssop), each with 4 concentrations
(25%, 50%, 75%, 100%).
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monotonous. This behaviour is confirmed by
the graphical representations in Figures 5, 8, 11
and 14.
A less reliable observation (many other
experiments with modifications to the above
must be performed for consolidation) is that, up
to a concentration value of 60-65%, control
solutions based on Marigold and Hyssop
essential oil, have a higher efficacy than
Yellow basil and Red basil. At concentrations
above 65%, the order changes and becomes
similar to that shown in Figure 15.

efficacy,%

surfaces of influence. However, such a study is
not appropriate now, as very accurate results
make sense only after a series of repeated
experiments, to validate and increase the
resolution over time and in the range of
solution concentrations.
Also related to the graphical representation in
figure 15, it is specified that the variation
curves of the concentrations used are cubic
spline curves, i.e. they have polynomial
expressions of the third degree between every
two
experimental
points
where
the
neighbouring curves are connected, having first
continuous derivative. These curves are
automatically calculated by the program used
for graphics, only for the purpose of making a
nice-looking graphic. For this reason, there is
no discussion of intersection points or extremes
that appear on the graph.
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Figure 16. Time dependence of the average temporal
value of efficacy, comparatively, for the 4 types of
essential oils
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The mean temporal efficacy across the
concentration range of the solutions used in the
experiments is given comparatively in the
graphical representation in Figure 16. The
calculation of this temporal mean over the
entire observation interval is made according to
the formula of the time average value of a
variable, in the discrete formulation:
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Time, days
Yellow basil 25%
Yellow basil 75%
Red basil 25%
Red basil 75%
Marigold 25%
Marigold 75%
Hyssop 25%
Hyssop 75%

Yellow basil 50%
Yellow basil 100%
Red basil 50%
Red basil 100%
Marigold 50%
Marigold 100%
Hyssop 50%
Hyssop 100%

N −1

eT =

Figure 15. Time dependence of the efficacy
of the 4 types of essential oils, each of them
with 4 concentrations

∑
i =1

(ei +1 + ei )(t i +1 − t i )
2

(2)

T

where, in our case, eT is the mean temporal
efficacy over the observation interval, T=7
days, {ei}i=1,...,N, {ti}i=1,...,N, are the strings of the
experimental results, in order of efficacy and
reading times of the growth rays, and N is the
number of concentrations (N = 4). It should be
noted that eT depends on the concentration
used, which is why these average values allow

Figure 16 shows the variations of the temporal
mean values of the efficacy of the 4 essential
oils studied and which allow the following
conclusions:
The efficacy of the 4 essential oils (Yellow
basil, Red basil, Marigold and Hyssop)
increases with concentration, the growth being
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representations as concentration functions
(Figures 4, 7, 10, 13, 15). Considering then the
series of time averages {eTk}k=1,...,N and of the
concentrations {ck}k=1,...,N (N having also the
value four, corresponding to the concentrations:
25, 50, 75 and 100% ), a similar calculation
leads to the average value of efficacy over time
and concentrations:
N −1

eTC =

∑

(eTk +1 + eTk )(ck +1 − ck )

k =1

price/efficacy, RON/(ml%)
Hyssop
Marigold
Red basil
Yellow basil
0

C

Hyssop oil
Marigold oil
Red basil oil
Yellow basil oil
62
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efficacy, %
Figure 17. Average temporal efficacies of the
4 essential oils (comparative representation)
efficacy,%
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Red basil
Yellow basil
60
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0,15

eTC
(4)
p
where ef is a measure of economic efficiency,
and p is the price, both for each type of
essential oil analyzed.
The ef parameter can be considered an
approximate measure of efficiency. The
graphical representation of the global
efficiency was shown in Figure 18. Using these
calculations, two more interesting conclusions
can be drawn:
The total efficacy indicates the following order
of action to control the fungus F. oxysporum
(Figure 18): Yellow basil, Hyssop, Marigold,
Red basil.
A measure of economic efficiency (ef), shows
the following descending order: Yellow basil,
Marigold, Hyssop and Red basil (Figure 19).
Similar research conducted in recent decades
has led to similar or convergent conclusions to
those stated above. For example, (Dakole et al.,
2016) shows that the germination rate of F.
oxysporum and P. infestans conidia decreases
as the concentration of essential oils obtained
from C. citrinus, C. citratus, E. tereticornis and
O. gratissimum increases. Also in (Dakole et
al., 2016), it is shown that the percentage of
inhibition of mycelia growth in F. oxysporum
and P. infestans obtained after treatments
performed with ethanolic extracts and essential
oils obtained from thirteen plants, increases
with the concentration used. The increase in the
inhibitory effect of some oils extracted from
basil (Ocimum basilicum L.) in controlling the
fungus F. oxysporum is clear from the
numerical data presented in (Kocic-Tanackov
et al., 2011).
Similar conclusions were obtained in (Nosrati
et al., 2011) for essential oils from mint, in the
control of the same. fungi, F. oxysporum. In
ef =

The range of concentrations that were
experimentally worked on and calculated after
(3) was C∈{25%, 50%, 75%, 100%}. The
average value, depending on the time and
concentrations, is a parameter of the global
performance of the solutions based on essential
oils obtained from the four medicinal plants, a
parameter on the basis of which a hierarchy of
the intensity of their control activity can be
made. The graphical representation of the eTC
parameter for the four types of essential oils
obtained from medicinal plants is given in
Figure 17.

60

0,1

Figure 19. Price/efficacy ratios for the four types of
essential oils

(3)

2

0,05

66

Figure 18. The dependences of efficacy values (%) on
time and concentration
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growth, but has the lowest economic efficiency
of all studied.

(Şesan et al., 2017) assessments are made
similar to those resulting from this study, on
the effects of oils extracted from various plants,
including Hyssop. The doctoral thesis
(Svecova, 2010) is dedicated to the
phytopathogenic
control
of
some
phytopathogenic fungi existing in horticultural
crops using natural plant extracts, among the
results being given inhibition curves similar to
those presented in this paper, but with an
observation time interval that includes the
moment initially of the experiments.
In the study conducted by (Pawar et al., 2007),
75 different essential oils (including Basil)
were evaluated against two phytopathogenic
fungi (F. oxysporum sp. cicer and Alternaria
porri). The results showed that among the most
active was the essential oil of Basil, at which
the maximum inhibition rate was 17.25 mm.
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CONCLUSIONS
The results obtained using the experimental
results and the tools of descriptive statistics,
allow obtaining conclusions regarding the
process of controlling the fungus Fusarium
oxysporum, using four essential oils obtained
from new varieties of medicinal plants (Yellow
basil, Red basil, Marigold and Hyssop):
- The intensity of the process of controlling the
phytopathogenic fungus Fusarium oxysporum
using four essential oils obtained from
medicinal plants, depends on two essential
variables: the time and the concentration used
in the control process;
- It should be noted that the essential oils tested
do not have fungicidal activity, but only
fungistatic, being able to delay mycelia growth,
the degree of inhibition depending on the
concentration of essential oil and its
composition;
- The calculated parameters and the graphical
representations allowed the hierarchy of the
action of the essential oils in different
concentrations, but also global hierarchies over
the considered time interval and over the time
and concentration interval;
- A global parameter was also developed as an
approximate measure of economic efficiency.
For example, Yellow basil essential oil best
meets the requirements for inhibiting fungal
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Abstract
The paper aimed to present the effects of different types of fertilizers on several soybean quantitative traits (plant
height, first pod height, number of pods per plant, number of grain per plant, grain yield per plant, 1000-grain weight
and grain yield) and seeds’ composition (dry matter, protein content, ash content, oil content, total carbohydrates, total
flavonoids, total phenols and total carotenoids content). The experiment was conducted in 2019, in the experimental
field of Soybean Breeding Laboratory from the Agricultural Research and Development Station Turda (ARDS Turda),
and included 15 fertilization trials. An early maturing soybean variety (Caro TD) obtained at ARDS Turda was used for
the experiment. The results showed that increases in yield were obtained with various combinations of the commercial
fertilizer. The application of N20P20K0 combined with seed treatment and foliar Bio-fertilizer with 80% amino acids,
significantly increased the values for all quantitative traits and also grain yield, while with respect to seed composition
the best ranked type of treatment was T7(ecological products).
Key words: fertilizers, yield, soybean, seed composition.

INTRODUCTION
Soybeans are the most widely used beans in the
food industry and provide economic benefits for
small-scale farmers (Zerihun et al., 2015). It is
one of the food crops that have the benefits as a
source of vegetable protein (Kuntyastuti et al.,
2019). Oil and protein rich soybean has been
recognized all over the world as a potential
supplementary source of edible oil and nutrition
(Kaul & Das, 1986).
Seed composition and quality are known to be
genetically
controlled,
and
significant
variability in seed quality and composition
exist due to differences in the gene pool. The
physiological and biochemical mechanisms by
which this variability is expressed are still not
completely understood, but are known to be
significantly
influenced
by
genotype,
environment, management practices, and their
interactions (Bellaoui et al., 2011).
Seed composition refers to major constituents
including
protein,
oil,
carbohydrates,
isoflavones, and mineral concentration that
determine seed nutritional value (Bellaloui et
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al., 2011). According to Gopalan et al. (1971)
and Rahman (1982) soybean seeds contain
43.2% protein, 19.5% fat, 20.9% carbohydrate
and a good amount of other nutrients like
calcium, phosphorus, iron and vitamins.
Soybean protein, taking up 40% of the dry seed
weight on average (Hymowitz et al., 1974) is
highly valued for food and feed because of its
amino acid composition and a high
digestibility.
Nitrogen fertilization during the seed-filling
stage increased the protein content and earlier
N application, in flowering, did not affect the
protein content (Afza et al., 1987; Isfan, 1991)
whereas the composition in sulphur-containing
amino acid fluctuated depending on the
nitrogen source (Paek et al., 1997) and on the
availability of reduced forms of sulphur as well
(Grabau et al., 1986).
Zimmer et al. (2016) reported that protein
content of non-inoculated soybeans was
significantly lower than protein content of the
inoculated soybeans. N fertilization at the
flowering stage was superior to both the control
and rhizobium inoculation in increasing seed

Most of the carbohydrates are insoluble
polysaccharides, including pectin, cellulose,
hemicelluloses and starch (Liu, 1997). Soluble
carbohydrates
include
monosaccharides
(glucose and fructose), disaccharides (sucrose),
and oligosaccharides (raffinose and stachyose)
(Liu, 1997). According to Hou et al. (2009), the
five main soluble sugars in soybean seed are
glucose, fructose, sucrose, raffinose and
stachyose with sucrose and stachyose being the
predominant ones.
Fertilization is one of the cultivation
technologies that can be done to increase the
productivity of plants (Chakrabarty et al.,
2014). Application of fertilizers can have a
positive effect on nutrient uptake, growth, and
yield on plants (Estiaty et al., 2006; Meena et
al., 2015).
Seed composition can change in response to
fertilization although these changes are
moderate and inconsistent (Gaydou & Arrivets,
1983; Haq & Mallarino, 2005; Seguin &
Zheng, 2006). The use of different fertilization
has produced small increases in soybean seed
oil concentrations and small decreases in seed
protein concentrations (Yin & Vyn, 2003;
Gaydou & Arrivets, 1983; Sale & Campbell,
1986). Different type of fertilization also has
changed the fatty acid profile in the soybean
seed oil (Gaydou & Arrivets, 1983).
Fertilization treatments significantly influences
plant height, number of plants/m2, insertion of
basal pod, number of pods/plant, number of
grain/plant, weight of grain/plant and the yield
(Mandić et al., 2015).
The quality of soybean seeds is influenced by
the genetic constitution, agronomic practices
and environmental factors, from the seed
formation to storage. However, there is little
information available on plant nutrition relating
to the production of soybean seeds. In view of
this, fertilization is conducted based on the
established recommendations for grain yield
and, among the nutrients, nitrogen (N) stands
out (Zuffo et al., 2018).

protein content, but as symbiotic N fixation is a
highly complex phenomenon, the difference in
protein content could have been the result of
many different factors and their interactions
which demand further investigation (Vollmann
et al., 2000). The negative relationship between
protein and oil content, and protein and yield
remains a major challenge to soybean breeders
to select a better hybrid for higher yield and
higher protein (Burton, 1985).
Soybeans represent 59% of the world’s oilseed
production and 29% of the total vegetable oil
consumption in the world. Soybean oil fatty
acids are responsible for nutritional value,
stability and taste of this product; commodity
soybean oil is in average made up from 13%
palmitic acid, 4% stearic acid, 20% oleic acid,
55% linoleic acid and 8% linolenic acid (Fehr,
2007; Snyder et al., 2009). Soybean oil has
poor oxidative stability compared to other
vegetable oils (Rani et al., 2007). Oil content
can be in positive correlation with temperature
(Ren et al., 2009) but were also reported
negative linear relationships (Kumar et al.,
2006; Pipolo et al., 2004). Water stress
negatively impacts oil content (Rotundo et al.,
2009), but irrigation at the beginning of pod
formation and during seed filling has resulted
in oil content decline (Latifi et al.,1989;
Ghassemi-Golezani et al., 2012).
Some other crop management factors (rotation,
no-till, fertilization, seed treatments, foliar N,
fungicide and insecticide applications) had an
overall positive effect on oil content because
they were improving crop growing conditions
through conserving or supplying water and
nutrients or improving soil physical and
chemical properties and protecting the crop
from diseases (Assefa et al., 2019). Oil content
increased slowly with yield increase suggesting
a positive relationship, but when relationships
were investigated by study, 63% of studies
supported a positive relationship, and the other
37% displayed a slightly negative relationship
between seed yield and oil content (Assefa et
al., 2019).
Another component of soybean seed
composition is carbohydrates. Soybean seeds
contain 33% carbohydrates (reported to dry
weight - DW) of on average, of which 16.6%
are soluble sugars (Hymowitz and Collins,
1974).

MATERIALS AND METHODS
Field trials were carried out in 2019, in the
experimental field of Soybean Breeding
Laboratory from the Agricultural Research and
Development Station Turda (ARDS Turda).
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The land was medium high and soil texture was
loam clay with pH = 6.7. An early maturing
soybean variety (Caro TD) obtained at ARDS
Turda was used for the experiment. The
experiment was based on a linear design,
without replication, using plots of 90 m2. For
each fertilization, Caro TD was sowed on 6
rows of 30 m length, at 50 cm distance between
rows. At the end of the growing season 30
randomly selected plants from each plot were
analyzed for: height, insertion of the basal
pods, number of pods/plant, number of grain/

plant, grain weight/plant and thousand kernel
weight (TKW). The plots were harvested at the
end of September 2019 with a Wintersteiger
Classic Plot Combine (Wintersteiger AG,
Austria). The reported results are the average of
10 measurements and the obtained data for
different agronomic traits and quality
parameters were statistically analyzed in Excel
(Microsoft, USA).
The treatments used in the experiment are
presented in the Table 1.

Table 1. The treatments used for the experiment
Variant
T0 (control)

Basic fertilization
-

T1
T2
T3
T4

200 kg/ha of NPK 20:20:0
complex fertilizer

Seed treatment
Bio-fertilizer + Amino acids with cobalt
and molybdenum + Rhizobium
Bio-fertilizer + Amino acids with cobalt
and molybdenum + Rhizobium
Rhizobium
Bio-stimulant + Rhizobium

T5

Bio-stimulant + Rhizobium

T6

Rhizobium

T7

T8
T9

Bio-fertilizer produced with
the help of the frame

200 kg/ha of NPK 20:20:0
complex fertilizer

T10
T11

T12

T13
T14
T15

200 kg/ha of complex fertilizer
with Nitrogen, Nitrate,
Ammonium, P2O5, K2O, MgO,
SO3, Zn and B
200 kg/ha of complex fertilizer
with Nitrogen, Nitrate,
Ammonium, P2O5, K2O, MgO,
SO3, Zn and B + 100 kg/ha of
nitrate product with sulphur
150 kg/ha of complex fertilizer
NPK 12:8:16 +3Mg + 10S +
microelements
200 kg/ha of NPK 20:20:0
complex fertilizer

Ecological insect-fungicide + active
humic fertilizer
Ecological insect-fungicide + active
humic fertilizer
Rhizobium + bacterial protector
Rhizobium inoculant + Bioinnoculants
with Trichoderma asperellum strain kd

Foliar treatment
Bio-fertilizer with 80% amino acids
Bio-fertilizer with 80% amino acids
3 leaf treatment with organic biostimulants
Bio-stimulant containing a
brassinosteroid
Bio-stimulant containing a
brassinosteroid + adjuvant
Foliar fertilizer with N
Active humic fertilizer + Bio-fertilizer
with NPK, amino acids and
microelements + Ecological insectfungicide
Active humic fertilizer + Bio-fertilizer
with NPK, amino acids and
microelements
-

Seed treatment with P2O5 + Zn

foliar phosphates + fertilizer with
essential nutrients (MgO, SO3, B, Mn,
Mo)

Seed treatment with P2O5 + Zn

foliar phosphates + fertilizer with
essential nutrients (N+Ca+Mg
+B+Mn+Mo) + nitrogen and available
sulphur + potassium product for foliar
application

Bio-stimulants + Rhizobium inoculant

Bio-stimulant + Organic insecticides +
Adjuvant

BioStacked pre-inoculant with
Bradyrhizobium japonicum
and Bacillus subtilis (MBI 600 strain)
-

The experiment included 15 fertilization trials
and one control variant (without fertilization).
Different organic or mineral fertilizers were
applied before final land preparation (Table 1).
Therefore, the seed and foliar treatments were
applied using the recommendation established
by each fertilizer producers. Proximate

-

composition of seeds was accomplished
according to AOAC methods (Latimer, 2012),
being described in detail in Muntean et al.
(2019), where is also mentioned the procedure
for the determination of total carotenoids. Total
phenols were determined based on the FolinCiocalteu assay (Bellauli, 2012), the results
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number of pods/plant (32.9) which was
statistically at par with T2, T6, T9, T12 and T13
(29.4, 27.5, 28.2 and 28.3, respectively) and
height (87 cm); treatment T4 had the maximum
values for insertion of basal pods (16 cm); T6
with the maximum values for number of grain/
plant (90.2) and grain weight/plant (11.18 g);
T11 with the biggest seeds (146.5 g). Height
insertion of basal pods, number of grain/plant
and weight of grain/plant of Caro TD soybean
variety varied significantly for different combinations of inorganic and organic fertilizer.
Similar results in soybean yield and yield
elements were also reported in previous papers
(Aruna and Reddy, 1999; Singh and Rai, 2004).
La Menza et al. (2017) and Ray et al. (2006)
who reported a negative impact of application
of nutritive supply reflected in decrease of
protein concentration.

being expressed in gallic acid equivalents
(GAE), while the total flavonoids content was
determined spectrophotometrically (Josipovic
et al., 2016), the results being reported as
catechin equivalents (CE).
Data processing was accomplished in Excel
(Microsoft, USA); chemometric analysis was
performed using MatLab (The Mathworks,
USA) after mean center preprocessing.
RESULTS AND DISCUSSIONS
The results from this study reveal that some
fertilizers appear to improve soybeans yield
and quality. Results of yield and yield elements
are summarized in Table 2, highlighting
different combinations of inorganic and organic
fertilizers with the maximum values for the
studied parameters: treatment T1 showed
maximum values for: yield (3549 kg/ha),

No.

Fertilizer variant

Number of
plants/m2 (no)

Height (cm)

Insertion of basal
pod (cm)

Number of
pods/plant (no)

Number of
grain/plant (no)

Weight of
grain/plant (g)

TKW (g)

Yield kg/ha

Table 2. Effect of different fertilizers on yield and yield elements

1

T0

48.00 a

74.30 gh

11.80 ad

25.70 bc

65.00 ce

8.29 cf

127.60 bc

2822

2

T1

51.67 a

87.00 a

10.90 bd

32.90 a

83.80 ab

10.64 ab

127.90 bc

3549

3

T2

48.33

84.00

12.00

29.40

74.00

9.79

133.10

ab

2978

4

T3

44.33 a

79.90 bf

11.60 ad

24.90 bd

71.50 bd

9.02 be

126.70 bc

3018

5

T4

50.33 a

74.50 gh

16.00 a

20.80 cd

50.80 e

6.16 g

122.20 bc

2987

6

T5

48.00

76.50

14.90

24.70

67.80

8.06

121.10

bc

2993

7

T6

50.67 a

81.90 ad

8

T7

47.67

74.90

9

T8

47.33 a

78.30 dh

10.60 bd

25.10 bc

78.30 ac

10

T9

52.00

84.20

10.70

27.50

76.30

11

T 10

48.67 a

81.10 be

10.20 cd

23.20 bd

64.20 ce

12

T 11

50.33 a

76.60 eh

11.20 bd

23.20 bd

13

T 12

46.67

84.60

11.80

28.20

14

T 13

44.33 a

73.60 h

10.20 cd

28.30 ab

69.90 bd

7.77 dg

112.70 c

3394

15

T 14

50.67

74.30

11.40

25.20

65.10

8.11

124.70

bc

2748

16

T 15

55.33 a

79.20 cg

12.30 ad

26.50 bc

75.50 ad

9.56 ae

128.40 bc

2948

LSD (0.05)

10.92

4.65

3.88

5.19

14.72

1.71

14.14

-

CV (%)

5.81

5.5

15.39

13.3

15.28

15.32

5.45

6.59

a

a

a

a

a

a

ac

eh

fh

ac

ab

gh

ad

ab

9.20 d
14.30

ac

bd

ad

bd

ab

bd

ad

bd

ad

cg

29.40 ab

90.20 a

11.18 a

125.50 bc

2961

19.10

50.30

6.71

132.70

ab

3064

10.05 ac

128.20 bc

2888

9.71

127.40

bc

3066

9.03 be

146.50 a

2935

60.30 de

7.74 eg

129.70 bc

2880

73.50

9.30

127.20

3040
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d

ab

ab

bc

e

ad

ad

ce

fg

ae

ae

cf

bc

Results obtained for the quality parameters
indicated that seed composition is influenced
by different type of fertilization (Table 3).
Small increase in soybean protein concentrations was noted at T1 (4% higher protein
content than T0). The highest value for oil
content was reported at treatment T14 (26.54%)
with a growth of 5.6% than the control (T0). At
treatment T13 were obtained both one of the
highest oil content (26.26%) and the maximum
total carotenoids (23.56 mg/kg DW) and total
phenols (2.2 mg GAE/g DW) content
associated with the smallest protein content
(37.44%). The small CV in the studied quality
parameters indicates a nonsignificant variation
for dry matter, protein, ash content, oil content,
total carbohydrates, total flavonoid and total
phenol content. In testing the different
combinations of fertilization on soybean in 112
field trials in Iowa, Haq and Mallarino (2005)
concluded that total oil and protein production
response to fertilizer followed a similar patter
with yield response.

The yield, yield elements and quality
parameters ranks are mentioned in Table 4.
Comparison based on the mean yield and yield
components ranks showed that the fertilization
generally gave similar results in the studied
variants.
For example with a total rank of 28 the highestranking treatment was T1 which achieved top
positions also for: plant height (1), number of
pods/plant (2), number of grain/plant (2),
weight of grain/plant (1) and yield (1). With
respect to seed composition, the best ranked
type of treatment was T7 (37).
The negative correlation between yield and
quality is highlighted by the rank obtained in
the T1 treatment therefore, the highest rated
yield is related to one of the lowest rank for
quality.
A negative correlation between quality
parameters and yield, was reported by Chung et
al. (2003), suggesting that an increased protein
content is more expensive than commonly
assumed.

No.

Fertilizer
variant

Dry matter
[%]

Proteins
[g/100 g DW]

Ash
[g/100 g DW]

Lipids
[g/100 g DW]

Total
carbohydrates
[g/100 g DW]

Total flavonoids
[mg CE/kg
DW]

Total phenols
[mg GAE/g
DW]

Total
carotenoids
[mg/kg DW]

Table 3. Effect of different fertilizers on some quality parameters

1

T0

92.70

37.84

4.82

25.13

24.91

41.24

1.94

17.38

2

T1

92.35

39.46

4.96

24.62

23.32

41.05

1.87

17.05

3

T2

92.93

38.78

5.00

25.42

23.72

44.59

1.90

17.61

4

T3

92.08

38.50

4.76

24.33

24.50

40.83

1.97

18.83

5

T4

92.87

38.49

4.76

25.71

23.91

38.49

1.84

18.05

6

T5

92.92

37.80

5.04

24.96

25.13

42.83

1.98

19.48

7

T6

93.59

38.05

4.81

25.80

24.94

40.17

1.94

20.45

8

T7

93.80

37.79

4.84

26.01

25.16

42.50

2.12

22.31

9

T8

94.46

37.46

4.91

25.59

26.50

37.35

1.85

12.81

10

T9

92.63

38.44

4.83

25.21

24.16

40.90

1.91

13.90

11

T 10

92.56

38.36

5.28

26.09

22.83

38.83

1.88

12.81

12

T 11

92.33

37.89

4.94

25.13

24.38

39.53

1.98

15.50

13

T 12

92.62

39.11

4.78

25.29

23.43

35.82

1.82

17.93

14

T 13

92.59

37.44

5.04

26.46

23.64

39.00

2.20

23.56

15

T 14

92.64

37.61

4.78

26.54

23.71

41.20

2.11

22.31

16

T 15

92.51

37.38

5.17

25.63

24.33

41.88

2.12

31.07

0.66

1.62

3.14

2.41

3.73

5.41

5.82

24.37

CV (%)

225

Yield kg/ha

Total flavonoid

Total phenol

Total carotenoids (mg/ kg DW)

8

15

83

7

10

11

12

5

5

9

11

70

153

T1

3

1

11

1

2

2

7

1

28

14

1

6

15

15

7

13

12

83

111

T2

9

4

5

2

6

4

2

9

41

4

3

5

9

11

1

11

10

54

95

T3

15

7

8

11

8

9

11

6

75

16

4

16

16

6

9

7

7

81

156

T4

6

13

1

15

15

16

14

8

88

6

5

15

6

10

14

15

8

79

167

T5

10

11

2

12

10

12

15

7

79

5

11

4

14

3

2

6

6

51

130

T6

4

5

16

2

1

1

12

10

51

3

8

12

5

4

10

8

5

55

106

T7

12

12

3

16

16

15

3

4

81

2

12

9

4

2

3

2

4

38

119

T8

13

9

13

10

3

3

6

13

70

1

14

8

8

1

15

14

16

77

147

T9

2

3

12

6

4

5

9

3

44

9

6

10

11

9

8

10

14

77

121

T10

8

6

14

13

13

8

1

12

75

12

7

1

3

16

13

12

15

79

154

T11

6

10

10

13

14

14

4

14

85

15

9

7

12

7

11

5

13

79

164

T12

14

2

6

5

7

7

10

5

56

10

2

13

10

14

16

16

9

90

146

T13

15

16

14

4

9

13

16

2

89

11

15

3

2

13

12

1

2

59

148

T14

4

14

9

9

11

11

13

16

87

8

13

14

1

12

6

4

3

61

148

T15

1

8

4

7

5

6

5

11

47

13

16

2

7

8

4

3

1

54

101

Total (1+2)

TKW (g)

10

Total 2 (ranks for
quality parameters)

Weight of grain/plant (g)

12

Total carbohydrates
(g/ 100 g DW)

Number of grain/plant (no)

8

Lipids
(g/ 100 g DW)

Number of pods/plant (no)

6

Ash
(g/ 100 g DW)

Insertion of basal pod (cm)

14

Proteins
(g/ 100 g DW)

Height (cm)

10

Dry matter (%)

Number of plants/m2

T0

Total 1 (ranks
for yield components)

Fertilizer variant

Table 4. Yield ranks, yield elements ranks and quality parameters ranks given by each fertilizer variant
for Caro TD soybean variety

variables: yield (PROD), protein content
(PRO), lipids content (LIP) and total
carbohydrates content (GLT); the resulted
model explain 74.33% of variance, revealing a
close correlation between the yield and the total
carbohydrates and a negative correlation
between lipids and protein content (Figure 1).
The scores plot of PCA (Figure 2) reveals three
classes of fertilizer variant: the blue one with
control variant that is characterized by one of
the lowest yield and intermediate values for the
studied parameters and treatment T15 with the
highest lipid content, the green one with
variants characterized with high protein content
high yield and small values for lipids content
(T2, T3, T4, T5, T6, T10, T12 and T13), the red one
joining fertilizer variant with high grain yield
and high total carbohydrates content (T1, T7,
T8, T9, T14, T16). The scores plot of PCA is
confirmed by the cluster analysis (Figure 3).

Figure 1. Biplot for the experimental data set (Prod yield; Lip - lipids; Pro - protein; Glt - total
carbohydrates)

Principal component analysis (PCA) was used
for the classification and discrimination of the
experimental fertilization variants, using four
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fungicide), gave the best results for the studied
quality parameters.
The best fertilizer variants with the grain yield
over 3000 kg/ha were: T1 (3549 kg/ha), T13
(3394 kg/ha), T9 (3066 kg/ha), T7 (3064
kg/ha), T12 (3040 kg/ha) and T3 (3018 kg/ha).
It may be concluded from the present study that
treatment T1 had the highest values not only for
yield and some yield components but also for
proteins content (39.46 g/100 g DW). The same
fertilizer treatment gave one of the lowest
content of oil with a value of 24.62 g/100 g
DW. It is well known the positive correlation
between yield and oil, therefore it as a “high oil
content year”. This quality parameter of Caro
TD variety in all variants was higher than 24%;
varied between 24.33% at treatment T3 (basic
fertilization with 200 kg/ha of NPK 20:20:0
complex fertilizer, seed treatment with
Rhizobium, 3 leaf treatment with organic biostimulants) and 26.5% at T8 treatment (basic
fertilization with 200 kg/ha of NPK 20:20:0
complex fertilizer, seed treatment with
Ecological insect-fungicide + active humic
fertilizer and foliar fertilizer with Active humic
fertilizer + Bio-fertilizer with NPK, amino
acids and microelements).

Figure 2. Scores plot for the PCA model
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Figure 3. Dendrogram obtained for the PCA model (KNearest Neighbor method)

CONCLUSIONS
The results obtained in this study have
identified fertilization variants with high values
for the studied traits. A significantly increased
grain yield (26 % higher yield than T0) was
obtained in treatment T1 based on basic
fertilization (N20P20K0), combined with seed
treatment and foliar Bio-fertilizer with 80%
amino acids. On the other hand, the ecological
products used in treatment T7 (basic
fertilization with: bio-fertilizer produced with
the help of the frame; seed treatment with:
ecological insect-fungicide + active humic
fertilizer; foliar treatment with: active humic
fertilizer + biofertilizer with NPK, amino acids
and microelements + ecological insect-
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Abstract
A study was performed with the objective to assess nutrient biological performance and assess economic feasibility of
Farta lambs fed wheat straw (WS) as a basal feed and supplemented with lentil screening (LS) in replacement for noug
seed cake (NSC). The experimental sheep were blocked into five based on their initial body weight and randomly
assigned to treatment diets within each block. The experimental design used for this study was randomized complete
block design (RCBD) with five replications. Result indicated %CP contents of experimental feeds were 26.13, 25.00 and
5.66 for lentil screening, NSC and WS, respectively. There was significant difference in WS DM intake (p<0.05) in all
treatment groups. The supplement DM intake increased significantly (p<0.001) as lentil screening level increased from
0, 29.4, 55.4, 78.8, and 100% from (T1-T5), respectively. Total DM intake was significantly different (p<0.01) among
all treatment groups but CP intake was not significantly different among treatments (p>0.05). Average daily body
weight gain (ADG) and feed conversion efficiency (FCE) were significantly different (p<0.01) among treatment groups.
Among treatment groups, T5 had higher (p<0.01) daily body weight gain (76.44 g/d) as compared to T4 (72.1 g/d), T3
(69.8 g/d), T2 (62.89 g/d), T1 (58.28 g/d). T5 returned a higher net income (110.94 Ethiopian Birr (EB)/sheep) as
compared to the other treatment groups. From biological performance and economic return T5 could be recommended
as an alternative supplement for growing Farta sheep both in biological performance and better economic gain.
Key words: lentil screening, local sheep, Rice Bran.

INTRODUCTION

population often experiences cyclic loss of
body condition following seasonal feed
production patterns (Melekamu et al., 2014),
which influences the supply and price of
livestock products in the local market. To
alleviate nutritional limits of feeds and boost
performance of animals particularly sheep, use
of locally produced industrial byproducts as
feed was very crucial. In this regard, feed
resources like lentil screening is one of
candidate supplement which can be considered
to be accessible as supplementary feeds to
improve the current poor feeding condition in
the country.
One of the conventional supplements used in
ruminant feed in the country, noug seed (Niger
seed) cake is becoming relatively expensive
and un-accessible for most producers in the
recent times. As a result, the current study was
designed to evaluate the effect of lentil
screening as a replacement for noug seed cake
on feed intake, digestibility and body weight

Livestock production in Ethiopia is an
important component of agriculture serving as
the pillar of the economy. In spite of favorable
environmental circumstances the present
livestock productivity in the country is not as
anticipated due to different constraints. The
main livestock production constraints in
Ethiopia include inadequate feed and nutrition,
widespread diseases, poor genetic potential of
local
breeds,
market
problem,
and
ineffectiveness of livestock development
services (Asfaw et al., 2011; CSA, 2018). Of
the above listed problems, feed scarcity and
poor feed quality during the dry period presents
a serious challenge to livestock production in
the country (Mengistu et al., 2017).
The existing feed resources are primarily low
nutrients which cannot assure the necessities of
animals late alone production but also
maintenance. As a result the livestock
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Feeds and Feeding Management
Wheat straw (WS) used for the experiment was
purchased from local farmers and stored
properly under the shade prior to feeding. The
straw was chopped into 5-7 cm long
(McDonald et al., 2010) and made ready for the
feeding experiment. Lentil screening (LS) was
purchased from locally available processing
mills. The WS was provided ad libitum to
experimental sheep. Common salt and water
were provided ad libitum to all experimental
animals. Concentrate mix was prepared on ISO
N basis by mixing LS, NSC and RB. The
formulations of supplements were done based
on the daily dry matter requirement,
metabolizable energy and crude protein
requirement of sheep. Ensminger (2002), who
suggested that for moderate growing lambs that
weigh 10 to 20 kg body weight, the CP
required per day would be 16.7% of the feed
DM. The maintenance requirement of energy
however is 4.8 MJME/kg (McDonald et al.,
2010). All animals were given the concentrate
mixture at 0800 and 01600 hours in two equal
portions. The experimental animals were
offered ad libitum the basal diet wheat strawat
20% refusal adjustment very week throughout
the experimental period.

change of yearling Farta lambs and to assess
the assessing the economic feasibility of the
feeding regime.
MATERIALS AND METHODS
Description of the Study Area
The study was conducted at Debre Tabor town,
Ethiopia which is situated at11°40' North
latitude and 38º 00' East longitudes and at 2650
meter above sea level. The mean annual rainfall
is 1570 mm and the mean minimum and
maximum annual temperatures are 9.6 and
21.50C, respectively (FWAO, 2019).
Experimental
Animals
and
Their
Management
Twenty-five yearling intact male Farta sheep
with an initial body weight of 16.65 ± 1.82 kg
(Mean ± SD) were purchased from local
markets. The age of the sheep was determined
by dentition (Vatta et al., 2006) and
information obtained from the owners. The
sheep were quarantined for 21 days in order to
observe their health condition and followed by
15 days of acclimatization period of the
experimental feed prior to the beginning of the
actual feeding and data collection. All animals
were sprayed against external parasites by
using Diazinon and drenched against internal
parasites using Ivermectin based on the
recommendation of veterinarian. Experimental
lambs were also vaccinated against common
diseases of the area (pasteurellosis, sheep pox
and anthrax).

Measurements and Observation
Feed and nutrient intake
Daily supplements and basal feed refusals were
collected from each treatment throughout the
experimental period. Daily mean feed intake
was calculated as differences between feed
offered and refused: Feed Intake = Feed Offer ‒
Feed Refusal; Nutrient Intake = Nutrient in
feed Offered ‒ Nutrient in refused feed.

Experimental Design and Treatments
The experiment was conduct by using
randomized complete block design with five
replications. The experimental lambs were
blocked into five blocks based on their initial
body weight. The initial BW of the
experimental animals was determined by taking
the means of two consecutive weighing after
overnight fasting. The animals in a block were
randomly assigned to one of the five treatment
diets. The dietary treatments in the current
study consisted of 240 g NSC (T1), a mixture
of 75 g LS and 180 g NSC (T2), 149 g LS and
120 g NSC (T3), and 223 g LS and 60 g NSC
(T4)] and 297 g LS (T5) per head/day on DM
basis.

Dry matter and nutrient digestibility
The digestibility trial was conducted with four
days adaptation of fecal bags followed by
seven successive days for fecal gathering.
Feces voided was weighed and recorded every
morning, mixed, 20% of representative samples
were taken and pooled over the collection
period for each animal. Daily pooled feces air
dried on the shaded area and stored in air tight
container until sent to the laboratory for
chemical analysis. The metabolize energy
MJ/day intake was estimated from digestible
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organic matter intake (DOMI) values by using
the equation of AFRC (1993) as ME (MJ/d) =
0.0157*DOMI g/kg DM. The apparent
digestibility of DM, OM, CP, NDF and ADF
were determined using the following equations:
Apparent DM digestibility coefficient =
DMI – Feacal DM output
DMI
Apparent nutrient digestibility coefficient =
Nutrient intake – Feacal nutrient output
Nutrient intake

supplementation of LS and NSC substitution
according to the procedure of Upton (1979).
The purchasing and selling prices of
experimental sheep and the total quantity of
basal and supplement feed and its purchasing
prices were recorded. The analysis involved the
calculation of the variable costs of
experimental sheep, feeds and benefits gained
from the result. The total variable cost (TVC)
calculated as purchasing price of sheep
(ETB/head) and total fed (ETB). The total
return (TR) was determined by calculating the
difference between selling and purchasing price
of experimental sheep. At the end of the
experiment, the selling price of experimental
sheep was estimated by experienced sheep
dealers. The cost of feeds was computed by
multiplying the actual DM intake for the whole
feeding period with the prevailing feed prices.
Net return (NR) was calculated as the
difference between TR and total variable costs
(TVC) while change in net return (ΔNR) was
calculated as difference between changes in
total return (ΔTR) and change in total variable
costs (ΔTVC).∆ NI= ∆TR- ∆TVC.
The marginal rate of return (MRR) measures
the increase in net income (ΔNR) associated
with each additional unit of expenditure
(ΔTVC). This is expressed in percentage as:
MRR% = (ΔNR/ΔTVC) X 100%

Where: DM = dry matter; DMI = dry matter intake

Body weight change
The body weight of each sheep was measured
at every ten days after overnight fasting using
weighing balance. Average daily body weight
gain was calculated as the difference between
final live weight gain and initial live weight
divided by the number of feeding days.
Feed conversion efficiency
The feed conversion efficiency (FCE) was calculated by dividing the daily live weight gain
by daily DM intake and multiplied by 100
following formula (Brown et al., 2001) as
follows:
FCE = Daily body weight gain (g) * 100
Daily feed intake (g)
Chemical Analysis
The chemical analysis of the experimental
feeds, i.e., wheat straw, Lentil screening, noug
seed cake, rice bran and the mixtures and feces
were done by taking the representative samples.
Partially dried samples of feeds and feces were
ground using laboratory mill to pass through
1mm screen size. Dry matter (DM) was determined after oven drying of sub samples of partially dried samples at 1050C to a constant
weight. The samples were analyzed for DM,
Ash, and crude protein (CP) based on the
procedure of AOAC (1990). The CP content
using Kjeldhal procedure after multiplying %N
value with 6.25. Neutral detergent fiber (NDF),
acid detergent fiber (ADF), and acid detergent
lignin (ADL) were analyzed according to the
procedures of (Van Soest and Robertson, 1985).

Data Analysis
Data obtained from feeding trial, body weight
change and digestibility were subjected to the
analysis of variance (ANOVA) using General
Linear Model (GLM) procedures of statistical
analysis system (SAS 9.4). The significant
treatment means were separated using Turkeys
‘Studentized range (HSD) test. The model used
for data analysis was:
Yij = μ+ Ti + Bj + Eij
where: Yij = observation in the ith treatment
and jth block; μ = the overall mean;Ti = the ith
treatment effect; Bj = the jth block effect; Eij =
the random error.
RESULTS AND DISCUSSIONS
Chemical Composition of Treatment Feeds
The chemical compositions of experimental
feeds used in the current study are presented in
Table 1. The wheat straw (WS) used in the

Partial Budget Analysis
The partial budget analysis was done to
evaluate the economic profitability of
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current study had a DM, OM, CP and Ash were
93, 93.55, and 5.66, 11.03%, respectively. The
CP content of WS refusals were 1.8% (T1),
2.44% (T2), 1.97% (T3), 2.59% (T4), 1.34%
(T5), respectively. Lentil screening (LS) used
in the current study had DM, OM and CP

contents of 92.25, 89.48 and 26.13% CP,
respectively. The NDF, ADF and ADL
contents of LS were 24.38, 16.74 and 4.38%,
respectively. The percent DM, OM and CP of
NSC of the present finding were 91.5, 93.41
and 31.25, respectively.

Table 1. Chemical composition of treatment diets and wheat straw refusals
Feed samples
WS
LS
NSC
RB
LS+NSC (29.4:70.6)
LS+NSC (55.4:44.6)
LS+NSC (78.8:19.2)
WS refusal
T1
T2
T3
T4
T5

Chemical composition(% for DM and % for others on DM basis
DM
OM
CP
NDF
93.00
93.55
5.66
78.03
92.25
89.48
26.13
24.38
91.50
93.41
31.25
39.09
94.00
77.40
7.80
68.74
91.20
93.43
29.74
37.20
91.60
93.45
28.42
35.83
89.97
93.60
26.60
33.91

ADF
66.67
16.74
28.36
59.47
26.77
25.74
23.30

ADL
11.03
4.38
6.51
13.24
4.88
4.68
4.51

ASH
6.45
6.52
6.59
22.60
6.57
6.55
6.40

92.25
94.00
93.50
92.00

97.83
96.81
97.85
97.83

1.88
2.44
1.97
2.59

88.82
80.00
87.59
80.00

71.09
68.91
70.12
65.45

12.20
7.60
12.16
12.20

2.17
3.19
2.15
2.17

93.00

96.77

1.34

89.13

73.57

13.45

3.23

Detergent fiber; ADF= acid detergent fiber; ADL= acid detergent lignin; RB=Rice Bran; LS= lentil Screening; NSC= noug seed cake.

The NDF, ADF and ADL content of NSC in
the current study were 39.09, 28.36, and
6.51%, respectively. The DM, OM and CP
content of RB were 94, 77.4, and 7.8%,
respectively while the NDF, ADF and ADL
contents were 68.74, 59.47, and 13.24%,
respectively.

wheat straw DMintake (p<0.05) in all treatment
groups. In the current finding there was
significant different in basal diets wheat straw
DMintake at (p<0.01) in (T1) compared to the
treatment groups (T4 and T5) but not
significant
different
(p>0.05)
between
treatment (T3 and T4) and (T1 and T2). The
present study showed that as the amount of
lentil screening offered to lambs increased, the
DM intake of wheat straw decreased among the
treatments which were significantly higher
(p<0.05) in the order T1>T2>T3>T4>T.
Generally DM intake was in the order of
T5>T4>T3>T2>T1.

Dry matter and nutrient intake
The mean daily DM and nutrient intake of
Farta sheep fed wheat straw as a basal diet and
supplemented with lentil screening and noug
seed cake mixture at different level is presented
in Table 2. There was significant difference

Table 2. DM and nutrient intakes of yearling Farta sheep fed wheat straw basal diet and supplemented
with different level of lentil screening and noug seed cake mixtures
Parameters

T1

T2

T3

T4

T5

Basal DMI (g/d)

362.33c

353.53bc

340.32abc

339.49ab

333.38a

15.81

*

LS +NSCDM intake (g/d)
RB DMI (g/d)
Total DMI (g/d)

240.00
100.00
702.33d

255.00
100.00
708.53cd

269.00
100.00
716.32cb

283.00
100.00
722.49ab

297.00
100.00
730.38a

0.00
15.81

***
**

d

d

c

b

SEM
a

SL

Total DMI (g/kgW0.75)
TDMI (as %BW)
Nutrient Intake (g/d)
OMI (g/d
CPI (g/d

70.05
2.96

70.21
3.10

70.46
3.10

70.59
3.12

70.37
3.18

0.42
7.33

Ns
Ns

616.72b
102.11

632.37b
102.35

652.65a
102.65

656.18a
102.77

663.41a
102.80

15.17
0.63

**
Ns

NDFI (g/d)

438.18d

442.02cd

451.81cb

457.46ab

466.64a

9.79

**

ADFI (g/d)

334.27

340.72

343.56

357.01

361.59

10.96

**

0.51

**

1MEI (MJ/Kg DM)

5.46c

c

6.13b

c

cb

6.60ab

6.90a

ab

7.22a

a

a, b, c = means within rows having different superscript letters are significantly different at *** = P<0.001; ** = P<0.01; ns = not significant at
(P>0.05); ADF = acid detergent fiber; BW = body weight; CP = crude protein; DM= dry matter; DMI = dry matter intake; NDF = neutral detergent
fiber; OM = organic matter; RB = rice bran; SEM = standard error mean; SL = significance level;T1-T5 = treatment 1 to treatment 5.
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significant
difference
(p<0.01)
among
treatment groups. But sheep in T1 and T2 were
not significantly different (p>0.05).However;
sheep in T3, T4 and T5 were significantly
different (p<0.01) among them.

The total DM intake as percent of body weight
and DM intake per unit metabolic body weight
in the current study was not significantly
different (p>0.05) among treatments. There
were significant difference (p<0.01) among all
the treatment groups in NDF and ADF intake.
The supplement dry matter intake was
increased significantly higher at (p<0.001) as
lentil screening supplement DM increased from
0g LS at T1, 75 g LS at T2, 149 g LS at T3,
223 g LS at T4, and 297 g LS at T5. Total DM
intake in the current study was significantly
different at (p<0.01) among all treatment
groups. Higher DMI recorded on T5 and T4
that, sheep supplemented higher lentil
screening DM. The NDF intake was
significantly higher (p<0.01) in order
T5>T4>T3>T2>T1 which had similar, trend to
DM and OM intakes. The intake of NDF was
significantly different (p<0.01) for all treatment
groups and had comparable value between each
treatment. The ADF intake of the current result
showed that significant difference (p<0.01)
among treatment groups. But sheep in T1 and
T2 were not significantly different. However;
sheep in T3, T4 and T5 were significantly
different among them and from T1 and T2
shown in the Table 3. The NDF and ADF
intake of the current study also showed that

Dry Matter and Nutrient Digestibility
The DM and nutrient digestibility of yearling
Farta sheep fed wheat straw basal diet and
supplemented with different combination of
lentil screening and noug seed cake supplement
mixtures are given in Table 3. Digestibility of
DM, OM and CP were significantly different
(P<0.001) among all treatment groups. The DM
and nutrient digestibility also increased with
increasing levels of lentil screening concentrate
supplement groups. Higher DM, OM and CP
digestibility observed in T4 and T5 treatment
group’s sheep fed the increased level of lentil
screening supplementation 223 g/d at (T4) and
297 g/d at (T5). Among the treatment groups
the higher digestibility observed at (p<0.001) in
T5 sheep feed 100% lentil screening
supplementing. The digestibility of NDF and
ADF in T5 is higher (p<0.01) than the other
treatment groups (T1, T2 and T3) sheep feed
that low NSC supplement but, not statistically
varied NDF and ADF digestibility in T1 and
T2.

Table 3. Mean dry matter and nutrient digestibility by yearling Farta sheep fed wheat straw basal diet and supplemented
with different level of lentil screening and noug seed cake mixture
Parameters
Digestibility coefficient
DM
OM
CP
NDF
ADF

T1

T2

T3

T4

T5

SEM

SL

0.58d
0.56c
0.76c
0.45d
0.43c

0.59d
0.58c
0.77c
0.48c
0.44c

0.63c
0.61b
0.79b
0.54bc
0.46bc

0.68b
0.62b
0.80b
0.56b
0.52ab

0.71a
0.70a
0.81a
0.62a
0.55a

0.02
0.03
0.01
0.04
0.06

***
***
***
***
***

a,b,c,d = means within the rows having different superscript letters are significantly different at *** = p<0.001; ** = P<0.01;
ADF = acid detergent fiber; CP = crude protein; DM= dry matter; NDF = neutral detergent fiber; OM = organic matter; SEM= standard error mean;
SL = significance level;T1-T5=treatment 1 to treatment 5.

Body Weight Change and Feed Conversation
Efficiency
The body weight changes and feed conversion
of yearling Farta sheep fed wheat straw and
supplemented with different levels of Lentil
screening (LS) and noug seed cake (NSC
concentrate mix are given in Table 4. The final
body weight of sheep in the current study was
insignificant (p>0.05) in all treatment groups.
The average daily weight gain was highly

significant (p<0.01) in all treatment groups.
Sheep in T5 and T4 (p<0.01) gained
significantly higher (p<0.01) weight per day
than sheep consumed T3, T2 and T1 diets. The
highest average daily gain 76.44 g/d was
recorded in T5, followed by T4 (72.1 g/d), T3
(69.8 g/d), T2 (62.89 g/d), T1 (58.28 g/d).
Among the treatment groups, sheep in T5
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attained significantly better (p<0.01) final body
weight and average daily gain than sheep in all
other treatment groups with high levels of LS
supplement.
Based on the current finding, among the
treatments (T5) records better average daily
weight gain. This might be due to sheep
consume better amount of CP (77.6 g/d/sheep)

from lentil screening as compared to
75 g/d/sheep) from NSC in T1.
The feed conversion efficiency of sheep fed
wheat straw basal diet and supplemented with
different levels of lentil screening and noug
seed cake was significantly at (p<0.01) for all
treatment groups.

Table 4. Body weight and feed conversion efficiency of Farta sheep fed wheat straw basal diet and supplemented
with different levels of lentil screening and noug seed cake mixture
Parameter
IBW (kg)
FBW (kg)
BWC (kg)
ADG (g/day)
FCE

T1
15.76
20.76
4.84b
58.28b
0.09b

T2
15.74
21.4
5.66ab
62.89ab
0.1ab

T3
15.64
21.92
6.28a
69.8a
0.11a

T4
15.68
22.17
6.49a
72.1a
0.12a

T5
15.6
22.28
6.88a
76.44a
0.12a

SEM
1.99
2.16
0.98
9.54
0.02

SL
Ns
Ns
**
**
**

a,b means within a row not bearing a common superscript are significantly different; ***=(p<0.001);**=(p<0.01); *= (p<0.05); ns= non-significant;
SEM= standard error of mean; SL= significance level; IBW=initial body weight; FBW= final body weight; BWC=body weight change;
ADG= average daily gain; FCE=feed conversion efficiency;T1-T5=treatment 1 to treatment 5.

Feed conversion efficiency was significantly
improved (p<0.01) for all treatment groups
with the lentil screening increased. Among all
treatment groups feed conversion efficiency
was significantly higher (p<0.01) in T5 and T4

as compared to in T3, T2, and T1. Sheep
supplemented with high amount of lentil
screening had significantly better (p<0.01) feed
conversion efficiency than others treatment
groups.

Partial budget analysis
Table 5. Partial budget analysis of Farta sheep fed wheat straw basal diet and supplemented
with lentil screening and noug seed cake mixture
Variables
Purchasing price of sheep (ETB/head)
Total wheat straw consumed (kg/head)
LS and NSC mixture consumed (kg/head)
RB Consumed (kg/head)
Total concentrate consumed (kg/head)
Cost for wheat straw (ETB/head)
Cost for concentrate (ETB/head)
Total feed cost/TVC (ETB)
Total variable cost (TVC) (ETB/head)
Gross income sell price (ETB)
Total return (ETB)
Net return (ETB)
∆NI (ETB)
∆TVC (ETB)
MRR (ETB)

T1
1026.00
32.40
21.60
9.00
30.60
129.60
252.00
381.60
1407.60
1485.00
459.00
77.40
-

T2
1026.00
31.60
22.95
9.00
31.95
126.40
258.75
385.15
1411.15
1490.00
464.00
78.85
1.45
3.55
0.41

Treatment
T3
1026.00
30.20
24.21
9.00
33.21
124.80
264.69
389.49
1415.49
1500.00
474.00
84.51
5.66
4.34
5.32

T4
1026.00
29.70
25.47
9.00
34.87
118.80
282.63
401.43
1427.43
1520.00
494.00
92.57
8.06
11.94
0.32

T5
1026.00
29.25
26.73
9.00
38.73
117.00
296.36
413.36
1449.36
1560.00
534.00
110.94
18.07
21.93
1.00

ETB= Ethiopian birr; WS=wheat straw; RB= rice bran; LS=lentil screening; NSC= noug seed cake; TR= total return; ΔNR change in net return;
ΔTVC= change in total variable cost; MRR= marginal rate of return; T1-T5=treatment 1 to treatment 5.

The result of partial budget analysis in the
current study presented in Table 5 indicated
that the gross financial margin or total return
obtained in this trial 459, 464, 474, 494 and
534 ETB/sheep for sheep fed T1, T2, T3, T4
and T5 diets, respectively. Accordingly, sheep

fed on higher level of lentil screening
supplement (T5) returned a higher net income
(110.64 ETB/sheep) as compared to the other
treatment groups. On the other hand, sheep fed
the high level of NSC diet (T1) had showed
low net return as compared others
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and other material such as soil (McDonald et
al., 2010). The NDF component of wheat straw
used in the current study was higher than the
NDF values of 72% reported by Kidane et al.
(2018) respectively and comparable to the
value 79% NDF reported by (McDonald et al.,
2010). Ruminants require sufficient NDF in
their diets to maintain rumen function and
maximize production.
The DM and OM contents of the wheat straw
refusal in the present study were almost similar
among all treatments. There was a small
various among the five treatment feeds. This
might be due to the fact that experimental
sheep selected more edible portions of the basal
diet wheat straw and left the more fibrous parts,
such as stems of the straws which have higher
fiber (NDF, ADF and ADL) fractions. In line
with this, McDonald et al. (2010) also indicated
a reciprocal relationship between the protein
and fiber content. The DM value of LS in the
current study was higher than the value 89.6
DM % reported by Gezu et al. (2017) and
comparable with the 91.73% DM content of LS
reported by (Wude, 2017) and, the OM value of
LS in the present study was higher than value
84.39% OM content reported by (Wude, 2017).
The LS used in the present study had content
higher than to the CP content 23.72% reported
by Gezu et al. (2017). The CP content of LS in
the current study indicated that this feed
resource could be used as protein supplement
for small ruminants under poor quality
roughages by smallholder farmers to substitute
conventional protein supplements feed sources.
But theses variations might be due to the
efficiency of processing methods which may or
may not allow inclusion of broken and
discarded lentil, the varieties of lentil and
inclusion of cereal grains and weed seeds. The
DM content of NSC in the present study was
comparable with the DM content 92% reported
by Dessie et al. (2019). The CP content of NSC
(31.25%) used in the current study was
comparable with the values 31.55 and 31.6%
CP, reported by Diriba et al. (2013) and
Worknesh (2014), respectively.
The NDF content of NSC (39.09%) in the
current study was higher than 33 and 36.3%
NDF reported by researchers (Diriba et al.,
2013; Girma, 2013) respectively and,
comparable with 41.3 and 40.78% NDF

supplemented (72.4 ETB/sheep). The loss
could be attributed to the fact that the animals
in (T1) did not gained as much as others
supplemented groups and their body condition
was poor. Experienced people who have much
experience in buying and selling sheep were
estimated the price of sheep. Estimators judged
(T1 and T2) sheep was poor in body condition
and lowered their price. The marginal rate of
return for supplemented sheep in T2, T3, T4
and T5 were 0.41, 5.32, 0.32, and 1.00 ETB
respectively. Sheep fed the highest level of
lentil screening supplement (T5) had the
highest net income, but had the lower MRR
value as compared to T3 due to difference in
the cost of the supplement between the
treatments diet. The current finding revealed
that as lentil screening supplementation
increased the average daily body weight gain
increased. The results of this study indicated
that supplementation of poor quality diets like
wheat straw with non-conventional feeds like
lentil screening as noug seed cake improvement
the animals biological performance and also
offer a positive and higher net return. Thus,
from the overall results of this study, it would
show that supplementation with 297 g/d of
LSplus 100 g RB (T5) on DM basis could be
recommended for growing Farta sheep based
on biological performance and net return.
Chemical Composition of Treatment Feeds
The DM content of wheat straw is higher than
the DM content of 90.7% reported by
Temesgen & Yayneshet (2013) and comparable
to the DM content of 93.05% reported by
Michael & Yaynshet (2014). However, lower
than the DM content of 97.5% reported by
Kidane et al. (2018). The variation might due to
species of wheat, time of harvesting, storage
and management of wheat straw. The CP
content of the basal diet is in the current study
is higher than as compared to the CP values
3.72 and 4.7% reported by different authors
(Michael & Yaynshet 2014; Kidane et al.,
2018), respectively. The CP value recorded for
WS used in the current study was found to be
below the maintenance requirement of sheep
for microbial function (Van Soest, 1994). It is
evident that CP composition of straw various
depends on the species and, like other crop
residues, on the proportions of stems, leaves
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with increased level of supplement for Farta
and Menz sheep, respectively. The significant
total DMI among treatments might be related to
the DM of LS on feed base was greater than
NSC to balance CP composition between the
supplement of feed. But, total CP intake in the
current study was not significantly different
(p>0.05) among all treatment groups because
of the increased lentil screening supplement
DM make substitute for Noug seed cake
supplement. The current result agrees with
Gezu et al. (2017) who reported DM, OM and
CP intake by sheep increased with increasing
level of supplementation with protein and
energy diets.
The values of DMI per metabolic body weight
of sheep in all treatment groups were within the
range of (70.1-70.37 gkg-1W0.75). The result is
lower than (Dessie et al. 2019) who reported
that, 70.9-80.6 g/kg-1W0.75 for Farta sheep fed
hay and supplemented with Noug seed cake
and lentil hulls. On the higher lentil screening
supplement DMI in (T5) recorded better
metabolic body weight as compared to T1, T2
and T3 which might be due to sheep feed high
DM in T5 than T1, T2 and T3. The NDF and
ADF intake in the current result agrees with
(Michael, 2018) who reported that, total NDF
and ADF intake on, the effects of feeding dried
Acacia saligna, Sesbania sesban or Vigna
unguiculata leaves as a replacement for cotton
seed cake on production performances and
semen quality of Begait sheep.

reported earlier (Worknesh, 2014; Dessie et al.,
2019). ADF (28.36%) content of NSC in the
current study was higher than 25.95% ADF
(Diriba et al., 2013) and lower than 35.7%
ADF (Worknesh, 2014), respectively. The DM
content of RB (94%) used in the present study
was higher than DM content reported by
Alemayehu et al. (2015). The CP content of RB
(7.8%) used in the current study was
comparable with the values 8.8% CP reported
by (Alemayehu et al., 2015) and lower than 1011% CP reported by Abebaw and Solomon
(2009) and 12-14.5% CP reported by
McDonald et al. (2010). The NDF content of
RB (68.74%) was higher than the values 64.1%
NDF reported by (Alemayehu et al., 2015).
This variation of nutrient composition might
due to rice processing industries, harvesting
time of rice, handling and storage conditions of
the rice bran.
Dry Matter and Nutrient Intakes
There was increment in dry matter and
nutrients intakes in the present study mainly in
T5 and T4 which might be related to the
nutrient availability in the NSC than LS feed
sheep. The variation of fiber fractions intake
also related to higher CP and low NDF and
ADF contents of lentil screening used in the
present finding. The current result agrees with
reports of Yeshambel and Bimrew (2018) that
states there was a significant difference
(p<0.001) between T1 and T5 in terms of total
DM (TDM). Hence, supplementation of basal
diet with LS and NSC mixture significantly
increased total DM intake, but depressed the
basal diet as the combination of lentil screening
supplement increased which might be due to
the supplement satisfy the nutrient needs of the
sheep.
In the current study, wheat straw DM intake
and palatability generally is low due to the
straws have high lignin constituent which
hinder the passage rate of feed ingested DM
and longer fermentation time in the reticulum
rumen. Therefore, providing lentil screening
supplement with highest level of LS amount
(297 g/d) did not support higher total DMI
which needs alternative action to improve the
feeding value of LS. The current result agrees
with Gezu et al. (2017), reported a significant
increase in total intake of DM, OM and CP

Dry Matter and Nutrient Digestibility
The DM and nutrient digestibility of yearling
Farta sheep fed wheat straw basal diet and
supplemented with different combination of
lentil screening and noug seed cake supplement
showed increment as the levels of lentil
screening concentrate supplement groups. The
results agree with high nutrient digestibility
coefficient (0.84.41) was observed at high lentil
screening supplement by Wude (2017), lambs
fed different combinations of wheat bran and
LS mix. Also the current result in line with
grain screenings pellets are characterized by
high ruminal protein (more than 80%) and
starch (more than 90%) degradability by Lardy
et al. (2009).
The higher DM, OM and CP digestibility
observed in T4 and T5 might be due to the
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increases average daily body weight gain and
body weight change. The finding agrees with
the result of Wude et al. (2017), who reported
that higher average daily body weight gain
(ADG), final body weight FBW) and FCE were
observed for sheep consumed high CP contents
of feed. The possibilities of improving ADG,
FBW and FCE has been shown by the reports
of Dessie et al. (2019) who stated that average
daily body weight gain (ADG), final body
weight and FCE were improved by
supplementation. On the other hand feed
conversion efficiency among treatment groups
(T2 and T2), (T3, T4 and T5) had no
significant difference (p>0.05). The increased
feed conversion efficiency seemed to be related
to higher lentil screening concentration of the
supplements and the consequent increase in
body weight gain. The current finding revealed
that as lentil screening supplementation
increased the average daily body weight gain
increased, which is in agreement with the
results of Larbi and Olaloku (2005), with
increasing level of crude protein in the diets of
small ruminants there is a proportional
improvement in average daily gain and hence
growth performance.

quality of lentil screening which containing
whole and broken lentil seed, cereal grains
which used in the current study had higher CP
content as compared to the previous studies
(Lardy et al., 2009; Gezu et al., 2017) with CP
value 23.43 and 23.72% respectively. On the
other hand, the lower digestibility of DM, OM
and CP recorded at T1, T2, and T3 sheep
consumed high noug seed cake supplement as
compared to T4 and T5. The digestibility of
nutrient intake in the current result is in
agreement with Dessie et al. (2019), who
reported that digestibility of DM, OM, CP,
NDF and ADF were improved by increasing
lentil screening supplement DM levels as the
following orders, 0 g/d (T1), and 75 g/d in
(T2), 149 g/d in (T3), 223 g in (T4), and 297
g/d in (T5).The increase in CP digestibility for
the high level of lentil screening supplemented
sheep (T5) indicated that increased protein
level in the feed improved apparent protein
digestibility. The digestibility of NDF and ADF
in T5 in the present result agrees with Teklu
(2016), who reported apparent digestibility
depends on the chemical composition of the
feed like CP, NDF and ADF. The lower
digestibility of DM, OM and CP recorded in
the higher noug seed cake supplement groups
than higher lentil screening supplemented
group. This might due to noug seed cake
supplement in the current study had lower
conversion efficiency as compared to lentil
screening supplement. High CP digestibility
observed in T4 and T5 due to sheep feed higher
lentil screening supplement compared to others
treatment groups (McDonald et al., 2010).

CONCLUSIONS
The present study indicated that supplementing
yearling Farta sheep fed wheat straw as basal
diet with different levels of Lentil screening
and Noug seed cake that improved total DM
intake, digestibility of nutrients and digestible
nutrient intake which resulted in improving
biological performance of sheep. The DM and
digestible nutrient intake as well as digestibility
of nutrients which resulted in improvements of
body weight gain performance increased as the
amount of lentil screening DM increased. The
wheat straw DM intake is low as compared to
total offered due to high lignin content of the
straws. However, based on partial budget
analysis it can be recommended that,
supplementation of LS could be used as
economically
feasible
and
biologically
optimum for sheep production and used as
protein supplements.

Body Weight Change and Feed Conversion
Efficiency
The observed average daily gain in the present
result is higher than with the average daily gain
of Menz sheep (29.9-68.24 g/day/head) was
observed by Gezu et al. (2017) for sheep
supplemented with graded levels of Oats grain
and lentil screening concentrate mix. The
significantly lower records of BWC and ADG
observed in T1 and T2 might be due to the
lower lentil screening intake of sheep in T1 and
T2. The current finding indicated that increased
level of lentil screening supplementation
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Abstract
Climate change represents a major challenge for food security in the coming years, as it is causing a significant
reduction of crop yields worldwide, primarily due to the increase in the intensity and frequency of drought periods and
the progressive salinisation of irrigated farmland. The best strategy to improve agricultural production appears to be
the development of drought and salt-tolerant crop cultivars. Intensive research and promising results in recent years
show that this objective will be reached soon, applying classical breeding (supported by modern molecular tools) and
plant genetic transformation. In addition, domestication and commercial cultivation of stress-tolerant wild species will
also help increase food production. In the meantime, other strategies will contribute, even if more modestly, to enhance
stress tolerance and improve crop yields in the frame of sustainable agriculture. They could include using 'new
generation' controlled-release fertilisers to optimise plant nutrition or applying a collection of unrelated substances
and beneficial microorganisms with activity as 'biostimulants'. In this paper, some examples of these approaches will be
discussed, with reference to recent reviews for further reading.
Key words: climate change, abiotic stress, drought and salt tolerance, food security, crop yields.

INTRODUCTION

our present major crop cultivars, the expected
improvement in crop yields in the next decades
will not be sufficient to cope with population
growth, even assuming a better share of the
available resources. Even though agricultural
production is still increasing, both in absolute
and per capita terms, the increase rate has
been declining since the mid-1980s. In fact, the
global production of major cultivated species,
such as grain crops, did not increase at all
during the last ten years (Figure 1).

The current world population, about 7,900
million people, is expected to grow, reaching
almost 10,000 million by 2050. Global food
production must increase by more than 50%
over present values to feed all those people.
This target, a priori, would seem relatively
easy to reach if we look back a few decades. In
50 years, from 1960 to 2009, the human
population on earth more than doubled (from 3
x 109 to 6.8 x 109 people), and we could still
increase the (average) available food ca. 30%,
to almost 3,000 Kcal per capita per day.
Therefore, one can ask why more than 800
million people are undernourished globally,
and about 10 million are expected to die of
hunger this year (Stop the hunger, 2022).
Evidently, all that food is not evenly
distributed, with some western countries
enjoying food supplies per person two to threefold higher than many poor African countries
(FAOSTAT, 2022). Notwithstanding political
and logistic issues, one could think that a fairer
food distribution worldwide would solve the
hunger problem. However, unfortunately, if we
maintain the current agricultural practices and

Figure 1. Total global grain production from 2008/2009
to 2020/2021 (million metric tons).
Source: Statista (2022)

This paper will first describe the present and
foreseeable situation of agricultural production
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sources of genetic variability for breeding if we
need to improve other traits than yield in
response to new challenges, such as adaptation
to harsher environmental conditions (Fita et al.,
2015; Govindaraj et al., 2015; Khoury et al.,
2022). This is, in fact, the current situation as
climate change is increasing the level of
environmental stress affecting crops in the field
in many regions of the world.

in a climate change scenario, which will not
allow enhancing crop yields using the strategies
that were so successful some decades ago.
Then, different approaches that could help
reach the objective of increasing food production in the coming decades will be presented,
mostly based on the generation of drought and
salt-tolerant crop varieties better adapted to the
new environmental conditions. This review
aims to provide a broad overview of complementary strategies that can be used to improve
plant tolerance to these abiotic stresses, with a
few examples mentioned in each section. This
structure does not allow going into much detail,
but references to more specific reviews are
included for further reading.

The second 'Green Revolution'. Further
increases in crop yields and, consequently, food
and feed production were possible with the
large-scale cultivation of biotechnological
(transgenic) crops, which started in 1996.
Herbicide-tolerant (HT) and insect-resistant
(IR) soybean, maise and rapeseed (plus cotton,
as a non-food crop) represent, by large, the socalled 'first generation' of transgenic crops
providing higher average yields than their
conventional counterparts. They have been
progressively joined by other 'minor' GM crops
(sugar beet, alfalfa, papaya, squash, poplar,
tomato, potato, eggplant…) expressing the
same or additional traits (James, 2000; Paul et
al., 2018; Kumar et al., 2020; Abdallah et al.,
2021).
We should also mention the cultivation of
'second generation' GM crops with improved
nutritional properties, with the iconic 'golden
rice' (Golden Rice Humanitarian Board, 2022)
as the best-known example of both, a
successful technical achievement and a target
for anti-GMO organisations. Therefore, these
biotechnological crops may contribute to the
needed increase in food production but also
help overcome micronutrient deficiencies in
staple crops, a severe health problem in
developing countries
However, we should not forget that GM crops
have been developed from previously
improved, GR-derived varieties. Therefore,
they do not solve the drawbacks and limitations
of our present agricultural systems regarding
high-input requirements, low genetic diversity
or sustainability issues.

INCREASE IN FOOD PRODUCTION IN
THE PAST: THE 'GREEN REVOLUTION'
From the middle of the 20th century, a series of
scientific and technical advances in agriculture
allowed huge increases in crop yields, first in
staple crops such as wheat, maise and rice, later
on, extended to other species. The development
of new, more productive varieties of these
major crops constituted the basis of what was
known as the 'Green Revolution' (GR) of the
1960s and 1970s. Higher agricultural
productivity also depended on the massive use
of agrochemicals: pesticides, herbicides, and
chemical fertilisers, on the mechanisation of
labour, the increase in the area of irrigated land
and the use of greenhouses to extend the
cultivation period of many crops (Evenson &
Gollin, 2003; Pingali, 2012; Llewellyn, 2018).
The Green Revolution also had adverse effects,
not considered relevant at the time but with
critical consequences for the future. First, those
cultivars providing high yields are heavily
dependent on high-input, intensive production
practices that are not sustainable. Second,
modern industrial agriculture is based on a
narrow range of crop species and, within each
species, relatively few cultivars, which have
substituted a vast number of previously grown
genotypes. As a result, thousands of less
productive local varieties and landraces have
been lost, in many cases forever, although
some are stored in seed banks. This represents
a huge loss of genetic diversity ('genetic
erosion') and reduced opportunities to find new

REDUCTION ON FOOD PRODUCTION:
CLIMATE CHANGE AND BEYOND
Concerning food production, the situation
currently faced by agriculture (and humankind)
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naturally saline, or alkaline soils. Other possibilities to enlarge the area available for
agriculture would require using lands of high
ecological value, such as rainforests.
Unfortunately, this is already happening but
should not be promoted as a sensible solution
for the future. We also cannot increase the area
of irrigated land because not enough water will
be available; the use of low-quality, saline
water for irrigation is a growing necessity,
which is already reducing average crop yields
in many irrigated areas. In any case, improving
the productivity of conventional crops by a
large increase in the use of toxic and contaminating agrochemicals, or non-renewable
fertilisers like mineral phosphate, should not be
considered, as it would be an unsustainable
approach.
On the other hand, there is room for improving
global crop yields by increasing the (relative)
area of the current main biotech crops; that is,
HT and IR (or HT and IR stacked traits)
soybean, maise and rapeseed. Only minor
improvements are possible in the main growing
countries since the adoption rate of these
transgenic crops is already extremely high,
such as in Argentina, where practically 100%
of the cultivated soybeans are transgenic.
However, these crops could be grown in other
countries, which are not cultivating transgenic
plants at present, or have lower adoption rates;
in Spain, for example, Bt maize represents only
about 30% of all grown conventional maize
varieties. Moreover, many other biotech crops
expressing the same and other traits are
currently in development in public research
institutions and private companies, many at the
level of field trials or already grown
commercially at a small scale in different
countries. All these biotech crops will provide
higher mean yields than the corresponding
conventional cultivars, thus contributing to
increasing the amount (or, in some cases, the
nutritional quality) of the produced food
(ISAAA, 2019).
The large-scale cultivation of biotech crops
also has a negative side, as in some cases is
leading to the destruction of forests, grasslands
and other ecologically interesting areas, for
example, in Brazil and Argentina. Apart from
reducing biodiversity (and agrobiodiversity),
the problems associated with this kind of

is utterly different from 50 years ago. Climate
change has become a 'climate emergency', and
its forecasted effects are already affecting our
crops. The increase of average temperatures
worldwide and the more frequent, longer and
more intense extreme weather phenomena,
such as droughts, heatwaves, hail, heavy rains
and floods, or out-of-season frosts, all contribute to reducing the crop yields. Another
serious problem is the progressive salinisation
of irrigated cropland due to the accumulation in
the soil of toxic ions dissolved in the irrigation
water. This 'secondary' salinisation has a relatively strong effect on global food production, as
the areas cultivated under irrigation, especially
in arid and semiarid regions, represent the most
productive farmland in the world, accounting
for less than 20% of total cropland but
providing around 40% of all our food (Lobell
& Gourdji, 2012; Ray et al., 2019; Akbari et
al., 2020; Brás et al., 2021).
On the other hand, there is also a growing
limitation of the availability of good-quality
water for irrigation, not only because of lower
precipitations but also due to its increasing use
for human consumption and industry. All these
factors are causing the spreading of
desertification. Moreover, other socioeconomic
changes, such as abandonment of cultivated
fields by migration of the rural population to
big cities, or the modification in land use in
many areas due to urbanisation, industry and
tourism, are also contributing to a progressive
reduction of the land available for agriculture.
Finally, there is the need to develop more
sustainable agriculture. All actions undertaken
to improve crop yields should be carried out
without depletion of natural resources and
further degradation of the environment (Velten
et al., 2015).
'CANs' and 'CANNOTs'
Under the present circumstances, some
apparently straightforward strategies to
increase food production cannot be used. For
example, we cannot significantly increase the
area of arable land, which is actually
decreasing, as mentioned above. Marginal soils
represent a relatively large proportion of the
land surface but are not cultivable with the
present crop varieties because they are arid or
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tolerant crops will maintain yields despite the
progressive salinisation of the soil or if lowquality, brackish water is used for irrigation.
Both stress-tolerant crop cultivars will allow
extending the area available for agriculture;
recovering farmland abandoned because of
prolonged drought periods or soil salinisation.
It would also be possible to cultivate marginal
lands not previously used for agriculture
because they are naturally saline or alkaline
and do not allow the growth of our current crop
varieties. In addition, these stress-tolerant
cultivars will contribute to sustainable agriculture as they will not compete with conventional
crops for limited resources such as fertile land
and good-quality irrigation water.
The generation of drought and salt-tolerant
cultivars is not an easy task but would be
critical for food security in the decades ahead.
Therefore, all available approaches should be
considered when addressing this problem, as
briefly described in the following sections.

'monocultures' are well known, historically
(Kennedy, 1999).
In any case, unfortunately, the expected improvement of crop yields based on increasing the
area of biotech crops worldwide is not so
substantial as to allow copping with population
growth.
STRATEGIES TO INCREASE FOOD
PRODUCTION IN A CLIMATE CHANGE
SCENARIO
The higher CO2 atmospheric concentrations,
enhancing photosynthetic activity, and the
increase in average temperatures will have
some positive effects on the agriculture of
some northern areas of the world. However,
this will not compensate for the by far more
important global negative effects of climate
change, which is causing a general increase in
the level of abiotic stress affecting plants in the
field. Abiotic stresses, especially drought and
soil salinity, are the major environmental
adverse conditions that reduce agricultural
yields worldwide. Indeed, for all major crops,
average yields are generally only a fraction of
recorded record yields, and the difference is
primarily due to losses caused by abiotic
environmental stress factors during plant
growth (Table 1).

STRESS-TOLERANT CROP CULTIVARS
OBTAINED BY 'CLASSICAL' BREEDING
TECHNIQUES
Modern crop cultivars have been primarily bred
for improved yields under optimal - artificial growth conditions; that is, for industrialised,
high-input agriculture, requiring large amounts
of pesticides, herbicides, and chemical
fertilisers, and adapted to the mechanisation of
agricultural practices. Enhancing the resistance
to specific viral and bacterial pathogens has
also been a common breeding aim, relatively
simple to achieve, as this trait is often
dependent on a single resistance gene
(Anderson et al., 2010). On the other hand,
drought or salt tolerance are complex traits
depending on many different genes or QTLs
(quantitative trait loci). In addition, there are
limited sources of genetic variability for abiotic
stress tolerance, a problem exacerbated by the
'genetic erosion' derived, as a side effect, from
the Green Revolution, which caused a huge
reduction in the number of cultivated plant
varieties. Many of those neglected landraces,
local varieties and minor commercial cultivars
provided lower yields but probably were better
adapted to local, often more stressful
environmental conditions. The number of

Table 1. Yield losses (as percentage of record yields) due
to abiotic stress conditions in some major crops
(adapted from Buchanan et al., 2000)
Crop
sugar beet
potato
soybean
maize
barley
wheat
sorghum

Record
yield
(kg/ha)
121,000
94,100
7,400
19,300
11,400
14,500
20,100

Average
yield
(kg/ha)
42,600
28,300
1,600
4,600
2,000
1,900
2,800

Yield losses
(abiotic)
(%)
51
54
69
66
75
82
81

Therefore, developing new cultivars with
enhanced tolerance to salt stress and water
deficit appears to be the most promising
strategy to increase crop yields and food
production rapidly.
Drought-tolerant plants would allow reducing
yield losses under conditions of low
precipitation in rainfed farmland or limited
artificial irrigation. On the other hand, salt244

durum wheat variety (T. turgidum ssp. durum
var. Tamaroi), they were able to introgress the
Nax2 gene, encoding a Na+ transporter protein,
into the durum variety. The Nax2 protein is
located in the plasma membrane of root cells
surrounding xylem vessels, and its expression
reduced Na+ transport from the roots to the
aerial part of the plant, resulting in increased
yield under salt stress conditions (Munns et al.,
2012). Apart from specific examples, it is
relevant to mention that these molecular tools
allow designing new strategies to obtain largescale pre-breeding materials with introgressions
from wild relatives into the genetic background
of specific crops ('introgressiomics', Prohens et
al., 2017). This approach can be used, in
principle, to introduce any trait of interest
present in the wild species, not only tolerance
to drought or salinity, as shown, for example,
by the development of eggplant (Solanum
melongena) lines with introgressions from the
wild relative S. incanum (Gramazio et al.,
2017).
These and many other promising results should
make us optimistic that cultivars of the major
crops with enhanced tolerance to abiotic stress
will be developed within the next few decades,
if not years.

drought or salt-tolerant wild relatives of our
major crops, another possible source of genetic
variability, is also limited. Furthermore, even
when crop wild relatives adapted to arid or
saline habitats are known, their direct use in
breeding programmes is not possible because
of crossing barriers with the cultivated species
or the presence of unfavourable characters in
the wild species.
This situation explains why traditional breeding
has not been very successful in the past in the
development of cultivars tolerant to abiotic
environmental stress, compared to the
enhancement of other important traits, such as
yield or pathogen resistance. Nevertheless,
there are some successful examples of new
cultivars with improved tolerance to drought
(Bolaños & Edmeades, 1993; Ashraf, 2010) or
salinity (Subbarao et al., 1990; Ashraf &
O'Leary, 1996) generated by conventional
breeding techniques.
Nowadays, the breeder has access to new tools
that substantially improve the efficiency of
breeding programmes, reducing the time
necessary to develop new varieties or
overcoming crossing barriers. They include a
variety of molecular methods, such as the use
of molecular markers – for marker-assisted
selection, genetic mapping, or genetic
fingerprinting - generation of variability by
mutagenesis, or high-throughput genomic
techniques (association mapping, 'breeding by
design', genomic selection, genotyping by
sequencing, Targeting Induced Local Lesions
in Genomes…). Also, different in vitro culture
techniques can help implement breeding
programmes, for example, micropropagation
systems, in vitro pollination and embryo
rescue, somatic hybridisation, somaclonal
variation, in vitro selection, or double-haploid
production by gynogenesis or androgenesis
(through anther or isolated microspore
cultures). These and other technological
advances and their possible application to the
(relatively) rapid generation of new cultivars
tolerant to high salinity or drought have been
covered in several recent reviews (Fita et al.,
2015; Boscaiu et al., 2019; Oladosu et al.,
2019; Haque et al., 2021). As an example, we
can mention the work of Rana Munns' group in
wheat. Crossing an ancestral wheat relative
(Triticum monococcum) with a commercial

GENETIC ENGINEERING
An alternative or rather a complementary
approach to classical breeding for generating
stress-resistant crop varieties relies on genetic
transformation and the new methods of genome
editing (CRISPR/Cas9). This, however,
requires a deep understanding of the
mechanisms of plant stress tolerance to identify
and characterise genes involved in the plant
responses to drought or salinity. The rationale
behind this strategy is based on the assumption
that overexpression of those genes in transgenic
plants would activate stress response pathways
leading to enhance tolerance.
Intensive research over the last decades has
allowed elucidating a series of conserved
mechanisms activated in response to different
abiotic stresses and others specific for a
particular stress condition. Those general
defence mechanisms basically include osmotic
adjustment to compensate for the stressinduced disturbance of cellular osmotic balance
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overexpressing enzymes involved in Pro
biosynthesis, such as pyrroline-5-carboxylate
synthetase (P5CS), an effect mediated by the
large increase in Pro levels in the transgenics
(Kishor et al., 1995).
A slightly different strategy is based on the
overexpression of 'stress target' proteins, that is,
proteins that are inactivated under stress
conditions or involved in cellular processes
sensitive to stress. Increasing the levels of these
proteins in transgenic plants is expected to
counteract, at least partly, the deleterious
effects of the stress. Already 20 years ago, we
isolated two Arabidopsis cDNA clones,
encoding splicing factors of the SR-like
(Ser/Arg-rich) family, based on the phenotype
of salt tolerance conferred by their expression
in yeast; then we showed that the expression of
these genes in transgenic A. thaliana plants also
increased their tolerance to salt and water stress
(Forment et al., 2002). As shown in Figure 2,
plant growth was strongly inhibited in wild
type plants in the presence of salt, but to a
lesser extent in the transgenic line L7,
expressing one of the SR-like proteins. These
data support the idea that mRNA processing or probably RNA metabolism, in general - is
inhibited under high salinity and drought
conditions and that this process is stimulated by
the expression of the splicing factors.

and the activation of antioxidant systems to
counteract the secondary oxidative stress
caused by water deficit, high salinity, too high
or too low temperatures, and other abiotic
stressors. In addition, several 'protection'
proteins are synthesised in response to stress,
such as heat shock or LEA (late embryogenic
abundant) proteins.
The first group of responses includes the
control of ion transport and ion homeostasis at
the cellular, organ and whole plant levels; for
example, by compartmentalisation of toxic ions
in vacuoles with the parallel synthesis and
accumulation of 'compatible solutes' or
osmolytes - such as proline, glycine betaine, or
different soluble sugars and polyalcohols - in
the cytosol, to maintain osmotic balance
(Alvarez et al., 2022).
The second group of responses is dependent on
the activation of antioxidant enzymes - such as
superoxide dismutase, catalase, ascorbate
peroxidase (and other peroxidases), or
glutathione reductase - and the synthesis of
antioxidant
metabolites,
including,
for
example, phenolic compounds, particularly the
subgroup of flavonoids, carotenoids, vitamin C
or glutathione (Hasanuzzaman et al., 2020).
A large number of genes encoding proteins
involved in all processes mentioned above have
been considered as potential 'stress-tolerance'
genes and expressed in transgenic plants.
Among them, we can mention genes encoding
ion transporters, enzymes of osmolyte
biosynthesis pathways, antioxidant enzymes,
and, obviously, transcription factors involved
in the stress-induced change of gene expression
patterns. Many specific examples are described
in recent reviews (Fita et al., 2015; Wang et al.,
2016; Ahanger et al., 2017; Husaini, 2022), but
only a few will be cited here. Amongst ion
transporters, Na+/H+ antiporters of the plasma
membrane (SOS1) and the tonoplast (NHX1)
seem to play an essential role in decreasing the
concentration of the toxic Na+ in the cytoplasm
by transport to the apoplast or the vacuole,
respectively. Overexpression of the genes encoding these proteins, isolated from Arabidopsis
thaliana or other species, enhanced salt
tolerance in different transgenic plants (Zhang
& Blumwald, 2001; Shi et al., 2003).
A significant improvement in drought and salt
tolerance was also observed in tobacco plants

Figure 2. Salt tolerance of A. thaliana transgenic plants
expressing the splicing factor C-SRL1. Dry weight (DW,
g) of transgenic line L7 and wild type (wt) plants under
control conditions (-NaCl) or treated with 250 mM NaCl
(+NaCl) at different times after starting the treatment.
The values shown are the average weights of 20 plants.
(Bourgon & Vicente, unpublished results)

There are hundreds of reports of laboratory and
greenhouse studies showing how the
expression of genes involved in the processes
mentioned above can enhance salt tolerance in
transgenic plants. However, most experiments
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commercial cultivation of some of these
species would represent a complementary
approach to generating stress-tolerant crop
varieties by the strategies mentioned above,
classical breeding and genetic engineering. In
fact, it is most likely that these wild species
will be significantly more tolerant to stress than
any newly developed crop variety. Therefore,
domesticated halophytes/xerophytes could be
the basis of a more efficient 'saline' and/or 'arid'
sustainable agriculture (Fita et al., 2015;
Ventura et al., 2015; Duarte & Caçador, 2021).
People have traditionally used several of these
species as food since ancient times; for
example, in salads as raw vegetables or cooked
in different ways; also, as forage for animals.
They are collected from the wild for selfconsumption, grown in backyard gardens or
sold in local markets but are not commercially
cultivated. Therefore, we already know that the
plants are edible and would be readily accepted
by consumers. In many cases, they are also
very nutritious because of their high content in
minerals, vitamins, essential amino acids and
fatty acids, and/or antioxidant compounds.
Domestication and breeding of these species
will be necessary to improve agronomic and
commercial traits - e.g., selecting the best
genotypes, eliminating toxic or undesirable
compounds, uniformity of the harvested
product, appropriate market supply, postharvest characteristics. All these improvements
are
common
objectives
of
breeding
programmes that would be relatively easy to
achieve. The critical issue that should be
highlighted is that these plants already possess
the most challenging trait to be introduced: a
high degree of stress tolerance.
There are many examples of halophytes that
could be used as food for humans or feed for
livestock. Promising candidates are species of
the related genera Salicornia and Sarcocornia.
For example, Salicornia europaea or
Sarcocornia fruticosa (Figure 3), which are
extremely salt-tolerant (they can be grown with
seawater irrigation), have an excellent potential
for commercial cultivation as 'gourmet'
vegetables for their succulent shoots that can be
consumed fresh in salads. Another Sarlicornia
species, S. bigelovii, can be grown as an
economically attractive oilseed crop; it
provides high seed yields, containing about

have been performed using A. thaliana and
other model plants, focussing on the level of
stress resistance and not addressing, in general,
possible negative effects of the expression of
the transgenes or agronomic traits. Any
increase of tolerance accompanied, for
example, by developmental abnormalities or
substantial yield reductions, would be useless.
In any case, up to now, no salt-tolerant biotech
varieties have been commercialised.
The development of drought-tolerant transgenic
crops has been more successful. Specifically, a
maize variety expressing the CspB bacterial
protein showed higher yields than the control,
non-transgenic cultivar under water deficit
conditions (Castiglioni et al., 2008). CspB is an
RNA-binding protein that seems to act as a
chaperonin, stabilising the RNA under stress
conditions, which agrees with the data
mentioned above regarding the sensitivity to
abiotic stress of processes related to RNA
processing and metabolism. This maize
cultivar, developed by BASF and Monsanto,
has been grown commercially since 2012,
performing quite well in some USA states
commonly affected by drought. It has also been
the basis for generating other improved
varieties by traditional breeding and extending
their cultivation areas to drought-prone African
countries and other regions.
As for classical breeding, it should be expected
that genetic transformation and genome editing
will allow the development of new salt and
drought-tolerant crop cultivars in the near
future.
DOMESTICATION OF WILD STRESSTOLERANT SPECIES
Drought and soil salinity are the stressful
environmental conditions that not only cause
the most important agricultural losses
worldwide but also affect substantially the
distribution of wild plants in nature, as wild
species are generally sensitive, to a greater or
lesser extent, to these abiotic stressors.
However, a small percentage of wild taxa are
naturally adapted to very harsh environments,
such as highly saline soils (halophytes), arid
lands (xerophytes), or even to habitats
combining both conditions, e.g., saline deserts
(xerohalophytes). The domestication and
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tolerant species, halophytes and xerophytes,
show a great potential to generate economically
profitable crops for the production of industrial
products: biofuels (biodiesel from seeds' oil and
bioethanol from lignocellulosic biomass),
pharmacological, nutraceutical, medical or
cosmetic compounds. They could also be
cultivated as ornamentals, for landscaping,
protection
against
soil
erosion,
and
desalinisation or phytoremediation of saline
and contaminated soils.

30% of high-quality edible oil, rich in healthy
polyunsaturated fatty acids, mostly linoleic
acid. The seeds are also rich in protein, and,
after extraction of the oil, the seed meal can be
used as a protein supplement in animal feed,
for example, in fish or ruminant farms. Many
other salt or drought-tolerant species of
different genera (Inula, Limonium, Plantago,
Portulaca) can be added to the list of
candidates for domestication and commercial
cultivation as food crops (Fita et al., 2015).

COMPLEMENTARY APPROACHES
Applying all the strategies briefly described
above, we should be confident that new salt
and drought-tolerant crops and crop varieties
will be developed within the next few decades,
contributing to an increase in agricultural yields
and, therefore, to food security. In the meantime, some complementary approaches can
contribute, even if only modestly, to this goal.
They include cultivating traditional, neglected
crops and crop varieties, landraces or local
cultivars, completely abandoned (recovered
from seed banks) or cultivated locally at a
small scale. These varieties may be better
adapted to abiotic stress and compete under
unfavourable environmental conditions with
common, generally more productive cultivars.
Other strategies to enhance crop yields could
be based on optimising plant nutrition and
stress responses, in the frame of sustainable
agriculture, by the application of 'new
generation' fertilisers and biostimulants, as
discussed below.

Figure 3. Sarcocornia fruticosa plant in a salt marsh near
Valencia, SE Spain

Also, we cannot forget to mention quinoa
(Chenopodium quinoa), an iconic example of
this strategy, even though it cannot be
considered a 'new' crop. On the contrary,
quinoa was probably domesticated 4,000 to
5,000 years ago; however, since its cultivation
has been limited to the Andean region and at a
relatively small scale, it has not been subjected
to contemporary breeding techniques until
recently. Quinoa ecotypes show extraordinary
resistance to different abiotic stressors, such as
high salinity, drought or frost, and are adapted
to many different environments, from sea level
to high mountains. Quinoa's nutritional
properties are well-known: the seeds contain
high proportions of starch and proteins, with all
essential amino acids and are gluten-free. The
straw is also very nutritious and can be
harvested to feed livestock. During the last
decade, FAO has been promoting and
supporting the extension of quinoa cultivation
to many different countries outside South
America, considering that it can contribute
substantially to food security under climate
change conditions (Angeli et al., 2020).
The development of 'saline' and 'arid'
agriculture provides many other possibilities
not directly related to food security. Apart from
human or animal consumption, many stress-

The plants' dilemma: growing or defending
themselves
Constantly faced with limited availability of
resources - water, sunlight, nutrients - plants
must allocate them to both growth (primary
metabolism, biomass accumulation, vegetative
and reproductive development) and defence
against biotic and abiotic environmental
stressors (activation of secondary metabolism
and stress responses) (Herms & Mattson,
1992). The proportion of these resources
invested in growth and defence is genetically
determined. As a result, some species are
highly stress-tolerant and grow slowly, whereas
others can grow faster, accumulating more
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commercialising plant nutrients, on testing the
efficiency of a CRF produced by the company,
on field trials of three essential cereal crops,
wheat, rice and maize. This CRF is a ureabased N fertiliser coated with water-soluble
lignosulphonates and enriched with humic
acids as biostimulants (see below). Compared
with traditional nitrogen fertilisers (ammonium
nitrate and non-coated urea), the CRF allowed
maintaining yields with a reduction of about
20% in the N dose or slightly increasing them
at the same dose. This increase in the fertiliser
efficiency may not look spectacular, but the
main advantage of the CRF instead refers to its
effects on the soil, decreasing the
environmental impact of traditional fertilisers
due to lower N losses. Also, the CRF polymeric
coating is not synthetic but efficiently and
economically produced from the waste of paper
and wood industries. Therefore, this new
fertiliser can be considered 'eco-friendly',
contributing to a circular 'green' economy and
reducing the agriculture C-footprint (Gil-Ortiz
et al., 2021).

biomass but paying the cost of reduced stress
resistance (Figure 4). Crop species belong to
this latter category, as they have been selected
for rapid growth and high yields of the
harvested products - vegetative biomass
(leaves, tubers, roots), fruits or seeds. This
partly explains why cultivated plants are
generally more sensitive to pathogens, pests,
and abiotic stress conditions than their wild
relatives.

Figure 4. Resource allocation in stress-sensitive and
stress-tolerant plant species

Currently, much effort is being invested in
optimising plant treatments that could modulate
this resource allocation. For example, the
application of improved fertilisers and the socalled 'biostimulants' is a growing trend (and an
excellent business for the agrochemical sector)
as they can enhance the plants' nutritional
efficiency, stress resistance and even the
product quality, at the same time that yield is
also improved or, at least, not reduced.

Biostimulants
Plant 'biostimulants' are a disparate collection
of 'substances' (single compounds and mixtures
of compounds, organic and inorganic, natural
or synthetic, crude or partly purified extracts of
unknown or partially known composition) and
microorganisms (bacteria or fungi), defined
operationally by their positive effects on plants,
when applied at low doses, improving growth,
abiotic stress tolerance or even the quality of
the harvested product.
Biostimulants can be classified in different,
unrelated groups: i) amino acids and peptide
mixtures, generally produced by chemical or
enzymatic protein hydrolysis; for example,
from agricultural wastes; ii) seaweed (and
microalgae) extracts, generally crude extracts,
which could also be enriched in their
polysaccharide fraction; iii) humic and fulvic
acids, and other humic substances extracted
from the soil organic matter; iv) biopolymers
like chitosan, synthesised industrially or
prepared from natural sources; v) some
'beneficial' chemical elements, such as Se, Si or
Co, with biostimulant activity for some plant
species; vi) mycorrhizal and non-mycorrhizal
fungi; and vii) plant growth-promoting

'New generation' fertilisers
The use by the plants of conventional chemical
fertilisers is generally very inefficient. Large
amounts of fertilisers are applied to the crop,
but only a relatively small proportion is
actually taken up by the plants, the excess
resulting in soil and water contamination. This
is one of the most relevant ecological and
sustainability
problems
of
industrial
agriculture. Fertiliser companies have been
working on the development of 'new
generation' slow-release (SRFs) and controlledrelease (CRFs) fertilisers designed to overcome
this problem.
During the last years, our group has
collaborated with Fertinagro Biotech S.L., a
Spanish company dedicated to producing and
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'Darwin21'
project,
focused
on
the
"Establishment of a global knowledge base of
desert rhizosphere microbes and their use in reestablishing sustainable agricultural systems in
arid lands" (Darwin 21, 2022).

rhizobacteria (PGPRs) inhabiting the plant
rhizosphere,
and
other
beneficial
endosymbiotic bacteria (e.g., Rhizobium).
The last years have seen how the interest in
biostimulants increased exponentially. They
represent a rapidly growing business for
agrochemical
companies,
which
sell
commercial preparations of single or combined
biostimulants to the farmers as a complement
to their fertilisers.
Biostimulant selection and application has been
made chiefly on an empirical basis, and their
mechanisms of action are largely unknown.
Therefore, there is also considerable interest in
basic research on this topic, reflected on
hundreds of articles published during the last
few years, including several reviews (da Silva
et al., 2021; Fadiji et al., 2022; Monteiro et al.,
2022).
As an example of biostimulant effects on
stressed plants, we can refer to experiments
carried out in our laboratory, using Fertinagro
Biotech products on tomato plants. Preapplication of Terrabion® (an amino acid-based
biostimulant, patented by the company) or a
seaweed extract with the irrigation water
partially protected the plants subsequently
subjected to a severe water deficit stress for
seven days (Figure 5).

CONCLUSIONS AND PERSPECTIVES
Under the present climate change scenario, the
foreseeable increase in food production with
our present crop varieties will not be sufficient
to cope with population growth, due to the
associated increase in environmental stress.
Drought and salinity are the major stressors
responsible for reducing crop yields
worldwide; therefore, the most sensible
strategy to increase food production will be
developing new, salt and drought-tolerant crop
cultivars. As this is the most serious challenge
faced at present by agriculture, all possible
strategies should be applied to achieve this
goal. They include traditional breeding
programmes, now supported by a wide array of
molecular and tissue culture techniques, and
the generation of genetically modified plants.
We can also develop a sustainable 'saline' or
'arid' agriculture, based on the domestication of
wild species highly tolerant to stress. These
'new' crops will not compete with conventional
crop varieties for limited resources, such as
fertile land and good-quality irrigation water.
They could be grown in farmland abandoned
because of secondary salinisation or persistent
droughts, or even in marginal areas not
cultivated before, and with limited irrigation or
using brackish water for irrigation.
Many research lines in progress, which have
already delivered some successful examples,
support the notion that all approaches
mentioned above will result relatively soon in
the obtention of the stress-tolerant crop
varieties needed to increase food production
under climate change conditions. In the
meantime, additional strategies may also
contribute, even if only modestly, to the same
goal of enhancing crop tolerance to abiotic
stress and promoting more sustainable
agriculture. For example, recovering neglected
traditional crops or crop varieties, improving
the plants' nutritional efficiency using 'new
generation', controlled-release fertilisers, or
applying some 'biostimulants', substances or

Figure 5. Effect of pre-treatment with biostimulants on
cherry tomato plants subjected to seven days of water
stress by complete withholding of irrigation. A) control,
normally watered plants. B) water-stressed plants.
C) water-stressed plants pre-treated for ten days
with Terrabion®. D) water-stressed plants pre-treated
for ten days with a seaweed extract
(Gil-Ortiz & Vicente, unpublished results)

Notwithstanding the use of and research on
non-microbial biostimulants, beneficial bacteria
and fungi are probably attracting more
attention. In this sense, we can mention the
250

microorganisms with beneficial effects on plant
nutrition, crop quality and/or stress defence
responses.
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Abstract
Rainfall and surface water runoff are valuable resources, and this should be reflected in the way it is managed and used
in our cities and towns in Romania. It can provide beauty, enhance biodiversity, improve buildings, places, and spaces.
Also, it helps making them more adaptive and resilient to climate change, which is one of the biggest challenges in the world.
The SuDS philosophy is about maximising the benefits and minimising the negative impacts of surface water runoff
from developed areas. Moreover, SuDS are designed to manage the flood and pollution risks resulting from urban
runoff but also to contribute wherever possible to environmental enhancement and place making. With this in mind, the
multi-functionality and multiple benefits of SuDS should always be considered. Going forward, in most of the towns and
cities there are opportunities to better manage surface water - replacing the old systems that discharge rain and runoff
to the drains and sewers with new ones which capture rain, manage surface water runoff, and deliver multiple benefits.
Key words: environmental, drainage, multiple benefits, rainfall, runoff.

INTRODUCTION

the ground in urban areas tends to be less
permeable for infiltration and less vegetation
for evapotranspiration. When rain falls on
impermeable surfaces, it turns into surface
water runoff, which can cause pollution,
flooding as well as erosion issues (Wood
Ballard, 2007; Ivanescu, 2016).
If we do not change the way we design our
urban areas and manage surface water runoff
more effectively, these issues will get worse.
Moreover, climate change predictions show
that heavy rainfall and flooding will become
more frequent. Also, the continuing
development will increase urbanisation which
will reduce wildlife in urban areas.
Urbanization will lead to develop new
traditional systems to take away the water
surface runoff which can have a significant
impact for both environment and people such
as erosion, disturbance to habitats and
ecosystems, disappearance of green areas
(Digman, 2012) (Figure 1). Managing surface
water runoff by maximising its benefits can
improve the aspects of towns and cities as well
as keep safe the natural habitats and
ecosystems. Also, it is beneficial for people
lives who can have more green areas and an
improved air quality (Dickie, 2010).

Rainfall and surface water runoff are valuable
resources, and this should be reflected in the
way they are managed and used in our cities
and towns. Surface water must be managed for
maximum benefit, now and in the future. By
working together, we can integrate surface
water management into the design of our towns
and cities, protecting our environment and
creating high quality places for future
generations (Dickie, 2010; Uzen et al., 2013).
The philosophy of sustainable drainage systems
(SuDS) is primarily about maximising the
benefits and minimising the negative impacts
of surface water runoff from developed areas
(Woods Ballard, 2015). SuDS can deliver and
enhance the green space within developments
and link them to wider green networks.
Rain falls on a natural landscape and infiltrates
into the ground, evaporates, is taken up by
plants (evapotranspiration) and some of it finds
its way into streams and rivers (Abbott, 2013).
The natural water cycle maintains a balance
water circulation so these stages of the water
cycle can be impeded when land is covered by
development (Minea et al., 2015; Sandu et al.,
2015). It is well known that the availability of
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Figure 1. Impacts of urbanisation on a catchment (Woods Ballard et al., 2015)

ASSESSING THE BENEFITS OF SuDS

Implementing SuDS to the towns and cities in
Romania will come with a long list of benefits
for both environment and people as these
systems are designed to maximise the
opportunities for managing the surface water
(Wood Ballard, 2007).
There are four categories of benefits which can
be achieved by implementing SuDS such as:
• Improving of water quality as managing the
quality of the runoff to prevent pollution;
• Controlling of water quantity by supporting
the management of flood risk and
maintaining, as well as, protecting the
natural water cycle.
• Amenity by creating and sustaining better
places for people;
• Biodiversity by creating and sustaining
better places for environment.
Moreover, SuDS will provide beauty, enhance
biodiversity, improve air quality, improve

The benefits of using SuDS for both
individuals and communities are enormous
which include health improvements, wellbeing, and quality of live.
In order to maximise these benefits, surface
water management must be considered from
the start of the development planning process
and throughout the process.
SuDS may be applied to deliver effective
surface water management which are both
value of money and inspirational in various and
different ways. Depending on the opportunities
and constraints of the site, the type of
development planned and the characteristics of
the surrounding area, this can be through a
combination of components such as open
water, vegetated hard landscaped, above and
below ground (Balmforth, 2006).
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buildings, places, and spaces. Also, it helps
making them more adaptive and resilient to
climate change, which is one of the biggest
challenges in the world (Woods Ballard, 2015).

spaces as a good design of SuDS will maximise
the use of the available space by delivering
effective drainage and other facilities to help to
achieve the objectives of the site.
As examples: previous pavements can be
reused for parking areas, rain gardens can be
incorporated into traffic, detention basin may
have recreational usage, tree and garden roof
can balance the buildings temperature (Dickie,
2010) (Figure 2).

SuDS USAGE
SuDS may be used anywhere either for new
developments or redevelopments as well as it
can be retrofitted into existing developments.
Also, it can be implemented in the smallest

Figure 2. Examples of commonly used SuDS for different development types
(Woods Ballard et al., 2015)

Moreover, SuDS schemes can be delivered for
all developments which include the following
areas: high density development, steeply
sloping, flat, contaminated land, sites with high
groundwater levels, with floodplains, with low
infiltration capacity and with unstable soils
(Wood Ballard, 2007).
To have a good SuDS design and a successful
implementation, it should be considered the
following aspects:
• Considering how surface water runoff is
going to be manage on the site from the start
and integrate it in the design process;
• Put the right team together from the start of
the process in order to collect all it is needed

such as urban planning, landscape
architecture, architecture, drainage design
and environmental aspects;
• Consult with relevant stakeholders at the
start of the process, as well as the local
planning authority, environmental regulator
and those which have the responsibility for
approving and maintaining the SuDS.
SuDS DESIGN STAGE
There is a SuDS Manual (Wood Ballard, 2015)
which can be followed as a guidance for
implementing SuDS as well as a national or
local regulatory requirement.
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effectively than when served by the traditional
drainage surface water runoff systems, when
flooding may occur suddenly, when the design
capacity is exceeded (Dickie, 2010).
Moreover, SuDS will offer a more adaptable
way of draining surfaces under the threat of
both climate change and urban intensification.
SuDS can be designed to offer more flexible
capacity and they tend to have greater potential
for enhancement in the future at a reasonable
cost compared to traditional surface water
network.
During the dryness, SuDS can help by
supplementing
water
supplies
through
rainwater harvesting and reducing pollutant
discharges into receiving watercourses.
Also, SuDS can help to provide urban cooling
as hard surfaces tend to heat up during high
temperature (Figure 3). This will be useful for
people well-being and keep a balance in
temperature for buildings.

SuDS should be designed based on the below
aspects:
• Surface water runoff will be used as a
resource;
• Rainwater will be managed close its fall;
• Runoff will be managed on the surface;
• Rainwater will be allowed to soak into
the ground;
• Evapotranspiration will be promoted;
• Runoff will be slowed and stored to
mimic natural runoff characteristics;
• Contamination of runoff will be reduced
based on pollution prevention and
controlling the runoff at the source;
• Runoff will be treated to reduce the risk
of
urban
contaminants
causing
environmental pollution.
ASSESSING THE BENEFITS OF SuDS
FOR ROMANIA
There is evidence that earth’s climate is
changing due to human activities, and therefore
we need to action sooner rather than later and
assess all the opportunities we have (Abbott,
2013).
Romania has a temperate-continental climate,
but climate predictions suggest that winters
become milder and drier and springs, autumns,
summers may become much wetter than usual.
Following these weather predictions, rainfall
events will be more frequent and higher
intensity, so it is expected to increase runoff
from urban and agriculture land. This will
increase the risk of flooding, diffuse pollution,
and soil erosion, with potentially negative
impacts for the natural environment as well as
the human population.
Moreover, these impacts may increase runoff
from urban intensification/creep: increasing
density of development that increases the
impermeability of developed areas, causing
rates and volumes of runoff to rise, such as
paving over gardens, extending buildings, or
adding roads (Digman, 2014).
SuDS will offer an approach to manage the
rainfall events that exceed design conditions, so
the excess runoff may be conveyed from within
the drainage system into defined safe
exceedance conveyance pathways and storage
zones. This will enable communities to
understand and prepare for flooding more

Figure 3. SuDS providing urban cooling based on case
study from The SuDS Manual 2015
(Wood Ballard, 2015)

MAKING
DEVELOPMENTS
SUSTAINABLE

MORE

Sustainable development aims to ensure a
better quality of life for us and our next
generations. Surface water runoff can be
managed in a sustainable way through SuDS
which can come with:
• Managing the flood risk using the control of
both flow rates and volume;
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• Initiating controls in relation to pollution of
receiving watercourses from point and
diffuse sources;
• Preventing deterioration in the status of
receiving watercourses;
• Promoting sustainable water use based on
long-term protection of water resources;
• Achieving environmental objectives in a
cost-effective way.
SuDS provide a means of addressing many of
the requirements above.
SuDS also provide the means to simultaneously
support the delivery of a board range of
national and European requirements and
strategies which include those relating to:
• Flood risk management;
• Water resource management;
• Climate change resilience;
• Green infrastructure;
• Wetland creation;
• Biodiversity and wildlife;
• Carbon reduction.

• Preventing and supporting the habitats and
biodiversity using the control of flow and
contaminants to protect ecology and
morphology;
• Creating sustainable habitats using vegetated
SuDS;
• Implementing rainwater harvesting systems
to use the water resources in a prudent
manner;
• Safeguarding the water resources by
protecting the ground and surface water
quality;
• Minimising the negative effects of natural
resources during SuDS development;
• Reducing the embodied and operational
carbon in drainage systems within
manufacture.
In comparison with traditional drainage
systems, most of SuDS will use less energy and
few resources which lead to low greenhouse
gas emissions by using vegetation which can
act as carbon sinks when in use (Balmforth
2006).

CONCLUSIONS

COMPLYING WITH LEGISLATION AND
REGULATIONS

In many towns and cities from the UK, the
traditional method of drainage surface water
runoff through underground pipe and tank
storage systems is drained to a combined sewer
overflow (CSO) where it mixed with sewage.
In such systems, this can place a significant and
unpredictable burden on wastewater treatment
works (Digman, 2014).
However, in the new developments, separate
sewerage networks systems for foul and surface
water have been provided, where foul water is
piped to wastewater treatment works and the
surface water is piped to the nearest
watercourse. These separate surface water
sewers reduce the risk of CSO spills but will
transfer the pollutants present in urban runoff
from the urban surface directly to receiving
watercourse (Balmforth 2006).
In Romania, according to the legislation in
force, a sewage system can be designed as a
separative system, unitary system or mixed
(separative and unitary). After joining the EU,
there is a recommendation that new sewer
systems to be designed and executed as
separative systems, so having a separate system
for the urban wastewater and a separate system
for the rainwater.

There are regulations and legal instruments
which can be related to the management of
surface water runoff. The European Union
Water Framework Directive (Commission
2000) takes account of all different objectives
for which the aquatic environment is protected
(ecology, drinking water, health, and habitats),
and ensures that measures taken to achieve the
objectives and co-ordinated properly.
The Water Framework Directive encourages a
more sustainable approach to drainage by:
• Initiating a holistic approach to manage the
water environment, based on river basins,
integrating water quantity with water quality
considerations;
• Initiating quality objectives for all receiving
waters to achieve good status;
• Initiating a quality classification system for
surface water which includes chemical,
hydro-morphological
and
ecological
parameters;
• Initiating a quality classification system for
groundwater status and a requirement for the
quality of groundwater not to result in any
significant damage to terrestrial ecosystems;
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SuDS features in new developments and
existing urban spaces can aid mental wellbeing,
deliver health benefits, add real economic value
to a place, absorb carbon dioxide, provide
urban cooling in summer, and encourage
infiltration, reducing the burden on public
sewerage networks (Woods Ballard 2015).
The key message is that SuDS should be
designed to maximise the opportunities and
benefits which can secured from water
management.
Implementing SuDS in Romania will come
with a long list of opportunities and benefits for
both environment and humans’ lives. SuDS
also will improve the quality of life for
communities and will keep safe the natural
habitats.
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Abstract
In this preliminary screening, we assessed the antibacterial activity of in vitro obtained plant material, namely shoots of
Artemisia eriantha (Asteraceae) and callus of Ocimum basilicum L. var. ʻSpicy globeʼ, against two bacteria strains, the
Gram-positive ones including Staphylococcus aureus ATCC 25923, and Gram-negative, Escherichia coli ATCC 25922
by the plate-counting method. Artemisia sprouted on the Murashige-Skoog medium added with 1.5 mg/L
benzylaminopurine and ʻSpicy globeʼ basil developed callus on Murashige - Skook basal medium supplemented with
2.5 mg/L naphtylacetic acid (NAA). The method of using small pieces of vegetal material inoculated in Erlenmeyer
flasks on liquid Luria-Bertani medium added with standardized microbial cell suspension was not effective against the
pathogenic bacteria in the case of the Artemisia species, but the same method was efficient for basil cultivar ʻSpicy globeʼ.
Key words: in vitro Ocimum basilicum L. culture, Artemisia in vitro culture, the antioxidant activity of basil, the
antibacterial and antioxidant activity of Artemisia.

INTRODUCTION

(Dănăilă-Guidea et al., 2020), selection, and
micropropagation of germplasm lines with high
content in antioxidant phytohormones as
melatonin and serotonin (Ferrarezi & Bailey,
2019) rapid multiplication in vitro by multiple
shoot formation (Monga et al., 2014; Pattnaik et
al., 1996).
ʻSpicy globeʼ is an intraspecific form of Bush
or Greek Basil (common name) or Ocimum
basilicum minimum (Latin name), after Makri
and Kintzios (2007), beside ‘Fine Green’ and
ʻGreen Bouquetʼ, adapted to tropical warm
conditions (Simon et al., 1999). On the other
hand, Attia et al. (2011) mention the variety
characterization of Simon (1999) as a popular
hybrid between O. americanum and
O. basilicum, with a compact little bush
densely covered with small leaves containing
aroma compounds linalool, 1.8 - cineole and
methylchavicol. Essential oils containing
linalool and eugenol (Verma et al., 2011;
Taechowisan et al., 2018) increase the
antibacterial potential of basil (Silva et al.,
2016).
The significant antioxidant effect of linalool
contained in Ocimum basilicum L. increases
antibacterial activity, having a synergistic
activity with the existing standard antibiotics

It is a high commercial demand regarding
medicinal plants. Plant tissue culture technique
prevents the inconvenience of susceptibility to
infestation with bacteria, fungi, and insects,
which can influence the properties of the
preparations by growing them to a large extent
in controlled conditions in a limited time
(Monga et al., 2017). Also, natural extinction due
to the different natural and anthropogenic factors can be avoided by tissue culture of special
genotypes and chemotypes. By cloning these,
all the cells will have the same genetic heritage.
Introducing in in vitro culture and
antimicrobial activity of cultivar basil ʻSpicy
globeʼ (Ocimum basilicum)
At least 18 different cultivars of O. basilicum
are mentioned by the Herb Society of America
(Majdi et al., 2020), intraspecific variability
being a specific characteristic for basil related
to certain parameters (Attia et al., 2011). A
wide range of studies have been conducted on
the biotechnological potential of basil,
correlated with cultivar type and developmental
stage (Voicu et al., 2020), morphogenetic
response in vitro from different basil lines
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induction is 0.5 mg/L BAP and 0.25 mg/L
kinetin and repeated subculturing for rapid
multiplication of shoots with 1 mg/L BAP and
1 mg/L kinetin and 0,1 NAA (Wetzstein et al.,
2018). In vitro development of some Artemisia
species, as Artemisia absinthium seed
germination, root and shoot length, was
effectively improved by modern techniques as
metallic nanoparticles application (Shekhawat
et al., 2015). The Artemisia species present a
wide range of biological activities due to the
chemical compound as phenolic acids (Hussain
et al., 2017). The biological activities of
Artemisia species and biochemical compounds
are extensively studied ((Hussain et al., 2017).
The major compounds of the A. eriantha wild
plant identified by Milosavljevic et al. (2001)
are thujone. In vitro shoots content in
polyphenols and flavonoids of A. eriantha is
reduced compared with the wild plants (Pace et
al., 2020). Using n-hexane extract of Artemisia
parviflora leaves, Ahameethunisa and Hopper
(2012) (Milosavljevic et al., 2001) inhibited the
growth of Escherichia coli. Combined ethanol
extracts of native A. oliveriana and A. aucheri
from Iran land have an inhibitory effect on
S. aureus ATCC 33591 (Ahameethumisa &
Hoopper, 2012). Mainly native Artemisia
species were determined regarding their
antimicrobial activity. Related to in vitro
obtaining Artemisia regenerants, many studies
on Artemisia species from natural habitats
highlight their antimicrobial activity. Water,
ethanol, and methanol extracts of the
A. iwayomogi and A. princeps were evaluated
regarding antimicrobial activities (Baghini et
al., 2018). Artemisia rupestris flavonoids
chrysosplenetin, penduletin, and chrysoeriol
exhibited synergistic activity in association
with norfloxacin against Staphylococcus aureus
1199B strain (Pak & Jun-Hyun, 2019).
Based on the main author, this is the first report
on in vitro reactivity and antimicrobial
potential of ʻSpicy globeʼ basil variety and
liqueur genepi Artemisia eriantha.

(Saharkhiz et al., 2015). Also, the eugenol
component expresses strong antibacterial
activity against S. aureus (Taechowisan et al.,
2018; Silva et al., 2016; Saharkhiz et al., 2015;
Gochev & Girova, 2014). Previous studies
revealed that the response to bacterial
contamination against certain strains depends
on the cultivar type, the developmental stage in
vitro and ex situ, the differentiation process of
the vegetal tissue in vitro (Voicu et al., 2020),
the phytochemical composition of the basil
cultivars (Majdi et al., 2020), free radical
scavenging activities against Gram-positive
relative to Gram-negative bacteria (Devi et al.,
2013). Species of basil has a differential
reaction and different potential in reduction
bacterial activity. Ocimum gratissimum has
antibacterial activity against S. aureus in a
0.1% minimum inhibitory concentration (Voicu
et al., 2020). Gram-negative bacteria strains as
E. coli are sensitive to essential oil components
of Ocimum basilicum L. (Eriotou et al., 2015).
Further studies intend to develop new
biotechnologies to increase in vitro biomass to
different basil cultivars and to enhance
antimicrobial activity, to combat antibiotic
resistance (Nabrdalik & Grata, 2016) based on
essential oils content modulation using
different recipes.
In vitro micropropagation and antimicrobial
activity of Artemisia eriantha (Asteraceae)
Artemisia eriantha Ten. is an alpine phytotaxon
with protected status at the national and
European level with rich content in terpenoid
compounds as sesquiterpenes that increase with
the age of plant (Predoi et al., 2018). Artemisia
eriantha Ten. presents in natural areal a rarely
and new encountered process of ex vitro
micropropagation namely fasciation (Reale et
al., 2014). However, in vitro micropropagation
of plants presents a series of benefits. Previous
studies established direct shoot regeneration
from nodal segments of the plant to Artemisia
eriantha Ten. (Pace et al., 2020), Artemisia
vulgaris L. (Voicu, 2017), and Artemisia annua
(Jogam et al., 2020; Zayova et al., 2018).
Genotypes of Artemisia with a high potential of
producing useful substances for human health
as artimisinin are of great interest for clonal
propagation in vitro (Zayova et al., 2020). An
optimum formula for Artemisia species shoots

MATERIALS AND METHODS
Plant material

ʻSpicy globeʼ basil seeds purchased from the
store www.semintelegumeflori.ro were placed
in Petri dishes containing wet cotton-wool
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covered with paper filter discs; after germination, the plantlets were sterilized and cultured
in vitro to the laminar flow bench on the culture
media MS + 2.4 D (2 mg/L) for callus induction (Voicu et al., 2020) and subcultured on
supplemented media Murashige - Skoog with
2.5 mg/L NAA (Lan et al., 2021). Seeds of the
mature plant Artemisia eriantha Ten. harvested
by Nicoara R., researcher to the Department of
Ecology of Bucharest Institute of Biology, to
the end of August 2020 from the alpine area of
the Bucegi mountains, were placed for
germination in Petri dishes on filter paper wet
discs covering a cotton-wool layer. For
Artemisia eriantha Ten. seeds, the germination
process was stimulated by using alternatively
air conditioning flow of 15°C/20°C at an
interval of 12 hours. The plantlets served as an
inoculum source for in vitro multiplication. The
sterilization procedure used similar steps to the
method tested in the previous experiments
(Pace et al., 2020). For the in vitro shoot
induction and multiplication of Artemisia sp.,
we choosed the simplest and optimum variant
of Murashige-Skoog culture medium improved
with 1.5 mg/L benzyl-aminopurine, after the
method of Jogam et al. (2020) (Voicu, 2017).

inoculated flasks were incubated at 37ºC in
aerobic conditions, with stirring. Positive
control was prepared in parallel, differing only
by the absence of the vegetable material. After
4 h and 24 h from the contact, the number of
surviving bacteria in agar plates was counted
after 24 hours of incubation at 37ºC and was
expressed as CFU/mL. The percentage of
bacterial reduction was calculated using as
reference
the
control
treatment.
All
experiments were prepared in triplicate to
ensure data reproducibility.
RESULTS AND DISCUSSIONS
Initiation of in vitro culture and antimicrobial
activity of vegetal material
To avoid supplementary contamination of the
explants, we obtained the source of explants as
plantlets in Petri dishes on wet filter discs. The
period of germination varied considerably
between the two species, regarding the fact that
the germination of A. eriantha L. lasted 17-25
days in September and for the ʻSpicy globeʼ, 67 days, in thermal comfort. The rate of
germination was 80 % for ʻSpicy globeʼ basil
and 40 % for A. eriantha.

Test microorganisms
In this study, we investigated the antibacterial
activities of Ocimum basilicum callus and
Artemisia eriantha shoots on the Gram-positive
and Gram-negative bacteria. In vitro antibacterial studies were carried out on two bacteria
strains, the Gram-positive ones including
Staphylococcus aureus ATCC 25923, and
Gram-negative ones, Escherichia coli ATCC
25922. Both strains were grown aerobically at
37°C in Luria Bertani medium culture with the
following composition (g/L): tryptone 10, yeast
extract 5, sodium chloride 10, and agar 15.

In vitro culture of Ocimum basilicum var.
ʻSpicy globeʼ
Callus cultures of ʻSpicy globeʼ basil were
initiated on MS added with 2.4 - D auxins, as in
previous studies, to Ocimum basilicum L.
(Voicu et al., 2020) and further subcultured on
2.5 mg/L-naftylacetic acid (NAA) supplemented medium (Lan et al., 2021). Also, a
considerable yield of callus was obtained by
Nazir et al. (2020) with the addition of 5 mg/L
BAP to 1 mg/L NAA added to basal MS
medium. Spicy globe cultivar maintains its
capacity to release volatile compounds in vitro,
as ex vitro.

Determination of antibacterial activity
In vitro antibacterial activity was assessed by
the plate-counting method. 1 g of vegetable
material was weighed and cut into small pieces
under sterile conditions and distributed into a
sterile Erlenmeyer flask. To conduct the test, 25
mL of LB liquid growth medium were added
and inoculated with 0.5 mL of a standardized
microbial cell suspension (108 CFU/mL). The

In vitro shoot induction to Artemisia eriantha
L.
We succeed to obtain plantlets from mature
seeds of the Artemisia eriantha plant on wet
paper filter discs placed on Petri dishes during
17-25 days in September and to initiate in vitro
culture of Artemisia eriantha by subculturing
fragments of plantlets. The MS culture medium
supplemented with 1.5 mg/L BAP responded
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well to in vitro shoot initiation and
propagation; we obtained similar results with
these of Jogam et al. (2020) (Voicu, 2017). In
our previous experiments (Pace et al., 2020),
we used nodal segments as inoculum sources,
on a wide variety of optimised culture media
recipes, associating at least two types of plant
growth regulators (PGRs), namely BAP
(benzylaminopurine), GA3 (gibberellic acid),
and TDZ (thidiazuron) in different proportions.

reduction after 4 and 24 hours of incubation
with E. coli cells, of 20%, and 66.14%,
respectively. A similar effect was also observed
for S. aureus cells under the same treatment
conditions. Thus, a percentage of bacterial
reduction of 31% was obtained after 4 hours of
contact with the sample of plant material.
When a longer incubation was applied, the
percentage of cells reduction increased to
59.23%.

Antimicrobial activity of Ocimum basilicum
var. ʻSpicy globeʼ and Artemisia eriantha
In this study, we examined the antimicrobial
activity of Ocimum basilicum callus and
Artemisia eriantha shoots against pathogenic
bacteria to evaluate their potential as
antibacterial agents. The results of the
experiment were depicted in Figures 1 and 2.

Sample 1. Ocimum
basilicum L. var ʻSpicy
globeʼ callus obtained
on MS medium
added with 2.5 mg/L
naphthylacetic acid
(NAA)

Sample 2. Microshoots
primordia from plantlet
fragments of Artemisia
eriantha differentiated
on modified MS medium
added with 1.5 mg/L
benzylaminopurine (BAP)

CONCLUSIONS

Figure 1. Percentage of survival of S. aureus bacterium
colonies after 24 hours of incubation with different
samples of plant material

Artemisia eriantha can be micropropagated in
vitro starting from seeds of the donor plant as
well as from nodal segments, although the seed
germination process is triggered with difficulty;
generated plantlets are a source of healthy,
clean material, with young tissues, for in vitro
multiplication. The antimicrobial activity of
Artemisia eriantha micro shoots in the initial
stage of development on Murashige - Skoog
medium
enriched
with
1.5
mg/L
benzylaminopurine is not significant.
Further studies are needed to screen the
Artemisia eriantha reactivity of in vitro
formations with repeated subcultures, in order
to accumulate the compounds with antioxidant
or antibacterial properties, growing them on
different variants of enriched culture media. In
vitro differentiated spicy-globe basil formations
release volatile compounds in culture vessels
and are reactive to bacterial strains.

Figure 2. Percentage of survival of E. coli bacterium
colonies after 24 hours of incubation with different
samples of plant material

After 24 hours of contact of bacterial cells with
Artemisia eriantha shoots, no growth inhibition
was observed compared to the control sample.
In contrast, good efficacy was found for sample
1 of vegetable material, resulting in a bacterial
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