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Adaptiveness, selection and nutritional value of clonal populations of Al-
lium sativum L. ssp. sativum in the forest steppe of Ukraine

Viacheslav YATSENKO "2, Nataliia YATSENKO !, Serhii POLTORETSKYT !, Ivan MOSTOVIAK !, Na-
taliia POLTORETSKA !, Oleh LAZARIEV, Vitalii LIUBYCH !

Adaptiveness, selection and nutritional value of clonal popu-
lations of Allium sativum L. ssp. sativum in the forest steppe
of Ukraine

Abstract: The purpose of this study was to identify the de-
gree of emergence and impact on the yield of weakened shoots
of softneck forms of garlic and comprehensive study of the
parameters of adaptive variability and selection value. During
2020-2022, nine local and introduced samples of garlic were
studied in the field conditions. Research has established that
the formation of a reduced flower-bearing shoot reduces the
mass of the bulb by 7.6-31.1 %, and the yield by 6.1-38.6 %.
The results indicate that the higher the relationship between
the genetic and environmental coefficient of variation, the
higher the heritability value. The following samples were se-
lected as the starting material for further selection based on the
yield: according to adaptability and ecological plasticity — Nos.
A.s.16/16” and ‘A.s.44/17’; in terms of stability - Nos. ‘A.s.19/16;
A.s.35/16" and ‘A.s.43/17’ and samples of the intensive type -
A.s.16/16) A.s.27/16), ‘A.s.33/16” and ‘A.s.44/17, which will en-
sure high yields in optimal cultivation conditions. The obtained
data will serve as the basis for the selection research scheme
in the conditions of introduction in Ukraine. As a result of the
research, a working collection of raw material was created for
the selection of garlic.

Key words:: bulb mass, ecological variation, genetic varia-
tion, reduced scape, stability, yield
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Prilagodljivost, selekcija in prehranska vrednost klonskih
populacij ¢esna (Allium sativum L. ssp. sativum) v lesostepju
Ukrajine

Izvle¢ek: Namen te raziskave je bil dolo¢iti velikost
vznika in njegov vpliv na pridelek cesna brez cvetocih po-
ganjkov kot tudi ob$irnejsa raziskava parametrov prilagodlji-
vosti s selekcijsko vrednostjo. V rastnih sezonah 2020-2022
je bilo preucevanih devet lokalnih in tujih vzorcev cesna v
poljskih razmerah. V razsikavi je bilo ugotovljeno, da tvorba
cvetoc¢ih poganjkov zmanjsa maso cebulic za 7,6-31,1 % in
pridelek za 6,1-38,6 %. Rezultati nakazujejo, da vecje kot je
razmerje med koeficientoma genetske in okoljske variabilnos-
ti, vecja je vrednost dedovanja. Naslednji vzorci so bili izbrani
kot zacetni material za bodoco selekcijo na osnovi pridelka:
glede na prilagodljivost in ekolosko plasticnost vzorca Nos.
A.s.16/16" in ‘A.s.44/17’; glede na stabilnost vzorci Nos.
A.s.19/16, A.s.35/16” in ‘A.s.43/17 ter vzorci intenzivnega
tipa A.s.16/16) ‘A.s.27/16) A.s.33/16” in ‘A.s.44/17) ki zago-
tavljajo velike pridelke in optimalne pridelovalne razmere.
Pridobljeni podatki bodo sluzili kot osnova za nacrt selekcije
pri uvajanju v razmere pridelovanja v Ukrajini. Kot rezultat
raziskave je bila osnovana zbirka izhodiS¢nega materiala za
selekcijo Cesna.

Klju¢ne besede: masa cebulic, ekoloska spremenljivost,
genetska spremenljivost, zmanj$ani cveto¢i poganjki, stabil-
nost, pridelek
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1 INTRODUCTION

The Alliaceae family, which includes staple crops
such as onions, garlic, leeks, and chives, is the second
most important family of monocots after the Poaceae.
Garlic (Allium sativum L.) is the main crop of the family
after onion (Allium cepa L.) (Benke et al., 2020; Khanda-
gale et al.,, 2020) and was thought to have originated in
Central Asia (Seung-Hyun et al., 2021). It is well known
that garlic (Allium sativum L.) is one of the most impor-
tant bulb vegetables and is mainly used as a spice or fla-
voring agent for food products. It is used in several types
of products such as garlic oil, powder, salt, paste and
flakes.

Garlic is less effective in genetic improvement than
onions due to sexual sterility, and as a result does not
produce true seeds, so bulbs are used for vegetative prop-
agation (Tesfaye, 2021). The vast majority of the world’s
garlic genetic resources are non-flowering (Etoh and
Simon, 2002). Garlic clones that do not produce scape
are considered softneck, but hardneck types of garlic
flower on rare occasions, but did not form seed ovaries
due to underdeveloped gametophytes, which cause male
and female sterility (Singh et al., 2018). As a result, gar-
lic propagates only by cloves or air bulbils and has great
difficulties with classical breeding methods (Benke et al.,
2020). A study by Hirata et al. (Hirata et al., 2016), on
garlic cultivars worldwide, finds a diversity of garlic phe-
notypes expressing a wide variety of traits such as bulb
mass, number of bulbils per plant, bulb integuments, leaf
length, false diameter stems, the number of leaves on a
plant, ability to bloom, resistance to biotic stress and abi-
otic stress. The diversity of garlic varieties is an impor-
tant basis for the creation and introduction of new garlic
varieties for the efficient use of genetic resources and for
the improvement of breeding programs. Garlic varieties
often have specific physiological compatibility with spe-
cific agro-climatic conditions, resulting in a large num-
ber of different varieties (Mario et al., 2008). Accordingly,
it seems necessary to choose more compatible and high-
yielding varieties of garlic for the climatic conditions of
Ukraine. The low productivity of garlic is a problem for
all parties to develop cultivation technology in order to
improve quality. The use of garlic cultivation technol-
ogy that can increase productivity includes the selection
of plant population varieties. At the moment, there is a
selection of garlic to obtain high-yielding varieties that
meet the existing requirements. Garlic breeding is neces-
sary to obtain improved cultivars that are well adapted to
local environmental conditions (Zheng et al., 2007).

One of the most important areas of selection of any
crop, including winter garlic, is the detection of the reac-
tion of plants to the environment, to its stressful condi-
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tions, determination of the level of reaction of plants to
biotic and abiotic factors. In the process of growth and
development, plants constantly interact with the envi-
ronment, resulting in the process of adaptation of the or-
ganism. The process of adaptation never ends and takes
place throughout the life of the plant. The basis of adapta-
tion is variability, a property of the organism, reflecting
the mechanisms of its interaction with the environment,
it is the most important factor of evolution, which en-
sures the suitability of species and populations to chang-
ing environmental conditions. (Filipchenko, 1923).
Variability characterizes the rate of reaction of a species
to the influence of environmental factors, its ability to
adapt. Hence the purpose of selection, according to E.H.
Pivovarov. and Dobrutskaya M., consists in the creation
of genotypes that possess the desired rate of variability
(Pivovarov and Dobrutskaya, 2000). Currently, several
forms of variability are distinguished: genetic (varietal),
environmental, geographic, phenotypic. Many scientists
note the primary importance for selection of the study of
patterns of phenotypic variability. This is not an inher-
ited variability, but it must be taken into account when
obtaining varieties, since it makes it difficult to recognize
valuable genotypes. The study of population composi-
tion of varieties and ontogenesis of plants, different mor-
phobiotypes should be observed on different ecological
backgrounds. Sudden changes in environmental factors,
for example, photoperiodic or temperature regime, lead-
ing to the splitting of the population, which reveals vari-
ability in a number of characteristics and the possibility
of isolating plant morphobiotypes within it, i.e., conduct-
ing selection (Sinskaya, 1963).

This study is devoted to the manifestation of reduced
scape in garlic clonal populations, as it is known that this
phenomenon significantly reduces the marketability of
bulbs and garlic yield. Today, softneck varieties of garlic
are of great interest among industrial producers, since
the technology of their cultivation excludes a rather
expensive item of expenditure - the removal of the
scape, regardless of whether this technological operation
is carried out manually or mechanized. Therefore, the
main goal of this study was to evaluate the adaptive and
productive potential of softneck collection samples of
winter garlic and the prospects of their use in breeding
programs for the climatic conditions of the Forest Steppe
of Ukraine.

2 MATERIALS AND METHODS

In the course of 2020-2022, in the soil and climatic
conditions of the Right Bank Forest Steppe of Ukraine,
a study was conducted on the study of the adaptive
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Table 1: Origin of research clonal populations of Allium sati-
vum ssp. sativum

No. samples  country district
As.1/16 Spain Catalonia
Hloria Ukraine Zbarag
As.16/16 France Cadours
As.19/16 Ukraine Uman
As.27/16 Ukraine Mankivka
A.s.33/16 Ukraine Uman
A.s.35/16 Azerbaijan Agstafa
A.s.43/17 Ukraine Uman
A.s.44/17 Ukraine Uman

variability of the collection forms (clonal populations) of
garlic on the experimental field of the educational and
production department of Uman National University of
Horticulture.

Collected specimens of different ecological and geo-
graphical origin with distinctive morphological features
were used for the study which were selected by the ex-
pedition method, when surveying crops of landraces in
peasant farms in the respective regions of Ukraine and
Europe.

The establishment of experiments was performed by
systemically design. Repetition of the experiment - four
times. The accounting area one variant of the research
land is 100 m* Garlic planting was carried out on Octo-
ber, 10-15 according to the 45 x 6 cm scheme. Garlic was
harvested on June 20-July 2.

Data from Uman weather station served as the in-
formation base for the analysis of meteorological con-
ditions during the years of the study (2020-2022). The
course of agrometeorological factors over the years of
research created suitable conditions for the growth and
development of garlic plants.

The analysis of given data on air temperature
and amount of atmospheric precipitation during
the research period was generally characterized as
favorable for the growth and development of garlic. A
characteristic feature of the 2019-2020 agricultural year
was the elevated temperature background, insufficient
precipitation in the summer and autumn periods. A
characteristic feature of the 2020-2021 agricultural
year was a favorable temperature background and a
sufficient amount of precipitation. The total amount of
precipitation for the year was 655.7 mm, which exceeded
the long-term average by 69 mm. The weather conditions
of the 2021-2022 agricultural year were characterized
by a significantly lower level of precipitation compared

to previous years and multi-year average data, and the
temperature regime was close to the multi-year average
data (Fig. 1).

The weather conditions of the growing season of
winter garlic in 2020-2022 were not the same, so the re-
sults of the study were evaluated objectively.

Biometric measurements and indicators of indi-
vidual productivity were performed on 100 typical plants
without repetitions.

The experimental design was a systematic design

with four replicates.

2.1 GENETIC AND STATISTICAL PROCESSING
OF THE RESULTS.

A large number of methods are used to assess
adaptability. Most of them are based on the method of
regression analysis, the mathematical model of which for
determining the stability and plasticity of varieties was
calculated according to Eberhart and Russell, and is also
based on the principles of combining and transforming
the effects of the environment and the interaction of the
genotype with growing conditions. The coeflicient of
linear regression of yield of a variety shows its reaction
to changes in growing conditions. The higher the value
of the coefficient (bi > 1), the better the response of the
variety. In the case of bi < I, the variety reacts weakly
to changes in environmental conditions. Under the
condition that bi = I, there is a complete correspondence
of the change in the yield of the variety in accordance with
the change in growing conditions. Nonlinear deviations
from the regression line (¢°d - stability). The lower the
stability coefficient, the more stable the variety (Eberhart
and Russell, 1966).

The general homeostaticity of varieties (H ) was
calculated according to the formula (Khangildin, 1984).
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Figure 1: Climate chart for the study period (2020-2022)
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X
HOJH )
. . ¢
where: X — arithmetic average by grade;
o — generalized root mean square deviation.
Breeding value of the variety:
(Sr) - X % X!im’
Xﬂpl‘

where: X — arithmetic average by grade;
Xiim — limited arithmetic mean;

X

opt — Optimal arithmetic mean.

Coeflicient of multiplicity (CM). To avoid the lin-
ear artifact of the regression coefficient, V. A. Dragavtsev
in 1981 introduced a new parameter - the coefficient of
multiplicity, which allows comparing the variability of
the trait. The higher the numerical value of this coefhi-
cient, the stronger the sign changes:

Ri 4 bi-yi

Cw = T

where Xi — average value of the studied characteristic in the { variety;
bi — linear regression coefficient of 7 variety:
yi —average value for all averages for all grades yi for each j point of the experiment.

According to the method of A. O. Gryaznov, the average
index of ecological plasticity is calculated

arcy " arc " argy
n

[ ¥E, | YEa Yip J
IEP = e

where ~ YOy, YC2, YCy value of trmt {vield) in the vaniety in different years of trials; AYC),
AYC:, AYC, —average value of quality of the varicties in cach of variants of the experiment
(Gryaznov, 1996).

Coeflicient of adaptability (CA). To determine the
adaptive capacity, the coeflicient of adaptability of the va-
riety (CA) was used.

The annual adaptability coeflicient (CA) is calcu-
lated for the variety according to the formula (Zhivotkov
etal., 1994):

_ (Xif)x 100 % X)
[

A4

where Xij - yield of a certain variety in the year of testing: X —average variety yield of the year.
The absolute average coefficient of adaptability (CAA) is calculated for the variety according
to the formula:

. (XEA) % 100 % Xni)
A 00

where XiA — average yield of the variety over years of testing, Xm -multi-year average variety
yield.

Stress resistance and compensatory ability of
varieties were determined by Rossielle and Hemblin
(1981):

SR = Yum - Yoo

Yinin + Ynar

CA 2

where ¥,,;,,and ¥, ., —minimum and maximum value of the variety characteristic.

The coeflicient of variation is a relative value used to
characterize the dispersion (variability) of a feature. It is
the ratio of SD mean square deviation to the arithmetic
mean, expressed as a percentage:

4 | Acta agriculturae Slovenica, 121/1 - 2025

0
Cr==
kY
Cocflicient of variation on the following ratio scale:
CV < 10 % — variation is weak; CV 11-25 % — variation is average; CV > 25 % —variation is

significant.

In the experiments, phenotypic, genotypic and eco-
logical variability of varieties was determined (Burton et
al., 1953; Shing, et al., 1993) according to the following
formulas:

Genetic variance:

o= EMy= €M,
r
Environmental variance:
i = CM
Phenotypic variance:
af =al +ai.
CoelTicient of genotypic variation:
Iz
< x 100;
CoelTicient of phenotypic variation:
i
5 x 100
Coefficient of ccological variation:
il 100
X100

where CM,, —generalized root mean square value of the population trait; CM,. —generalized root
mean square ermor, ©— number of repetitions,

Heritahility (h”) narrow sense was calculated according to the following equation:
i
o

Heritability (according to Falconer, 1989) in a broad sense:

2

- i,
2 .. §
Falconer 2
ap

The nutritional value. Proteins, fats, carbohydrates
and ash content were determined by using standard
methods described in the procedures of the American
Organization of Analytical Chemists (International Or-
ganization of International, AOAC International) (Hor-
witz, Latimer, 2005). The crude fat was determined using
a Soxhlet apparatus (Behr R 106 S, Germany) with petro-
leum ether, according to the AOAC 920.85 methodology
(Horwitz, Latimer, 2016). The content of ash was deter-
mined by burning at 600 °C to constant mass following
procedures AOAS 923.03 (Horwitz, Latimer, 2016). The

energy was calculated by the formula:

The statistical processing of obtained results was
carried out with the calculation of arithmetic mean (X) of
the standard deviation (SD), calculated using Microsoft
Excel 2019. Correlation dependencies were determined
by using Statistica 10 Software.

To assess the quality of connection between
dependent variable and factors in the correlation-
regression model, we used the value of coefficient of the
determination based on Chaddock scale.

3 RESULTS AND DISCUSSION

The coeflicient of variation (CV) of the bulb mass
in plants that formed a reduced peduncle and those that
did not was at an average level - 16.9 and 17.7 %; the
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coeflicient of variation of the environment (CVA) in the
same variants was within high limits - 33.5 and 26.6 %
(Table 2).

For bulb mass, the relationship between the
coeficient of genetic and environmental variation (CVG/
CVA) was significant (0.43 and 0.50) both in plants
without a reduced scape and with its formation. For the
yield trait, the relationship between the coefficient of
genetic and environmental variation (CVG/CVA) was
also noticeable (0.44 and 0.53), however, the coeflicients
of variation in garlic plants that formed a reduced scape
were insignificantly higher (in terms of bulb mass and
yield). The absence of a statistical error in samples No.
A.5.19/16  and No. ‘A.s.44/17’ is explained by the fact that
some of their plants formed a reduced scape only in 2020
(data not provided), Table 2).

According to Vencovsky (1992), high performance
requires a CVG/CVA ratio close to unity or greater than
unity, because in these cases, genetic variation is greater
than environmental variation, indicating that selection

for a given trait will have the best conditions with point
of view of clonal selection.

The results shown in Table 1 indicate a low heritabil-
ity of garlic, it is higher only in the case of shoot, which is
caused by adverse environmental conditions in a specific
year of testing. The given results indicate that the higher
the relationship between the genetic and environmental
coeflicient of variation, the higher the value of heritabil-
ity.

Samples No. ‘As.16/16° and ‘A.s.44/17 were
characterized by a high mass of the bulb - 57.22 and
52.24, respectively, but they were unstable - 0°d = 3.99
and 3.03. Samples numbered ‘A.s.35/16" (0*d = 2.02),
A.s.43/17" (0*d = 2.06) and A.s.19/16” (0*d = 2.18) with a
bulb mass of 34.88-42.33 g were relatively stable. Culti-
var ‘Hloria’ with a bulb mass of 38.15 g and trait stability
of 1.93 (data not shown). Collection samples of softneck
garlic were divided into three groups: I) — with a large
bulb mass (<50 g) - samples numbered ‘A.s.16/16” and
‘A.s.44/17’; II) - average bulb mass (35-49 g) - cultivar

Table 2: Bulb mass and yield of softneck forms of clonal populations of garlic (X + SD)

Number of cloves pcs. per

Sample Mass of the bulb, g Yield, t ha™ bulb

WRS RS WRS RS WRS RS
As.1/16 40.97 +7.31 37.83+7.16 15.62 £ 2.00 14.28 £ 0.81 17+ 4.1 8£1.6
Hloria 38.15+3.72 31.23 +£9.57 14.68 + 1.63 9.01 +7.17 13+25 8+0.8
A.s.16/16 57.22 +15.90 51.80 £19.92  19.09 = 3.09 13.29 £ 3.11 16 £2.5 10+ 0.9
A.s.19/16 4233 £4.74 34.00 + 0.00 14.83 £ 1.11 12.00 £ 0.0 19+22 8£09
As.27/16 34.87 +8.97 33.87 +8.49 14.71 £ 3.47 11.89 +1.84 14+ 0.9 10+ 1.6
A.s.33/16 36.72 £ 8.85 33.63+7.53 14.63 £ 2.45 13.54 £ 1.94 13+1.7 9+1.2
A.s.35/16 38.42 +4.10 30.27 £9.43 14.82 +0.37 13.06 + 3.99 18+ 1.9 8§+1.7
A.s.43/17 34.88 +4.26 33.55+2.57 14.63 £ 1.01 13.73 £0.51 22+1.2 9+1.2
A.s.44/17 52.24+9.15 36.00 + 0.0 19.11 £ 2.31 13.50 £ 0.0 19+1.7 9+£09
X 41.76 £ 6.97 35.80 £ 8.53 15.79 £ 1.13 12.7 +1.96 16.7 8.9
o 123.8 143.4 7.9 13.6 1.7 0.5
0.2 23.0 35.6 1.6 3.8 16.0 3.0
0,2 146.7 179.0 9.4 17.4 14.3 2.4
h2 0.19 0.20 0.16 0.28 0.12 0.22
H 0.84 0.80 0.84 0.10 0.89 0.82
CVG, % 11.5 16.7 7.9 15.3 7.8 8.3
CVE % 29.0 37.4 19.4 32.9 239 19.3
CVA, % 26.6 335 17.8 29.1 22.6 17.5
CVG/CVA 0.43 0.50 0.44 0.53 0.34 0.47

Note: WRS - plants that did NOT form a reduced scape; RS - plants that formed a reduced scape.
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Hloria and samples numbered ‘A.s.19/16, ‘A.s.33/16;
‘A.s.35/16’; 1II) — with a small bulb mass (> 35 g) -
samples numbered ‘A.s.27/16” and ‘A.s.43/17 (Table 2).

Research revealed a significant decrease in the
number of clove in the bulb for plants that formed a
reduced scape. On average, this indicator decreased
from 16.7 pcs. to 8.9 pcs./bulb, which also affected the
average mass of the clove, which on average increased in
plants with a reduced scape to 4.08 g. However, statistical
analysis showed that in plants that formed a reduced
scape, the dependence of the number of clove on the
genotype (CVG, %) increased, and on the contrary,
it decreased on environmental conditions (CVA, %),
compared to varieties that did not form a reduced
scape. From which we can make an assumption that the
researched garlic varieties will form a full-fledged scape
in wild conditions. A strong linear dependence of the
average tooth mass on their number in the bulb was also
found, where r* = 0.7285 (Figure 2).

An increase (by 24-137 %) in the mass of the tooth
was noted in plants that formed a reduced scape. The
smallest difference in the change of this indicator was
found in cultivar ‘Hloria® and samples No. A.s.16/16;
A.s.33/16 and ‘A.s.44/17’ The dependence between the
coeflicient of genetic and environmental variation (CVG/
CVA) was noticeable (0.51), but too small to obtain high
productivity (Figure 3).

Analyzing the adaptive capacity in terms of yield,
samples numbered A.s.16/16” (19.09 t ha!, CA = 1.21)
and A.s.19/16’ (19.11 tha', CAA = 1.21) turned out to be
high-yielding and adaptive, however they were unstable
- 0*d = 1.76 and 1.52 and were characterized as samples
of the intensive type (bi=15.4 and 1.71), that is, only with
optimal provision of all factors, these samples will provide
high productivity. As a result of the genetic and statistical

Y =5,5839-0,1759"x

o
w

. y = 5,5839 - 0,1759"x
o 0 T~ r =-0,8535; p = 0,00001; = 0,7285

2
o

Weight of cloves, g
w w £ o
o v o wu
o
b /
O /
[
o

(]
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o,
o

20

Number of cloves pcs. per bulb

Figure 2: Point graphs and theoretical regression line for the
linear correlation between clove weight and number of cloves
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Figure 3: The average mass of tof clonal populations of Allium
sativum L. subsp. vulgare that did not form and formed a
reduced scape (2020-2022)

Note: WRS - plants that did NOT form a reduced scape; RS - plants
that formed a reduced scape.

analysis, the two most stable samples (o°d = 0.61 and
1.00) were selected - Nos. A.s.35/16” and ‘A.s.43/17" with
a yield of 14.82 and 14.63 t ha'. However, the ecological
regression coefficient indicates their negative reaction to
changes in external environmental factors (bi = 0.33 and
0.89) and weak adaptive capacity - CAA = 0.94 and 0.93.

According to yield, collection varieties of winter
garlic were grouped as follows: high-yielding - Nos.
A.s.16/16" and ‘A.s.44/17’; medium-yielding - culti-
var Hloria and Nos. A.s.1/16, A.s.19/16, ‘A.s.27/16,
A.s.33/16), ‘A.s.35/16" and ‘A.s.43/17’; stable yielders —
Nos. ® A.s.35/16, A.s.43/17” and cultivar Hloria (Table 3).

Conducting a regression analysis, the results
of which are shown in Figure 4, showed a change in
the dependence of the yield on the mass of the bulb.
According to the obtained data, the relationship between
the above indicators (according to the Chaddock scale)
in plants that did not shoot was very strong — r* = 0.8814
and decreased to the level of «no connection» in plants
that formed a reduced scape - r* = 0,0772.

With the introduction of local varieties (specimens)
of garlic, the genotype is transferred from one zone to
another, approaching or moving away from the center
of origin, which can manifest itself in the emergence
of full or weakened shoots or, conversely, the absence
of scape in varieties that previously formed a full-
fledged scape. For the most part, weakened shooting in
softneck forms of garlic manifests itself under adverse
weather conditions, in particular drought. The results
of the research on the emergence of weakened shooting
of garlic are shown in Table 4, indicating a significant
differentiation of the samples according to this feature.
Thus, among the researched collection samples of winter
garlic, cultivar Hloria and samples No. ‘A.s.19/16” and
‘A.s.44/17 stand out with the lowest percentage of plants
that formed reduced scape - from 0 to 2 % (by year)
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Table 3: Parameters of adaptive capacity and breeding value of garlic plants that did not form a scape according to the trait “yield”

Sample X CV,% o3 bi Hom Sc CM IEP SR CA CAA
As.1/16 15.62 4 1.42 0.76 87.0 14.6 1.76 0.99 -5 31 0.99
Hloria 14.68 11 1.28 -0.23 76.8 13.7 0.75 0.94 -4 28 0.93
A.s.16/16 19.09 16 1.76 1.54 129.9 17.8 2.27 1.21 -8 38 1.21
A.s.19/16 14.83 7 1.05 -0.95 78.4 13.8 -0.01 0.95 -3 29 0.94
A.s.27/16 14.71 15 1.86 2.83 77.1 13.7 4.04 0.92 -7 27 0.93
A.s.33/16 14.63 17 1.57 2.12 76.3 13.6 3.29 0.92 -6 28 0.93
A.s.35/16 14.82 3 0.61 0.33 78.2 13.8 1.35 0.94 -1 30 0.94
A.s.43/17 14.63 4 1.00 0.89 76.3 13.6 1.97 0.93 -1 28 0.93
A.s.44/17 19.11 12 1.52 1.71 130.1 17.8 2.41 1.21 -5 40 1.21

Note: CV, % - coefficient of variation; 0°d - stability; bi — coefficient of linear regression; Hom - homeostaticity; Sc - breeding value; CM - coef-
ficient of multiplicity; IEP - index of ecological plasticity; SR - stress resistance; CA — compensatory ability; CAA - absolute average coefficient of

adaptability.

and the weakest emergence of shoots — cultivar Hloria
formed a reduced scape, which broke the pseudostem of
the plant at a height of 2 to 4 cm and No. ‘A.s.44/17), in
which an underdeveloped inflorescence was visible at a
level of 0 to 15 cm. Level 0 was taken to be the placement
of an underdeveloped inflorescence under the covering
scales of the garlic bulb, which is shown in Figure 5.

In general, based on the weather conditions of a
specific growing year, it can be seen that in the years with
less moisture supply and higher temperatures (2020 and
2022), the percentage of shoot plants and the degree of
emergence of a reduced scape was the highest, which is
confirmed by a higher level of environmental variation
relative to genetic (CVG = 47.7 %; CVA = 154.2 %).
Also, the results of statistical processing indicate the
independence of this trait from the genotype, that is, a
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low level of inheritance (h?> = 0.10), from which it can
be concluded that the degree of emergence of a reduced
scape with the formation of air bulbyls does not depend
on varietal characteristics, only on the degree of selection
of the variety and environmental conditions in which the
phenotype was formed.

Analyzing the number of bulbils in the inflorescence,
their strong variation by year is noticeable (CV = 58—
73 %, data not shown). The obtained results also confirm
that environmental conditions have a greater influence
(CVA = 154.2 %) than genetic ones (CVG = 47.7 %)
on the formation of this trait.. Samples Nos. ‘A.s.33/16;,
‘A.s.35/16,and ‘A.s.43/17’ (5.6-6.4 pieces) formed a larger
number of bulbils than the average indicator by 7.5-
24.1 %. All other samples formed 0.8-23.0 % less bulbils
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Figure 4: Point graphs and theoretical regression line for the linear correlation between bulb mass and yield of garlic
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Figure 5: Zero value of the emergence of weakened shoot of garlic plants, which formed a reduced scape

Table 4: The degree of emergence of weakened scape of clonal populations of garlic

Number of plants Height at which of a

that formed r educed  reduced scape is formed, Number of bulbils pcs. per plant ~ Mass of 1000 pcs. of
Sample scape, % min-max, cm (X +SD) bulbils, g,
As.1/16 3 0-9 50+1.41 1151.6
Hloria 1 2-4 2.7 £2.05 1042.0
A.s.16/16 8 0-15 4.3+0.54 1225.7
As.19/16 1 0-6 0.0 £0.00 -
As.27/16 35 0-15 52+ 0.64 1638.0
A.s.33/16 14 0-8 56+1.23 1127.7
A.s.35/16 5 0-6 5.9 £ 0.66 966.3
A.s.43/17 4 3-11 6.4 +0.42 946.0
A.s.44/17 1 - 0.0 £0.00 -
X 8.0 0-8 3.89 1156.8
o 151.4 0.3 62994.1
sz 14.5 6.7 5232.6
GAZ 165.8 6.3 68226.7
h2 0.10 0.05 0.08
o 0.91 - 0.84 0.92
CVG, % 47.7 14.9 6.3
CVE % 161.4 66.4 22.6
CVA, % 154.2 64.7 21.7
CVG/CVA 031 0.23 0.29

than the average value, and samples No. A.s.19/16” and
‘A.s.44/17’ did not form bulbils at all.

For a mass of 1000 bulbils, CV and CVA were
at an average level. Based on the mass of 1000 bulbils,
the correlation between the coefficient of genetic and
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environmental variation (CVG/CVA) was weak - 0.29.
Regarding the mass of 1000 bulbils garlic plants presented
a very low heritability — h? = 0.08, but the heritability in
a broad sense is reliable for the purposes of comparing
characteristics and the degree of emergence of the
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trait and for predicting the results of breeding studies
(Vencovsky and Barriga, 1992). According to Stanfield
(1971), traits are considered highly heritable at a level of
heritability (h?) greater than 0.50, medium heritability —
0.20-0.50, and low heritability - less than 0.20.

From the author’s previously published data, it can
be seen that the mass of 1000 bulbils depends on their
number in the inflorescence. The number of bulbils of
softneck samples depended to a greater extent on envi-
ronmental conditions than on varietal characteristics,
which, accordingly, affected the formation of the mass of
1000 pcs. (CVG = 6.3 %; CVA = 21.7 %). A high coef-
ficient of ecological variation indicates the dependence
of this indicator on the conditions of the environment in
which it was formed.

Nutritional value of the studied garlic genotypes is
presented in Table 5. The results show that, it can be seen
that according to the set of indicators of the nutritional
value , sample cultivar ‘Hloria’ stood out with an elevated
content of protein, carbohydrates, with a low content of
fat (including essential oil), which characterizes it as a
table variety. The highest concentration of essential oil
was noted in sample No. ‘A.s.1/16} where this indicator

prevailed over other varieties by 6.31-58.36 %, that is,
according to this feature, it can be classified as a technical
variety. The minimum accumulation of essential oil was
in cultivar ‘Hloria’ - 0.26 + 0.02 mg 100 g f. m.-1, which
is 39.17 % less than the average value for all varieties,
which allows it to be classified as a table variety - fresh
consumption. Statistical processing of the data showed
a strong influence of ecological growing conditions on
the formation of this indicator. Yes, significant changes
in the dynamics of essential oil accumulation were
observed over the years, but intervarietal withdrawal was
stable - if a variety had a high concentration of essential
oil, it always had it. According to CVG and CVA, the
dependence of indicators of the nutritional value on
environmental growing conditions was revealed, which
confirms the high plasticity of garlic culture.

Table 5: Content of essential oil and the nutritional value of clonal populations of garlic (X + SD)

Essential oil, mg  Protein, g 100 g Carbohydrates, g 100  Fat, g100gf.  Energy, kcal 100 g
Sample 100 g f. m.™! f.m."! g fm.™! m.™! f.m."!
As.1/16 0.63 £0.02 528 £0.25 23.90 £0.29 0.58 £ 0.03 121.90 £ 1.74
Hloria 0.26 +0.02 5.88 £0.27 27.39 +0.39 0.29 +0.03 135.69 £ 1.71
A.s.16/16 0.37 £0.03 5.10£0.41 22,90 +£0.78 0.52 +0.01 116.64 £ 4.76
A.s.19/16 0.39+£0.02 5.30+0.19 25.52+0.95 0.28 £0.02 125.76 + 4.55
A.s.27/16 0.32+0.01 5.33+0.09 26.53 +1.09 0.36 £ 0.02 130.70 + 4.39
A.s.33/16 0.48 +0.03 538 £0.17 25.67 £ 0.41 0.30 £0.01 126.87 £1.97
A.s.35/16 0.56 +0.03 5.40 +£0.08 24.70 +0.42 0.36 £ 0.02 123.68 + 1.88
A.s.43/17 0.44 +0.02 5.50+0.18 25.53 +1.28 0.46 +0.01 128.25 £ 5.88
A.s.44/17 0.59 £0.02 524 +0.33 24.80 £ 0.91 0.52 £ 0.05 124.82 £ 4.91
X 0.43 5.38 25.22 0.41 126
o} 0.0002 0.10 2.2 0.01
o2 0.0150 0.02 0.2 0.00
o, 0.0148 0.12 2.5 0.01
h2 0.01 0.04 0.05 0.26
HE 0.99 0.84 0.98 0.91
CVG, % 3.1 2.59 1.8 3.5
CVE % 27.4 6.45 6.2 27.2
CVA, % 27.2 5.90 5.9 26.9
CVG/CVA, 0.12 0.44 0.31 0.13
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The presence of genetic variability in a culture is of
key importance for sustainable agriculture, as the im-
provement of any culture is directly proportional to the
value of its genotypic variability, the assessment of which
is primarily necessary for its effective use, especially when
old varieties are replaced by new ones. In general, garlic
shows a good genetic dispersion in terms of the number
and quality of traits, although it reproduces vegetatively
(through cloves), taking into account the future threat
of genetic erosion and the uncontrolled introduction
of new varieties, an assessment of the adaptive variabil-
ity of promising samples of softneck garlic was carried
out according to the degree of emergence of a reduced
scape, mass of 1000 bulbils, bulb mass, “yield”. Prior to
this study, many scientists (Kumar et al. 2019; Singh et al.
2014) investigated collections of varieties, local or elite
lines separately, but the number of accessions was very
much less.

The difference between garlic ecotypes was
significant for all vegetative characteristics, which
indicates their high diversity. Many studies (Stavélikovd,
2008, Polyzos et al., 2019, Anderson et al., 2014; Kirag et
al., 2022) reported a large variation in the morphological
characters of garlic, which partially or fully agreed with
the results obtained in this study. Bahadur et al., (2018),
Valter et al., (2019), Sdnchez-Virosta et al., (2021) showed
that the qualitative and quantitative characteristics of
garlic directly depend on the location of the plants in
the field, which, in turn, depends on the genotype (G),
the environment (E) and the interaction of these two
factors (G x E). Different ecotypes of garlic showed great
diversity in morphological characters, including leaf
size, plant height, bulb size, color and shape. Differences
between researchers’ results are explained by the large
variation between groups of garlic, as well as the different
effects of climatic conditions of the study site, especially
temperature and length of daylight (Kamenetsky et al.,
2004; Yatsenko, 2021).

Other researchers have reported significant
differences in vegetative and reproductive characteristics
of different garlic ecotypes (Figliuolo et al, 2001;
Gvozdanovic-Varga et al, 2002; Zahedi et al., 2007;
Sandhu et al., 2015; Sho et al., 2016). The difference in
garlic bulb mass may be related to genetic diversity and
the ability to adapt to environmental conditions (Abdel-
Razzak and El-Sharkawy, 2012, Ganesh et al., 2022).

4 CONCLUSIONS

In general, after conducting a genetic and statisti-
cal evaluation of softneck collection samples of garlic,
it was found that up to 21 % of plants at a height of up
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to 15 cm can form a reduced scape (obviously depend-
ing on the degree of selection). As a result of the evalu-
ation of garlic samples, high-yielding (Nos ‘A.s.16/16’
and ‘A.s.44/17), stable yielding (numbers ‘A.s.35/16’
and ‘A.s.43/17°), intensive (with bi >1 — ‘A.s.16/16°,
‘A.s.27/16°, ‘A.s.33/16° and ‘A.s.44/17°), selectively
valuable (Nos. ‘A.s.16/16” and ‘A.s.44/17’) and highly
adaptive (Nos. ‘A.s.16/16” and ‘A.s.44/17°). The ob-
tained results will serve as the starting material for fur-
ther selection work with promising samples selected for
a complex of economically valuable traits and the cre-
ation of domestic softneck forms of garlic
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Combining ability of parental forms, inheritance of the trait
of lycopene content in fruits of F1 tomato hybrids

Abstract: Tomatoes contain many vitamins and minerals,
and the antioxidant potential is provided by the carotenoid pig-
ment lycopene. The main direction of our research is the im-
provement of the quality of tomato fruits, the assessment of the
general and specific combining ability of five parental forms of
tomato, and the establishment of the character of inheritance.
Three medium-ripe lines (Ne492; Ne494; 1LK490) and two geno-
types (Dark Green, T-3627) with mutant genes for increased
lycopene content in fruits (hp-2%, B) were selected for diallel
crossing (5 x 5). The conducted genetic analysis showed that
the content of lycopene in tomato fruits is controlled by an
additive-dominant genetic system. The main role in the genetic
control of traits is played by the additive effects of genes, which
allows selection by phenotype, starting from the second hybrid
generation. Inheritance of lycopene content in tomato fruits
occurs by the type of incomplete dominance. A high (posi-
tive assessment of the effects) of the general combining ability
(GCA) according to the content of lycopene in tomato fruits
over the three years of research had the Dark Green genotype
(0.48-0.54), the LK 490 line (0.26-1.68), genotype T-3627 (0.38-
1.09)—for two years.

Key words: tomato, combining ability, lycopene content
in fruits, hybrid, breeding
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Kombinacijska sposobnost starsevskih oblik F1 krizancev
paradiznika za dedovanje lastnosti vsebnosti likopena vplo-
dovih

Izvlecek: Paradiznik vsebuje mnogo vitaminov in min-
eralov, njegov antioksidacijski potencial daje vsebnost ka-
rotenoida likopena. Glavni namen raziskave je bil preuciti
moznost izbolj$anja kakovosti plodov, oceniti sposob-
nost splos$ne in posebne kombinacijske sposobnosti petih
starSevskih oblik paradiznika in ugotoviti nac¢in dedovanja.
Tri linije s srednjo zgodnostjo zorenja (Ne492; Ne494; LK490)
in dva genotipa (Dark Green, T-3627) s spremenjenimi geni
za povecanje vsebnosti likopena v plodovih (hp-2%, B°) so bili
izbrani za dialelno krizanje (5 x 5). Genetska analiza je poka-
zala, da je vsebnost likopena v plodovih paradiznika uravna-
vana z aditivno-dominantnim sistemom dedovanja. Glavno
vlogo pri uravnavanja te lastnosti imajo aditivni udinki
genov, kar omogoca izbor fenotipov z za¢etkom v drugi gen-
eraciji krizancev. Dedovanje vsebnosti likopena v plodovih
paradiznika popteka z nepopolno dominanco. Veliko splosno
kombinacijsko sposobnost (GCA), ocenjeno po pozitivnih
ucinkih glede na vsebnost likopena v plodovih je imel v treh
letih poskusa genotip Dark Green (0,48-0,54), linija LK 490
(0,26-1,68) in genotip T-3627 (0,38-1,09) sta to izkazala v
dveh letih.

Klju¢ne besede: paradiznik, kombinacijska sposobnost,
vsebnost likopena v plodovih, krizanec, zlahtnenje
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1 INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the most
popular fresh vegetables on the world market and occu-
pies a leading position in industrial production (Costa
& Heuvelink, 2018; Selvaggi et al., 2021). The health
benefits of tomatoes are confirmed by scientific research
and human experience. They are the main source of the
antioxidant lycopene, which helps in the treatment of
many diseases, and also contain easily digestible carbo-
hydrates, pectin substances, rich in vitamins (Poobalan
et al,, 2019; Madia et al., 2021; Akbari et al., 2022). They
have antibacterial and anti-inflammatory effects, regulate
the work of the nervous system, they contain a certain
amount of phytoncids (Raiola et al., 2014; Sachdeva et al.,
2020). Not only this, but they are the main raw material
for the cannery industry, as well as active consumption in
fresh form for salads and other dishes (Wang et al., 2022;
Meng et al., 2022).

Lycopene is a powerful antioxidant and phytonutri-
ent which plays a major role in human life (Arain et al.,
2018; Liang et al., 2019; Imran et al., 2020; Li et al., 2021).
It has a positive effect on the body’s metabolic processes,
activates brain activity, normalizes digestive tract activ-
ity, improves liver, kidney and genital functions (Sun
et al., 2021; Arballo et al., 2021; Abenavoli et al., 2022).
According to research, the bioavailability of lycopene in
heat-treated tomatoes (tomato pastas, sauces, ketchups)
increases compared to fresh tomatoes, which makes it
particularly useful for processing (Vitucci et al., 2021;
Wau et al,, 2022; Tchonkouang et al., 2022).

Currently, there is a worldwide trend towards a
healthy diet that is increasing demand for quality prod-
ucts, including tomatoes. The creation of varieties and
hybrids with an increased content of lycopene is impor-
tant to ensuring consumer demand. Our research aims
to involve accessions with hp-2%, B° mutant genes in the
breeding process schema, that provides high-value geno-
types for future work. The prospects of this direction of
research are determined by the successful expansion by
scientists of the gene pool of tomato varieties and hybrids
with an increased content of lycopene in the fruits.

2  MATERIALS AND METHODS

The basis of our research was the identification of
parental forms with high combining ability and carrying
out genetic analysis to establish the parameters and char-
acter of inheritance of lycopene content in tomato fruits.

The research was carried out in 2017-2019 at the ex-
perimental field of the Cherkasy research station of the
National Scientific Center «Institute of Agriculture of
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the National Academy of Agrarian Sciences of Ukraine»
(Kholodnyanske) (49°N at 31°52' E), Ukraine.

The basic material for the study was five parent
forms: lines Ne492, Ne494, LK490, genotypes Dark Green,
T-3627 and twenty F hybrids obtained according to the
complete diallel scheme. Experiments were conduct-
ed according to the one-factor method of Dospekhov
(1985). Analysis of data on lycopene content in fruits was
carried out using diallel and genetic analysis (Yates, 1947;
Hayman, 1954; Jinks, 1954; Fedin, 1970). Combining
ability (general and specific) was determined according
to the first scheme of Griffing (1956).

Determination of lycopene content in tomato fruits
was carried out according to the simplified method of
determination of lycopene by LK. Murry “Methods of
biochemical research of plants” (Ermakov et al., 1952).
Tomato fruits for research were selected in the phase of
full ripeness. Powdered anhydrous sodium sulfate Na-
,SO, was used as an adsorbent. Extraction of lycopene
from plant material was carried out with a mixture of
hexane-acetone (96:4). Indicators were determined on a
spectrophotometer using two scales, 451 and 503. Statis-
tical analysis of the results was performed according to
the methodology formula in three repetitions (Barrett &
Anthony, 2000; Brandt at al., 2003; Anthony & Barrett,

2006; Alda at al., 2009).

3 RESULTS AND DISCUSSION

Over three years of research, significant differences
between the options have been established, one can ex-
pect unequal content of lycopene in fruits, differences in
the combining ability (general or specific) of the studied
parental components (Table 1).

It was established that high lycopene content was in
LK490 line (4.7-11.0 mg 100 g*'), Dark Green genotype
(6.6-10.6) and T-3627 (5.6-8.1 mg 100 g*). The lowest
content in line Ne492 (1.7-4.0) and Ne494 (2.1-4.2 mg
100 g') (Table 2).

Average indicators of lycopene content in hybrids
with the participation of the LK490 line (3.2-8.2 mg
100 g), Dark Green genotype (3.5-7.1) and T-3627 (3.4-
6.7 mg 100 g') exceed the average group indicators for
parental components. At the same time, hybrids with the
participation of lines Ne492 and Ne494 showed lower in-
dicators compared to the average group. The difference
between the average indicator of F, and the average indi-
cator of the original forms is negative (during the three
years of research), that is, the lower expression of the trait
dominates.

The conducted analysis of variance of combining
ability (Table 3) indicates reliable differences in general
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Table 1: Analysis of variance of lycopene content in tomato fruit

Years Type of scattering ~ Sum of squares  Degree of freedom Middle square F calc. F rabl.
General 342.7 74

2017 Repetitions 0.2 2
Options 333.7 24 13.9* 76.4 1.74
Residual 8.7 48 0.2
LSD,, 0.7
General 142.3 74

2018 Repetitions 1.1 2
Options 124.4 24 5.2* 14.8 1.74
Residual 16.8 48 0.4
LSD,, 1.0
General 169.5 74

2019 Repetitions 2.1 2
Options 142.7 24 6.0* 11.5 1.74
Residual 24.7 48 0.5
LSD 1.2

05

* Significant at 5 % level

Table 2: Average value of lycopene content in tomato fruits
in the parental lines, genotypes, (*P) and hybrids (*F")), mg
100 g

Years of research

Lines, 2017 2018 2019
genotypes P F1 P F1 P F1
Ne492 4.0 55 1.7 26 4.0 4.5
Ne494 4.2 56 2.1 22 33 4.6
LK490 11.0 82 4.7 32 76 6.2
Dark Green 106 7.1 66 35 69 6.1
T-3627 8.1 62 5.6 34 74 6.7
X 7.6 6.5 4.1 3.0 59 5.6
LSDO5 0.71 0.99 1.20

and specific combining ability. In addition, a significant

reciprocal effect was found in 2017 and 2018.

The genotype Dark Green (0.48-0.54) and the line
LK490 (0.26-1.68) had a high (reliable positive assess-
ment of effects) general combining ability (GCA) for
lycopene content in fruits over three years of research.

Genotype T-3627 had high positive values of GCA for
two years of research (0.38-1.09) (Table 4).

Lines Ne492 and Ne494 had low (significant negative
effect) GCA values—(from minus 1.13 to minus 0.33) and
(from minus 1.08 to minus 0.79), respectively, so it is un-
desirable to use them for creating heterotic hybrids.

As a result of the conducted research, reliable dif-
ferences in specific combining ability (SCA) were es-
tablished. To identify lines and genotypes with high or
low SCA, the variance for each parental component was
calculated for comparison with the overall average value
(Table 5).

High reliable values of SCA were observed in two
years of research in Dark Green and T-3627 genotypes,
and in one year in line LK490.

The variances of the effects of general (6;) and spe-
cific (§,?) combining ability were compared. It was estab-
lished that in line Ne494 for three years of research, line
Ne492 for two years of research, genotypes Dark Green,
T-3627, line LK490 for one year, the variance of GCA is
greater than the variance of SCA, which indicates the su-
periority of additive effects of genes in the genetic con-
trol of the trait “lycopene content in fruits”. This makes it
possible to recommend selection in the breeding process
by phenotype. At the same time, a significant contribu-
tion of non-additive effects was revealed, as evidenced by
the superiority of SCA variance over GCA in genotypes
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Table 3: Analysis of variance of the combining ability of lycopene content in tomato fruits

Years Type of scattering Sum of squares ~ Degrees of freedom Middle square F calc. F tabl.
Hybrids 333.7 24 13.9* 76.4 1.79
2017
GCA 50.4 4 12.6* 208.0 2.61
SCA 25.6 10 2.6% 423 2.08
Reciprocals 35.2 10 3.5% 58.0 2.08
Residual 2.9 48 0.1%
Hybrids 124.4 24 5.2* 14.7 1.79
2018
GCA 11.8 4 3.0* 25.3 2.61
SCA 21.2 10 2.1% 18.1 2.08
Reciprocals 8.5 10 0.9* 7.3 2.08
Residual 5.6 48 0.1*
Hybrids 142.7 24 5.9* 11.8 1.79
2019
GCA 42.4 4 10.6* 63.2 2.61
SCA 2.4 10 0.2* 1.4 2.08
Reciprocals 2.7 10 0.3* 1.6 2.08
Residual 8.1 48 0.2%

* Significant at 5 % level

Table 4: Evaluation of effects of general combining ability
(GCA) of lycopene content in tomato fruits

Lines,

Years

genotypes 2017 2018 2019
Ne492 -1.01* -0.33* -1.13*
Ne494 -0.90* -0.79* -1.08*
LK490 1.68% 0,26* 0.60%
Dark Green 0.54* 0,48* 0.52*
T-3627 -0.30* 0.38% 1.09*
LSDO05 0.14 0.19 0.23

* Significant at 5 % level

of Dark Green, T-3627, line LK490 over two years of re-
search.

Genetic analysis by Hayman (1954), Jinks (1954)
did not reveal an epistatic interaction of genes, the con-
tent of lycopene in fruits is determined by an additive-
dominant genetic system (Fig. 1-3).

This is confirmed by the high significance of indi-
cators D and HI, which characterize the variability of
lycopene content in tomato fruits (Table 6). The values
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HI and H2 are unequal, which indicates the presence of
alleles that are unevenly distributed among the parental
components. The value of H2/4HI indicator deviates
from the level of 0.25 and is 0.17-0.18, which indicates
an unequal number of genes with dominant and reces-
sive alleles in the parental components. The parameter

i ranged from 1.03-2.90, which indicates a more

pronounced effect of dominant gene alleles in the studied

lines and samples.

The value of parameter D, which measures additive
variability in the population, was higher compared to
values of HI, which measures the dominant variability
over two years of research. Values HI > H2, which in-
dicates an unequal ratio of positive and negative effects.

Positive reliable values of F (F > 0) indicate a more
pronounced influence of dominant alleles in the set of
studied lines and samples.

Over two years of research, the average degree of
dominance was 0.33-0.82. The regression line crosses the
positive part of Wr axis, so it is possible to claim incom-
plete dominance at all loci. In 2018, there was a tendency
to dominate, but it is unreliable.

The parameter h2/H2 is determined in case of a
significant difference. Such a difference was observed in
2017 and 2018. This made it possible to calculate the val-
ue of this indicator, which is 7.96 and 11.56, respectively.
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Table 5: Estimation of variances of general combining ability (GCA) and specific combining ability (SCA) for lines and genotypes

of lycopene content in tomato fruits of 2017-2019

Lines, genotypes  Years Nod94 LK490  Dark Green T-3627 8, 8,2
2017 0.18 0.68* -0.23 -0.15 0.10 1.01
92 2018 0.04 0.23 -0.45* 0.85* 0.16 0.09
2019 -0.09 -0.27 -0.02 -0.23 -0.09 1.26
2017 0.39* -0.34* 0.34* 0.06 0.80
Ned94 2018 -0.01 -0.09 -0.63* 0.01 0.60
2019 -0.11 -0.10 0.45 -0.07 1.15
2017 -1.10* -1.06* 0.69* 2.81
LK490 2018 -0.73* -0.67* 0.17 0.05
2019 -0.37 -0.10 -0.07 0.34
Dark Green 2017 -1.32% 0.74* 0.28
2018 -1.38* 0.57* 0.21
2019 0.22 -0.08 0.25
2017 0.71* 0.08
1-3627 2018 0.78* 0.12
2019 -0.05 1.17
Average value 2017 0.46
2018 0.34
2019 -0.07

* Significant at 5 % level -Note. 5512 - variance of the effect of specific combining ability; Sgiz—variance of the effect of general combining ability.

Wr 200 7

Figure 1: Graph of the dependence of Wr by Vr content of ly-
copene in tomato fruits, 2017 1-Line Ne492; 2-Line Ne494; 3 -
Line LK490; 4 - Genotype Dark Green; 5 - Genotype T-3627.
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Figure 2: Graph of the dependence of Wr by Vr content of
lycopene in tomato fruits, 2018 1-Line Ne492; 2-Line Ne494;
3-Line LK490; 4-Genotype Dark Green; 5-Genotype T-3627.
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Figure 3: Graph of the dependence of Wr by Vr content of
lycopene in tomato fruits, 2019 1 - Line Ne492; 2-Line Ne494;
3-Line LK490; 4 - Genotype Dark Green; 5-Genotype T-3627.

That is, the studied parental components differed among
themselves from eight to twelve groups of genes, demon-
strating the dominance effect.

The highest indicators of the F parameter, which re-
flects the relative contribution of additive and dominant

Table 6: Genetic parameters of lycopene content in tomato fruits

gene action to the phenotypic manifestation of the trait
in F, hybrids, were obtained in 2017, the lowest in 2019
(Table 7).

Lines Ne492 and Ne494, LK490, genotype T-3627
had reliable positive effects in two years of research,
in one year — Dark Green genotype. This indicates the
dominance of dominant alleles in the indicated lines and
samples, one year recessive alleles prevailed.

The correlation coefficient between the average val-
ues of lycopene content in tomato fruits of parents (¥p)
and the sum (Wr + Vr) in 2017 and 2018 was 0.21-0.67
(Table 8). Values of high positive correlation indicate the
increasing of the trait by recessive genes. A negative im-
plausible value of the correlation coeflicient in 2019 indi-

cates the absence of a dominant direction.

The theoretical valuesof W, +V, and W_+V
for lines and genotypes carrying all dominant and reces-
sive alleles were determined on the basis of the correla-
tion coefficient between the average values of parental
component traits in parents (¥p) and the sum (Wr + Vr).
A line or sample that theoretically had all dominant al-
leles was characterized by the value W, + V. - 6.13
(2017); 2.08 (2018) and 5.85 (2019). The theoretical value

of W _+V _ of the parental component with the largest

Years

Parameters 2017 2018 2019

D 11.28 £ 0.81 4.57 £ 0.65 4.07 £0.03
F 8.73 £2.02 493 +1.63 0.04 £ 0.06
H 7.52 £2.06 5.58 + 1.66 0.43 £ 0.06
H, 5.00 £ 1.98 4.00 £ 1.60 0.14 £ 0.06
h? 39.70 £ 1.34 46.25 + 1.08 2.04 £ 0.04
E 0.06 £ 0.33 0.12+0.27 0.17 £ 0.01
Hl/D 0.67 1.22 0.11
VH,/D 0.82 111 0.33
H,/4H, 0.17 0.18 0.08

VAH 1+F 2.80 2.90 1.03

Jag 1-F
h*/H, 7.93 11.56 14.14
Conditionally dominant(CD) 6.13 2.08 5.85
Conditionally recessive( CR) 11.65 9.96 5.84
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Table 7: Estimation of the direction of dominance (F) by
lycopene content in tomato fruits for each parental forms and
their hybrids

. Years
Lines, geno-
types 2017 2018 2019
Ne492 8.19+2.75% 5.08+222% 1.93+0.09%
Ne494 9.35+2.75% 8.78 £2.22*% -1.00 £ 0.09*
LK490 10.60 + 2.75% 7.53 £2.22* -1.69 £ 0.09*
Dark Green 1.33 +2.75% -1.24 +2.22* -0.28 + 0.09*
T-3627 14.17 £ 2.75% 4.49 +2.22% 1.21 +£0.09*

* Significant at 5 % level

number of recessive genes was 11.65 (2017); 9.96 (2018)
and 5.84 (2019).

With the help of regression graphs (Fig. 1-3), we
obtained more complete information about the manifes-
tation of dominant and recessive effects.

According to the results of the F, evaluation, the
point with the greatest recessiveness was approached by
the Dark Green genotype, which had 75 percent recessive
alleles in 2017. Parental components were located in the
zone of dominance in 2018 and had 100 % dominant al-
leles. Line LK490, characterized by the highest lycopene
content in fruit, was located closer to the zone with the
greatest recessiveness in 2019. The Dark Green genotype
point is in the middle of the regression line. The point of
line Ne492 (with low lycopene content in fruits) lies closer
to the zone with the greatest dominance.

4 DISCUSSION

The significance of the work is due to the need to
solve the important task of expanding the genetic diver-
sity of tomato source material with increased lycopene
content in fruits, studying the inheritance of valuable
economic traits and determining their breeding value in
hybrid generations, to increase the effectiveness of breed-
ing work to create new varieties and hybrids of tomatoes
with improved nutritional properties. Highly pigmented
forms with hp-2%, B° genes are used in the breeding pro-
cess to create valuable varietal diversity, which contribute
to increasing the level of lycopene in fruits.

The work carried out on the study of the character of
variability and inheritance in the future makes it possible
to effectively forecast breeding work with minimal time

Table 8: The results of correlation and regression analyses of
lycopene content in tomato fruits

Indicator 2017 2018 2019
Correlation (r) between 0.67 0.71 1.00
Wrand Vr

Regression (b1) between 0.74 0.53 0.96
Wrand Vr

Correlation (r) between 0.21 0.67 -0.001
xp and Wrand Vr

Regression (b2) between 0.30 0.76 -0.003

Xp and Wr and Vr

expenditure. The created new assortment of tomatoes
will expand market opportunities for the consumer and
will serve as a basis for further breeding work.

5 CONCLUSIONS

Five parental forms of tomato (Solanum lycopersi-
cum L.) to determine the combining ability were studied.
Twenty F, hybrids obtained according to the full dial-
lel scheme (5 x 5) were used to study the inheritance of
the trait “lycopene content in fruits”. Lines Ne492, Ne494,
LK490 and two collection genotypes with an increased
content of lycopene in fruits were used as parental forms
in the diallel crossing system according to Hayman
(1954) and Jinks (1954): Dark green (hp-2%), T- 3627(B°).

An assessment of the general and specific combin-
ing ability of five initial forms of tomato evaluated on the
trait “lycopene content in fruits”, the character of inherit-
ance of the characteristic was determined. According to
the research results, it was established that the lycopene
content in fruits is controlled by an additive-dominant
genetic system. The trait is inherited by the incomplete
dominance. The direction of dominance changes — from
the dominance of genes that reduce the manifestation of
the trait to its absence.

Over the three years of research, the LK 490 line
(0.26-1.68) and the Dark Green genotype (0.48-0.54)
had a high (reliably positive assessment of effects) GCA,
over two years — the T-3627 genotype (0.38-1.09). They
can be recommended for creating heterotic hybrids and
varieties.
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Efficiency of labor in winter pruning of apple trees using tech-
nological innovations

Abstract: The increase of new technologies in fruit-grow-
ing crops has increased productivity in cultural practices and
helped farmers expand their production areas. This work aimed
to quantify labor performance in winter pruning of apple trees,
using manual and electronic pruning shears associated with a
pruning platform and ladders. The treatments consisted of two
types of pruning shears and two support systems. A pruner car-
ried out pruning for 16 days, with a journey of 10 h per day. The
average yield in manual pruning with a ladder was 21.35 plants
pruned per hour per man. Using a platform increased the yield
to 46.25 plants pruned per hour per man. Pruning with elec-
tronic pruning shears with a ladder showed an average yield of
33.47 plants pruned per hour per man. With platform support,
yield increased to 128.5 plants pruned per hour per man. Using
electronic pruning shears reduced the time for carrying out the
activity. Pruning performed with platform support was more
efficient, regardless of the type of tool used. This way, the tech-
nologies available for apple tree pruning reduce costs, increas-
ing operational profitability.

Key words: electronic pruning shear, fruit growing, prun-
ing platform.
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Ucinkovitost dela pri zimskem obrezovanju jablan z uporabo
tehnoloskih inovacij

Izvlecek: Povecanje novih tehnologij gojenja sadnih ra-
stlin je povecalo ucdinkovitost nacinov gojenja in pomagalo
pridelovalcem pri razsiritvi njihovih pridelovalnih obmodij.
Namen raziskave je bil ovrednotiti u¢inkovitost dela pri zimski
rezi jablan pri uporabi ro¢nih in elektri¢nih $karij s samoho-
dnimi platformami in lestvami. Obravnavanja so obsegala dve
vrsti $karij za rez (ro¢ne in elektri¢ne) in dva podporna siste-
ma (samohodna platforma in lestev). Rezac je opravil delo v 16
dneh, ¢e je rezal 10 ur na dan. Pri uporabi ro¢nih $karij in lestve
je en rezac porezal 21,35 dreves na uro. Pri uporabi platforme
in ro¢nih $karij se je uc¢inkovitost rezi enega rezaca povecala na
46,25 dreves na uro. Pri rezi z elektri¢nimi $karjami in lestvijo
je en rezac v poprecju porezal 33,47 dreves na uro. Z uporabo
elektri¢nih $karij in platforme se je uc¢inkovitost rezi povecala
na 128,5 dreves na uro. Uporaba elektri¢nih skarij je zmanjsala
Cas rezi. Rez z uporabo platforme je bila u¢inkovitej$a ne glede
na uporabo vrste $karij. Na taksen nac¢in dostopne tehnologije
za rez jablan zmanjsujejo stroske rezi in povecajo donosnost.

Klju¢ne besede: elektri¢ne Skarje za rez, sadjarstvo, samo-
hodne platforme
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1 INTRODUCTION

Family farming is, in general, known as a backward
sector from an economic, technological, and social point
of view, fundamentally focused on producing primary
food products with a logic of subsistence production
(Souza et al,, 2019). This image is far from reality since
the universe of family farming in Brazil is highly hetero-
geneous and includes impoverished and wealthy families
(Vieira et al., 2019). Family farmers differ not only in
terms of property size and production capacity but also
in access to technology, infrastructure, and level of or-
ganization (Souza Filho et al,, 2011).

Technology is one of the most influential factors
in the development and growth of various sectors of the
economy at a national level. Specifically in agriculture,
one of the most critical activities in the Brazilian econ-
omy, technology allows the use of innovations in rural
properties. It contributes to raising the productivity of
crops and labor income, creating differentiated oppor-
tunities for farmers. Furthermore, specifically in family
farming, according to Souza Filho et al. (2011), adopting
technology can contribute to supplying the lack of labor.
It may be an alternative to family succession since one
of the problems in the rural environment is the aging
of farmers and, consequently, the aging process. of the
workforce available on the properties due to the emigra-
tion of young people due to lack of opportunities in rural
areas (Ribeiro Filho & Tahim, 2022).

The limitation on the size of the property, many
times, ends up compromising the financial viability of
the family establishments since the scale of production
becomes a structural problem. The modernization of the
property, which includes training family members, the
use of quality inputs, machinery, and equipment appro-
priate to the segment and the conditions of family farm-
ers, is a way of allowing sustainability and significant
gains in productivity in the face of systems which are less
technified (Bittencourt, 2018).

Fruit-growing crops play a vital role in Brazilian in-
come distribution, expanding job opportunities and sub-
stantially improving the quality of life in communities.
This activity often demonstrates remarkable profitability,
enabling economic sustainability even for small prop-
erties. Given that it demands a considerable amount of
highly specialized labor, fruit growing promotes a signifi-
cant increase in the availability of jobs, conferring valu-
able benefits to the regions where it finds its development
space (Klesener, 2020).

Among the various fruit species cultivated in Brazil,
the apple tree (Malus domestica Borkh.) is one of the most
important in production numbers. According to Beling
(2022), the revenue of the productive sector was around
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US$ 360 million (R$ 1.73 billion) in the 2020/2021 har-
vest, while the total financial transaction in the area was
US$ 1.24 billion (R$ 6.0 billion) in addition to offering
job opportunities for 175,000 people in southern Brazil
and 52,000 direct jobs in the region. The apple tree has
great economic importance worldwide, being the fifth
most produced fruit in the world (FAO, 2023) and the
third most consumed in Brazil, behind only bananas and
oranges (Beling, 2022).

In Brazil, the total apple area in general is estimat-
ed at around 32.90 thousand hectares, according to the
IBGE (2022), with a production of about 1.30 million
tons, with Santa Catarina contributing with 635,000 t
per year, followed by Rio Grande do Sul with 628,000 t,
Parana with 30 t (Revista da Fruta, 2022), and the South-
ern region of the country was responsible for 98 % of the
national production of this crop (IBGE, 2022). Adverse
weather events, mainly frost and hail in the central pro-
ducing regions of Rio Grande do Sul and Santa Catarina,
may be responsible for significant production losses (CE-
PEA, 2018).

According to information from the Brazilian Insti-
tute of Geography and Statistics (IBGE, 2022), the State
of Rio Grande do Sul is currently the most prominent
national apple producer, followed by the State of Santa
Catarina. Average production in the 2013/2021 period
accounted for about 50 % of the Brazilian output, with
the leading producers located in the northeast of the
state, with emphasis on the municipalities of Vacaria,
Caxias do Sul, and Bom Jesus, followed by the munici-
palities of Meus Capdes, Monte Alegre dos Campos, Ipé,
Sao Francisco de Paula, and Sao José dos Ausentes.

There is a great demand for labor in apple orchards,
which requires optimization to carry out cultural prac-
tices and evaluate the possibility of mechanization. Ma-
chines that reduce manual labor, such as harvesting plat-
forms, bin transport carts, seedling planters, shredders,
and electric pruning shears, can increase the efficiency
of management activities in orchards, such as pruning,
thinning, and harvesting, reducing activities manuals
(Petri et al., 2018).

The popularity of the apple means that its cultiva-
tion remains promising for small farmers since the num-
ber of properties dedicated to this activity in southern
Brazil exceeds 4,500. Most of these properties are small,
although larger crops account for at least 40 % of pro-
duction (Anudrio Brasileiro da Maga, 2018). Apple cul-
tivation is an excellent opportunity for less extensive,
family-owned properties, which have this fruit as their
main product and source of income in a diversified fruit
culture. Incorporating new production technologies
in apple tree cultivation has significantly increased the
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quality and harvested volume of the fruit (Mathias &
Rufato, 2017).

During the apple tree pruning period, an activity es-
sentially carried out by family members, the demand for
labor is greater than that available. This causes the action
to be prolonged if temporary workers are not hired. In
addition, the available workforce is often poorly qualified
to carry out the activity, which is considered exhausting,
making the family farmer’s challenge even greater. The
delay in completing this agricultural practice can be det-
rimental to the profitability of the crop if it is considered
the high investment required to produce with quality, not
to mention economic fluctuations and climatic factors
(Souza Filho et al.,, 2011).

Fruiting or production pruning is carried out dur-
ing the winter. It aims to eliminate old branches, promote
the formation of new shoots, and establish a balance be-
tween the production and vegetative growth of the or-
chard. Its intensity will determine the plant’s growth and
fruiting as needed (Duarte et al., 1992).

According to Bittencourt (2017), access to inno-
vation allows the maintenance of family farmers in the
countryside, creating conditions for the economic vi-
ability of family properties and their ability to develop
as a family social unit, contributing to the sector’s mod-
ernization. Due to the limited size of these properties,
production capacity and sustainability may be impaired.
One of the main benefits that the incorporation of inno-
vations and technologies can offer is to improve the per-
formance of the workforce, with economic return, as well
as better ergonomics for the family farmer. Souza Filho
etal. (2011) point out that technology plays a vital role in
determining the economic performance of the property,
as it allows for increased productivity and has an impor-
tant effect on the sustainability of the activity. Thus, the
workforce available on the property can be better used
throughout the year.

Given the above, the present work aimed to quantify
labor performance in winter pruning of apple trees, using
manual and electronic pruning shears associated with a
pruning platform and ladders.

2  MATERIALS AND METHODS

The study was carried out in an apple orchard on a
family farm located in the Capela Sdo Gotardo commu-
nity, Vila Seca District, in Caxias do Sul, RS (geographi-
cal coordinates: 29°03’ S and 51°03° W), at an altitude of
680 m above sea level. The production of apples was in-
tended for fresh consumption.

The orchard was implanted in 2008 in a total area of
9.0 ha, conducted in a high-density system, with 4.0 m

spacing between rows and 1.0 m between plants, totaling
approximately 2,500 plants per hectare. The composition
of the orchard was 75 % ‘Maxxigala’ plants and 25 % ‘Fuji
Suprema’ cultivar plants, both on ‘Marubakaido’ root-
stock.

The treatments consisted of two types of pruning
shears (manual and electronic) and two support systems
(ladder and platform). The pruning of the apple trees
was carried out by a pruner, an employee of the prop-
erty, between August 03 and 23, 2018, totaling 16 days,
for 10 h daily, divided into two shifts, corresponding to
5:00 am and 5:00 pm. The correct use of the tools was
demonstrated one day before data collection to verify the
pruner’s understanding of how the experiment would be
carried out.

Initially, pruning was conducted with manual prun-
ing shears supported by a ladder on August 03 and 04 and
August 06 and 07, 2018. Then, manual pruning shears
were used with platform support from 08 to August 11,
2018. Then, electronic pruning shears with ladder sup-
port were used from August 13 to 16, 2018. Afterward,
pruning was performed with electronic pruning shears
with platform support from August 20 to 23, 2018. Dur-
ing this period, 160 h of pruning was conducted, 40 h
with each tool and support system. For each repetition, 5
h of pruning time were considered, totaling eight repeti-
tions for each treatment.

The tools used were the Felco 621 pruning saw, the
Felco 31 manual pruning shears, and the Felco 820 elec-
tronic pruning shears 420 mm, with a non-slip handle
and steel blade. Felco 31 manual pruning shears were
used to cut branches up to 25 mm, with a mass of 225
g and a length of 210 mm; the blade was made of tem-
pered steel and the anvil of brass, and the handle was also
made of non-slip material. Felco 820 electronic pruning
shears were used to cut branches up to 45 mm, with a
mass of 980 g and a length of 290 mm. It was controlled
and powered by a battery, and its ergonomics sought to
relieve the pressure on the arms’ and shoulders’ muscles
during the entire pruning process, the blade being made
of tempered steel.

A ladder and a pruning platform were used in the
experiment in support of the tools. The ladder had a
height of 3 m and a mass of 12 kg, consisting of six steps,
and was made of aluminum. The pruning platform had
a capacity for up to five people, requiring an operator.
It was hitched to the third point of the tractor, and its
structure was coupled to the bin transport carts. The plat-
form had a height of 2.8 m and a length of 4.0 m, and its
advancement system was pneumatic.

The number of plants pruned per hour per man
was measured for the four treatments. A completely ran-
domized, bifactorial design followed, considering the
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pruning shear (manual and electronic) and the support
system (ladder and platform) as factors. The results were
submitted to analysis of variance (ANOVA), and the
means were compared using the Tukey test ata 5 % error
probability using the AgroEstat software. Subsequently,
based on the average number of plants pruned per hour
per man for each pruning tool and each support system,
the number of days needed to prune one hectare of apple
orchards was calculated.

3 RESULTS AND DISCUSSION

Table 1 compiles the results of the average number
of apple trees pruned per hour per man. The data indicate
that when the activity was carried out using technologi-
cal innovations (electronic pruning shears and platform),
there was an increase in the number of plants pruned for
the same period and the same operator.

The yield of using manual pruning shears with a
ladder was 21.35 plants per hour per man. With platform
support for pruning, an increase in the average number
of plants pruned was observed, corresponding to 46.25
plants per hour per man, a rise of 116.63 % when com-
pared to pruning with ladder support.

As for the number of plants pruned using electronic
pruning shears and ladder support, an average of 33.47
plants were pruned per hour per man. With the pruning
carried out with the platform’s help, there was an increase
of 283.93 % compared to the pruning with a ladder, with
an average of 128.50 plants pruned per hour per man.

According to Batalha et al. (2005), family farmers’
use of new technologies provides conditions for explor-
ing new opportunities and practices that require a more
sophisticated production management level. This sig-
nificant difference between the support systems, ladders,
and pruning platforms, even using the same tool type, is

Table 1: Number of apple trees pruned per hour per man us-
ing manual pruning shears and electronic pruning shears, with
ladder support and platform for pruning.

Support system

Pruning shears Ladder Platform
Manual 21.35 Bb 46.25 Ab
Electronic 33.47 Ba 128.50 Aa
Coeflicient of varia- 2.5495

tion (%)

Means followed by the same letter, lowercase in the column (pruning
shear type) and uppercase in the line (support system type), do not dif-
fer by the Tukey’s Test at a 5 % error probability.
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due to the ease of pruning using platforms. When using
the platform, the pruner does not need to descend from
the ladder and reposition it several times throughout the
day, causing a loss of efficiency and worker fatigue.

The average yields obtained with the manual and
electronic tools and using the ladder support system
were 21.35 and 33.47 plants per hour per man, respec-
tively (Table 1). This corresponds to a variation of 56.77
% between the two types of tools. For the results of plants
pruned per hour per man using manual and electronic
pruning shears, the highest average yields were obtained
with platform support compared to the ladder support
system. The average number of plants pruned per hour
with manual pruning shears was 46.25, while with elec-
tronic pruning shears, the average was 128.50 plants, cor-
responding to a variation of 177.84 % between support
systems.

Using the orchard in which the present study was
carried out as a parameter, with an average of 2,500 plants
per hectare and considering that the worker in charge of
pruning works 10 h a day, it would take about 12 days to
prune one hectare with the use of manual pruning shears
and ladder support. On the other hand, using electronic
pruning shears, pruning time would be reduced to ap-
proximately 5.5 days, an efficiency gain of roughly 6.5
days per hectare using an electronic tool (Figure 1).

ors (2023).

Figure 1 shows that in the support system that uses
a pruning platform, it would take approximately 7.5 days
to prune 1.0 ha using manual pruning shears and 1.9 days
to prune the same area using electronic pruning shears.
With this, there is an efficiency gain of approximately 5.6
days per hectare using an electronic tool. In percentage
terms, this corresponds to a reduction in pruning time
per hectare of 74.66 %.

Considering the four treatments used in this ex-

Electronic/Platform
Electronic/Ladder
Manual/Platform

Manual/Ladder

(IJ 2 ; é &8 1‘0 1‘2
Number of days needed to prune 1 ha of apple trees
Figure 1: Number of days required to prune one hectare of ap-
ple trees considering the performance of an operator perform-
ing the pruning with manual pruning shears and electronic
pruning shears, with a support ladder and platform for prun-
ing. Source: Auth
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periment, it can be noted that the highest yield gain oc-
curred with electronic pruning shears associated with
the platform, followed by the use of a manual tool and
platform. The lowest yield was observed when using a
combination of manual pruning shears and a ladder, a
system traditionally used in orchards in the Serra Gau-
cha for winter apple and other fruit tree pruning. These
results demonstrate that, currently, the producer must be
concerned with the planting density and conducting the
narrow crown, which facilitates pruning and harvesting,
improving the fruit quality and allowing mechanization
in the orchard (Petri et al., 2018).

Managing a family farm is no longer based solely on
mastering knowledge and traditional farming practices.
Investing in education and training increases the abil-
ity to allocate resources better and make more effective
decisions regarding adopting new technologies (Souza
Filho et al., 2011). For the authors, the organization of
the property is essential to sustainably incorporate in-
novations because innovation can create conditions for
maintaining the economic viability of family properties
and their ability to reproduce as a family social unit, con-
tributing to their modernization.

The apple tree culture has recently undergone major
transformations in Brazil, leading to important produc-
tivity increases. In addition to the rise in the number of
technologies used in the crop, the planting density was of
great importance for the rise in production, which went
from 550 to 600 plants per hectare in the 1970s to 2,500
to 3,500 plants per hectare today. Despite this, the apple
tree crop has seen its profit margin reduced (Petri et al,,
2018).

Brazilian production also grew, leading to a greater
supply of apples on the market. According to Petri et al.
(2018), three points are essential to maintain the eco-
nomic activity of the producer: production cost, pro-
ductivity, and selling price. These three aspects could be
improved depending on the technologies used, as the
selling price is directly linked to the quality of the fruit.
Furthermore, according to Souza Filho et al. (2011), the
probability of investment in technology is greater when
the orchard is managed by the owner, which is the reality
in family farming.

Electronic pruning shears are currently one of the
innovations available to facilitate the work of family
farmers, who are the biggest consumers of this type of
technology. Large apple-producing companies often end
up not making this tool available to workers due to the
low qualification of the hired labor. However, in fam-
ily farming, family members are responsible for cultural
practices in the orchards, including pruning. Therefore,
they are more careful using and maintaining this tool.

For the production systems practiced by family

farming, which are increasingly faced with the shortage
and aging of the present workforce, the generation of
information on the use of technologies available on the
market is essential. Considering that this is the case of
apple production orchards in Serra Gaucha so that the
acceptance and use of available technological innova-
tions increase according to the farmers’ resources, cul-
tural barriers must be overcome with the generation and
dissemination of information, improving the quality of
life of farming families. In addition, using technologies
can be an attraction for the continuity of young people
in agricultural production, making them remain in rural
areas.

4 CONCLUSIONS

Electronic pruning shears increased the number of
plants pruned per hour per man, reducing the number of
days for carrying out the activity in apple orchards. Apple
tree pruning, performed with electronic pruning shears,
was more efficient when compared to manual tools, re-
gardless of the type of support used. Pruning performed
with platform support was more efficient, even with
manual pruning shears. Thus, the technologies available
for apple tree pruning increase the efficiency of the pro-
cess, reducing costs and enhancing farmer gains.
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Evaluation of salinity tolerance in seedlings of Iris x germanica L. hybrids

Mohammad Hossein AZIMI" 2, Asghar EBRAHIMI®, Mohammadreza SHAFIEI*, Zeynab HAMZEHEI®

Pegah SAYYAD-AMIN¢

Evaluation of salinity tolerance in seedlings of Iris x german-
ica L. hybrids

Abstract: Salinity is an abiotic stress that primarily im-
pacts plant development and agricultural productivity world-
wide and typically occurs in arid and semi-arid areas. Less re-
search has been done on the impact of salt irrigation on the
growth and development of ornamental plants, particularly-
plants with bulb . In order to identify salt-tolerant in Iris x ger-
manica L. genotypes (four genotypes including OPRC 14,18, 23
and 54), an experiment was carried out with four NaCl levels (4
as control, 6, 8, and 12 dS m™). The variation among genotypes
caused different responses to salinity conditions. The results
showed that the morphological, physiological, and biochemical
characteristics of OPRC23 genotype were superior to those of
other genotypes. The highest peroxidase enzyme activity was
observed at 8 dS m™ salinity level. The highest content of chlo-
rophyll a, b, and carotenoid was obtained at a salinity level of
6 dS m™! (NaCl). The OPRC54 genotype had the highest levels
of chlorophyll a, b, and proline content at 12 dS m™ salinity. In
conclusion, different levels of salinity can expose to different
genotypes, which leads to the selection of specific salt tolerant
genotypes. The genotypes examined in this experiment of Iris
germanica were resistant to salinity stress and this trait is of
interest to landscape designers.

Key words: kperoxidase enzyme, carotenoid, proline con-
tent, chlorophyll content
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Ovrednotenje tolerance na slanost pri sejankah krizancev
nemske perunike (Iris x germanica L.)

Izvle¢ek: Slanost je abiotski stres, ki prvenstveno
prizadane razvoj rastlin in ogroza kmetijsko pridelavo
$irom po svetu in se znacilno pojavlja v susnih in polsusnih
obmo¢jih. Relativno manj raziskav je bilo opravljenih o vplivu
namakanja s slano vodo, $e posebno tistih na rastlinah z go-
molji, korenikami in ¢ebulicami. Z namenom ugotoviti toler-
anco na slanost pri genotipih nemske perunike (Iris x german-
ica L.) (tiri genotipi ko so obsegali OPRC 14,18, 23 in 54) je
bil izveden poskus s stirimi ravnmi NaCl (4 kot kontrola, 6, 8,
in 12 dS m™). Variabilnost med genotipi je povzrocila razlicen
odziv na slanostne razmere. Rezultati so pokazali, da je bil
genotip OPRC23 glede na mofoloske, fizioloske in biokemi-
jske lastnosti najbojsi. Najvecja aktivnost peroksidaze je bila
ugotovljena pri slanosti 8 dS m™. Najvec¢ja vsebnost klorofilov
a, b in karotenoidov je bila pri slanosti 6 dS m*(NaCl). Geno-
tip OPRC54 je imel najvecjo vsebnost klorofilov a, b, in pro-
lina pri slanost 12 dS m™'. Zaklju¢imo lahko, da ispostavitev
razli¢nih genotipov razli¢nim nivojem slanosti vodi k selekciji
genotipov s specifi¢cno odpornostjo na slanost. V tem poskusu
preucevani genotipi nemske perunike so bili odporni na sla-
nostni stres in bi lahko bili zanimivi v tem pogledu za krajin-
ske arhitekte.

Klju¢ne besede: peroksidaza, karotenoidi, vsebnost pro-
lina, vsebnost klorofila
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1 INTRODUCTION

Iris x germanica L. is one of the most important
varieties of the bearded iris (Azimi et al., 2017), which
is cultivated as a perennial ornamental plant (Azimi et
al., 2017). In previous studies, new genotypes of Iris x
germanica with a broad color range and different shapes
have been recognized in Iran (Azimi et al., 2017) and
the genetic difference between 43 F1 new hybrids and
introduced superior hybrids has been evaluated (Azimi
et al., 2018). Colorful flowers, rhizome propagation,
resistance to calcareous soils, tolerance to undesirable
environmental conditions, and low water requirements
of that species are the causes for their selection for land-
scape design (Azimi, 2015).

In arid and semi-arid areas, salinity is a common
abiotic stressor that affects plant development and agri-
cultural productivity (Evelin and Kapoor, 2009; Evelin
et al., 2012; Porcel et al., 2012). Around the world, it
has been estimated that salinity affects roughly 7 % of
agricultural crops; it has also been anticipated that the
increase in salinity will cause the loss of 36 % of arable
land in the ensuing 27 years (Evelin and Kapoor, 2009;
Procel et al., 2012; Ruiz-Lozano et al., 2012; Kapoor et
al., 2013). When the plants are exposed to high salt con-
centrations, plants’ growth is distrurbed because of tox-
icity of Na* and CI ions (Fatma et al., 2016). The main
cause of the declines in growth and yield under salinity
is the significant accumulation of Na* ions in plants tis-
sues (Munns & Tester, 2008). Salt stress affects levels of
growth regulators and metabolic enzyme activity, dam-
ages membranes, impairs enzyme performance, and
disturbs the nutritional balance of minerals (Munns
& Tester, 2008; Hasanuzzaman et al., 2013). Therefore,
these physiological changes result in reduced cell divi-
sion, expansion, or promotion of cell death and induce
a decrease in growth rate and yield; they also destroy
chlorophyll in leaves, which leads to leaf senescence
(Rahemi et al.,, 2017). Physiological and biochemical
processes like ion balance, seed germination, osmotic
management, photosynthesis, respiration, and nitrogen
metabolism are disrupted as soil salinity rises (Kaya et
al., 2009; Porcel et al., 2012). The first effect of salin-
ity is osmotic stress; further, oxidative stress occurs due
to the accumulation of reactive oxygen species (ROS),
including superoxide, hydroxyl radicals, and peroxide
(Noctor et al., 2014) that have detrimental effects on
normal cell growth and metabolism (Aroca et al., 2013).
Increased Na* and Cl" absorption leads to disruption in
the potassium, phosphorus, calcium, and nitrogen ions’
absorption (Ulczycka-Walorska et al., 2020).

Regarding the cultivation of ornamental plants
in landscaping, it is necessary to use salinity-resistant
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ornamental species or induce resistance traits to these
stresses through plant breeding and physiological
methods (Bayat et al., 2013). Considering the effects of
salinity stress on vegetative traits in ornamental plants
including petunia, tagetes, scarlet sage, snapdragon,
madagascar periwinkle, marigold, and cockscomb,
it was shown that marigold is more tolerant to salin-
ity and the sodium accumulation is less than the oth-
ers (Saki, 2014). Bayat et al. (2013) reported that the
flower number and diameter of Gerbera aurantiaca Sch.
Bip. exposed to salinity decreased compared to control
plants. In another study by Wen Yuan et al. (2012), root
and leaf relative water content, stomatal conductivity,
and the rates of net photosynthesis and evapotranspira-
tion of Iris lactea Pall. var. chinensis seedlings declined
under salt stress.

According to above references, I. x germanica as
a perennial plant with a beautiful appearance and a
high compatiblity with salinity, is an appropriate selec-
tion for cultivation in saline conditions. Less research
has been done on the impact of salt irrigation on the
growth and development of ornamental plants, par-
ticularly bulbous plants. Therefore, due to the drought
and salinity crisis, which are considered limiting factors
for landscape development, the physiological and mor-
phological study of that species is important. The spe-
cific objective of the present study was to the effect of
saline irrigation water or soil sanity on the performance
of iris.

2 MATERIALS AND METHODS

This experiment was carried out at the munici-
pality research farm of Mahallat, Iran; with latitude =
33°54’N, longitude = 50°27’E and 1600 m above sea
level. The seeds of Iris x germanica L. genotypes were
obtained from the “Ornamental Plants Research Center
(OPRC) of Mahallat, Iran”. The genotypes of Iris ger-
manica were encoded as OPRC14, OPRC18, OPRC23,
and OPRC54. For rapid and uniform germination,
seeds were stratified in wet cocopeat at 4-6 °C for 45
days (Azimi et al., 2016). The seeds were cultivated in
a cultivation tray and kept in a greenhouse with 70 +
5 % relative humidity and 25 + 5 °C conditions. The
seedlings were transplanted at the three-leaf stage into
the pots (in late April, 2017). Then, the uniform seed-
ling genotypes were selected and transplanted into the
pots with 20 cm in diameter and 40 g in mass filled with
loamy soil, rotten animal manure, and compost with the
ratio of 1:1:1, then transferred to open space. Amount
of soil per pot was 2 kg. The NPK fertilizer was used
with the ratio of 18:18:18.The single salt (NaCl) was
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Table. 1: The chemical characteristics of water used in the salinity experiment.

EC Nitrate Calcium  Magnesium Bicarbonate Carbonate  Sodium  Chlorophyllorine
pH (dSm?) (mgl!) (mg1?) (mgl") (mg1?) (mgl?) (mgl?) (meql?)
7.5 363 20 32 12 70.15 0 16 24.85

Con. Table 1: The physical and biochemical characteristics of soil used in the experiment.

Depth  EC Saturation Organic carbon Total N Phosphorous Potassium  Texture Clay  Silt  Sand
(cm)  (Bex10dS/em) (pH) (%) %)  (ppm) (ppm) %) %) (%)
7.44 7.5 4 0.4 300 3000 Loam 28.5 20 51.5

applied. The amount of water/ irrigation/pot was 400
ml. The experiment consisted of four salinity concentra-
tions [EC =4 dS m™, and electrical conductivity (EC) at

6, 8, and 12 dS m™'] with three replicas (Table 1).

The salt for the salinity treatments was added grad-
ually to the soil with irrigation water at 7-day intervals.
To prevent salt accumulation, the pots were leached
twice a week. The fresh water and soil characteristics are
given in tables 1 and 2. Three months after the salinity
application, the plants were harvested. Leaf freshness,
leaf length and width, leaf area, plant height, water rela-
tive content, leaf cell membrane permeability (electro-
lyte leakage), proline, chlorophyll, and carotenoids con-
tent, and peroxidase enzyme activity were measured.

2.1 MEASUREMENTS OF PARAMETERS

The leaf length, width, area, and number, plant
height and plant diameter of the Iris x germanica geno-
types seedlings were measured at the beginning and end
of the experiment. The rate of these changes was deter-
mined using the information gathered at the beginning
and end of salt stress treatments. After the leaves were
detached from the roots and thoroughly rinsed with
deionized water, the mass of the freshly harvested leaves
was ascertained. The plant samples were oven-dried for
24 hours at 60 °C, and the dry mass was recorded.

2.2 MEASUREMENT OF CHLOROPHYLL A, B,
TOTAL CHLOROPHYLL AND CARTENOIDS
CONTENTS

The chlorophyll content was determined by rinsing
the leaves in an 80 % acetone solution and measuring
absorbance at 645 and 663 nm with a spectrophotom-

eter (Nazemi Rafi et al., 2019). The carotenoids content
of petals and leaves was measured at 480 and 510 nm,
and estimation values were calculated using the follow-
ing formula:
Chlorophyll a mg g' = 12.7(A663) - 2.69 (A645) x
V/1000 x 10
Chlorophyll b mg g' = 22.9(A645) - 4.68 (A663) x
V/1000 x 10
Total Chlorophyll mg g = 20.2(A645) - 8.02 (A663) x
V/1000 x 10
Carotenoids mg g' = 7.6(OPRC5480) - 1.49 (A510) x
V/1000 x 10

2.3 PEROXIDASE ACTIVITY

The Guaiacol technique was used to measure the
peroxidase (POD) activity (Guan et al., 2015). For
three minutes, the variations in 470 nm absorbance
were used to follow how well guaiacol was being oxi-
dised. 50 ml of 100 mM PBS (pH 6.0), 19 ml of 30 %
H,0,, and 28 1 of guaiacol comprised the reaction mix-
ture solution. The enzyme extract was added to the re-
action mixture solution to initiate the reaction.

POD activity was calculated using the following
equation:

POD activity (AOPRC54n min-.g FM1) =
AOPRC5470x VrM™ x Vs x t. AOPRC5470: the changes
of absorption; were: Vr: total volume of the extracted
solution; Vs: volume of enzyme solution for testing; M:
the mass of samples.”

2.4 PROLINE CONTENT

The method developed by Bates et al. (1973) was
used to measure the proline content in the leaves.
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Each of the four replications’ fresh leaves (1.0 g) were
homogenised in 10 ml of 30 ml I sulfosalicylic acid.
Proline was measured spectrophotometrically using

Using the “SAS statistical programme”, data were
examined by variance mean comparison and the

“Duncan multiple range test”

the extract.

2.5 STATISTICAL ANALYSIS

The experiment was conducted as a factorial de-
sign based on complete randomized block design with
three replications, and in each replicate, 8 seedling

genotypes were planted.

3 RESULTS AND DISCUSSION

3.1 ANALYSIS OF VARIANCE

Variance analysis of interaction salinity and geno-
types had a significant impact (p < 0.01) on leaf length

Table 2: Mean comparison of genotypes and salinity levels on Iris x germanica characteristics.

Genotypes Leaflength (cm) Leaf width (cm) Leafarea (cm?) PH (cm) Leaf number Plant diameter (cm) LDM (g)
OPRC14 14.58d 0.91d 13.43d 14.57d 5.14c 2.79d 0.83b
OPRCI18 19.43b 1.77b 34.53b 19.43b 6.54a 3.55b 0.91ba
OPRC23 21.84a 1.87a 40.32a 21.90a 6.61a 3.85a 1.11a
OPRC54 16.09¢ 1.32¢ 21.43c 16.09¢ 6.18b 2.87¢ 1.10a
Salinity

*EC= 4 (control) 17.58b 1.35d 24.69c 17.61b 5.54¢ 3.23b 0.90a
*EC=6 17.89ab 1.43c 26.92b 17.89ab  5.97b 3.22b 0.94a
*EC =38 18.27a 1.49b 28.39a 18.24a 6.43a 3.3a 1.128a
*EC =12 18.22a 1.56a 29.71a 18.22a 6.41a 3.3a 0.99a

Con. Table 2: Mean comparison of genotypes and salinity levels on Iris x germanica characteristics.

Proline Chlorophyll Chlorophyll Total Chlo-
leaf fresh content a b rophyll cartenoids con-
mass tents Peroxidase activity
(umolg!  (umolg!  (pmol g* (pmol g*
Genotypes (g) DM) DM) DM) DM) (umol g' DM)  (umol min' g' FM)
OPRC14 8.52¢ 0.89b 573.17¢ 695.67¢ 1793.24b 403.88¢ 0.43c
OPRC18 7.94c 0.91b 735.5b 878.91b 1812.86b 513.49b 0.67b
OPRC23 12.01a 0.85b 664.84bc  851.05bc 1515.99¢ 493.68bc 0.78a
OPRC54 10.38b 1.58a 923.42a 1142.19a 2065.62a 647.47a 0.5¢
Salinity
*EC=4 (control)  9.07b 0.86¢ 723.35ab  876.29ab 1799.51a 521.40a 0.61ab
*EC=6 10.12a 0.93bc 782.86a 971.35a 1754.30b 567.07a 0.54b
*EC =8 10.71a 1.15ab 769.95a 969.66a 1739.61b 555.68a 0.64a
*EC =12 8.95b 1.28a 620.78b 750.54b 1894.30a 414.37b 0.59ab

Mean value followed by the same letters in each column are not significantly different (Duncan multiple range test).
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Table. 3: Mean comparison of interaction between genotype and salinity levels on Iris x germanica characteristics.

Genotype X plant

leaf length leaf width  leaf area diameter Relative water Electrolyte
salinity (cm) (cm) (cm2) PH (cm) leaf number (cm) content (%)  leakage (%)
OPRCI4*EC =4 14.07f 0.94h 13.37f 14.07f 4.5g 2.86¢ 74.33c 9.07¢c
OPRCI4*EC =6 13.81f 0.74i 10.25g 13.81f 491g 2.60d 94.85ab 9.79bc
OPRCI4*EC =8 15.39de 0.91h 14.12f 15.39de  5.58f 2.85¢ 0.99a 11.37ab
OPRCI4*EC = 12 15.05e 1.05¢g 15.97f 15.05e 5.58f 2.85¢ 93.79ab 9.97bc
OPRCI8*EC =4 18.75¢ 1.7d 32.07d 18.75¢ 6.25bdec 3.50b 83.38bc 9.32¢
OPRCI8*EC =6 19.58b 1.76dc 34.7dc 19.58b 6.5abc 3.50b 91.89ab 9.41c
OPRC18*EC =8 19.41bc 1.80dc 34.96dc  19.41bc  6.75ab 3.58b 84.22bc 9.94bc
OPRCI8*EC =12 20.00b 1.81dcb 36.39¢ 20.00b 6.66abc 3.61b 86.92abc 9.86bc
OPRC23*EC =4 21.33a 1.52¢ 32.54d 21.33a 6.00fdec 3.76a 85.26abc 10.42abc
OPRC23*EC =6 22.00a 1.87bc 41.29b 22.00a 6.58abc 3.88a 97.87ab 12.00a
OPRC23*EC =8 22.12a 1.92ab 42.65a 22.12a 6.83ab 3.58a 87.87abc 10.21bc
OPRC23*EC =12 21.91a 2.03a 44.82a 21.91a 7.00a 3.88a 94.49ab 11.26ab
OPRC54*EC = 4 16.16d 1.28f 20.79%¢ 16.16d 5.75fe 2.80c 92.60ab 9.82bc
OPRC54*EC =6 16.16d 1.32f 21.45e 16.16d 5.83fde 2.90c 94.66ab 8.83¢
OPRC54*EC = 8 16.16d 1.35f 21.83e 16.16d 6.58abc 2.92¢ 95.62ab 9.10c
OPRC54*EC = 12 15.93d 1.35f 21.66e 15.93d 6.41abcd 2.85¢ 89.40ab 8.92¢

Con. Table 3: Mean comparison of interaction between genotype and salinity levels on Iris x germanica characteristics.

Genotype X salinity leaf fresh  Proline content Chlorophylla  Chlorophyllb Total chloro-  cartenoids peroxidase

mass phyll contents

(umol g' DM)  (umol g' DM) (umol g' DM) (umol min™

(2) (umol g' DM) (umol g*' DM) g' FM)
OPRCI4*EC =4 7.15f 0.79dc 837.4abc 1014.1abcd 1857.2dce 538.11abc 0.45fg
OPRCI4*EC =6 8.20fe 0.91dc 734.8¢ 837.5dc 1529.6hg 481.59bc 0.42fg
OPRCI4*EC =8 9.61dec 0.93dc 732.9abc 899.2abcd 1632.1e-h 517.54abc 0.51fe
OPRCI4*EC = 12 9.12fde 0.91dc 950.00ab 1204.00ab 2154.00ab 336.28d 0.33g
OPRCI8*EC =4 7.80fe 0.80dc 669.80c 809.70dc 2273.00a 469.42¢ 0.62dec
OPRCI8*EC =6 7.78fe 0.76dc 710.60bc 810.80dc 1521.40h 494.81bc 0.69abcd
OPRCI8*EC =8 8.36fe 0.86dc 849.60abc 1032.90abcd  1882.40dc 593.89abc 0.73abcd
OPRCI8*EC =12 7.81fe 1.22¢ 712.10bc 862.30bdc 1574.4 f-h 495.85bc 0.64bdec
OPRC23*EC =4 10.69bdc  1.12dc 577.30c 699.10c 1276.31 468.39¢ 0.79ab
OPRC23*EC =6 13.28a 1.12dc 731.60abc 1033.10abcd  1765.00d-g 565.73abc 0.74a-d
OPRC23*EC =8 13.67ab 0.65d 626.00c 1033.10abcd  1420.6h 565.73abc 0.84a
OPRC23*EC =12 11.41abc  0.66d 724.60abc 877.50abcd 1602.00hgf  436/05¢ 0.77abc
OPRC54*EC =4 10.64bdc  1.43a 808.90abc 982.30abcd 1791.2dfe 564.68abc 0.58fde
OPRC54*EC = 6 11.23abed  1.07dc 977.20ab 1204.00ab 2201.2ab 726.15a 0.30g
OPRC54*EC =8 12.21ab 1.001dc 871.44abc 1151.90abc 2023.34bc 606.75abc 0.49fe
OPRC54*EC =12 7.45fe 1.82b 1016.20a 1230.60a 2246.8ab 692.28ab 0.63bdec

Mean value followed by the same letters in each column are not significantly different (Duncan multiple range test).
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and width, plant height, plant diameter, chlorophyll a, b,
total chlorophyll and carotenoids contents, proline con-
tent and peroxidase enzyme activity (Table. 3).

3.2 COMPARISON OF SALINITY LEVELS AND
GENOTYPES

As shown in Table 2, the highest leaf length and
width, leaf area, plant height, leaf number, plant diam-
eter, electrolyte leakage, leaf fresh and dry mass, soluble
protein, and peroxidase enzyme activity were observed
in OPRC23 genotype seedlings. OPRC54 genotype seed-
lings had the highest relative water content, proline con-
tent, chlorophyll a, chlorophyll b, total and carotenoids
contents. In morphological and physiological charac-
teristics, OPRC23 was superior to other genotypes. The
lowest morphological characteristics were observed in
OPRC14 genotype seedlings. OPRC54 genotype seed-
lings were superior to other genotypes in biochemical
characteristics, especially proline content; also, the lowest
biochemical characteristics were observed in OPRC14
genotype seedlings. The highest leaf length, plant height,
leaf number, plant diameter, electrolyte leakage, fresh leaf
mass, and peroxidase enzyme activity were obtained at
8 dS m salinity level. At 6 dS m™ salinity, the highest
relative water content, chlorophyll a, b, and carotenoid
content were observed. The greatest leaf width, leaf area,
total chlorophyll, and proline contents corresponded to a
salinity level of 12 dS m™. There was no significant differ-
ence between salinity levels with soluble protein, electro-
lyte leakage, and leaf dry mass between Iris x germanica
genotypes.

3.3 INTERACTION OF SALINITY AND GENO-
TYPES ON IRIS X GERMANICA CHARACTER-
ISTICS

3.3.1 Growth characteristics

Reduced growth traits are one of the earliest impacts

of salt stress on plants. Plant responses to salt stress can

be separated into two phases (Munns, 2005). Osmotic
stress causes the first stage of growth reduction to pro-
ceed more quickly. The accumulation of salt in leaves,
which results in salt toxicity in the plants, initiates the
second phase, which is a much slower process. During
the study period, the NaCl treatments had a considerable
impact on plant development (Table 1). Based on mor-
phological characteristics, the highest leaf length, plant
height, and leaf number at all salinity levels, especially at
8 dS m™, corresponded to OPRC23 genotype seedlings
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(Table 3). Increasing salinity levels reduced these charac-
teristics in the OPRC54 genotype. The highest leaf width
(2.03 cm) and leaf area (44.82 cm) were observed in the
OPRC23 genotype at 12 d dS m™salinity level. OPRC23
and OPRCI18 genotypes showed higher morphologi-
cal characteristics in comparison to others under salin-
ity conditions. Increasing salinity levels reduced the leaf
width and leaf area of the OPRC54 genotype, so that in-
creasing salinity up to 12 dS m™ decreased the leaf length.
Leaf area change is an important process that controls
water consumption under stress conditions. Most of the
plants tolerate salinity up to a certain threshold; at higher
salinity levels, plant growth decreases linearly with in-
creasing salinity (Amir-Jani, 2010). Plants’ reduced abil-
ity to absorb water as a result of osmotic stress brought
on by salt is the reason of the decrease in leaf surface area
(Sarvandi et al., 2020).

Chlorophyllide and sodium ion absorption has an
impact on hormone synthesis and transport between
roots and shoots, which lowers leaf area, plant dry bio-
mass, and specific leaf area (SLA) In addition to lowering
LA, salinity inhibits the growth of the root system, de-
lays the development of apical buds, and results in chlo-
rophyllorosis with subsequent necrosis on the leaf edge
(Oliveira et al., 2017).

The highest plant diameter (3.88 cm) was related to
the OPRC23 genotype at 6 dS m™ salinity level (Table 3).
The results indicated that, while increasing salinity, the
diameter of the plant was reduced; in this condition, the
plants of the OPRC23 genotype were more able to absorb
nutrients than other genotypes.

The fresh and dry mass of leaves decreased as sa-
linity increased. These findings were consistent with pre-
vious research on different crop species of Chinese iris
(Wang et al., 2012). OPRC23 genotypes had the high-
est fresh and dry mass of leaf. The highest leaf dry mass
was obtained in OPRC23 genotypes (1.38 g) at 8 dS m*
salinity level. The leaf dry mass of OPRC18, OPRC13,
and OPRC54 seedlings decreased at salinity level of 12
dS m™. The highest fresh leaf mass belonged to OPRC23
genotype seedlings (13.28 g). At 12 dS m’, the leaf fresh
mass of OPRC23 and OPRC54 decreased with increasing
salinity (Table 3). As a general rule, the lowest morpho-
logical characteristics (plant height, leaf length, plant di-
ameter, leaf number, and leaf fresh mass) were observed
in OPRC14 and OPRC18, respectively. Dry matter re-
duction under stress conditions has been reported due
to decreased leaf area index, photosynthesis rate, growth
of aerial organs, and the relative growth rate of the plant
(Soheili-Movahed et al., 2017). Fresh and dry mass of
roots and shoots in response to high salt concentrations
in Poa pratensis L. declined (Esmaeili & Salehi, 2016).

Vegetative growth, including leaf area, number of
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leaves, number of shoots, plant height and chlorophyll
content, decreased in tuberose as the concentration of
sodium chlorophylloride increased. Furthermore, the de-
crease in root biomass caused by salinity has been attrib-
uted to either direct Na or Cl toxicity or high Na content,
which results in an inability to maintain cell turgor. Root
elongation may have been reduced due to an inhibition
of cell expansion as cell turgor decreased under salin-
ity stress (Dlamini et al., 2019). Salinity stress decreased
length and width of leaves, relative water content, and
chlorophyll content (Naseri Moghadam et al., 2020), and
salinity stress was more damaging to the growth, orna-
mental, and physiological traits of the N. tazetta L. flower
than drought stress (Naseri Moghadam et al., 2020). A
restriction in leaf expansion followed by a reduction in
leaf area is one of the first signs of plants exposed to ex-
cessive salinity (Navarro et al., 2007). Changes in the cells
and a decline in leaf turgor can both be used to explain it.
Reduced cell elongation and cell division cause leaves to
appear more slowly and to grow to a smaller size under
salt stress. Leaves become smaller and thicker as a result
of a shift in cell size that reduces area more than depth
(Go 'mez-Bellot et al., 2013).

3.3.2 Proline content

An organic osmolyte called proline is primarily
found in protoplasm. Proline increases in response to
osmotic stress caused by salt. It might be connected to
their excellent salinity resistance (Guan et al., 2015). The
maximum proline content at 12 dS m™' salinity level was
found in OPRC23 (1.82 umol gr' DM) and OPRC18
(1.22 pmol gr' DM) genotype seedlings. The results
indicate that a higher proline content was observed in
OPRC54 genotype seedlings at all salinity levels. The
proline content increased significantly with the increase
in saline stress (Table 3). Proline content increases when
the water potential of the leaf decreases, which leads to
the maintenance of cellular turgor and reduces the dam-
age to the membrane in the plant; therefore, with osmotic
adjustment, tolerance to water stress increases (Rahdari
and Hosseini, 2012). The rate of proline synthesis de-
pends on the development of stress, the age of the plant
organ, and genetic variation (Bajji et al., 2001). In this
experiment, the proline content was different among the
genotypes. The changes in proline concentration at dif-
ferent levels of salinity showed that with increasing salin-
ity, the proline content of genotypes increased. However,
the difference in proline content between sensitive and
tolerant genotypes was statistically significant. Saneoka
et al. (2004) reported that proline accumulation has a
positive and direct relationship with increasing salinity
and drought resistance in plants. Under salt stress, pro-

line’s primary functions include osmotic adjustment,
protecting membranes and enzymes, and serving as a
store of energy and nitrogen that can be used (Amini et
al., 2015). A well-known defence mechanism against salt
stress in plants is proline accumulation. Proline accumu-
lation has also been proposed as a selection factor for salt
tolerance due to the possibility that an increase in proline
content will boost salt tolerance (Garcia-Caparrés & Lao,
2018). Proline oxidase and proline dehydrogenase have
higher inhibitory rates, which helps to explain why this
accumulation occurs when exposed to salt stress. How-
ever, because proline breaks down quickly when stress
is removed, it is also possible to discover a decrease in
proline accumulation in plants. The breakdown products
provide reducing agents that aid mitochondrial oxidative
phosphorylation and ATP production for stress recovery
and repair (Garcia-Caparrés & Lao, 2018). The increase
in proline concentration in the roots and leaves of all spe-
cies exposed to salinity could be due to a decrease in pro-
line degradation or an increase in proline biosynthesis
(Garcia-Caparros et al., 2016).

3.3.3 Chlorophyll content

The chlorophyll a and b content was the highest in
OPRC54 genotype seedlings at a salinity level of 12 dS
m'. At a salinity level of 4 dS m’!, the highest content of
chlorophyll a and b belonged to OPRC14. Also, at 6 and
8 dS m salinity levels, the highest content of chlorophyll
a was observed in genotype OPRC54 (Table 3). The study
of salinity stress in Crocus sativus L. revealed that at a sa-
linity level of 6 dS m™!, the chlorophyll a and b content de-
creased. A significant decrease in total chlorophyll con-
tent in the leaves as a result of increased salinity reduces
photosynthesis and exacerbates stress-induced damage
(Tuna et al,, 2013). Changes in the content of photo-
synthetic pigments, according to some reports (Noreen
& Ashraf, 2009), are also affected by plants’ tolerance to
soil salinity, i.e., their genotype. Most studies on plant re-
sponses to salinity conditions have found a decrease in
total chlorophyll content in plant leaves as a result of salt
stress (Silva et al., 2010). Under stress conditions, degra-
dation of the pigment protein complex and the oxidative
complex causes damage to the chloropplast lipids, pig-
ments, and proteins (Tambussi et al., 2005). The stimula-
tory effect of salinity on leaf pigment content could be at-
tributed to an increase in the number of chloroplasts per
mesophyll cell. Under salinity stress, however, both epi-
dermal and mesophyll thickness and intercellular spaces
decrease in Bruguiera parviflora (Roxb.) Wight & Arn.
ex Griff. (Salachna et al., 2016). In salt-treated hyacinth,
the leaf content of chlorophyll a, chlorophyll b, and ca-
rotenoids decreased as NaCl concentration increased. In
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Ornithogalum saundersiae Baker, the intensity of photo-
synthesis and transpiration decreased as NaCl concentra-
tion increased. The chlorophyll and carotenoids content
of NaCl-treated Ornithogalum saundersiae plants was
significantly higher than that of control plants (Salachna
et al., 2016). The leaf greenness index and proline con-
tent in Hyacinthus orientalis L. were also higher when
sodium chlorophylloride was applied to the soil on the
day of bulb planting, and the length of the forcing period
was longer (in the second season) (Ulczycka-Walorska
et al., 2020; Salachna et al., 2016) and stage Calla lilies
(Zantedeschia K. Koch) (Ayad et al., 2019).

The main photosynthetic pigments that play an
important role in photosynthesis are chlorophyll a,
chlorophyll b, and carotenoids. The main electron donor
is chlorophyll a, while the primary accessory pigment for
light harvesting and energy transfer is chlorophyll b.
Plant chlorophyll content is well known to be directly
related to plant health (Barry, 2009). Chlorophyll
concentration decreases in response to salt stress, which
can be used as a sensitive indicator of cellular metabolic
state. This drop could be due to membrane deterioration.
Nonetheless, under salt stress, plants may exhibit an
increase in chlorophyll concentration, which may be
due to an increase in the number of chloroplasts per unit
leaf area in the stressed plant leaves. This decrease in
photosynthetic rate in plants under salt stress could be
due to a number of factors, including: a) Dehydration of
cell membranes reduces their permeability to CO,, b) salt
toxicity, c) reduction of CO, supply due to hydroactive
closure of stomata, d) increased senescence caused by
salinity, and e) changes in enzyme activity caused by
changes in cytoplasmic structure. Under salt stress,
stomatal conductance decreases, limiting the availability
of CO, for carboxylation reactions. Furthermore,
this stomatal closure reduces water loss through
transpiration, which has an impact on light-harvesting
and energy-conversion systems, resulting in a change in
chlorophylloroplast activity (Garcia-Caparrés and Lao,
2018).

Plants accumulatelow-molecular-mass compounds as a
compatible solutes to adjust the osmotic potential of the
cytoplasm during salt stress because they do not interfere
with normal biochemical reactions. Nonetheless,
producing enough osmotica is metabolically costly,
potentially limiting plant growth by consuming large
amounts of carbon that could otherwise be used for
growth. Compatible solutes include proline, sugars,
glycine-betaine, and other related quaternary ammonium
compounds; however, due to a lack of data on the effects
of salt stress on solute accumulation in ornamental
plants, we will concentrate on soluble sugars and proline
(Garcia-Caparrds and Lao, 2018).
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Another study found that stabilisation of chloro-
plasts is a well-known mechanism for increas-
ing stress tolerance (Veatch-Blohm et al., 2019).
Calcium is required for cell division, cell wall
formation, cell signalling, and the permeability
of the cell membrane to ions. It may be able to
mitigate some of the negative effects of salinity
by reducing the impact of Na on Ca homoeo-
stasis (Veatch-Blohm et al., 2019). Dry mass of
roots is regarded as an important parameter in
the response to salt stress because the greater
the root growth, the greater the water and nu-
trient uptake that can occur, favouring the ac-
cumulation of toxic ions in roots, particularly
Na*, and thus minimising its negative effects on
shoot growth. In the presence of reduced sto-
matal aperture, these NaCl-induced anatomical
changes may facilitate CO, reaching the chlo-
roplast more efficiently. These modifications
appeared to be an adaptive response to protect
the photosynthetic process (Acosta-Motos et
al., 2015).

3.3.4 Carotenoid content

The highest carotenoid content was present in
OPRC54 genotype seedlings at 6 dS m™ salinity level, and
the lowest carotenoid content belonged to the OPRC14
genotype seedlings at 14 dS m™ salinity level. The maxi-
mum carotenoid content was observed in OPRC54 geno-
type seedlings at different salinity levels (Table 3). One
of the plant salt resistances under salinity conditions is
carotenoid content (Juon et al., 2005). Muller et al. (2010)
found that salinity stress increased carotenoid content
while decreasing chlorophylls a and b. This was consist-
ent with the findings of this study on salt stress. These
findings could be attributed to stressed leaves increased
thickness and compacted mesophyll cells, resulting in
more chloroplasts per unit area, as is often the case un-
der stress conditions (Sarvandi et al., 2020). Controlling
the salt concentration of plant aerial parts, limiting entry
through the roots, and limiting transport to the shoots
(by retaining these ions in the root and lower stem) is
an important mechanism that allows plant survival and
growth in a saline environment (Alvarez and Sénchez-
Blanco, 2015).

K* and Na+ are important in plant growth and de-
velopment, but they are also important in maintaining
osmotic adjustment and cell turgor. Furthermore, plants
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irrigated with saline water had lower K*/Na* and K*/Na+
ratios, which correlated with lower biomass production
(Alvarez and Sénchez-Blanco 2015). A large number
of enzymes were inhibited, and several aspects of plant
physiology were disrupted due to high NaCl, including
photosynthesis and pigment synthesis (Munns & Tester,
2008; Cirillo et al., 2016).

3.3.5 Peroxidase activity

At 8 dS m salinity level, OPRC23 genotype seed-
lings had the highest peroxidase activity (0.84 mol min-
L.mg protein?). At 6 dS m™ salinity, OPRC54 genotype
seedlings had the lowest peroxidase activity (0.30 mol
min'.mg protein'). The lowest carcinoid content was
observed in OPRC14 genotype seedlings at different sa-
linity levels (Table 3). Plants tend to counteract reactive
oxygen species produced by stress (Ahmad et al., 2012,
2011; Bano et al., 2013; Kaya et al., 2013). Plants subject-
ed to salt stress exhibited up-regulation of the antioxi-
dant defence system (Hussain et al., 2016). According to
these studies, salinity increased the activity of peroxidase
enzymes in salt-sensitive cultivars. Salinity inhibits cell
division and also reduces cell size, resulting in a reduc-
tion in plant length. These stresses generate ROS com-
pounds, which cause protein, lipid, carbohydrate, and
nucleic acid damage. Plants use enzymatic (catalase,
superoxide dismutase, and so on) and non-enzymatic
(phenolic compounds and carotenoids) defence systems
to scavenge and detoxify these compounds from the cell
surface (Naseri Moghadam et al., 2019).

Plants commonly respond to saline conditions by
accelerating the generation of reactive oxygen species
(ROS), which include the cytotoxic superoxide radical
(O,), singlet oxygen ('O,), hydroxyl radical (OH’), and
hydrogen peroxide (H,0,). The mitochondria, chloro-
plasts, and peroxisomes are the primary sources of ROS
generation in the cell. These reactive oxygen species par-
ticipate in a variety of processes, including DNA damage,
lipid peroxidation, and protein oxidation.

Plants have an antioxidative machinery composed
of enzymatic and non-enzymatic components such as su-
peroxide dismutase (SOD), ascorbate peroxidase (APX),
peroxidase (POX), and catalase (CAT) to mitigate the
harmful effects of ROS at the cellular level (Garca-Cap-
arr6s and Lao, 2018). In contrast to what happened with
CAT activity, myrtle plants experienced a sharp decline
in APX activity during the experimental period. APX and
CAT appear to compensate each other to some extent,
as evidenced by increased CAT expression in knock-out
cytAPX Arabidopsis plants in response to light stress.
At the end of the recovery period, APX, despite show-
ing low activity data, is partially recovered in S4 plants

compared to control plants but not in S8 plants. NaCl has
been shown to reduce APX activity in other plant species,
including grapevine plantlets in vitro. A link has been es-
tablished between CAT activity and photosynthesis be-
cause an increase in CAT reduces CO, photorespiratory
loss (Acosta-Motos et al., 2015).

Increased CAT and SOD levels were observed in
salt-stressed Eugenia plants at 44 and 88 mM, particu-
larly in recovered plants. The response of CAT activity
suggested that the photorespiratory pathway could be in-
duced under salinity conditions, whereas SOD is thought
to be the first line of defence against oxidative stress in
plants. From the decarboxylation of glycine in the mito-
chondria, photorespiration can provide electron accep-
tors to PSI and CO, for the chloroplast. Furthermore, a
close relationship between CAT activity and photosyn-
thetic rate has been described. Increased CAT activity
has been found to limit the H,0O,-dependent decarboxy-
lation of the keto-acids glyoxylate and hydroxypyruvate
in the peroxisome, thereby reducing CO, photorespira-
tory loss (Acosta-Motos et al., 2015).

4 CONCLUSION

The results showed that the morphological, physio-
logical, and biochemical characteristics of OPRC23 gen-
otypes were superior OPRC54 genotype. The OPRC54
genotype had the highest levels of chlorophyll a, b, and
proline content at 12 dS m™! salinity. In conclusion, dif-
ferent levels of salinity can expose to different genotypes,
which leads to the selection of specific salt tolerant geno-
types. The genotypes examined in this experiment of Iris
x germanica were resistant to salinity stress and this trait
is of interest to landscape designers.
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Effect of fertilisers on yield, water consumption and energy
capacity of grain sorghum (Sorghum bicolor L.)

Abstract: This study aimed to determine how fertil-
iser rates affect biological yield, water use, and energy capac-
ity of grain sorghum. Field experiment was conducted at the
Uladovo-Lyulynetsk Research and Selection Station (49° 35'N,
28° 24" E) in 2017-2021. Trial was arranged using a random-
ized experimental design in four replications with a seeding
plot area of 62 m?, a harvesting area of 50 m?. The investigated
factors were: control, without fertiliser, winter wheat straw at
the rate of 4 t ha! as a background, mineral fertilisers at rates
of N P K ,N P K ,N P K.  and the estimated rate of
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N,.P..K . Grain sorghum produced high yields of biomass
on black soils against the background of natural fertility with
ayield of grain 5.96 t ha', stems 30.3 t ha'. Application straw
and mineral fertilisers ensured efficient moisture consumptions
by plants. Estimated fertilisers rate N, P, K  against the back-
ground of 4 t ha! of straw provided similar productivity of sor-
ghum with the maximal rate of N, P, K . and can be recom-
mended for fertilising as more cost-effective. This fertilisation
increased grain yield by 35 %, bio-ethanol output by 41 %, solid
biofuel by 17 %, total energy output by 23 %.

Key words: grain sorghum, fertiliser rates, productivity,
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Ucinek gnojil na pridelek, porabo vode in vsebnost energije
pri navadnem sirku za zrnje (Sorghum bicolor L.)

Izvle¢ek: Namen raziskave je bil dolo¢iti u¢inek odmer-
kov gnojil na bioloski pridelek, porabo vode in energetsko
vsebnost navadnega sirka za zrnje. Poljski poskus je potekal na
Uladovo-Lyulynetsk Research and Selection Station (49° 35'N,
28° 24' E) v rastnih sezonah 2017-2021. Poskus je potekal kot
naklju¢ni poskus s $tirimi ponovitvami s povrsino setve 62 m>
in povr$ino zetve 50 m? Obravnavanja so obsegala: kontrola
brez gnojil, slama ozimne pSenice v odmerku 4 t ha™ kot ozadje,
mineralna gnojila v odmerkih NSOPGOKGO, Ny P K NIZOPIZOK120
in ocenjen odmerek N, P, K_. Sirek za zrnje je imel velik pri-
delek biomase na ¢rnih tleh kot ozadju naravne rodovitnosti s
pridelkom zrnja 5.96 t ha™ in stebel 30.3 t ha'. Uporaba slame
in mineralnih gnojil je zagotovila zadostno vlago za potrebe
rastlin. Ocenjen odmerek gnojila N, P, K  in uporaba slame
v odmerku 4 t ha' sta dala podobno produktivnost sirka z naj-
vecjo vrednostjo z odmerkom mineralnih gnojil N, P, K
kar bi lahko priporo¢ili za cenovno ucinkovito gnojenje. Ta-
ks$no gnojenje je povecalo pridelek zrnja za 35 %, bioetanola za
41 %, goriva iz slame za 17 % in celokupni energetki izkopic¢ek
za 23 %.

Klju¢ne besede: sirek za zrnje, odmerki gnojil, produk-

tivnost, biogorivo
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1 INTRODUCTION

The problem of food and energy resources are the
main challenges of the modern economy. Rapid popula-
tion growth and the reduction of fossil fuels require al-
ternative solutions capable of ensuring a delicate balance
between rising living standards and the ability to satisfy
the population with food and energy. A series of recent
EU legislative decisions, summarized in the “European
Climate Law”, outlines a new map of Europe’s climate
neutrality, which envisages a phase-out of fossil fuels
and a full transition to renewable energy sources by 2050
(Chiaramonti et al., 2021).

Ukraine lags far behind in the use of renewable en-
ergy, but large areas of land, high soil fertility, favorable
climatic conditions and geographical location make it a
promising player in the market of cheap energy carri-
ers. The energy strategy of Ukraine until 2035, approved
by the resolution of the Cabinet of Ministers of Ukraine
dated August 18, 2017 No. 605-r, provides for increasing
the share of energy obtained from renewable sources by
25 % by 2030 (Energy..., 2017).

According to Sinchenko et al. (2020), in recent
years, special interest in Ukraine has focused on the pro-
duction of bio-ethanol, which is planned to increase to
12 million tons by 2030.

The production of bio-ethanol requires the culti-
vation of highly productive and undemanding crops,
among which grain sorghum deserves special attention.
Grain sorghum, originating from the African continent,
has genetically inherited high drought resistance, un-
pretentiousness to soil and climatic conditions, has high
productivity, which guarantees stable biomass yields in
conditions of global warming (Stamenkovic et al., 2020).

At the same time, grain sorghum, like other crops,
needs sufficient supply of moisture and nutrients, par-
ticular nitrogen (Abunyewa et al., 2017). Insufficient sup-
ply of sorghum plants with water and nitrogen limits its
growth, decreases yield (Obour et al., 2022), deteriorates
grain quality (Modisapudi & Sebetha, 2022); the acute
moisture deficit stagnates plant growth and increases nu-
trition requirement (Schlegel & Bond 2020). To obtain
a high biological yield, grain sorghum requires the ap-
plication of 70-90 kg ha! (Masebo & Menamo, 2016; Mu-
nagilwar et al., 2020; Kovalenko, 2023) to 160 kg ha™ of
nitrogen (Bartzialis et al., 2023; Said et al., 2023).

Organic-mineral fertilisations are much more ef-
fective in increasing the yield of grain sorghum (Kedir,
2023). The combined application of organic and mineral
fertilisers has a complex effect on the soil, improves its
structure and moisture supply, forms a balanced nutri-
tion of plants in terms of macro- and micronutrients, in-
creases the resistance of plants to drought, which is the
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key to obtaining stable crops in the era of global warming
(Hu et al., 2018; Lu 2020, Mujdeci et al., 2020). According
to Teshome et al. (2023), the application of mineral fer-
tilisers in combination with manure in Western Ethiopia
provided the highest grain sorghum yield of 5.09 t ha’
with an increase compared to the control by 84.2 %.

Winter wheat straw is often used to fertilise agricul-
tural crops. This practice is widespread in Ukraine, where
there is an acute shortage of manure, while the area sown
with winter wheat exceeds 6.5 million hectares with an
annual straw production of over 33 million tons. For
most crops, winter wheat is a good predecessor, and grain
sorghum is mainly grown after it (Malyarchuk, 2019).

According to Liu et al. (2017) use of straw as a ferti-
liser has economic advantages over manure, it is cheaper
to produce, its application does not require costs associ-
ated with transporting fertiliser to the field as is the case
with manure and therefore it is more cost-effective. Ap-
plication of straw in the semi-arid regions of China at the
rate of 4.5-13.5 t ha'! had a versatile positive effect on the
soil and sorghum yield increased microbial activity in the
0-60 cm soil layer by 19.6-44.3 %, water use efficiency -
by 15.7-34.6 %, grain yield by 10.6-22.8 % (Zhang et al,,
2016).

According to Poliovyi et al. (2021), straw is inferior

to manure in terms of filling the soil with nutrients. Ata
dose of straw of 5 t ha™', nitrogen enters the soil - 27 kg
ha’!, phosphorus - 15, potassium - 62 kg ha'. Compared
to manure (30 t ha), it is 5,6 times less for nitrogen, 5.0
times less for phosphorus and 2.9 times less for potas-
sium, and therefore the application of mineral fertilisers
is effective when applying straw into the soil.
The use of mineral fertilisers for grain sorghum
against a background of straw is a little-studied
issue that requires research and is relevant for
obtaining high biomass yields.

This study aims to answer: (1) How fertiliser rates
applied against background of straw affect biological
yield, water use, and energy capacity of grain sorghum?
To determine the optimal rate of fertilisers that ensure
the maximum biological and energy productivity of
grain sorghum.

2  MATERIALS AND METHODS

Field experiment during research years of 2017-
2021 was conducted at the Uladovo-Lyulynetsk Re-
search and Selection Station (49° 35' N, 28° 24' E). Trial
was organized using a randomized experimental design
in four replications with a seeding plot area of 62 m? a
harvesting area of 50 m?* The investigated factors were:
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control, without fertiliser, winter wheat straw at the rate
of 4 t ha'! as a background, mineral fertilisers at rates of
N P K ,N P K ,N P _ K andtheestimated rate of

607 607 60 T 7907 907 790” T 1207 1207 120

N105P35K60'

Soil of the experimental site was leached chernozem,
loamy composition, with agrophysical and agrochemical
properties of the 0-30 cm soil layer: pH, , - 5.8-6.1, or-
ganic matter — 3.9-4.0 % (DSTU 4289:2004), easily hy-
drolyzed nitrogen - 140-145 mg (DSTU 7863:2015), mo-
bile PO, - 133-137 and K,O - 82-88 mg kg of the soil
(DSTU 4115-2002) (Soils, 2002, 2004, 2015).

Hybrid ‘Dniprovskyi 39’ was sown at first decade of
May. An early-ripening hybrid matures in 100-110 days
with a potential yield of over 8 t ha™'. Predecessor of grain
sorghum was winter wheat ‘Bogdana.

Sorghum was harvested at the beginning of Septem-
ber under grain moisture of 14 %. The content of starch
was determined by a polarimeter, protein by the content
of total nitrogen, determined by the Kjeldahl method
(DSTU 7169-2010) with subsequent conversion to pro-
tein.

The Kalynivka meteorological station provided
weather data.

To determine soil water reserves (SWR), soil sam-
ples were taken twice (sowing and harvesting) from the
0-150 cm layer.

The formula for determining the water use efficien-
cy (WUE index) (m’ t*):

WUE = (SWR_- SWR, + P) x 10/ Y,

where SWR - soil water reserves at sawing, SWR, -
at harvest, mm; P - precipitation, mm; 10 — conversion
coeflicient, mm into m* Y - total yield (grain and stems),
t ha'' dry biomass.

The IBCSB methodology was used to determine the
output of bio-ethanol, solid fuel and energy from sor-
ghum grain (Roik et al., 2020).

The formula that defines bio-ethanol output:

Me=YxdxSxrxf/10000,

where Me - bio-ethanol, tha''; Y - grain yield, tha';
d - grain dry matter, %; S - starch content, %; r — the ra-
tio of the molecular weight of ethanol to starch (0.5679);
f - coefficient of bio-ethanol output at the factory (0.9).

The formula that defines solid biofuel output:

Ms=Ysxdx (100 + h) / 10000,

where Ms - solid biofuel, t ha’’; Ys - stems yield,
tha'; d - dry matter, %; h - humidity coefficient of 10 %.

The heat of combustion for solid biofuel - 16 GJ t*,
bioethanol - 25 GJ t* was used to calculate the energy

output.

2.1 STATISTICAL ANALYSIS

All obtained data were analyzed with the technique
of analysis of variance (ANOVA). Significant differences
between individual means were assessed using the least
significant difference test (LSD, p < 0.05). Microsoft Ex-
cel, version 2013, (USA) was used to determine correla-
tion-regression dependencies between research data.

2.2 METEOROLOGICAL CONDITIONS

During 2017-2021, weather conditions were fa-
vorable for growing grain sorghum. 2017 was warm and
uneven in precipitation distribution. The average daily
temperature during the growing season exceeded the
long-term average by 1.4 °C, the amount of precipitation
was 37 mm less. In May, June and July, precipitation fell
by 27, 36 and 52 mm more than the average multi-year
norm, in August and September - by 47 and 25 mm less
(Figure 1 and 2). The year 2018 was the warmest dur-
ing the research period, the growing season was marked
by an excess of the average long-term temperature by
2.9 °C with the amount of precipitation within the nor-
mal range (397 mm). 2019 was a warm year, with the av-
erage daily temperature exceeding the long-term norm
by 1.9 °C. Precipitation corresponded to the norm with
an uneven distribution during the growing season. May
and June were excessively wet — the amount of precipi-
tation exceeded the long-term norm by 52 and 61 mm,
July-August were dry — 108 mm less precipitation fell in
three months. 2020 was slightly dry. The average daytime
temperature exceeded the norm by 1.4 °C, the amount
of precipitation during the growing season was 45 mm
less. A decrease in precipitation was marked in August
by 20 mm and in September by 14 mm. Weather condi-
tions the year 2021 best corresponded to the multi-year
average. The amount of precipitation during the growing
season was within the long-term norm - 389 mm, the
temperature was higher by 0.6 °C.

3 RESULTS AND DISCUSSION

The research results showed that grain sorghum
responded positively to the application of fertilisers. In
the control without fertilisers and with application of 4
t ha! of straw, the yield of grain in average for research
years was the lowest of 5.96 and 6.13 t ha’!, respectively
(Table 1). With rate of fertilisers N P K over the back-
ground of 4 t ha! of straw, the yield increased compared
to control without fertilisers by 0.85 t ha' or by 14.3 %,

N, P, K,, - by 1.78 t ha" or by 29.9 %, N, P K, - by

90~ 90" 90 1207 120
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Figure 1: Average daily temperature during the growing season
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Figure 2: Amount of precipitation during the growing season

2.14 tha'or 35.9 %, estimated rate of N P, K_ - by 2.06
t ha' or 34.6 %. All rates of mineral fertilisers statisti-
cally significantly (p < 0.05) increased grain yield of sor-
ghum. The highest yield value ensured fertilisers rate of
N,,.P,,,K,,, and estimated rate of N, P, K  applied over
the background of 4 t ha, it was amounted to 8.10 and
8.02 t ha'', respectively. Application of high rates of ni-
trogen fertilizers of 105 to 120 kg ha™', which is observed
in these options, was decisive in obtaining a high yield
of grain sorghum. In years with regular moistening dur-
ing the growing season (2017-2018), mineral fertilisers
showed maximum efficiency, the increase in grain yield
compared to the control without fertilisers was 2.80-
3.26 t ha, in dry years (2019-2020) the effectiveness of
fertilisers decreased significantly, the increase in grain
yield was 0.91-1.87 t ha™', which was half as much. These
results are consistent with the findings of Munagilwar
et al. (2020), Bartzialis et al. (2023), Kovalenko (2023)
on the effectiveness of high nitrogen doses of 70 to160
kg ha™* for this crop.

The application of fertilisers substantially affected
the yield of sorghum stems. An increase in the rate of fer-
tilisers from N P K to N P K on the background
of 4 t ha' of straw was accompanied by an increase in
the yield of stems compared to the control without fer-
tilisers by 2.8-4.7 t ha'. The maximum yield of 35.2 and
35.0 t ha! was provided by the fertilizer rate N, P~ K

1207 1207 "120
and the estimated rate N, P, K_ against the background
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of 4 t ha' of straw. Fertilisers reliably increased stem
yield compared to the control without fertilisers by 15.5-
16.2%, which is consistent with the studies of Said et al.
(2023), where the highest stem yield of 16.8 t ha was
achieved at nitrogen fertiliser rate of 150 kg ha'. Weather
conditions in the years of research had a less pronounced
influence on the yield of stems compared to their influ-
ence on the yield of grain. The maximum effectiveness
of fertiliser application was achieved in the year 2017,
which was favorable in terms of moisture, the application
of high rates of fertilisers N, P . K and N P K_ this
year increased the yield of stems compared to the control
without fertilisers by 4.7-4.9 t ha'!, while in the dry year
of 2020 only by 2.5-2.8 t ha™.

The quality of the grain of sorghum plants depends
on the accumulation of protein in it. The application of
fertilisers significantly increased the protein content in
sorghum grain: at rate of N, P_ K. by 0.6 %, N, P, K, by
1.5 %, N, P K_ by 1.8 %, calculated rate of N P, K
by 1.5 %, if compared to the control without fertilisers.
The years of research had little effect on the quality of
sorghum grain.

The starch content in sorghum grain is an indicator
of its quality and a source of bio-ethanol production. The
lowest starch content was recorded in the control with-
out fertilisers — 63.2 % and against the background of
straw application — 63.5 %. Fertilisers applied against the
background of 4 t ha! of straw have reliably increased the
accumulation of starch in sorghum grains by 2.9-4.4 %.
At fertilisers rate N P, K starch content was 66.1 %,
N, P, K, 67.0 %, N P K. - 67.6 %, estimated rate
N,.P..K,, - 67.3 %. Fertilisers in the dose of N, P . K
and the estimated dose of N, P, K_ maximally contrib-

uted to the increase in starch 41:0(5)n3tsen6to. Weather conditions
had an insignificant effect on the accumulation of starch
in sorghum grains; application of fertilizers proportion-
ally increased its content through the years of research.

The productivity of grain sorghum and the stabil-
ity of obtaining crops largely depends on the accumula-
tion of moisture in the soil and the efficiency of its use
by plants during the growing season. According to Souza
et al. (2021), water stress caused by water deficit in the
pre-flowering stage of grain sorghum can reduce its yield
by 45 %, and after the post-flowering stage by more than
48 %.

On average, for 2017-2021, the SWR in the spring
during the sowing of grain sorghum was 229-244 mm in
a 1.5 m soil layer (Figure 3). In the control without ferti-
lisers, the moisture content in the soil was the lowest, and
with the application of straw and mineral fertilisers, the
SWRincreased by 10-15 mm. The accumulation of mois-
ture in the soil was facilitated by the application of winter
wheat straw, while the application of mineral fertilisers
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Table 1: Effect of fertilisers on biomass yield and grain quality of grain sorghum

Years
Treatment 2017 2018 2019 2020 2021 Mean SD CcvV
Grain yield, t ha'!
Without fertilisers (control) 6.80 6.22 5.25 5.47 6.06 5.96 0.62 10.4
4 t ha! of straw (fond) 6.96 6.50 5.44 5.68 6.08 6.13 0.61 10.0
NP, K, 8.05 750 553 623 676 6.81 100 147
N,P,.K,, 9.39 869 604 702 755 7.74 133 172
NP Ko 1006 906 620  7.38 779 8.10 150 185
estimated fertiliser rate 9.78 9.02 6.16 7.34 7.80 8.02 1.42 17.7
LSD (p < 0.05) 0.74 0.66 0.52 0.60 0.47 0.64
Stems yield, t ha'!
Without fertilisers (control) 33.7 32.0 27.3 28.8 29.7 30.3 2.55 8.42
4 t ha'! of straw (fond) 32.3 32.1 26.7 28.4 29.0 29.7 2.43 8.20
NP K, 36.2 358 295 306 334 33.1 301 9.09
N, P, K, 37.7 364 312 313 354 34.4 299 869
N,.PLKo, 38.4 372 326 316 362 35.2 296 840
estimated fertiliser rate 38.6 36.2 32.0 31.3 36.9 35.0 3.19 9.11
LSD (p < 0.05) 2.44 2.52 2.06 2.12 2.33 2.14
Content of protein, %
Without fertilisers (control) 9.5 9.6 11.0 10.7 9.7 10.1 0.70 6.90
4 t ha! of straw (fond) 9.4 9.6 10.6 9.5 9.9 9.8 0.48 4.95
NP K, 9.9 102 114 111 109 10.7 0.63 587
N,.P, K, 10.4 113 123 118 122 11.6 078 671
NP K, 10.7 1.7 125 121 120 11.8 068 575
estimated fertiliser rate 10.4 11.5 12.5 11.9 11.7 11.6 0.77 6.62
LSD (p < 0.05) 0.17 0.20 0.27 0.23 0.28 0.24
Content of starch, %
Without fertilisers (control) 64.6 64.0 62.4 62.7 62.3 63.2 1.04 1.64
4 t ha! of straw (fond) 64.8 64.7 62.4 63.0 62.6 63.5 1.16 1.83
N, P.K, 67.0 669 658 651 657 66.1 082 124
N,,P,.K,, 67.6 67.8 662 660 674 67.0 0.84 125
N,P.K., 67.9 680 672 671 678 67.6 042 062
estimated fertiliser rate 67.9 67.8 66.4 67.0 67.4 67.3 0.62 0.92
LSD (p < 0.05) 0.43 0.37 0.40 0.34 0.42 0.40

SD-standard deviation; CV-coefficient of variation

had an insignificant effect on its reserves. Our data are
consistent with the studies of Wang et al. (2016), where
the application of 15-23 t ha' of manure under corn
crops formed high moisture reserves in the soil at the
stage of tassel formation, which may be a consequence of
improving the soil structure and increasing its ability to
retain moisture.

At harvest, SWR in the 1.5 m soil layer decreased
by 1.93-2.46 times. The smallest SWR was recorded
for the fertiliser rate N, P, K and the estimated rate
N,.P..K, it amounted to 99 and 101 mm, respectively.
In these options, grain sorghum yield was the highest,
which required additional moisture inputs.

During the growing season, grain sorghum used
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118-145 mm of moisture from the soil, which was 24-
28 % of the plants moisture needs, the remaining 72-
76 % of the needs was covered by precipitation, which
averaged 378 mm over the years of research.

The yield of dry biomass (grain and stems) of grain
sorghum was the lowest in the control without ferti-
lisers and for the application of 4 t ha' of straw -12.6
and 12.7 t ha'!, respectively, and the highest was for the
fertilisers rate of N, P/ K —and the estimated rate of
N,.P..K,, - 15.7 and 15.4 t ha"'. The use of fertilisers in-
creased the yield of dry biomass compared to the control
without fertilizers by 1.22-1.25 times (Figure 4). These
results are consistent with the findings of Abunyewa et
al. (2017) on a reliable increase in sorghum yield under
sufficient supply of water and nutrients.

The calculation of moisture consumption for the
formation of 1 ton of dry biomass (WUE index) reflects
the efficiency of moisture use by plants. In the control
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without fertilisers, WUE was the highest — 394 m’, and
the lowest at fertilisers rate of N, P, K and the esti-
mated dose of N, P, K - 333 and 337 m’ respective-
ly. Application of mineral fertilisers reduced moisture
consumption for the formation of one ton of biomass
compared to the control without fertilizers by 61 and
57 m’. High rates of mineral fertilisers N, P K ~and
N,,.P..K,, which provided increased nitrogen nutrition,
resulted in the lowest WUE. These results are consistent
with the research of Bastaubayeva et al. (2022) on the ef-
fectiveness of high fertiliser rates in reducing water con-
sumption by sugar beet.

Grain sorghum is a valuable bioenergy crop for the
production of bio-ethanol. Bio-ethanol is obtained from
sorghum grain, its output depends on the yield of the
grain and its starch content. On average, over the years
of research, the lowest output of bioethanol was recorded

in the control without fertilisers — 1.66 t ha'!, which was
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Figure 3: Effect of fertilisers on SWR in 1.5 m soil layer, mm, 2017-2021 years
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Figure 4: Effect of fertilisers on sorghum dry biomass yield and WUE index, 2017-2021 years

6 | Acta agriculturae Slovenica, 121/1 - 2025



Effect of fertilisers on yield, water consumption and energy capacity of grain sorghum (Sorghum bicolor L.)

Table 2: Effect of fertilisers on the biofuel output and energy capacity of grain sorghum, 2017-2021 years

Biofuel t ha-1 Energy GJ ha'
Total energy

Treatment bio-ethanol solid biofuel bio-ethanol solid biofuel GJ ha™!
Without fertilisers (control) 1.66 8.20 41.5 131 172.5
4 t ha! of straw (fond) 1.71 8.16 42.8 131 173.8
NP K, 1.98 9.08 495 145 194.5
N, P, K, 2.28 9.44 57.0 151 208.0
NL.PooKo 2.41 9.60 60.3 154 2143
estimated fertiliser rate 2.34 9.56 58.5 153 211.5
LSD (p < 0.05) 0.19 0.26 4.7 5.1 6.4
Mean 2.06 9.01 51.6 144 195.8
SD 0.33 0.67 8.20 10.67 18.79
(A% 159 7.4 15.9 7.4 9.6

SD-standard deviation; CV-coefficient of variation

28 % of the grain yield. The highest output of bio-ethanol
was obtained by applying fertilisers rate of N, P K
and the estimated rate of N, P, K  against the back-
ground of 4 t ha! of straw — 2.41 and 2.34 t ha'!, respec-
tively. The application of fertilisers increased the output
of bio-ethanol compared to the control without fertilisers
by 0.68-0.75 t ha or 41-45 % (Table 2). These results are
consistent with the findings of Gamayunova et al. (2022),
Pravdyva et al. (2022), where application fertilisers under
grain sorghum increased bio-ethanol output by 33-74 %.

When producing bio-ethanol, grain sorghum stems
can be reliable source for production of solid biofuel.
Research results showed that the output of solid biofuel
from sorghum stems was 4.0-6.4 times higher than the
output of bio-ethanol from grain. The rate of fertilis-
ers N, P K, and the estimated rate N, .P. K_ against
the background of 4 t ha! of straw provided the maxi-

mum yield of solid biofuel of 9.60 and 9.56 t ha' with
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Figure 5: Total energy increase from mineral fertilisers applica-
tion, 2017-2021 years

an increase compared to the control without fertilisers
by 17 %.

Energy capacity of grain sorghum is the energy that
is concentrated in bioethanol and solid biofuel and is the
result of their combustion. In the current experiment,
72-76 % of the total energy was concentrated in solid
biofuel, 24-28 % in bio-ethanol. Fertiliser application in-
creased energy storage in sorghum plants compared to
the unfertilised control by 22.0-41.8 GJ ha’, to the fond
of 4 t ha of straw — by 20.7-40.5 GJ ha™'. The highest en-
ergy capacity of sorghum was recorded when applying
fertilisers at the rate of N, P,/ K and the estimated rate
of N, .P. K, against the background of 4 t ha! of straw, it
was 214.3 and 211.5 GJ ha’!, respectively.

It was established that the highest accumulation of
energy per one kilogram of nutrients (NPK) of mineral
fertilisers was achieved with the application of an esti-
mated rate of N, _P__K_ against the background of 4 t ha™!
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Figure 6: Correlation between grain yield and energy output
from bio-ethanol, 2017-2021 years
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Figure 7: Correlation between stem yield and energy output
from solid biofuel, 2017-2021 years

of straw, it amounted to 188 M] (Figure 5). This rate of
fertilisers was the most effective in the formation of high-
energy capacity of grain sorghum.

A strong linear correlation was established between
grain yield and output of energy from bioethanol, stalk
yield and energy output from solid biofuel with a coefhi-
cient of determination of 0.9965 and 0.9933, respectively

(Figure 6 and 7).

4 CONCLUSION

1. Grain sorghum produces high yields of biomass
on black soils, which is a raw material for the produc-
tion of bioethanol and solid biofuel. Against the back-
ground of natural fertility, the yield of sorghum grain was
5.96 t ha', stems 30.3 t ha', from which 1.66 t ha' of
bio-ethanol and 8.2 t ha! of dry biofuel can be obtained,
with a total energy capacity of 172 GJ ha™.

2. It is advisable to grow grain sorghum after winter
wheat. The use of wheat straw for fertiliser increases the
accumulation of moisture in the soil, and its application
with mineral fertilisers ensures economical and efficient
use of moisture by plants.

3. Estimated fertilisers rate N, P, K against the
background of 4 t ha' of straw provided almost the
same productivity of sorghum with the maximal rate of
N,,P,,K,, and can be recommended for fertilising as
more cost-effective. This organic-mineral fertilisation led
to an increase in grain yield by 35 %, bio-ethanol output
by 41 %, solid biofuel by 17 %, total energy output by

23 %.
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Effect of chemical thinning on the fruit organoleptic param-
eters of ‘Majhoul’ date palm during the ripening stage

Abstract: The aim of our research work was to study the
effect of chemical thinning on the fruit organoleptic parameters
of ‘Majhoul’ date palm during ripening. Trials were carried out
in the Tinejdad region. Four thinning treatments, including
two NAA (naphthalene acetic acid) treatments were used on
the fruits of three flowering phases. Obtained results showed
that thinning treatments and flowering phases did not affect
(p < 0.05) the titratable acidity of the fruit juice, while the two
factors affected (p < 0.05) the pH of the fruit juice (5.16 in not
thinned early flowering and 6.75 in the late flowering treated
with T2 NAA). The content of sugar in the fruit was higher in
the control and manual thinning (17.62-19.58 °Brix) than in
NAA treatments (13.89-15.05 °Brix). It was also higher in the
early flowering phase (18.35 °Brix) than in the other phases
(15.50-15.76 °Brix). At the ripening stage, thinning treatments
and flowering phases affected significantly (p < 0.001) the rate
of ripening, but there was no interaction between the two fac-
tors. Thinning treatments and flowering phases affected some
parameters of the fruit (pH, sugar content), but did not affect
some other parameters (titratable acidity).

Key words: ‘Majhoul’ date palm, chemical thinning, NAA,
flowering phase, fruit ripening, fruit organoleptic parameters.
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U¢inek kemi¢nega redcenja v obdobju zorenja na organo-
lepti¢ne lastnosti plodov dateljeve palme ‘Majhoul’

Izvle¢ek: Namen raziskave je bil preuciti u¢inek kemic-
nega redcenja v obdobju zorenja plodov na organolepti¢ne
lastnosti dateljeve palme ‘Majhoul’. Poskusi so bili izvedeni
na obmoc¢ju Tinejdad. Obravnavanja so obsegala $tiri nacine
red¢enja v treh fazah cvetenja, od katerih sta dva vsebovala
naftalen ocetno kislino. Rezultati so pokazali, da red¢enja in
faze cvetenja niso vplivale (p < 0,05) na titrabilno kislost soka
plodov medtem, ko sta oba dejavnika vplivala (p < 0,05) na pH
soka plodov (5,16 pri plodovih zgodnje faze cvetenja brez red-
¢enja in 6,75 pri plodovih pozne faze cvetenja in obravnavanju
T2). Vsebnost sladkorjev v plodovih je bila ve¢ja pri kontroli
in ro¢nem red¢enju (17,62-19,58°Brix) kot pri obravnavanjih z
naftalen ocetno kislino (13,89-15,05 °Brix). Vsebnost sladkorja
je bila tudi ve¢ja v plodovih zgodnje faze cvetenja (18,35 °Brix)
kot v plodovih ostalih faz (15,50-15,76 °Brix). Faze cvetenja in
obravnavanja z red¢enjem so znacilno vplivala (p < 0,001) na
stopnjo zrelosti plodov, vendar med obema dejavnikoma ni
bilo povezave. Zaklju¢imo lahko, da so red¢enja in faze cvete-
nja vplivale na nekatere organolepti¢ne lastnosti plodov (pH in
vsebnost sladkorja) a ne na nekatere druge parametre (titrati-
bilna kislost).

Klju¢ne besede: ‘Majhoul’ dateljeva palma, kemi¢no red-
Cenje, naftalen ocetna kislina, faza cvetenja, zrelost plodov, or-
ganolepti¢ne lastnosti plodov
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1 INTRODUCTION

To obtain good quality dates with market value,
farmers are required to perform the thinning practice,
which is an important management practice in the pro-
duction system of date palm. Because of the expensive
cost of manual thinning due to its performance by skilled
labor, the need for a thinning practice, which is not ex-
pensive, such as chemical thinning, is necessary. The
chemical thinning may be an alternative to manual thin-
ning. Preliminary trials have shown that the use of some
chemical regulators, such as NAA (naphthalene acetic
acid), improved date yield and quality. This synthetic
auxin has been shown effective in the chemical thinning
of date palm (Ali Dinar et al., 2002; Al-Juburi & Al-Mas-
ry, 2003; Abd El-Kader et al., 2008). As reported by sev-
eral authors, the chemical NAA product is also used to
improve dates quality and to control their ripening (Al-
Juburi et al., 2000 and 2001; Aboutalebi & Beharoznam,
2006). Abd El-Kader et al. (2008) indicated that to im-
prove dates yield and quality much progress is needed in
using the growth regulators such as NAA product.

The elimination of 15, 30, or 45 % of fruits per clus-
ter improved fruit quality, including fruit and pulp mass
and the content of sugar in the fruit (Samouni et al,,
2016). Applications of 150 and 200 ppm NAA on ‘Barhe’
and ‘Shahl’ date palm 10 weeks after fruit set decreased
the content of sugar in the fruit compared to the control
not treated (Harhash & Al Obeed, 2007). Applying 100
and 200 ppm NAA on ‘Majhoul’ date palm 20 to 38 days
after pollination also decreased the content of sugar in
the fruit. The application of 100 ppm NAA decreased the
content of dry matter in the fruit and that of 200 ppm did
not affect this content of dry matter. While, the pH of the
fruit juice was almost similar for all treatments (Arba &
Oumou, 2024). However, Taim (2010) reported that ap-
plying 100 ppm NAA on ‘Barhe’ date palm 10 days and
7 weeks after pollination increased the titratable acidity
and the content of sugar in the fruit. While, the same ap-
plication decreased the pH of the fruit juice and the con-
tent of dry matter in the fruit. Other authors indicated
that application of 80 and 100 ppm NAA on ‘Barhee’ and
‘Succary’ date palm fifteen weeks after pollination led to
an increase in the acidity and the content of sugar in the
fruit (Al Obeed et al., 2003; Al Qurashi & Awad, 2011).

Our research work aimed to study the effectiveness
of chemical thinning as an alternative to manual thin-
ning, because it’s less expensive for the farmetrs and easy
to use. Moreover, the objective of our research work was
to study the effect of chemical thinning by using NAA on
the organoleptic parameters of the fruits. These organo-
leptic parameters are amang the physico chemical con-
stituants that are important in the determination of the
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date quality. They are focusing on the pH and titratable
acidity of the fruit, and the content of sugar and dry mat-
ter in the fruit. Applications of NAA are used 30 days and
60 days after pollination on different flowering phases of
‘Majhoul’ date palm: the early flowering phase, the sea-
sonal phase, and the late flowering phase.

2 MATERIALS AND METHODS

2.1 THE SITE OF TRIALS

Trials are carried out on fifteen-year-old planta-
tions in the Tinejdad region, Tafilalet area: latitude 31°
32’ north, longitude 4° 52’ west, 1062 m altitude. The site
of trials is characterized by an arid climate with warm
temperatures in summer (mean temperature is 42 °C)
and cold temperatures in winter (mean low temperature
is -0.5 °C), and low rainfall (less than 100 mm per year)
which is poorly distributed in the year. The site of trials is
also characterized by warm and dry winds from the east,
which can reach more than 57 km per hour during the
summer period (May to August) (DGCL, 2015). The soil
of the site of trials included 46 % fine sand, 30 % silt, 12 %
clay, 7 % limestone, and 0.21 % organic matter.

The irrigation system used in the farm of trials was
drip irrigation with two drip rails per row of palm trees
and two drips per palm tree (one drip per drip rail). Or-
ganic manure was brought once a year, in May, and the
amount provided was 150 kg per palm tree and mineral
manure was brought twice a year, in February and June.
Watering and fertilizing programs used in the cultivation
of ‘Majhoul’ date palm in the farm of trials are presented
in Table 1.

2.2 THE EXPERIMENTAL DESIGN

The experimental design adopted was a split-plot
with 3 blocks including 4 palm trees each one, and on
each palm tree, the three flowering phases were ran-
domly chosen. The spathe-opening and pollination
periods of the three flowering phases are presented
in Table 2. Studied palm trees were 2-3 m high, the
number of palms per palm tree was 72 to 80 and the
number of clusters kept per palm tree was more than
one per 10 palms because the clusters were not loaded.
The pollination was carried out manually by putting
three spikelets of male inflorescence inside the female
inflorescence.
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Table 1: Watering and fertilizing programs used in the cultivation of ‘Majhoul’ date palm in the farm of trials in the Tinejdad

region, Tafilalet area.

Fertilizing program

Watering program

Fertilizers used Principal constituants ~ Amount brought
per palm tree on
February

Composed ferti- 14 % N, 7 % P,0s,21 % 2kg (0.28 kg N,

lizers K20, 3 % MgO 0.14 kg P,Os, 0.42
kg K,O and 0.06 kg
MgO)

Silica-based ferti- 60 % SiO2, 3.7 % MgO, 1 Kg (0.6 kg SiO,,

lizers 3.4 % Fe;03,3 % CaO  0.037 kg MgO,
0.034 kg Fe,0s,
0.03 kg CaO)

Ammonium ni-
trate

33,5% N 2kg (0,67 kg N)

Potash nitrate 13 % N, 46 % K20 -

DAP 18 % N, 46 % P20, 1kg (0.18 kg N,
Diammonium- 0.46 kg P20:s)
triphosphate

Amount brought Watering dose per palm Periods

per tree and frequency of the  of the

palm tree on June apports apports

1kg (0.14kg N,

0.07 kg P,0s, 0.21

kg K,O and 0.03

kg MgO)

1 Kg (0.6 kg SiO,, 400 to 600 liters per palm  Decem-

0.037 kg MgO, tree per 4 days ber to

0.034 kg Fe,Os, April

0.03 kg CaO)

1kg (0,335 kg N)

1 kg (0.13kgN, 400 to 600 liters per palm  May to

0.46 kg K20) tree per 2 days Novem-
ber

Table 2: Spathe-opening and pollination periods of the three flowering phases, thinning treatments used, and application dates of
NAA treatments on ‘Majhoul’ date palm in the Tinejdad region, Tafilalet area.

Flowering phase

Early flowering

Seasonal flowering Late flowering

Spathe-opening period March 15 to 252017

Pollination period

March 30 to April 6 2017 April 7 to 14 2017

After April 52017
April 15 to 21 2017

March 26 to April 52017

T0 Control treated with liquefied water

T1 150 ppm NAA 30 days after pollination and 300 ppm 60 days after pollination

T2 250 ppm NAA 30 days after pollination and 500 ppm 60 days after pollination
Thinning treatments . - . . .
used T3 Manual thinning used by the farmer: retaining 8 to 10 fruits per spikelet and removing

the rest

Application dates of
NAA

Ist application

30 days after pollination of the early flowering phase (May 08, 2017)
2nd application 60 days after pollination of the early flowering phase (June 10, 2017)

2.3 THINNING TREATMENTS USED IN THE
STUDY

Thinning treatments used in the study and their
applying dates are presented in table 2. They were ap-
plied to the fruits of the early, seasonal, and late flower-
ing phases of ‘Majhoul” date palm to study their effect
on the fruit organoleptic parameters. The fruit morpho-
logical parameters as affected by thinning treatments,
including NAA treatments, during fruit development

are published in another journal (Arba et al., 2023b).
Manual thinning began on May 15, 2017, 45 days after
pollination and the fruit diameter at this stage was 12-13
mm. It was used to assess the effectiveness of chemical
thinning using NAA on ‘Majhoul’ date palm. The diam-
eter of the fruits during the first treatment of NAA was
8 mm for the early flowering phase, 6.5 mm for the sea-
sonal flowering, and 5 mm for the late flowering phase,
and their diameter during the second treatment was
22 mm for the early flowering, 20 mm for the seasonal
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flowering and 18 mm for the late flowering. Each palm
of the trial received a thinning treatment, which was
repeated three times per flowering phase. Precautions
were taken during NAA treatments because the NAA
product is sensitive to climatic conditions. The mean
temperature should be 18-24 °C, the relative humidity
between 5-17 %, and the wind speed should not exceed
5 km per hour. The NAA product used was a powder
with 99 % purity and the amounts used were measured
using a precision balance with an error of 0.01 mg.

2.4 CHEMICAL ANALYSIS OF THE FRUITS

For chemical analysis of pH and titratable acid-
ity, a sample of 10 fruits per flowering phase or thin-
ning treatment was washed with tap water, cleared
of their seeds, and finely ground in mixture with a
double their volume in distilled water. The grind was
centrifuged for 40 minutes, the recovered superna-
tant was filtered and the filtrate was adjusted with
distilled water up to 200 ml to constitute the raw so-
lution to be analyzed. The pH of juice was measured
with a pH meter and the titratable acidity was deter-
mined by titration of 10 g juice diluted with 10 ml
distilled water using a 0.1 N NaOH solution until a
pH of 8.1 is obtained with a pH meter. The juice of
10 g fruit per flowering phase or thinning treatment,
which was crushed using a garlic press was used to
determine the content of sugar or the Brix using a
refractometer. The content of dry matter in the fruit
was determined according to Shamim et al. (2013) by
measuring the fresh mass of 3 fruits per combination
of thinning treatment-flowering phase and their dry
mass after cutting them into small pieces and drying
them in an oven at 70 °C for 48 hours. Fruit ripening
monitoring was performed on a sample of 10 spike-
lets on the two clusters (5 per cluster) of each combi-
nation of flowering phase-thinning treatment.

2.5 STATISTCAL ANALYSIS OF DATA

Data processing of studied parameters, as well as
the determination of the means and the design of the
graphs, were carried out using Microsoft Excel 16.
The analysis of variance (ANOVA) amang the means
values of repeated mesures and the multiple com-
parison of means according to the Tukey test, with a
significance level of p < 0.05, were carried out using
Minitab 16 statistical software.
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3 RESULTS AND DISCUSSION

3.1 THE ORGANOLEPTIC PARAMETERS OF THE
FRUITS

3.1.1 Titratable acidity and the content of sugar in the

fruit

Obtained results showed that thinning treatments
and flowering phases and the interaction of the two fac-
tors did not affect significantly (p > 0.05) the titratable
acidity of the fruit juice. The titrable acidity of the fruit
juice was 0.16 to 0.21 % citric acid for all thinning treat-
ments and flowering phases (Table 3). Our results are dif-
ferent from those of several authors who reported that
applying 80 to 100 ppm NAA on ‘Barhe’ and ‘Succary’
date palm fifteen weeks after pollination led to an in-
crease in the titratable acidity of the dates (Al Obeed et
al., 2003; Al Qurashi & Awad, 2011). Taaim (2010) also
reported that applying 100 ppm NAA on ‘Barhe’ date
palm 10 days to 7 weeks after pollination increased the
titratable acidity of the dates. However, Harhash & Al
Obeed (2007) indicated that an application of 150 and
200 ppm NAA on ‘Barhe’ and ‘Shahl’ date palm ten weeks
after fruit set led to a decrease in the titratable acidity of
the dates. The difference between their outcome and our
results is probably due to the difference in studied date
palm varieties and the ripening stage where chemical
analysis of the fruits is carried out. In our case the chemi-
cal analysis of the fruits is carried out at the end of the
‘Khalal’ stage and in their case the chemical analysis is
realized during the “Tamar’ stage, which is the late ripen-
ing stage in date palm.

However, thinning treatments and the flower-
ing phases affected significantly (p < 0.05) the content of
sugar in the fruit, but there was no interaction between
the two factors for this chemical parameter. The content
of sugar in the fruit was higher in the control and manual
thinning treatment (17.62-19.58 °Brix) than in T1 and
T2 NAA treatments (13.89-15.05 °Brix) (Table 3). Our
results are consistent with those of several authors who
reported that applying 150 and 200 ppm NAA on ‘Suc-
cary date palm seven weeks after pollination (Harhash
& Al Obeed, 2005) or on ‘Barhe’ and ‘Shahl’ date palm
ten weeks after fruit set (Harbash & Al Obeed, 2007) led
to a decrease in the content of sugar in the fruit. Arba
& Oumou (2024) also indicated that applying 100 and
200 ppm NAA on ‘Majhoul’ date palm 20 to 38 days after
pollination resulted in a decrease in the content of sug-
ar in the fruit of the NAA treatments (9.60-9.67 °Brix)
compared to the fruits of the manual thinning treatment
(12.88 °Brix). Some other authors reported that manual
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Table 3: Titratable acidity and the content of sugar in the fruit according to thinning treatments used (T0, T1, T2, and T3) and
flowering phases (early, seasonal, and late flowering) of ‘Majhoul’ date palm in the Tinejdad region, Tafilalet area.

Titratable acidity of the fruit

Thinning treatments used  juice (% citric acid)

Sugar content in the fruit (°Brix)

TO 0.20 = 0.04
T1 0.16 £ 0.03
T2 0.23 +0.07
T3 0.21 £0.03
Flowering phases

Early flowering 0.21 £ 0.04
Seasonal flowering 0.21 +0.05
Late flowering 0.18 £ 0.04

19.58 +1.02

15.05+1.12 *
ns

13.89+1.11

17.62 £ 1.36

18.35+1.01

15.76 £ 0.74 *
ns

15.50 +1.02

TO: Control treated with liquefied water

T1: 150 ppm NAA 30 days after pollination and 300 ppm 60 days after pollination
T2: 250 ppm NAA 30 days after pollination and 500 ppm 60 days after pollination
T3: Manual thinning used by the farmer: retaining 8 to 10 fruits per spikelet and removing the rest

*: significant difference at p < 0.05
ns: No significant difference (p > 0.05)
The numbers after the + sign indicate the error deviation

thinning in ‘Samany, ‘Barhe] ‘Seewy), ‘Saqei, and ‘Suc-
cary’ date palm increased most of physical (fruit mass
and length) and chemical properties (total solid solu-
bles) compared to not thinned palm trees (Dawoud &
El-Rauof, 2021; Abdelhalim Ahmed, 2022; Ghazzawy et
al., 2023; Sallam, 2023; Zakaria et al., 2023). However,
our results are different from those of some other au-
thors who reported that applying 80 and 100 ppm NAA
on ‘Barhe’ and ‘Succary’ date palm fifteen weeks after
pollination (Al Obeed et al., 2003; Al Qurashi & Awad,
2011) or 100 ppm NAA on ‘Barhe’ date palm ten days
and seven weeks after pollination (Taaim, 2010) led to
an increase in the content of sugar in the fruit. Arba et al.
(2023a) also reported that an application of NAA at the
‘Hababouk’ stage (20-30 days after pollination) improves
fruit quality of retained fruits in the clusters. Applying
75 ppm Cytophex on “Zaghloul’ and ‘Samany’ date palm
four weeks after pollination also increased the content
of sugar in the fruit (El Kosary, 2009). Jalali et al. (2024)
showed that the interaction of manual and chemical
thinning improved fruit quality and the content of sugar
in the fruit of ‘Khadrawi’ date palm at the “Tamar’ stage.
The chemical thinning affected significantly the titrat-
able acidity of the fruit juice and the manual thinning
affected the total phenols and non-reducing sugars in the
fruit. Their results also showed that there was an increase
trend in the amount of sugars, pH, and total acidity from
the ‘Kimri’ to “Tamar’ stage, but a decrease trend in the
amount of total phenols and titratable acidity of the fruit
from the first stage to the second one.

The differences in the results of cited authors may be
due to the ripening stage of studied varieties and manage-
ment practices used in each case. The two main factors
are the water and mineral supply of plants, and the en-
vironmental conditions prevailing in the growing site of
date palm in each case of study. Regarding the flowering
phases, the content of suger in the fruit was also higher in
the fruits of the early flowering phase (18.35 °Brix) than
in those of the other flowering phases (15.50-15.76 °Brix)
(Table 3) probably because of the long period of the fruit
development period and the ripening stage where the
fruits of the early flowering phase have accumulated
more sugar than those of the other flowering phases due
to the shorter period of their fruit development period
and ripening stage. However, Arba & Oumou (2024) in-
dicated that at the end of the ‘Khalal stage, the flowering
phases did not affect significantly (p > 0.05) the content
of sugar in the fruit. Probably because of the fruit load of
the palm trees, which is less loaded in their study due to
the low number of clusters kept per palm tree (a mean of
7 clusters per palm tree).

3.1.2 'The pH of the fruit juice

Characterized by high sugar content, the organolep-
tic quality of the dates depends on several factors, mainly
the balance between their content of sugar and acidity.
Our results on the pH of the fruit juice showed also that
the flowering phases and thinning treatments affected
significantly (p < 0.05) this chemical parameter and that
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Figure 1: Variation in the pH of the fruit juice (a) and in
the content of dry matter in the fruit (b) according to the
thinning treatments TO, T1, T2, and T3, and the flower-
ing phases (early, seasonal, and late flowering) of ‘Ma-
jhoul’ date palm in the Tinejdad region, Tafilalet area.

T0: Control treated with liquefied water

T1: 150 ppm NAA 30 days after pollination and 300 ppm 60 days after
pollination

T2: 250 ppm NAA 30 days after pollination and 500 ppm 60 days after
pollination

T3: Manual thinning used by the farmer: retaining 8-10 fruits per
spikelet and removing the rest

there is an interaction between the two factors (Figure
1a). The lowest pH of the fruits (5.16) was obtained in the
early flowering phase without thinning treatment (Figure
la). The fruit load of the clusters, which was higher in
this flowering phase and may influence the air circula-
tion in the clusters, might explain this lowest pH in the
fruits of the early flowering phase. According to Chafi
et al. (2015), this pH value may be the lowest value for
‘Majhoul’ date palm, and according to Acourene et al.
(2001), this pH level may be a bad chemical character for
the preservation of dates. The pH of the other thinning
treatment-flowering phase combinations is above 5.8
and this may be a good chemical character for the pres-
ervation of dates. Our results are different from those of
Arba & Oumou (2024) who reported that the flowering
phases and thinning treatments used in their study (con-
trol without application of NAA, 100 and 200 ppm NAA)
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Figure 2: Evolution of the content of dry matter in the fruit of
‘Majhoul’ date palm according to flowering phases (early, sea-
sonal and late flowering) (a), and thinning treatments used
(T0, T1, T2 and T3) (b) in the Tinejdad region, Tafilalet area.

T0: Control treated with liquefied water

T1: 150 ppm NAA 30 days after pollination and 300 ppm 60 days after
pollination

T2: 250 ppm NAA 30 days after pollination and 500 ppm 60 days after
pollination

T3: Manual thinning used by the farmer: retaining 8-10 fruits per
spikelet and removing the rest

did not affect significantly (p > 0.05) the pH of the fruit
juice. Probably because of the ripening stage and NAA
treatments used in their study and which were different
from the ours.

3.1.3 Evolution of the content of dry matter in the
fruit during fruit development

The evolution of the content of dry matter in the
fruit during fruit development is presented in Figure 2. It
shows that except for May 24 and August 21 2017 where
the flowering phases affect significantly (p < 0.05) the
content of dry matter in the fruit, these flowering phases
do not affect significantly (p > 0.05) this content of dry
matter during the rest of the fruit development period
(Figure 2). During the first days of application of NAA
treatments, the content of dry matter in the fruit is al-
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most similar for all the thinning treatments. However,
during May 22-July 24 2017, a slight decrease in the con-
tent of dry matter in the fruit is observed in all the thin-
ning treatments. This may be due to the coincidence of
this period with the fruit enlargement stage during which
the demand for fruit for water is important. At the end
of the fruit enlargement stage (July 24, 2017), there is a
resumption in the increase of the content of dry matter
in the fruit which is a sign of the beginning of the ripen-
ing stage.

The results also showed that there is an interaction
between the flowering phases and thinning treatments
(Figure 1b). Thus, for the flowering phases without thin-
ning treatment, the content of dry matter in the fruit was
higher and reached 64 % for the early flowering phase,
57 % for the seasonal phase, and 61 % for the late phase.
Arba & Oumou (2024) also reported that in ‘Majhoul’
date palm, the content of dry matter in the fruit of the
early flowering phase was higher than in the other phases
and the late flowering phase was the latest. In the case
of the manual thinning and the control without thinning
treatment, the content of dry matter in the fruit was simi-
lar for all the flowering phases. While the content of dry
matter in the fruit of the NAA treatments was the lowest,
mainly in the higher NAA treatment in the late flower-
ing phase. These results confirm the difference between
thinning treatments and flowering phases in terms of the
ripening rate as the increase in the content of dry mat-
ter in the fruit is a sign of the beginning of the ripening
stage. This difference may be due to the fruit load which
is higher in the clusters of the early flowering phase and
which contributed to early ripening. This early ripening
is due to the high content of dry matter in the fruit, be-
cause the higher the fruit load of the cluster is, the faster
the fruit reaches its final diameter and its ripening be-
gins. Our results are consistent with those of Harshash
& Al Obeed (2007) who reported that applying 50, 100,
150, and 200 ppm NAA on ‘Barhe’ and ‘Shahl” date palm
ten weeks after fruit set resulted in a decrease in the con-
tent of dry matter in the dates. Arba & Oumou (2024)
also indicated that applying 100-ppm NAA on ‘Majhoul’
date palm 20-38 days after pollination leads to a decrease
in the content of dry matter in the fruit, while applying
200 ppm NAA does not affect this content of dry matter
in the fruit. This may be due to the studied date palm
variety and to the application period of NAA treatments,
which coincided with an advanced stage of fruit develop-
ment.

3.2 FRUIT RIPENING MONITORING

Change in the fruit color may be a criterion for the
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Figure 3: Evolution of the ripening rate of ‘Majhoul’ date palm
according to thinning treatments T0, T1, T2 and T3 (a), and
flowering phases (early, seasonal and late flowering) (b) in the
Tinejdad region, Tafilalet area.

T0: Control treated with liquefied water

T1: 150 ppm NAA 30 days after pollination and 300 ppm 60 days after
pollination

T2: 250 ppm NAA 30 days after pollination and 500 ppm 60 days after
pollination

T3: Manual thinning used by the farmer: retaining 8-10 fruits per
spikelet and removing the rest

beginning of the ripening stage of dates. It was observed
from July 23, 2017, on the clusters of the early flowering
phase without NAA treatment. Fruit ripening monitor-
ing for the period July 23-August 16, 2017 showed that
flowering phases and thinning treatments affect signifi-
cantly (p < 0.001) the ripening of ‘Majhoul’ date palm.
While there is no interaction between the two factors.
The evolution of the ripening rate according to thinning
treatments and flowering phases is presented in Figure
3. It shows that the ripening of NAA treatments (T1 and
T2) is six days later (July 23-29) compared to the con-
trol TO and manual thinning treatment T3. At the begin-
ning of the ripening stage, all thinning treatments have
a ripening rate that is more or less negligible, and one
week after there is a slight increase in the ripening rate of
the control (6 %) and manual thinning treatment (4 %),
while NAA treatments (T1 and T2) are still at a negligible
level (Figure 3a). On August 4, 2017, twelve days after the
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beginning of the change in the fruit color, the ripening
rate increased to 20 % for T0, 18 % for T3, 6 % for T1
and 4 % for T2. Following a heat wave at the site of study
from the end of July, an increase in temperatures ranging
from 30 to 37 °C for the mean temperature and 39 to 44
°C for the maximum is observed increasing the ripen-
ing rate of all thinning treatments (Figure 3a). Babahani
& Eddoud (2012) also reported that these levels of tem-
peratures might trigger the ripening of dates. At the end
of the period of observations on the ripening of dates (
August 16, 2017), thinning treatments affect significantly
(p < 0.001) the ripening rate. It is almost similar for TO0
and T3 (72 and 71 % respectively), while it is only 46 and
40 % respectively for T1 and T2 NAA treatments.

Regarding the flowering phases, it is obvious that
the change in fruit color and the ripening began in the
clusters of the early flowering phase, followed by the
clusters of the seasonal flowering and the clusters of the
late phase are the latest. From the end of July 2017, the
ripening rate of the early flowering phase is the highest
compared to the other flowering phases, it is followed by
that of the seasonal phase and the ripening rate of the late
flowering is the latest (Figure 3b). On August 16, 2017
(the end of the period of observations), the ripening rate
was 64 % for the early flowering phase, 59 % for the sea-
sonal flowering, and 49 % for the late phase.

4 CONCLUSION

Our study has shown that chemical thinning with
NAA affected the organoleptic parameters of the date by
improving some biochemical parameters of the dates.
Obtained level of pH in the fruits of chemical and all
thinning treatments was a good biochemical criterion for
the preservation of ‘Majhoul’ dates. Fruit yield was lower
in the chemical thinning treatments than in the control
treated with liquefied water and the manual thinning
treatment, but chemical thinning has improved some
biochemical parameters of the dates. The ripening pe-
riod was delayed by the chemical thinning what involves
a grouped harvesting of dates in a short period and a sig-
nificant saving in the cost of labor for harvesting dates.

Following these results, we suggest repeating the ex-
periments by using the same concentrations of NAA after
a short period of pollination (approximately one month
after pollination) because the results we obtained on the
chemical thinning of ‘Majhoul’ date palm using NAA
have shown that the application of this product approxi-
mately one month after pollination gave the best results
(Arba et al., 2023a and b; Arba & Oumou, 2024). We also
recommend the use of other products such as Ethephon,
Cytophex and gibberellins, with the aim of studying the

8 | Acta agriculturae Slovenica, 121/1 - 2025

effect of these products on the chemical thinning of ‘Ma-
jhoul” date palm and to compare their effect with that of
NAA.
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Experimental study of the effect of a glyphosate-based herbi-
cide on a species of earthworm Aporrectodea caliginosa (Savi-
gny, 1826)

Abstract: This work aims to demonstrate the effect of a
glyphosate-based herbicide on a species of earthworm, Apor-
rectodea caliginosa (Savigny, 1826) to provide scientific justi-
fication for the species rarity in cultivated environments where
this phytosanitary product is widely used. During the fifty-two
days of contamination in the laboratory, the life traits moni-
tored and evaluated were growth and mortality. Herbicide con-
centrations ranging from the lowest (C30) of around 240 1 kg™
to the highest (C210), equivalent to 1840 1 kg were tested. The
study found that the herbicide is toxic to the Aporrectodea ca-
liginosa species, causing growth to slow and mortality to rise
as concentrations rise. We report a delayed negative effect at
low concentrations, which appears after several weeks of prod-
uct exposure, depending on the exposure time. However, at the
highest concentrations of the herbicide studied, the early nega-
tive effect is visible after the second week of exposure.

Key words: earthworm, Aporrectodea caliginosa, formu-
lation, glyphosate, dose, toxicity
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Raziskava ucikov herbicidov na osnovi glifosata na vrsto
dezevnika Aporrectodea caliginosa (Savigny, 1826)

Izvle¢ek: Namen raziskave je bil prikazati u¢inek herbici-
dov na osnovi glifosata na vrsto dezevnika, Aporrectodea cali-
ginosa za znanstveno potrditev ogrozenosti te vrste v urbanem
okolju, kjer se ta herbicid veliko uporablja. Med dvainpetde-
setimi dnevi zastrupljanja v laboratoriju sta bili spremljani in
ovrednoteni rast in mortaliteta. Preiskudene koncentracije her-
bicida so bile v obmo¢ju od najmanjsih, C30, okrog 240 1 kg,
do najvedjih, C210, ki so ustrezale 1840 1 kg'. Izsledki raziskave
so pokazali, da je herbicid strupen za to vrsto in povzroc¢a upo-
Casnjevanje rasti in veca njeno mortaliteto s povecevanjem kon-
centracije. Opazeni so bili tudi negativni u¢inki manjsih kon-
centracij, ki so se pojavili ve¢ tednov po izpostavitvi in so bili
odvisni od ¢asa izpostavitve. Pri ve¢jih koncentracijah herbici-
da so bili negativni u¢inki vidni ze po dveh tednih izpostavitve.

Kljucne besede: dezevnik, Aporrectodea caliginosa, od-
merki herbicida, glifosat, doza, strupenost
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1 INTRODUCTION

Earthworms play an important role in many soils.
They are commonly called “ecosystem engineers” due
to their importance in pedogenesis and soil profile de-
velopment. Their actions have an impact on the physi-
cal, chemical, and microbiological properties of the soil,
as well as the activity of other soil organisms (Bartlett,
2010). Herbicides negatively impact them through the
water that soaks into the soil (Mamy et al., 2011). De-
spite the efficacy of glyphosate-based herbicides (GBH)
in controlling weeds in agricultural and non-agricul-
tural soils, their residues in the soil system have long
been a concern (Owagboriaye et al., 2020). After spray-
ing, glyphosate is distributed between the plant, the
soil, and the atmosphere (Beckert et al., 2011). It attacks
specific rhizosphere functions, which can have envi-
ronmental consequences due to its immobilization via
cation chelation; it is thus highly stable and not easily
degradable (Huber et al., 2005). Earthworms exposed
to glyphosate show a decrease in growth rate and a ten-
dency to avoid treated areas (Casabé et al., 2007; Gill et
al., 2018).

Previous research has shown that certain earth-
worm species, such as Octolasion tyrtaeum (Savigny,
1826) and Lumbricus terrestris L., 1857, are sensitive to
glyphosate. Other species, such as Esisenia fetida (Savi-
gny, 1826) and Aporrectodea caliginosa (savigny, 1826),
were less sensitive to glyphosate or not at all (Correia,
Moreira, 2010; Domnguez et al., 2016; Garca-Torres et
al., 2014; Gaupp-Berghausen et al., 2015). The species
Aporrectodea caliginosa is declining in our country’s
cultivated land (vegetable and cereal crops), leading us
to believe that it is sensitive to pesticides, particularly
glyphosate-based pesticides, which are the most widely
used in Algeria (Oultaf et al., 2022). To provide scientif-
ic answers to the species’ scarcity in cultivated environ-
ments due to glyphosate-based pesticides, laboratory
work was carried out in which the species’ life history
(mortality and growth) was studied. The current study
focuses on two important points: demonstrating the
sensitivity of Aporrectodea caliginosa to the herbicide
glyphosate and determining the species’ toxic concen-

tration range.

2 METHODS

2.1 COLLECTION OF EARTHWORMS

The earthworms used in the experiment were
Aporrectodea caliginosa, collected in sufficient quan-
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tity (to avoid the laboratory rearing stage) on a lawn
far from any source of pollution (healthy soil) in Beni
Douala, Kabylia. We extracted the earthworms using
Bouchés (1972) physical method. The adult worms
(clitellum clearly visible) were collected after the spe-
cies Aporrectodea caliginosa was identified, primarily
using morphological criteria that vary greatly between
species. Two hundred and ten healthy earthworms were
sent to the laboratory in preparation for herbicide expo-
sure. At the laboratory, the individuals were introduced
into a large plastic tray containing soil from the same
sampling station, moistened and without any additions.
For a two-day acclimatization period, the tray was kept
in the dark at room temperature (22-23 °C)

2.2 SOIL SAMPLING AND PREPARATION

The soil used in the experiment is from the same
worm sampling station, and we chose to use soil from
the same station without any additions to get as close to
natural conditions as possible. According to Chevillot
(2017), using real soil in toxicological tests appears to
be the most relevant choice for getting as close to a sys-
tem representative of the environment as possible. After
freeze-drying, the sampled soil was transported to the
laboratory in plastic boxes and sieved to 2 mm to ensure
an easy-to-handle texture and a suitable fraction for
physicochemical analysis. According to the preliminary
analysis, the soil was clayey in texture, with a slightly
acidic pH (6.06) and 4.85 % organic matter.

2.3 PREPARATION OF TEST CONCENTRATIONS

Glyfozell 36SL°, a liquid formulation (soluble con-
centrate) containing glyphosate as the active ingredient,
was used as the herbicide. The glyphosate content of
one liter of commercial product (360 g 1) and the max-
imum authorized agronomic dose (6 1 ha') was used to
calculate the amount of product to be mixed with the
soil. Eight concentrations (C0, C30, C60, C90, C120,
C150, C180, C210) were considered, each representing
a quantity of product in L.

2.4 SOIL CONTAMINATION

The pre-prepared soil (40 kg) was distributed over
forty-one-kilogram boxes of soil; into each box, a pre-
cise quantity of the product was added by spraying to
ensure good distribution of the product in the soil,
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which was then well stirred by hand for better homog-
enization, and left to stabilize overnight.

2.5 EXPERIMENTAL DESIGN

The earthworms (200 individuals) are rinsed
with distilled water, weighed, and distributed at a rate
of five individuals per box and five replicates per con-
centration; to keep the soil moist, the soil surface is
moistened each time, if necessary, with spring water
to approximate natural conditions as closely as pos-
sible. The experiment was carried out in the dark and
at room temperature. To avoid altering the worms’
behavior or the concentrations tested, no additional
food was added during the test (Fig. 1).

2.6 TOXICITY ASSESSMENT

Earthworms were removed from each box once
a week for 52 days, counted, weighed, and returned
to the box. Mortality and growth mass were also as-

2.7 GROWTH RATE (MASS)

The average mass was recorded at each expo-
sure time interval allowed us to calculate the relative
growth rate, which we calculated using the Martin
(1986) equation:

Relative growth rate = Iln 1:—” * 100
0

(1)

P, is the average mass of earthworms before ex-
posure to a concentration, and P_ is the average mass
of earthworms after exposure to glyphosate at each
concentration.

2.8 MORTALITY

The number of dead earthworms in each box was
used to calculate mortality. Earthworms were consid-
ered dead when an advanced body alteration was ob-
served, and the individual did not respond to a stimu-
lus. Throughout the experiment, abnormal behaviors

sessed. such as restlessness and coiling were assessed.
Experimental protocol
l A4 \ 4 4  J 4 l —l
co C30 C60 C90 C120 C150 C180 C210
0ul 240 ul 480 ul 720 ul 960 ul 1200 pl 1440 ul 1680 ul
5 5 5 5 5 5 5 5
Earthworms Earthworms Earthworms Earthworms Earthworms Earthworms Earthworms Earthworms
lkg 1kg lke lkg lke 1kg 1kg 1ke
of soil of soil of so1l of soil of soil of soil of soil of soil
IR{; R1 R1 R1 Rl R1 R1 R1
s R2 R2 R2 R2 R2 R2 R2
! R3 —|R3 | R3 R3 R3 R3 R3
2 R4 R4 R4 R4 R4 R4 R4
RS RS RS RS RS RS RS
R : Repetition

Figure 1: Summary diagram of the experimental protocol
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2.9 DATA ANALYSIS

Multiple regressions were calculated using R soft-
ware version 3.3.4 for both growth and mortality as func-
tions of glyphosate concentration and exposure duration

of earthwormes.

3 RESULTS

3.1 RELATIVE GROWTH

The results of the multiple regression analysis con-
ducted to explain the evolution of growth rate as a func-
tion of exposure duration and herbicide concentration
are provided by the equation:

Growth = —0.0093 (Time) —0.00073 (Concentration) +
0.79

The low probability value (p-value: 1.351e-10) indi-
cates that the regression model is significant. The coef-
ficient of determination (0.5097) showed that the quality
of the fit was good. Therefore, growth decreases as con-
centration increases and exposure is prolonged.

The results show that after the eighth day of pollut-
ant exposure, there is difference in the growth of control
worms. These differences were observed in comparison
to the first day of the experiment and all other periods
from day 16 to day 40. Indeed, these periods are distin-
guished by a mass loss from day eight to day forty-three.
After 52 days of experimentation, a resumption of growth
is observed for the control, as evidenced by an increase in
mass (Fig. 2).

The results of earthworms exposed to various
glyphosate concentrations show mass gain during the
first week of exposure for all concentrations ranging
from C30 to C210. These findings suggest that Aporrec-
todea caliginosa species can tolerate glyphosate concen-
trations equivalent to 1680 ul kg soil for a short period
(one week). Overall, a relative and gradual decrease in
mass was observed beginning on the eighth day of ex-
posure for all concentrations, except for concentrations
C60, C150, and C210, where the decrease in mass be-
gan on the sixteenth day of exposure. Glyphosate has a
negative effect on growth starting on the sixteenth day of
exposure for concentrations C120 and C180 and on the
twenty-fourth day of exposure for concentrations C150
and C210. After several weeks of exposure, the negative
effect of contamination on growth is demonstrated for
concentrations below C180, particularly the lowest C30
(240 pl kg'). However, high concentrations have a nega-
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Figure 2: Variations in relative growth rate (%) as a func-
tion of time (j = day) and concentration

tive impact on earthworm growth after only a short pe-

riod of exposure.

The multiple regression calculated to explain the
evolution of mortality rate as a function of exposure du-
ration and herbicide concentration is given by the equa-
tion:

Mortality = 0.078 (Time) + 0.0126 (Concentration)
-2.17

The low probability value (7.321e-15) indicates that
this regression model is significant. The coefficient of
determination (0.6447) showed that the quality of the fit
was good. Therefore, mortality increases as concentra-
tion increases and exposure is prolonged.

The results show that no mortality was observed
for the control (CO = 0 pl) for the entire duration of the
experiment (52 days) (Fig. 3). For all concentrations
tested, there was a very marked effect of time and degree
of contamination on the mortality rate of Aporrectodea
caliginosa earthworms. The lowest concentrations (240
l kg, 480 pl kg” and 720 pl kg') had a delayed lethal
effect, starting only on the forty-eighth day of exposure
to the pesticide, with mortality rates of 1 + 0.707, 2.2 £
0.836 and 3 + 0 respectively. This lag time decreases with
increasing concentrations. In fact, at the highest concen-
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Figure 3: Mortality rate (number of individuals) of Aporrecto-
dea caliginosa earthworms as a function of time and glypho-
sate concentration.

trations (1200 pl, 1440 pl, 1680 ul), the lag time is much
reduced, resulting in 100 % mortality as early as day 32 of
glyphosate exposure. According to the findings, mortal-
ity increases with time and concentration.

4 DISCUSSION

This ecotoxicity study aims to determine the toxicity
of a glyphosate-based herbicide on Aporrectodea caligi-
nosa earthworms. This species is uncommon in agricul-
tural plots where the herbicide of choice is widely used.
The biological parameters considered were mortality and
growth. Throughout the experiment, no mortality was
recorded for the control worms, indicating that the ex-
perimental conditions, aside from glyphosate contamina-
tion, did not contribute to earthworm mortality. Over the
forty-eight days of experimentation, control earthworms
showed a slight decrease in initial biomass. Conversely,
the controls showed a significant mass recovery (0.266 +
0.044 to 0.357 + 0.181) at the end of the experiment.

The findings show that glyphosate is toxic to Apor-
rectodea caliginosa even at low soil concentrations. This
toxicity is observed at low concentrations of around 240
ul kg soil (C30). Toxicity levels vary according to expo-
sure time and pollutant dose. Mass loss in contaminated
individuals is significantly greater than in the control
group. As a result, the sensitivity of Aporrectodea caligi-
nosa to glyphosate was confirmed. Observing at least one
death for low concentrations (C30) after forty-eight days
of experimentation indicates that each concentration
was potentially lethal for Aporrectodea caliginosa in this
study. The worms’ inability to resist the herbicide’s lethal
effects, particularly at high doses, may explain why mor-
tality increased proportion to herbicide concentration.
This finding is consistent with the findings of Casabé et
al. (2007), who demonstrated that glyphosate is highly
toxic to earthworms at recommended concentrations.

Furthermore, for all doses above 960 mg kg™, this result
could explain the total death of adults (100 % mortality)
on the thirty-second day of contamination.

Thus, living in glyphosate-contaminated soil causes
the species Aporrectodea caliginosa earthworms to lose
mass, beginning as early as the first week of exposure to
the pollutant. The researchers hypothesize that worms
living in uncontaminated soil have more metabolic re-
sources than worms living in contaminated soil; worms
in uncontaminated soil are thus unaffected by contami-
nation stress and can thus invest in mass gain (Pochron
et al., 2017; Pochron et al., 2021). Body mass and sur-
vival time are affected by the glyphosate-based formula.
Taken together, the data show that increasing glyphosate
doses result in a significant decrease in survival time and
a significant decrease in body mass when compared to
the control. Toxicity studies on Eisenia fetida with the
same contaminant show a steady decline in body mass
in the organisms tested (Yasmin, D’Souza, 2007; Cor-
reia, Moreira, 2010). Tolerance to high concentrations of
glyphosate was recently discovered in the same species,
indicating its use in bioremediation processes (Lescano
et al., 2020).

Growth, as measured by body mass, is a common
assessment criterion in toxicological studies. However,
body mass does not always decrease in response to con-
tamination (Pochron et al., 2018; Pochron et al., 2019).
When organisms are exposed to various contaminants,
their body mass may increase. Recent research shows
that earthworms living in nutrient-rich soil can gain
mass even while metabolically processing contaminants
(Pochron et al., 2020). However, our findings show that
Aporrectodea caliginosa does not use this strategy in re-
sponse to glyphosate. Herbicide concentrations of C30,
C60, €90, C120, C150, C180, and C210 were tested on
earthworms. Worms exposed to the lowest dose (240
ul kg') for 48 days died at a low rate. At concentrations
greater than 720 ul kg, there was 100 % mortality at
the end of the experiment. These findings are consistent
with those obtained on the Octolasion tyrtaeum (Savigny,
1826): after 32 days of treatment, 100 % mortality was
observed at the highest glyphosate concentration (50,000
mg kg!).

However, most studies on the acute effects of
glyphosate at various concentrations on Eisenia fetida
show that no product dose results in mortality. The effect
of glyphosate-based herbicides on other earthworm spe-
cies, Lumbricus terrestris and Aporrectodea caliginosa re-
veals that L. terrestris activity decreased three weeks after
herbicide application. However, no change in activity was
observed for A. caliginosa species (Gaupp-Berghausen
et al., 2015), confirming that not all earthworm species
respond similarly to soil contamination by glyphosate-
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based formulations and that the species Aporrectodea
caliginosa exhibits a clear sensitivity to this herbicide. In
addition to mass loss and mortality, individuals exposed
to glyphosate showed behavioral abnormalities such as
coiling and excitation, even at low concentrations.

Previous research on the toxicity of glyphosate in-
dicates that while it does not directly cause earthworm
mortality, it can have serious long-term consequences
(Verrell, Van Buskirk, 2004). Sublethal effects on the
population dynamics of the Eisenia fetida species ex-
posed to glyphosate were observed, as evidenced by de-
creased cocoon fertility. This resulted in the extinction of
the soil’s earthworm population (Santadino et al., 2014).
Anatomical changes were also observed after 30 days of
experimentation. According to Correia, Moreira (2010),
morphological abnormalities such as body elevation and
curling were observed in all specimens exposed to high
concentrations of glyphosate in soil. As a result, our find-
ings support previous findings that different agrochemi-
cals affect different earthworm body parameters (Van
Gestel et al., 1992; Zaller et al., 2021).

Previous studies observed that earthworm biodi-
versity is reduced in intensively farmed fields (Smith et
al., 2008), and laboratory studies on the species Aporrec-
todea and Allolobophora sp. conclude that pre-exposure
to pesticides in the field enhances earthworm physiologi-
cal responses (Givaudan, 2014).

Glyphosate is the most widely used herbicide in the
world (Miiller, 2021). Few experimental studies evaluat-
ing its impact on earthworms under field conditions have
been carried out. Overall, these studies conclude that
there is a high risk of chronic toxicity of these substances
on earthworms if recommended doses are not respect-
ed (Pelosi et al., 2021). However, studies evaluating the
impact of glyphosate-based pesticides under laboratory
and controlled conditions are numerous, but their results
remain controversial, due to the fact that these studies,
do not reflect real field conditions and do not take into
account potential variations in abiotic and biotic factors
such as temperature and organic matter (Schmidt et al.,
2024). In general, recent laboratory results still highlight
the negative effect of glyphosate on earthworms, and they
recommend further research on glyphosate in the labora-
tory and in the field, taking all variants into account, to
prevent future threats to soil biodiversity from glypho-
sate (De Lima E Silva & Pélosi, 2024).

The present study will thus contribute to a broader
understanding of the impact of glyphosate on soil fauna

in general and earthworms in particular.

5 CONCLUSION
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A study of the effect of the herbicide glyphosate on
the earthworm Aporrectodea caliginosa revealed the spe-
cies’ sensitivity to this plant protection product. This sen-
sitivity manifests itself in reduced growth and increased
mortality in the species. Glyphosate has a negative effect
that is dose and time-dependent. The effect appears af-
ter several weeks of exposure to glyphosate at the low
concentration C30, equivalent to 240 ul kg of product.
At high concentrations (C210 equivalent to 1680 ul kg
product), however, the effect is visible after the second
week of glyphosate exposure. According to our hypoth-
esis, the use of glyphosate-based pesticides, in particu-
lar, significantly impacts the growth and mortality of
the Aporrectodea caliginosa species, explaining its low
abundance in cultivated land where the product is widely
used. We believe this species could be a good candidate
for bioindication of soil pollution caused by glyphosate-
based pesticides. Its application in soil quality biomoni-

toring is also suggested.
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Health risk assessment of heavy metals in basil (Ocimum basi-
licum L.) grown in artificially contaminated substrates

Abstract: This study aimed to determine the levels of
Cd, Cr, and Pb in basil (Ocimum basilicum L.) cultivated on
artificially contaminated substrates and to assess their potential
harmful effects on human health via the calculation of the tar-
get hazard quotients (THQ). A pot experiment was performed
in a completely randomized design for each tested heavy metal.
It included four contamination treatments (0, 20, 50, and 100
mg kg for Cd, and 0, 100, 250, and 500 mg kg for Pb and
Cr). Concentrations of Cd, Cr, and Pb in plant samples were
determined by atomic absorption spectroscopy. The results of
this study showed that the concentrations of Cd, Cr, and Pb
were several times higher in the roots than in the aboveground
parts of basil regardless of contamination levels. These are de-
sirable results because only aboveground parts of basil are used
for medicinal purposes or consumption. The THQ values for
Cd, Cr, and Pb observed in this study were lower than 1 regard-
less of contamination levels, indicating that the consumption
of basil from the study site (up to 10 g per day) does not pose
a risk to human health from the point of view of heavy metal
investigated.
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Ocena zdravstvenega tveganja s tezZkimi kovinami pri navadni
baziliki (Ocimum basilicum L.) rasto¢i v umetno kontamini-
ranih substratih

Izvle¢ek: Namen raziskave je bil dolo¢iti vsebnosti Cd,
Cr, in Pb v navadni baziliki (Ocimum basilicum L.) rasto¢i na
namensko oneznazenih tleh in in oceniti njihove potencialno
$kodljive uc¢inke na zdravje ljudi preko izra¢una potencialnega
koeficienta tveganja (THQ). Za testiranje posameznih kovin je
bil izveden lon¢ni poskus s popolno naklju¢no zasnovo. Poskus
je obsegal tiri obravavanja kontaminacije (0, 20, 50, in 100 mg
kg! za Cd, in 0, 100, 250, in 500 mg kg za Pb in Cr). Kon-
centracije Cd, Cr in Pb v rastlinah so bile dolo¢ene z atomsko
obsorpcijsko spektroskopijo. Rezultati raziskave so pokazali, da
so bile koncentracije Cd, Cr, in Pb ve¢je v koreninah kot v nad-
zemnih delih bazilike, ne glede na stopnjo kontaminacije. Ti
izsledki so zazeljeni, kajti za medicinske in prehrambene name-
ne se uporabljajo le nadzemni deli bazilike. Vrednosti indeksa
toksi¢nosti (THQ) za Cd, Cr, in Pb, pridobljeni v tej raziskavi,
so bile manj$e od 1, ne glede na stopnjo kontaminacijer, kar na-
kazuje, da je uzivanje bazilike v dnevnem odmerku do 10 g na
dan ne predstavlja rizika za zdravje ljudi glede na preucevane
tezke kovine.

Kljuc¢ne besede: kadmij, krom, svinec, onesnazenje
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1 INTRODUCTION

Medicinal plants represent a special class of plants
that have been used for therapeutic and medical pur-
poses since ancient times. The use of medicinal plants
is more easily available and accessible to the population
compared to conventional medicine, and therefore, the
demand for herbal remedies is growing worldwide and is
expected to increase continuously (Ekor, 2014). Howev-
er, due to the continuous increase of environmental pol-
lution caused mainly by the urbanization, extensive use
of chemical fertilizers and pesticides in plant production
and rapid development of highly polluting industries,
consumer concerns regarding the safety of their use have
been highlighted (Luszczki et al., 2019).

Inorganic pollutants, such as heavy metals, are of
great concern to public health because of their persis-
tence and high toxicity (Jadaa & Mohammed, 2023). Cd,
Cr and Pb are among the most dangerous heavy metals
because they can cause adverse effects on human health
even in small quantities (Isinkaralar et al., 2024). As a
result, the abovementioned heavy metals represent a cat-
egory of pollutants of particular interest for health risk
studies. There are numerous scientific studies which have
provided evidence that an excessive amount of Cd in the
human body can damage the kidneys, liver, bones and
heart, and in severe cases can even cause death (Fatima et
al., 2019; Charkiewicz et al., 2023). Adverse health effects
associated with Cr exposure include respiratory, gastro-
intestinal and cardiovascular damage (Shin et al., 2023),
while exposure to Pb has been found to be associated
with a high risk of brain and kidney damage and cardio-
vascular diseases (Bhasin et al., 2023). Considering these
aspects, monitoring toxic heavy metals, particularly Cr,
Cd and Pb, in plants intended for consumption or me-
dicinal use has become imperative.

Basil (Ocimum basilicum L., Lamiaceae) is a well-
known culinary and medicinal plant originating from
South Asia, from where it is spread all over the world,
especially around the Mediterranean Sea (Azizah et al.,
2023). As a traditional herbal remedy, basil leaves have
been used since ancient times to treat a wide range of res-
piratory and gastrointestinal ailments. In addition, basil
is easy to grow and has a high harvest index, making it
very popular among farmers and crop producers. On the
one hand, this has resulted in increased production and
consumption of basil on the global scene (Polyakova et
al., 2015), but on the other hand, this has led to increased
consumer concerns regarding the quality and safety of its
use (Nadeem et al., 2022).

Given the fact that the information on the safety of
basil is relatively limited, especially from the heavy metal
contamination point of view, this study aimed to deter-
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mine the levels of Cd, Cr, and Pb in different parts of basil
plants grown on artificially contaminated substrates and
to assess their potential harmful effects on human health
via the calculation of the target hazard quotients (THQ).

Our hypotheses were: (1) levels of Cd, Cr and Pb in
basil plants tend to increase with increasing their con-
tent in growing substrates, and (2) basil plants grown on
artificially contaminated substrates would pose a risk to
human health from the point of view of Cd, Cr and Pb
contamination.

2  MATERIALS AND METHODS

2.1 EXPERIMENTAL SITE AND GREENHOUSE
EXPERIMENTAL DESIGN

This study was carried out from mid-May to end of
June 2024 in a naturally ventilated greenhouse at the ex-
perimental station of the Faculty of Agriculture and Food
Sciences (Sarajevo, Bosnia and Herzegovina). On May
18, 2024, one-month-old basil plants (Ocimum basilicum
‘Genovese Gigante, purchased from a local nursery),
which exhibited minimal variation in size and appear-
ance, were transplanted into plastic pots (12 cm diameter
x 20 cm height, one plant per plot) previously filled with
a commercial growing substrate artificially contaminated
with heavy metals (Cd, Cr and Pb). The selected substrate
composition was a mixture of black and white peat, co-
conut fibre, composted plant material and other organic

Table 1: Chemical properties of the growing substrate before adding
the contaminants

Parameter Measure unit ~ Value
pHH,O pH range 6.3
pH KCl pH range 6.0
organic matter % 56.5
available forms of potassium (K,0) mg 100 g 37.6
available forms of phosphorus mg 100 g* 432
(.0,

Cd content mg kg 0.1
Cr content mg kg 4.7
Pb content mg kg™ 1.1
Cu content mg kg™ 13.4
Zn content mg kg™ 28.9
Mn content mg kg 125.9
Fe content mg kg 631.7
Ni content mg kg™ 2.8
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material (wood fibre and compost) with 1 g fertilizer N-
P-K 15-15-15 per litre of the substrate. Information on
both substrate composition and physical-chemical prop-
erties was provided by the manufacturer. The chemical
properties of the growing substrate are listed in Table 1.

From the point of view of chemical properties, the
growing medium used in this study is suitable for basil
growth and development. All of the tested heavy metals
in the growing medium were found to be below the per-
missible limits recommended by the Food and Agricul-
ture Organization of the United Nations (FAO). Accord-
ing to FAQ, the permissible limits for Cd, Cu, Zn, Mn, Ni
and Cr in agricultural soils are 3, 100, 300, 2000, 50 and
100 mg kg dry mass, respectively (FAO, 1985).

Before starting the experiment, the substrate was
artificially contaminated by adding a solution containing
heavy metals (Cd, Cr and Pb) and then mixed thorough-
ly to ensure a uniform distribution of the heavy metal
solution. Cd, Cr and Pb were applied as CdCl,, K,Cr,O,
and Pb(NO,),, respectively.

This study included four contamination treatments
within each heavy metal tested i.e. 0, 20, 50, and 100 mg
kg for Cd, and 0, 100, 250, and 500 mg kg for Pb and
Cr, with three replications per treatment. Each contami-
nation treatment consisted of five pots/plants, resulting
in 180 pots in this study. Air temperature and relative
humidity inside the greenhouse varied from 19 + 3 °C
to 29 + 3 °C and from 60 % to 90 %, respectively. Air
circulation was achieved by opening the roof vents and
main door during the day. A green shade cloth was used
to reduce heat build-up during hot days. Each plant/pot
was regularly watered every other day. There was no fer-
tilizers application during the investigation.

After two months of plant growth under these con-
ditions, the experiment was terminated. The plants, i.e.,
leaves and roots of control and heavy metal-stressed basil
plants, were harvested and then separated into roots and
aboveground parts of plants. The fresh mass was record-
ed right after harvesting, whereas the dry mass was de-
termined after being oven-dried at 60 °C until a stable
weight was reached. Plant height was measured with a
ruler, and the leaf area was computed based on the meth-
od outlined by Pandey and Singh (2011). The plant mate-
rial for heavy metal analysis was dried in an oven at 80 °C
to a constant mass, ground into powder using an electric
blender, and kept dry in paper bags in a desiccator until
analysis.

2.2 HEAVY METAL ANALYSIS

Wet digestion method was used to extract the heavy
metals of the plant samples (Lisjak et al., 2009). In short,

1g of dry plant sample was placed in an Erlenmeyer flask
and then 10 ml of HNO, and 4 ml of H,SO, were added.
The mixture was left overnight at room temperature and
then heated on a hot plate for 2 h at 60 °C and then at 100
°C until the formation of brown fumes stopped (approxi-
mately 1 h). After cooling to room temperature, the mix-
ture was filtered to the mark through quantitative filter
paper (Whatman, No. 42) in a volumetric flask (25 ml)
and diluted with deionized water.

Heavy metal concentrations (Cd, Cr, Pb) in plant
samples were determined by atomic absorption spec-
trophotometry using the Shimadzu AA-7000 device
(Shimadzu Instruments, Tokio, Japan). The standard
and working solutions of investigated heavy metals were
prepared on a daily basis by diluting the certified stock
solutions (Merck, Darmstadt, Germany) with deionized
water as necessary.

2.3 HEALTH RISK ANALYSIS

The potential human health risk of Cd, Cr and Pb
through consumption of basil plants was assessed using
target hazard quotient (THQ), which was described in
detail by the USEPA (United States Environmental Pro-
tection Agency). In short, the THQ value describes the
non-carcinogenic health risk posed by exposure to the
respective toxic element. The following equation was
used for THQ calculation (USEPA, 20111).

¢ x IR x EF x ED
ET x BW x RfD

THO =

where is:

¢ - concentration of contaminant in analysed plant sam-
ple (mgkg™)

IR - food (basil) dietary intake (0.01 kg/person/day)
EF - exposure frequency (365 days per year)

ED - exposure duration for adult (70 years)

ET - averaged exposure time (25550 days (EF x ED))
BW - body mass (for adults 70 kg, for children 32 kg)

RfD - the oral reference dose i.e. the highest level of con-
taminant at which no adverse health effects are expected
(according to USEPA (2011) the RfD values for Cd, Cr
and Pb are 0.001, 0.004 and 0.003 mg/kg/day, respec-
tively.
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Table 2: Growth characteristics of basil plants cultivated on contaminated substrates

Plant height Leaf area Fresh aboveground mass ~ Dry aboveground mass

Treatments (cm) (cm?) (g) (g)

Control 31.3+6.2 85+59 26.7 +2.7 3.7+£0.6
100 mg kg of Cr 30.5+6.3 8.6 +5.2 263 +4.1 3509
250 mg kg of Cr 29.7+6.2 8.4 +5.1 26.1 +3.7 32+0.7
500 mg kg of Cr 282+7.6 7.7£6.9 25.5+2.1 29%0.9
100 mg kg! of Pb 31.1+£5.9 82+6.2 25.7+6.3 31+13
250 mg kg of Pb 282+79 79+53 25.8+3.9 3.1+£09
500 mg kg™ of Pb 265172 73142 25525 3.0+£1.2
20 mgkg'of Cd 299+59 85+53 259+72 34+1.1
50 mg kg™ of Cd 28.1+6.3 82+5.6 255+6.5 33%09
100 mg kg of Cd 28.6 452 7.7 +7.2 258442 34+12

LSD, - - -

0.05

Any THQ value lower than the threshold value of
1 indicates that there is no risk of non-carcinogenic dis-
eases through the consumption of the tested food.

2.4 STATISTICAL ANALYSIS

All data were analysed using Microsoft Excel soft-
ware. The least significant difference (LSD) test at a 5 %
probability level was performed to establish significant
differences between treatment’s means.

3 RESULTS

The basic growth characteristics of basil plants
grown in substrates contaminated with Cr, Pb, and Cd

are given in Table 2.

The basil plants grown in the substrates artificially
contaminated with Cd, Cr and Pb, presented similar phe-
notypes comparing with the plants from the non-con-
taminated growing medium. No considerable difference
in plant height, leaf area and fresh and dry aboveground
mass among basil plants was observed during the expo-
sure period, regardless of the level of substrate contami-
nation. Furthermore, no signs of heavy metal toxicity
were observed in basil plants.

Heavy metal concentrations (Cd, Cr, Pb) in roots
and leaves of basil plants grown on contaminated sub-
strates are shown in Table 3, 4 and 5. All results are ex-
pressed on a dry mass basis in mg kg™

As expected, the concentrations of Cd, Cr and Pb
were significantly higher in basil plants cultivated on
contaminated substrates compared to control plants. The
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results also showed that the uptake of Cd, Cr and Pb by
basil plants corresponded to the increasing level of soil
contamination.

In this study, the concentrations of Cd, Cr, and Pb
were several times higher in the roots than in the above-
ground parts of basil plants, regardless of the level of

Table 3: Heavy metal levels in basil plants grown on Cd-contaminated
substrates

Treatments Roots Leaves

0 mg kg of Cd 0.1+0.1¢ 0.3+0.1°
20 mg kg'of Cd 58.7 £ 10.1° 17.9 £5.7°
50 mg kg™ of Cd 1453 £9.7° 18.8 £7.9°
100 mg kg of Cd 223.7 £23.1° 30.1+5.8°
LSD 13.1 6.5

0.05

*Averages denoted by the same letter in the same column indicate no
significant difference (p < 0.05)

Table 4: Heavy metal levels in basil plants grown on Cr-contaminated
substrates

Treatments Roots Leaves

0 mgkg! of Cr 2.9 +1.4% 1.9+ 1.8
100 mg kg of Cr 73.7 +10.1° 121+ 1.9
250 mg kg of Cr 394.2 + 22.5° 123+7.7°
500 mg kg™ of Cr 625.9 +20.1* 253+17.2*
LSD 15.9 9.4

0.05

*Averages denoted by the same letter in the same column indicate no
significant difference (p < 0.05)
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substrate contamination. These results strongly indicate
that basil plants have the ability to significantly reduce
the transfer of Cd, Cr and Pb from roots to aboveground
parts. From the public health point of view, these results
are extremely desirable because only aboveground parts
of basil are used for medicinal purposes or consumption.

The target health quotient (THQ) was estimated
to assess the human health risks posed by the intake of
those potentially toxic elements (Cr, Cd, and Pb) from
the consumption of the basil plants. The THQ values cal-
culated for each tested heavy metal found in basil leaves
are shown in Table 6.

Table 6: THQ values for Cd, Cr and Pb due to consumption of basil leaves

Table 5: Heavy metal levels in basil plants grown on Pb-contaminated
substrates

Treatments Roots Leaves

0 mg kg! of Pb 1.4+ 0.3% 0.4+0.2¢
100 mg kg of Pb 90.9 +7.7¢ 123+2.1°
250 mg kg of Pb 369.4 + 38.3" 53.2 +46.1°
500 mg kg of Pb 1041.7 £ 111.1* 75.3 £43.8*
LSD 59.8 314

0.05

*Averages denoted by the same letter in the same column indicate no
significant difference (p < 0.05)

Treatment Adult Child Treatment Adult  Child Treatment Adult  Child
0 mgkg' of Cd 0.004 0.008 0mgkg!'ofCr 0.01 0.02 O0mgkg'of Pb 0.002  0.004
20 mg kg'of Cd 0.26 0.57 100 mg kg of Cr 0.06 0.13 100 mg kg of Pb 0.05 0.06
50 mg kg of Cd 0.27 0.59 250 mg kg™ of Cr 0.06 0.13 250 mg kg of Pb 0.22 0.48
100 mg kg of Cd 0.42 0.92 500 mg kg of Cr 0.12 0.26 500 mg kg™ of Pb 0.31 0.52

The THQ values of Cd, Cr and Pb for adults and
children in all tested basil leaves were much less than
1, indicating no significant health risks associated with
basil leaves consumption.

4 DISCUSSION

The basil plants that were grown in the substrates
artificially contaminated with Cd, Cr and Pb showed
similar phenotypic traits to those grown in uncontami-
nated media. Additionally, no indications of heavy metal
toxicity were detected in the basil plants. On the basis of
these findings, basil can be considered as plant species
that have a high ability to grow successfully in a Cd, Cr
and Pb rich growing medium. Similar finding was also
reported by Dinu et al. (2020) and Hlihor et al. (2022).

Adaptation of basil or any other plant species to
heavy metal stress conditions is a complex process and
depends not only on the specific metals present, their
speciation and amounts in the growing medium, but
also on the plant genotype and substrate/soil physical
and chemical properties (Rashid et al., 2023). In this re-
gard, it is important to note that there is no adaptation to
heavy metal stress in general, suggesting that tolerance
to heavy metal stress is mainly related to the individual
heavy metal. However, there is a growing body of stud-
ies that show that some plants exhibit combined toler-
ance to different heavy metals (Mehes-Smith et al., 2013;

Viehweger, 2014). The results of the current study point
to the conclusion that basil can be considered one of
those plants.

In general, plant tolerance to heavy metal stress can
be achieved by ‘avoidance mechanisms’ through which
plants can restrict the heavy metal uptake into the body
and/or by ‘tolerance mechanisms’ based on the hyperac-
cumulation of heavy metal ions within the plant body
without negative effects on its growth and development
(Yan et al., 2020).

Given the fact that the Cd, Cr, and Pb concentra-
tions in this study were several times higher in the roots
than in the above-ground parts of basil plants, regardless
of the level of substrate contamination, it can be assumed
that basil plants possess very effective mechanisms to ab-
sorb Cd, Cr and Pb from growing medium and then ac-
cumulate them in roots through various mechanisms in-
cluding metal binding to cell walls and sequestration and
compartmentalization of heavy metal ions in root cells,
mainly in vacuoles. This finding was in line with findings
in earlier studies where it was found that basil accumu-
lates more Cd, Cr and Pb in its roots than in other plant
parts (Adamczyk-Szabela et al., 2017; Lycas et al., 2022;
Ur Rahman et al., 2024). However, these results are oppo-
site to those obtained in study of Jena and Gupta (2012).
In their study, the leaves of basil plants were found to
contain higher concentrations of heavy metals, including
Cr, than roots. According to the authors, the reason for
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this is the atmospheric deposition of pollutants by both
dry and wet deposition.

In this study, the levels of Cd, Cr and Pb in basil
plants grown on contaminated substrates increased
with increasing the level of substrate contamination and
ranged from 17.9 to 30.1 mg kg, from 12.1 to 25.3 mg
kg and from 12.3 to 75.3 mg kg™', respectively. These val-
ues were much higher than the acceptable levels estab-
lished by World Health Organization (WHO). Accord-
ing to WHO, the maximum acceptable levels for Cd, Pb
and Cr in foodstuffs are 0.2 mg kg, 0.3 mg kg and 2.3
mg kg* dry mass, respectively (WHO/FAO, 2007). From
this point of view, consumption of basil leaves from the
studied site cannot be considered safe for human health.

However, in the case of THQ, the results showed
the opposite; the mean THQ values of Cd, Cr, and Pb
for adults and children were lower than 1, suggesting
no significant human health risks through consump-
tion basil from studied site. The disparity in the results
can be explained by the fact that assessing the potential
health risks associated with heavy metal in foodstuffs
strongly depends on the average daily dietary intake (Rai
et al,, 2019). Given that basil and spices are consumed in
amounts several times smaller than other food ingredi-
ents, the THQ values obtained in this study seem reason-
able and logical. In this regard, it is important to note that
the health risks of consuming heavy metals through spic-
es increase sharply with increasing dietary spice intake.

However, the quantification of spice intake at the
individual level is a difficult task and represents a great
challenge because the frequency and quantity of spice
intake depend considerable on the type of spice, form
in which it is used, and consumers’ consumption prefer-
ences (Siruguri & Bhat, 2015). In this study, the average
daily intake of spices per person was estimated to be 10.0
g/person/day, since this value is mainly used in scientific
studies to calculate THQ (Tefera & Teklewold, 2021; Ezez
et al., 2024; Oladeji et al., 2024). If this data is relevant,
it seems there is no human health risks associated with
consumption of basil plants from the study site (up to 10
g per day). However, consumption of these plants in an
amount higher than 10 g per day could potentially have
a negative impact on human health, from a toxicologi-
cal point of view. These findings strongly suggest that the
knowledge of the consumption pattern regarding spices
has a remarkable relevance in human health risk assess-
ment.

5 CONCLUSIONS

Cd, Cr, and Pb concentrations were several times
higher in the roots than in the above-ground parts of
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basil regardless of contamination levels, suggesting that
basil possesses very effective mechanisms to prevent
their transport from roots to other parts of plants. These
are desirable results because only aboveground parts of
basil are used for medicinal purposes or consumption.
The THQ values for Cd, Cr, and Pb observed in this study
were lower than 1 regardless of contamination levels, in-
dicating that the consumption of basil from the study site
(up to 10 g per day) does not pose a risk to human health
from the point of view of heavy metal investigated.
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Beneficial effect of organic and inorganic forms of selenium
on yield and nutritional characteristics of beetroot

Abstract: Beetroot (garden beet) is an essential compo-
nent of the human diet and a source of biologically active com-
pounds, valuable for the pharmaceutical and food industry. To
increase the content of essential nutrients and develop a func-
tional food product with enhanced antioxidants, the effect of
foliar sodium selenate and selenocystine supply on yield and
biochemical characteristics of two table beet cultivars (Marusia
and Nezhnost) was assessed. Compared to the untreated con-
trol, foliar application of 26.4 mM sodium selenate increased
root yield by 1.20-1.25 times, monosaccharide content by 1.49-
2.25 times, betalain pigments by 1.56-2.17 times and total an-
tioxidant activity (AOA) by 1.38-1.79 times, whereas the sele-
nocystine supply increased the same parameters by 1.44-1.85,
1.64-3.4,1.28-1.50 and 1.31-1.33 times, respectively. Compared
to pulp, root peel demonstrated 2-2.6 times higher levels of
betalain pigments, 1.9-2.4 times higher levels of polyphenols
(TP), and 1.5-2.2 times higher antioxidant activity. Significant
varietal differences in biochemical characteristic changes due
to organic and inorganic Se supply were recorded. Taking into
account the relatively low Se biofortification levels of roots (3-
3.51in pulp and 7-12 in peel), the results of the present research
prove the importance of Se application mostly to improve beet-
root yield, antioxidant content, including betalain pigments,
and root peel utilization as a significant source of pharmaceu-
ticals.

Key words: Beta vulgaris L. ssp. vulgaris var. vulgaris; anti-
oxidant status; betalain pigments; selenate; selenocystine; yield
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Ugodni ucinki organskih in anorganskih oblik selena na pri-
delek in prehranske lastnosti rdece pese

Izvle¢ek: RdeCa pesa je bistvena sestavina cloveske
prehrane in vir biolosko aktivnih snovi, ki so pomembne
za farmacevtsko in prehrambeno industrijo. Za povecanje
vsebnosti esencialnih hranil in razvoj funkcionalnih preh-
rambenih produktov s povecano vsebnostjo antioksidantov
je bil ocenjen vpliv foliarnega dodajanja natrijevega selenata
in selenocistina na pridelek in biokemi¢ne lastnosti dveh sort
rdece pese (Marusia in Nezhnost). V primerjavi s kontrolo
je foliarno dodajanje 26,4 mM natrijevega selenata povecalo
pridelek rdece pese za 1,20-1,25 krat, vsebnost monosahari-
dov za 1,49 do 2,25 krat, vsebnost betalaina za 1,56-2,17 krat
in celokupno antioksidacijsko aktivnost (AOA) za 1,38-1,79
krat. Dodajanje selenocistina je iste paramatre povecalo za
1,44-1,85, 1,64-3,4, 1,28-1,50 in 1,31-1,33 krat. V primerjavi
s pulpo je olupek rdece pese izkazal 2-2,6 krat vecje vsebnost
betalaina, 1,9-2,4 krat vecje vsebnosti polifenolov (TP) in 1,5-
2,2 krat ve¢jo antioksidacijsko aktivnost. Pri dodatkih organ-
skega in anorganskega Se so bile ugotovljene tudi znadilne ra-
zlike v biokemi¢nih lastnostih med sortama rdece pese. Glede
na relativno majhno kopicenje Se v koreninskem gomolju
rdece pese (3-3,5 krat v pulpi in 7-12 krat v olupu) rezultati
raziskave dokazujejo pomen dodajanja selena, predvsem za
povecanje pridelka, vsebnosti antioksidantov vklju¢no z beta-
lainom in uporabo olupkov kot pomemben vir farmacevtsko
zanimivih snovi.

Klju¢ne besede: Beta vulgaris L. ssp. vulgaris var. vulgaris;
stanje antioksidantov; betalaini; selenate; selenocistin; pridelek
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1 INTRODUCTION

Beetroot (Beta vulgaris L. ssp. vulgaris var. vulgaris)
is one of the most important root vegetables, an out-
standing source of biologically active compounds and
nutrients, such as carbohydrates, betalain pigments (Da
Silva et al., 2019), polyphenols and vitamins (Wruss et
al., 2015). Among sugar beet, fodder beet, mangold (leaf
beet) and beetroot, the latter plays a special role in hu-
man nutrition, health maintenance and pharmacology
(Zhang et al., 2016).

Betalains are known to be the main antioxidants in
beetroot (Czapski et al., 2009), and have important ef-
fects such as cardio-protective and analgesic effects (Lun-
dberg & Weitzberg, 2005; Sadowska-Bartosz & Bartosz,
2021), as well as antimicrobial, anticancer, antilipidemic
activity, hepato- and neuroprotective, antidiabetic, anti-
inflammatory and immuno-modulatory, reduce systolic
and diastolic blood pressure, and normalize blood glu-
cose level (Fu et al., 2020). Furthermore, betalain pig-
ments of beetroot are highly valued as food coloring pig-
ments (Chikara et al., 2019), thus contributing to quality
improvement. Different factors affect beetroot yield and
quality, such as genetic peculiarities, environmental con-
ditions, light intensity, soil characteristics, fertilization
technique including microbial supply, water availability,
etc. (Agic et al., 2018), phytohormones and growth stim-
ulators, humic and amino acids (El-Gamal et al., 2016),
soil bacteria (Rasovsky et al., 2022).

In recent years, much attention has been paid to
growth stimulation and antioxidant properties of Se
compounds (Hegediisova et al., 2021; Khan et al., 2023).
At low concentrations, Se may promote photosynthesis,
enhance protein synthesis, protect plants against biotic
and abiotic stresses, elicit monosaccharide increase, and
activate the formation of phytohormones (Liu et al,
2023).

Biofortification of beetroot with Se has not been a
common technique so far. Only Sentkowska & Pyrzynska
(2023) described the accumulation of SeMet in beetroot
juice, though the Se biofortification conditions have not
been indicated. Besides, in previous experiments, low
efficiency of foliar Se biofortification of root vegetables,
such as carrots, was recorded (De Oliveira et al., 2018).
According to the Periodic Table of Elements, Se mimics
the chemical properties of S, forming appropriate salts
(selenates Se*®, and selenites Se**) and Se-amino acids
(Se?): selenomethionine (SeMet) and selenocysteine (Se-
Cys). Among them, selenates are the most mobile, sele-
nites the most toxic and Se-amino acids are characterized
by the highest bioavailability to plants (Dinh et al., 2019).
Up to date, selenates have been used most frequently for
plant biofortification (Malagoli et al., 2015), whereas Se-
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amino acid application was restricted because of their
high cost. In 2022, an effective non expensive synthesis
of selenocystine (SeCys,) was developed (Poluboyarinov
et al., 2022), providing the opportunity to investigate this
compound’s efficiency for plant biofortification more in-
tensively.

The present work aimed to evaluate the efficiency of
sodium selenate and selenocystine (SeCys,) foliar supply
on yield and nutritional quality of beetroot.

2 MATERIAL AND METHODS

2.1 EXPERIMENTAL DESIGN

The research was conducted on beetroot (Beta vul-
garis L. ssp. vulgaris var. vulgaris) in 2022-2023 at the ex-
perimental fields of Federal Scientific Vegetable Center,
Russia (5539.510 N, 37°12.230 E). The mean values of
monthly temperature and humidity during the crop cy-

cles are presented in Table 1.

Plants were grown in a loam sod-podzolic soil with
the following characteristics: pH 6.2; 2.12 % organic mat-
ter; 1.32 mg-eq 100 g hydrolytic acidity; 18.5 mg kg
mineral nitrogen; 21.3 mg kg ammonium nitrogen; sum
of the absorbed bases as much as 93.6 %; 402 mg kg
mobile P; 198 mg kg exchangeable K; 1 mg kg S; 10.95
mg kg! Ca; 2.05 mg kg Zn; 0.86 mg kg' B; and 220 ug
kg' Se. The soil quality was assessed using the certified
methods described in the agrochemical workshop (Cart-
er & Gregorich, 2008), and its mineral composition was
determined by an AAS Shimadzu GFA-7000 spectropho-
tometer (Shimadzu, Kyoto, Japan).

Seeds were sown on 8-10 May with a density of 2.9
plants per m* (50 x 70 cm). The experimental protocol
was based on the factorial combination between two red
beetroot cultivars selected at the Federal Scientific Veg-
etable Center (Nezhnost and Marusia) and two Se treat-
ments (50 mg 1" of sodium selenate solution, 26.4 mM;

Table 1: Mean values of monthly temperature and precipitation
in 2022 and 2023

Temperature (°C) Precipitation (mm)

Month 2022 2023 2022 2023
May 10.7 12.7 61 35
June 18.9 16.8 42 71
July 20.7 18.5 91 151
August 21.9 19.7 4 63
September 10.1 15.0 75 6
October 7.2 5.5 58 114
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87 mg 1" of SeCys, solution, 26.4 mM) plus an untreated
control (water foliar spray). The plants were sprayed with
the mentioned solutions twice: at the stage of beetroot
formation (10-13 July) and 14 days later (1-4 August). A
split plot design was used for the treatment distribution
in the field, with three replicates, and each experimen-
tal unit covered a 9.8 m? surface area. Before sowing, the
soil was accurately ploughed at 40 cm depth, and during
the growing season, hoeing and manual weeding were
carried out according to the needs determined through
constant monitoring. The fertilization was performed
twice during the crop cycles (30 June and 30 July) using
30 kgha' of N P K, . The irrigation was activated when
the soil humidity dropped to 80 % of the available water
capacity at 20 cm depth. Plants were harvested on 4-8
October.

2.2 SAMPLE PREPARATION

After harvesting and removing soil particles, the
roots were separated from the aerial parts of 10 plants,
washed with distilled water, dried with filter paper, and
0.5 mm peel was removed using a special knife. Both
root pulp and peel were homogenized and used to deter-
mine betalain pigments, nitrates, and total dissolved sol-
ids (TDS). The remainder of the beetroot fractions was
dried at 70 °C to constant mass and homogenized, and
the resulting powders were used to determine the total
antioxidant activity (AOA), total polyphenols (TP), and
carbohydrate content.

2.3 DRY MATTER

The dry matter content was determined gravimetri-
cally by drying beetroot samples at 70 °C for 72 hours.
The results were expressed as a mass/mass percentage of
dry matter (% m/m).

2.4 NITRATES

Nitrates in beetroot pulp samples were assessed us-
ing ion-selective electrode with an ionomer Expert-001
(Econix Inc., Moscow, Russia).

2.5 TOTAL DISSOLVED SOLIDS (TDS)

Total dissolved solids were analyzed on water ex-
tracts of beetroot pulp using a portable conductometer
HM Digital TDS-3 (South Korea, Seoul). The results
were expressed in mg kg'd. m.

2.6 SELENIUM

The selenium content was measured using the mi-
cro-fluorimetric method based on the acidic digestion of
dried homogenized samples with a mixture of nitric and
perchloric acids, subsequent conversion of selenate (Se*®)
to selenite (Se**) using a solution of 6 N HCl and fluores-
cence value determination of piazoselenol, formed as a
result of a condensation between Se** and 2,3-diaminon-
aphtalene (Alfthan, 1984). The analysis was performed in
hexane at A emission 519 nm and X excitation — 376 nm.
As an external standard, Se-fortified mitsuba stem pow-
der with a Se content of 1865 pug kg™ (Federal Scientific
Vegetable Center) was used. The results were expressed
in pg kg' d m, as mean of three replications.

2.7 TOTAL POLYPHENOLS (TP)

The total polyphenols (TP) were determined in 70 %
ethanol extracts of dried peel/pulp samples using the Fo-
lin-Ciocalteu colorimetric method with some modifica-
tions (Golubkina et al., 2020). The extraction of samples
was performed at 80 °C (1 h.) using a 70 % ethanol/water
solution while the condensation with Folin—Ciocéalteu re-
agent was managed in the presence of saturated Na,CO,
solution at room temperature. The polyphenol concen-
tration was calculated based on the absorption value of
the resulting mixture at 730 nm by a spectrophotometer
(Unico 2804 UV, Suite E Dayton, NJ, USA) using the ex-
ternal standard solution of 0.02 % gallic acid. The results
were expressed as mg of gallic acid equivalent per g of
dry mass (mg GAE g d. m).

2.8 ANTIOXIDANT ACTIVITY (AOA)

The antioxidant activity of beet roots and leaves was
assessed on 70 % ethanolic extracts of dry samples us-
ing a redox titration method (Golubkina et al., 2020). The
values were expressed in mg gallic acid equivalents (mg
GAEg'd. m.).

2.9 BETALAIN PIGMENTS

The betalain pigment analysis was carried out spec-
trophotometrically on water extracts of homogenized
beetroot pulp and peel using the absorption values at
535 nm (betacyanins, extinction 60,000) and 485 nm
(betaxantins, extinction 48,000) according to Bucur et al.
(2016). The results were expressed in mg g* f. m.
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2.10 SUGARS

The monosaccharides were determined using the
ferricyanide colorimetric method, based on the reac-
tion of monosaccharides with potassium ferricyanide
(Swamy, 2008). Total sugars were analogically deter-
mined after acidic hydrolysis of water extracts with
20 % hydrochloric acid. Fructose was used as an ex-
ternal standard. The results were expressed in % per
dry mass.

2.11 STATISTICAL ANALYSIS

The data were statistically processed using the
analysis of variance (ANOVA), and the mean separa-
tions were performed through the Duncan’s test at p <
0.05 probability level, using the SPSS software version

29 (IBM, Armonk, NY, USA).

3 RESULTS AND DISCUSSION

3.1 YIELD AND BIOMETRICAL PARAMETERS

Our previous investigation regarding Savoy cab-
bage biofortification with Se demonstrated a signifi-
cantly higher growth stimulation effect of selenocys-
tine than sodium selenate (Antoshkina et al., 2023).
The present results were in accordance with the men-
tioned observation indicating high prospects of se-
lenocystine supply in beetroot production (Table 2,
Figure 1). Furthermore, the possibility of increasing
beetroot yield by 1.44-1.66 times using selenocystine
and by 1.20-1.26 times via foliar application of sodium
selenate was recorded under low Se concentration not
exceeding 26.4 mM. In this respect, similar beneficial
effect of inorganic forms of Se was recorded on the two
cultivars studied and significant varietal differences in
the case of selenocystine application (Figure 1). The
data presented in Table 2 also indicate the increase of
root marketability due to Se supply with higher effi-
ciency of organic Se compared to sodium selenate. No
significant differences in the dry matter content be-
tween control and Se-treated plants were recorded.

3.2 CARBOHYDRATES, NITRATES AND TOTAL
DISSOLVED SOLIDS (TDS)

The accumulation of carbohydrates is one of the

most important characteristics of beetroot. In the pre-
sent study, Se treatment did not change the total sugar
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Table 2: Yield, biometrical and growth parameters of beet roots

Parameter Treatment  ‘Nezhnost’ ‘Marusia’
Mass (g) Control 157+ 15¢ 165+ 16Db
Se*® 197+19b 198+ 19a
SeCys, 290 +28a 237+25a
Yield (t ha ') Control 46.9+4.7 c 49.5+48¢
Se*® 59.1+6.0b 59.4+58b
SeCys, 780+7.7a 71.2+70a
Marketability ~ Control 91.0+09e  94.0+09cd
level (%) Sets 935£09d  962+09ab
SeCys, 95.6+09bc 982+09 a
Length (cm) Control 122+1.0a 51+0.5a
Se*® 126+1.0a 55+05a
SeCys, 122+1.0a 55+05a
Diameter  Control 50£05b 51+£05b
(cm) Se's 52+05a  54%05b
SeCys, 59+05a 6.0+06a
Dry mass (%) Control 18.8+1.7a 18.8+1.8a
Se*® 184+t16a 190+18a
SeCys, 175+ 1.6a 185+18a

For each parameter, values with the same letters do not differ statisti-
cally according to Duncan test at p < 0.05.
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Figure 1: Changes in beetroot yield due to Se application.
Values with the same letters do not differ statistically according
to Duncan test at p < 0.05

content in roots but significantly increased the con-
centration of minor monosaccharides (Table 3).

The results were in accordance with the corre-
sponding phenomenon of monosaccharide increase
for environmental stress alleviation, improving pho-
tosynthesis, osmotic homeostasis, protein synthesis
and membrane stabilization (Sami et al., 2016). De-
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Table 3: Content of carbohydrate, nitrate and total dissolved
solids in beetroot roots

Parameter Treatment cv. Nezhnost cv. Marusia
Monosaccha- Control  3.76 £ 0.33 ¢ 2.58+0.22b
rides (% d. m.) gess 815+0.80b  3.85+034a
SeCys, 1279+ 1.12a  422+040a
Total sugar Control 7250 £7.01a  73.10+7.00a
(% d. m.) Se*® 68.00 £ 6.62 a 67.80 £6.55a
SeCys, 66.80 +6.45a  66.20+6.51a
Nitrates Control 1055+ 110 a 1282+ 120 a
(mgkg'd. m.) Se*® 1204 £ 110 a 1442 + 140 a
SeCys, 1159 £ 110 a 1429 £ 140 a
TDS (%) Control  3.97 £0.40 a 3.80+0.35a
Se*® 428 +040a 414+040a
SeCys, 3.76 £0.38 a 437+042a

For each parameter, values with the same letters do not differ statisti-
cally according to Duncan test at p < 0.05.

spite the significant varietal differences in Se effect on
monosaccharide accumulation, SeCys, showed higher
efficiency than selenate, increasing the monosaccha-
ride levels by 1.8-3.4 times compared to 1.5-2.2 times
recorded under sodium selenate application. Never-
theless, considering the low monosaccharide accu-
mulation levels in beetroot, the mentioned phenom-
enon did not have a significant effect on disaccharides
whose concentration was over 10 times higher than
the levels of monosaccharides.

Beetroot belongs to a group of vegetables capable
of accumulating high concentrations of nitrates, thus
being highly valuable in supporting human health,
preventing hypertension and protecting against car-
diovascular diseases (Brzezinska-Rojek et al., 2023;
Dos S.Baido et al., 2020) via regulation of gene expres-
sions of proteins and enzymes involved in the nitric
oxide synthesis. Selenium is known to affect nitrogen
metabolism, usually decreasing the nitrate content in
plants (Golubkina et al., 2018; Pilon-Smits & Quinn,
2010). In the present investigation, we did not record
significant differences between beetroot plants sup-
plied with Se and control plants regarding nitrate ac-
cumulation.

The lack of significant differences in total dis-
solved solids (TDS) between control and Se treated
plants corresponds to the same situation referring to
total sugars in roots.

3.3 BETALAIN PIGMENTS

Among beetroot natural antioxidants, betalain
pigments are considered the most valuable (Fu et al,,
2020; Sadowzka-Nartosz & Nartosz, 2021). The results
of the present investigation revealed that sodium se-
lenate supply increased the total betalain content by
2.16 times (‘Marusia’) and 1.55 times (‘Nezhnost’),
while selenocystine produced a lower effect, with 1.5
and 1.28 times increase, respectively (Table 4, Figure
2). Contrary, though the initial levels of betalain pig-
ments were much higher in peel than in pulp, the pig-
ment content changes due to Se application were low-
er in ‘Nezhnost’ (1.18-1.19 for both forms of Se) and
higher in ‘Marusia’ (1.39 (SeCys,)-1.64 (Se*®) times).
Betalain peel/pulp ratio in control and SeCys, treated
plants of both cultivars was equal to 2.54, whereas a
slightly lower value was recorded for selenate supplied
plants (2.27).

Furthermore, the varietal differences between
the two cultivars tested revealed that the magnitude
of betalain pigment increase upon Se supply may be
due to either differences in the intensity of pulp or peel
pigment accumulation (Figure 2).

According to literature data, red pigments beta-
cyanins account for approximately 75-95 % of beet-
root pigments, the remaining 5-25 % being yellow
betaxanthins (Delgado-Vargas et al., 2000; Ninfali &
Angelino, 2013). Betaxanthin content in roots of in-
vestigated cultivars reached 67-68 % and showed a
slight tendency to the increase up to 70-71 % under

240
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s 200
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Nezhnost Marusia Nezhnost Marusia
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Figure 2: Effect of selenium biofortification on betalain pig-
ment content in pulp (a) and peel (b) of beetroot. Values with
the same letters do not differ statistically according to Duncan
testat p <0.05
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Se supply (Table 4). The betacyanin/betaxantin ratios
were close to 1.9:1 in peel and 2.2:1 in pulp and were not
significantly affected by Se supply.

The predominant accumulation of betalain pig-
ments in beet root peel is well documented (Kujala et al.,
2002; Slatnar et al., 2015), indicating great prospects of
peel utilization as a valuable source of natural pigments.

The significance of high betalain pigment accumu-
lation in peel and pulp of beetroot relates to the nutri-
tional value increase due to Se supply and the possibility
of betalain utilization as food colorant (Calva-Estrada
et al., 2022). Indeed, betalains are widely used as food
colorants due to their prominent and consistent colours
at pH 3-7. The development of packaging films incor-
porated with betalains is used as the colorimetric indi-
cators and smart packaging films capable of improving
the functional properties of packaging films, including
higher water resistance, tensile strength, elongation at
break, and antioxidant and antimicrobial activities (Abe-
di-Firoozjah et al., 2023).

3.4 TOTAL ANTIOXIDANT ACTIVITY (AOA)
AND POLYPHENOLS (TP)

According to literature data, beet roots contain a

significant amount of catechins and polyphenolic acids,
including ferulic, protocatechuic, vanillic, caffeic and
others, providing increased antioxidant activity of root
ethanolic extracts (Kavalcova et al., 2015; Platosz et al.,
2020). The main beet root flavonoids are rutin, kaemph-
erol, rhamnetin, rhamnecitrin and astragalin (Sentkows-
ka & Pyrzynska, 2020).

The analysis of the total antioxidant activity (AOA)
using 70 % ethanolic extracts of beet roots revealed sig-
nificant increase in the parameter due to Se supplemen-
tation (Table 4, Figure 3).

Contrary, TP levels did not differ significantly be-
tween control and Se treated plants, reaching 10.9-12.8
mg GAE g' d. m. in pulp and 23.7- 26.2 mg GAE g' d. m.
in peel. The beneficial effect of Se on beetroot antioxidant
activity was greater in ‘Nezhnost’ than ‘Marusia’ (Figure
3), contrary to water soluble betalain pigments whose
level was higher in cultivar Marusia roots, compared to
‘Nezhnost’ (Figure 3 a,b).

Furthermore, ‘Marusia® did not demonstrate dif-
ferences in the AOA between organic and inorganic Se
supply, while ‘Nezhnost' showed more intensive AOA
increase under selenate application. The latter phenom-
enon may be connected with varietal differences in poly-
phenol content of roots. However, there is no data about
the mechanism of Se effect on polyphenol accumulation

Table 4: Antioxidant levels in beetroot as affected by organic and inorganic forms of Se

‘Nezhnost’ ‘Marusia’
Parameter Treatment Pulp Peel Pulp Peel
Betacyanin Control 1.34£0.15b 340+031a 1.20£0.11 ¢ 3.07+0.29b
(mg g) Se*s 2.13+£0.20a 3.98+0.36a 2.73+0.24a 510 £0.49a
SeCys, 1.81£0.17 a 4.16+040a 1.89+£0.16 b 434+041a
Betaxantin Control 0.64 +0.06b 1.79£0.16 a 0.60 £0.05 ¢ 1.67 £0.15b
(mg g) Se® 0.94+0.09a 2.14+020a 1.18+0.10a 2.69+0.24a
SeCys, 0.72+0.07b 2.02+0.19a 0.81+£0.08b 2.27+0.20a
Total betalain pigments Control 1.97 £0.16 b 5.19+0.50 b 1.80 £0.17 ¢ 474+ 0.44b
(mgg") Se*® 3.07+£0.29a 6.12£0.60 a 391+£0.36a 7.79+£0.75a
SeCys, 2.53+0.23a 6.18 £0.60 a 2.70+0.25b 6.61 £0.62a
AOA Control 20.6+2.0c 40.5+3.8b 19.4+1.5b 419+4.0b
(mg GAE g d. m.) Se*® 36.8+33a 559+52a 268+24a 494+40a
SeCys, 27.0+25b 523+50a 258+23a 524+50a
TP Control 11.1£1.0a 258+22a 114£10a 252+23a
(mg GAE g d. m.) Se*® 11.3+1.0a 227+20a 13.1+1.0a 248+23a
SeCys, 104+09a 22.7+20a 138+ 1.0a 286t24a

For each parameter, values with the same letters do not differ statistically according to Duncan test at p < 0.05.
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Figure 3: Effect of organic and inorganic forms of Se on
antioxidant activity of beet root pulp (a) and peel (b). Values
with the same letters do not differ significantly according to
Duncan test at p < 0.05

and further studies are needed to reveal the mechanism
of these changes.

3.5 SE ACCUMULATION

Our previous investigations on Se biofortification of
shallot (Golubkina et al., 2019) and Savoy cabbage (An-
toshkina et al., 2023) demonstrated higher biofortifica-
tion levels under SeCys, supply, compared to the values
recorded in selenate treated plants. The present results
indicate that the mentioned effect greatly depends on
plant part and varietal differences in beetroot. Indeed,
beet leaves were the most sensitive to Se supply, able to
accumulate up to 1200 pg Se kg™ d. m. in case of Secys,
treated plants, with 1.35 times lower values in case of se-
lenate supplementation (Table 5).

A less pronounced effect was recorded in beetroot
where Se accumulated predominantly in root peel. The

Table 5: Selenium accumulation in beet roots under organic
and inorganic Se supply (ug Se kg' d. m.)

Plant part Treatment  ‘Nezhnost’ ‘Marusia’
Pulp Control 33+3d 44+4c
Se*® 120 + 10 ab 133+ 13a
SeCys, 100+9b 128+ 11a
Peel Control 38+3d 50+5¢
Se*s 345+30b 361 +33b
SeCys, 458 +41la 355+31b
Leaves Control 29+2d 39+3c¢
Se*® 900+ 79b 910 £ 76 b
SeCys, 1220+ 98 a 1235+ 100 a

For each parameter, values with the same letters do not differ statisti-
cally according to Duncan test at p < 0.05.

lowest biofortification levels were recorded in root pulp
reaching only 3-3.5 times (Figure 4).

3.6 CORRELATION ANALYSIS

The correlation analysis between the parameters
tested indicated a significant beneficial effect of pulp
monosaccharide content and peel Se levels on beet root
yield and a positive effect of Se on betalain accumulation
in pulp and peel (Table 6).

Furthermore, antioxidant activity of fat-soluble an-
tioxidants and root yield were significantly affected by Se
accumulation both in pulp and peel. Indeed, Se supply
demonstrated a significant relationship with root yield,

a
T
1A O sc™® @ SeCys,
b
9
E A -
5 7 ;
£
s 5
- d
£
: [0
1
Nezhnost Marusia Nezhnost Marusia

Figure 4: Selenium biofortification levels of beet root pulp (a)
and peel (b). Values with the same letters do not differ statisti-
cally according to Duncan test at p < 0.05

Acta agriculturae Slovenica, 121/1 - 2025

7



N. GOLUBKINA et al.

Table 6: Correlations between beetroot quality parameters

Betalains Ms AOA Se

Yield pulp peel pulp pulp peel pulp peel
Yield 0.240 0.411 0.769 a 0.332 0.670 d 0.561 f 0.858 a
Pulp betalains 0.947 a 0.031 0.617 e 0.628 ¢ 0.860 a 0.674d
Peel betalains 0.044 0.464 0.605 e 0.880 a 0.742b
Monosaccharides 0.505 0.578 f 0.241 0.644 ¢
Pulp AOA 0.888 a 0.717 ¢ 0.685d
Peel AOA 0.884a 0.906 a
Se pulp 0.880 a

Ms: monosaccharides; AOA: total antioxidant activity; p: a) < 0.001; b) < 0.002; ¢) < 0.005; d) < 0.01; e) < 0.02; f) < 0.05.

betalain pigment accumulation and total antioxidant ac-
tivity. It is interesting that antioxidant characteristics (in-
cluding Se) of beet root peel directly correlate both with
root yield values and accumulation of water-soluble beta-
lain pigments, and indicate the importance of the ‘edge’
effect for plant adaptation (Golubkina et al., 2023).

4 CONCLUSION

From research carried out on selenium biofortifica-
tion of beetroot, it arose that the organic and inorganic
Se supply to beetroot plants significantly enhanced yield
and quality of roots, compared to control plants, though
showing low efficiency in producing beetroots with Se
levels suitable to compensate Se deficiency in humans.
Sodium selenate had a significantly higher beneficial ef-
fect on betalain pigment levels and fat-soluble antioxi-
dant content, in comparison with SeCys,, which led to
higher root yield and monosaccharide levels. Overall, the
outcome obtained from the present study allows to infer
that Se biofortification of beetroot plants is a useful strat-
egy to encourage yield and nutritional quality of roots.

5 FUNDING STATEMENT

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors that could be construed as a conflict of in-
terest or that might have appeared to influence the work
reported in this paper.

6 AUTHOR CONTRIBUTIONS

8 | Acta agriculturae Slovenica, 121/1 - 2025

Conceptualization: N.G. and G.C.; formal analy-
sis: N.G., A.S., O.C.M,, and A.V.T; investigation: N.G,,
V.Z.,PP. and Z.A.; methodology: N.G., A.S., O.C.M.,, and
A V.T; validation, N.G., A.S., O.C.M., and G.C.; draft
manuscript writing, N.G., O.C.M., and A.V.T;; manu-
script revision and final editing, N.G., A.S., and G.C. All
authors have read and agreed to the published version of
the manuscript.

7  REFERENCES

Abedi-Firoozjah, R., Parandi, E., Heydari, M., Kolahdouz-Na-
siri, A., Bahraminejad, M., Mohammadi, R., Rouhi, M., &
Garavand, E (2023). Betalains as promising natural color-
ants in smart/active food packaging. Food Chemistry, 424,
136408. https://doi.org/ 10.1016/j.foodchem.2023.136408.

Agic, R., Zdravkovska, M., Popsimonova, G., Dimovska, D.,
Bogevska, Z., & Davitkovska, M. (2018). Yield and quality
of beetroot (Beta vulgaris ssp. esculenta L.) as a result of mi-
crobial fertilizers. Contemporary Agriculture, 67(1), 40-44.

Alfthan, G. V. (1984). A micromethod for the determination of
selenium in tissues and biological fluids by single-test-tube
fluorimetry. Analitica Chimica Acta, 165, 187-194.

Antoshkina, M., Golubkina, N., Poluboyarinov, P., Skrypnik, L.,
Sekara, A., Tallarita, A., & Caruso, G. (2023). Effect of sodi-
um selenate and selenocystine on Savoy cabbage yield, mor-
phological and biochemical characteristics under Chlorella
supply. Plants, 12(5), 1020. doi: 10.3390/plants12051020.

Brzezinska-Rojek, J., Sagatovych, S., Malinowska, P, Gadaj, K.,
Prokopowicz, M., & Grembecka, M. (2023). Antioxidant
capacity, nitrite and nitrate content in beetroot-based die-
tary supplements. Foods, 12, 1017. https:// doi.org/10.3390/
foods12051017.

Bucur, L., Aralunga, C., Schroder, V. (2016). The betalains con-
tent and antioxidant capacity of red beet (Beta vulgaris L.
subsp.vulgaris). Farmacia, 64(2), 198—201.

Calva-Estrada, S. J., Jiménez-Fernandez, M., & Lugo-Cer-
vantes, E. (2022). Betalains and their applications in food:


https://doi.org/

Beneficial effect of organic and inorganic forms of selenium on yield and nutritional characteristics of beetroot

The current state of processing, stability and future oppor-
tunities in the industry, Food Chemistry, 4, 100089. https://
doi.org/10.1016 /j.fochms.2022.100089.

Carter, M. R., & Gregorich, E. G. (ed.) (2008). Soil sampling and
methods of analysis, 2d ed. Canadian Society of Soil Science.
CRC Press Taylor & Francis Group.

Chikara, N., Kushwaha, K., Jaglan, S., Sharma, P, & Panghal, A.
(2019). Nutrition, physicochemical, and functional quality
of beetroot (Beta vulgaris L.) incorporated Asian noodles.
Cereal Chemistry, 96, 154—161.

Czapski, J., Mikolajczyk, K., & Kaczmarek, M. (2009). Relation-
ship between antioxidant capacity of red beet juice and con-
tents of its betalain pigments. Polish Journal of Food and
Nutrition Sciences, 59, 119-122.

da Silva, D. V. T., dos Santos Baido, D., de Oliveira, E, Silva, G.,
Alves, D., Perrone, D., Aguila, E. M. & Paschoalin V. M. M.
(2019). Betanin, a natural food additive: stability. bioavail-
ability, antioxidant and preservative ability assessments.
Molecules, 24, 2403058.

de Oliveira, V. C., Faquin, V., Guimarées, K. C., Andrade, F.
R., Pereira, J., & Guilherme, L. R. G. (2018). Agronomic
biofortification of carrot with selenium. Ciéncia e Agrotec-
nologia, 42(2), 138-147. http://dx.doi.org/10.1590/1413-
70542018422031217.

Delgado-Vargas, E, Jiménez, A. R., & Paredes-Lopez, O. (2000).
Natural pigments: carotenoids, anthocyanins, and betalains
characteristics, biosynthesis, processing, and stability. Criti-
cal Reviews in Food Science and Nutrition, 40, 173-289. doi
:10.1080/10408690091189257.

Dinh, Q. T., Wang, M., Tran, T. A. T., Zhou, F, Wang, D., Zhai,
H., Peng, Q., Xue, M., Du, Z., Banuelos, G. S., Lin, Z.-Q., &
Liang, D. (2019). Bioavailability of selenium in soil-plant
system and a regulatory approach, Critical Reviews in En-
vironmental Science and Technology, 49(6), 443-517. doi:
10.1080/10643389. 2018.1550987.

dos S. Baido. D., da Silva D. V. T., & Paschoalin, V. M. F. (2020).
Beetroot, a remarkable vegetable: Its nitrate and phyto-
chemical contents can be adjusted in novel formulations to
benefit health and support cardiovascular disease therapies.
Antioxidants, 9, 960. doi:10.3390/antiox9100960.

El-Gamal, I. S.,, Abd El-Aal, M. M. M., El-Desouky, S. A.,
Khedr, Z. M., & Abo Shady, K. A. (2016). Effect of some
growth substances on growth, chemical compositions and
root yield productivity of sugar beet (Beta vulgaris L.) plant.
Middle East Journal of Agriculture Research, 5(2), 171-185.

Fu, Y., Shi, ], Xie, S. Y., Zhang, T. Y., Soladoye, O. P, & Aluko,
R. E. (2020). Red beetroot betalains: perspectives on extrac-
tion, processing, and potential health benefits. Journal of
Agricultural and Food Chemistry, 68(42), 11595-11611. doi:
10.1021/acs.jafc.0c04241.

Golubkina, N., Kekina, H., & Caruso G. (2018). Yield, quality
and antioxidant properties of Indian mustard (Brassica jun-
cea L.) in response to foliar biofortification with selenium
and iodine. Plants, 7, 80.

Golubkina, N., Skrypnik, L., Logvinenko, L., Zayachkovsky,
V., Smirnova, A., Krivenkov, L., Romanov, V., Kharchenko,
V., Poluboyarinov, P, Sekara, A., Tallarita, A., & Caruso G.
(2023). The ‘edge effect’ phenomenon in plants: morpho-
logical, biochemical and mineral characteristics of bor-

der tissues. Diversity, 15(1), 123. https://doi.org/ 10.3390/
d15010123.

Golubkina, N., Zamana, S., Seredin T., Poluboyarinov, P,
Sokolov, S., Baranova. H., Krivenkov, L., Pietrantonio, L.,
& Caruso, G. (2019). Effect of selenium biofortification and
beneficial microorganism inoculation on yield, quality and
antioxidant properties of shallot bulbs. Plants, 8, 102. doi:
10.3390/plants8040102.

Golubkina, N. A., Kekina, H. G., Molchanova, A. V., Antoshki-
na, M. S., Nadezhkin, S. M., & Soldatenko, A. V. (2020).
Plants Antioxidants and Methods of Their Determination,
Infra M: Moscow, (in Russian).

Hegediisova, A., Hegedts, O., Jakabova, S., Andrejiovd, A.,
Slosar, M., Mezeyovd, 1., & Golian, M. (2021). Selenium
Supplementation in Horticultural Crops, first ed., Springer
Nature, Cham.

Kavalcova, P., Bystricka, J., Tomas, J., Kovarovi¢, J., & Lenkova,
M. (2015). The content of total polyphenols and antioxidant
activity in red beetroot. Potravindrstvo, 9(1), 77-83.

Khan, Z., Thounaojam, T. C., Chowdhury, D., & Upadhyaya, H.
(2023). The role of selenium and nano selenium on physi-
ological responses in plant: a review. Plant Growth Regu-
lation, 100, 409-433. https://doi.org/10.1007/s10725-023-
00988-0.

Kujala, T. S., Vienola, M. S., Klika, K. D., Loponen, J. M., &
Pihlaja, K. (2002). Betalain and phenolic compositions of
our beetroot (Beta vulgaris) cultivars. European Food Re-
search and Technology, 214, 505-510. doi: 10.1007/500217-
001-0478-6.

Liu, H., Xiao, C., Qiu, T., Deng, J., Cheng, H., Cong, X., Cheng,
S., Rao, S., & Zhang, Y. (2023). Selenium regulates antioxi-
dant, photosynthesis, and cell permeability in plants under
various abiotic stresses: A review. Plants, 12, 44. https://doi.
org/ 10.3390/plants12010044.

Lundberg, J. O., & Weitzberg, E. (2005). NO generation from
nitrite and its role in vascular control Arteriosclerosis,
Thrombosis and Vascular Biology, 25, 915-922.

Malagoli, M., Schiavon, M., dallAcqua, S., & Pilon-Smits, E.
A. H. (2015). Effects of selenium biofortification on crop
nutritional quality. Frontiers in Plant Science, 6, 280. doi:
10.3389/fpls.2015.00280.

Ninfali, P., & Angelino, D. (2013). Nutritional and functional
potential of Beta vulgaris cicla and rubra. Fitoterapia, 89,
188-199. doi: 10.1016/j.fitote.2013.06.004.

Pilon-Smits, E. A. H., & Quinn, C. E (2010). Selenium metabo-
lism in plants. In Cell Biology of Metals and Nutrients; Hell,
R.; Mendel, RR., Eds.; Springer: Berlin/Heidelberg, Ger-
many.

Ptatosz, N., Sawicki, T., & Wiczkowski, W. (2020). Profile of
phenolic acids and flavonoids of red beet and its fermenta-
tion products. Does long-term consumption of fermented
beetroot juice affect phenolics profile in human blood plas-
ma and urine? Polish Journal of Food Nutrition and Sciences,
70, 55-65.

Poluboyarinov, P. A., Moiseeva, I. Y., Mikulyak, N. I., Golubki-
na, N. A., & Kaplun, A. P. (2022). New synthesis of cysteine
and selenocystine enantiomers and their derivatives News
of Higher Educational Technologies. Series Chemistry and

Acta agriculturae Slovenica, 121/1 - 2025

9


https://doi.org/10.1016
https://doi.org/10.1016
https://www.researchgate.net/journal/Ciencia-e-Agrotecnologia-1413-7054?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Ciencia-e-Agrotecnologia-1413-7054?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1590/1413-70542018422031217
http://dx.doi.org/10.1590/1413-70542018422031217
https://doi.org/
https://doi.org/10.1007/s10725-023-00988-0
https://doi.org/10.1007/s10725-023-00988-0

N. GOLUBKINA et al.

Chemical Technology, 65(2), 19-29. https://doi.org/ 10.6060/
ivkkt.20226502.6466 (in Russian).

Rasovsky, M., Pacuta, V., Ducsay, L., & Lenickd, D. (2022).
Quantity and quality changes in sugar beet (Beta vul-
garis provar. altissima Doel) induced by different sourc-
es of biostimulants. Plants, 11(17), 2222. doi: 10.3390/
plants11172222.

Sadowska-Bartosz, I., & Bartosz, G. (2021). Biological proper-
ties and applications of betalains. Molecules, 26(9), 2520.
doi: 10.3390/molecules26092520.

Sami, E, Yusuf, M., Faizan, M., Faraz, A., & Hayat, S. (2016).
Role of sugars under abiotic stress. Plant Physiology
and Biochemistry, 109, 54-61. https://doi.org/10.1016/
j.plaphy.2016.09.005.

Sentkowska, A., & Pyrzynska, K. (2020). Determination of
selenium species in beetroot juices. Heliyon, 6(6), €04194.
https://doi.org/10.1016/j.heliyon.2020.¢04194.

Sentkowska, A., & Pyrzynska, K. (2023). Old-fashioned,

but still a superfood—red beets as a rich source of

10 | Acta agriculturae Slovenica, 121/1 - 2025

bioactive compounds. Applied Science, 13, 7445. htt-
ps:// doi.org/10.3390/app13137445.

Slatnar, A., Stampar, E, Veberi¢, R., & Jakopi¢, J. (2015).
HPLC-MS identification of betalains profile of differ-
ent beetroot (Beta vulgari L. ssp. vulgaris) parts and
cultivars. Journal of Food Science, 80, 1952-1958.

Swamy, P. M. (2008). Laboratory Manual on Biotechnol-
ogy; Rastogi Publications: Meerut, India, 617.

Wruss, J., Waldenberger, G., Huemer, S., Uygun, P, Lanz-
erstorfer, P. Miiller, U., Hoglinger, O., & Weghuber, J.
(2015). Compositional characteristics of commercial
beetroot products and beetroot juice prepared from
seven beetroot varieties grown in Upper Austria.
Journal of Food Composition and Analysis, 42, 46-55.

Zhang, Y., Nan, J., & Yu, B. (2016). OMICS technologies
and applications in sugar beet. Frontiers in Plant Sci-
ence, 7, 1-11.


https://doi.org/ 10.6060/ ivkkt.20226502.6466
https://doi.org/ 10.6060/ ivkkt.20226502.6466
https://doi.org/10.1016/ j.plaphy
https://doi.org/10.1016/ j.plaphy
https://doi.org/10.1016/j.heliyon.2020.e04194

doi:10.14720/aas.2025.121.1.21409

Original research article / izvirni znanstveni ¢lanek
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Bionomija in nacini zatiranja japonskega hrosca (Popillia ja-
ponica Newman, 1841, Coleoptera: Scarabaeidae)

Izvlecek: Japonski hros¢ (Popillia japonica Newman,
1841), ki je bil leta 2024 prvic¢ ugotovljen v Sloveniji, je pomem-
ben invazivni $kodljivec, ki lahko povzroca obsezno $kodo v
kmetijstvu. Zaradi sposobnosti hitrega Sirjenja in prehranjeva-
nja z ve¢ kot 300 vrstami rastlin predstavlja resno groznjo na
obmogjih, kjer se pojavlja in $iri, vklju¢no z Evropo in ZDA.
Oderasli osebki so skodljivi zaradi skeletiranja listov, medtem ko
ogri, ki so talni $kodljivci, objedajo korenine trav in poljscine.
V preglednem ¢lanku predstavljamo moznosti zatiranja japon-
skega hros¢a. Kemi¢ne metode so uc¢inkovite, a na insekticide
$kodljivec lahko razvije odpornost, $kodljivi pa so tudi necilj-
nim organizmom. Bioti¢no zatiranje $kodljivca s parazitoidi,
entomopatogenimi bakterijami, glivami in ogorc¢icami, kaze
potencial, vendar njihova u¢inkovitost ni vedno zadovoljiva. Za
ucinkovito zatiranje japonskega hrosc¢a so potrebne integrirane
strategije, ki temeljijo na okoljskih prilagoditvah in nadaljnjih
raziskavah.

Klju¢ne besede: japonski hros¢, invazivni Skodljivec,
polifagni $kodljivec, bioti¢no varstvo rastlin, kemi¢no varstvo
rastlin, entomopatogene ogorcice, integrirano varstvo rastlin
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Bionomics and control methods of the Japanese beetle (Popil-
lia japonica Newman, 1841, Coleoptera: Scarabaeidae)

Abstract: The Japanese beetle (Popillia japonica New-
man, 1841), which was first recorded in Slovenia in 2024, is
an important invasive pest that can cause extensive damage
in agriculture. Due to its ability to spread rapidly and feed on
more than 300 plant species, it poses a serious threat in areas
where it occurs and spreads, including Europe and the United
States. Adults are harmful by skeletonizing the leaves, while
white grubs, which are soil pests, eat the roots of grasses and
field crops. This review paper presents the methods for con-
trolling the Japanese beetle. Chemical methods are effective,
but the pest can develop resistance to insecticides, and they
are also harmful to non-target organisms. Biological control of
this scarab beetle with parasitoids, entomopathogenic bacteria,
fungi and nematodes has potential, but their effectiveness is not
always satisfactory. Integrated strategies based on environmen-
tal adaptations and further research are needed for effective
control of the Japanese beetle.

Key words: Japanese beetle, invasive pest, polyphagous
pest, biological control, chemical control, entomopathogenic
nematodes, integrated pest management
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1 STATUS SKODLJIVCA IN NJEGOVA BI-
ONOMIJA

Japonski hros¢ (Popillia japonica Newman, 1841)
izvira iz Japonske, kjer ne velja za $kodljivca (Clausen et
al., 1927). Ta zuzel¢ja vrsta je pomemben invazivni skodl-
jivec, ki predstavlja resno groznjo kmetijstvu na obmo¢-
jih, kjer se pojavlja in $iri. Uvr§cen je med prednostne
karantenske $kodljivce v Evropski uniji in v $tevilnih
drugih drzavah (Marianelli et al., 2019; Graf et al., 2023).
V ZDA je bil vnesen v zacetku 20. stoletja (Clausen et
al., 1927), iz New Jerseyja pa se je razsiril proti zahod-
ni obali, v Kanado ter proti jugu ZDA (Potter in Held,
2002; Frank, 2016). Od leta 2014 je zastopan tudi v celin-
ski Evropi (Marianelli et al., 2019; Graf et al., 2023), kjer
se je iz severne Italije (Piemont in Lombardija) razsiril
v juzno Svico (Ticino). Obe drzavi sta dolo¢ili obmogja
pojavljanja in uvedli fitosanitarne ukrepe za omejevan-

je njegovega Sirjenja (Marianelli et al., 2019; Graf et al.,
2023). O najdbah japonskega hro$¢a v Evropi so doslej
porocali tudi iz Portugalske, Rusije in Slovenije, vendar le
na manj$em $tevilu lokacij, kjer so $irjenja skodljivca us-
peli omejiti. V Sloveniji je bil $kodljivec prvi¢ ugotovljen
leta 2024, ko so bili odrasli osebki julija najdeni v fero-
monskih pasteh na dveh avtocestnih pocivalis¢ih - Barje
v Ljubljani in Lukovica v smeri jug. Pasti na obeh loka-
cijah so bile postavljene v okviru programa preiskave, ki
se v skladu z EU zahtevami vsako leto izvaja na celotnem
obmocju Slovenije.

Prehranjevalne navade japonskega hrosc¢a se med
odraslimi osebki in licinkami mo¢no razlikujejo, vendar
oba razvojna stadija povzrocata estetsko $kodo in izgube
pridelka pri okrasnih rastlinah, travah in gojenih vrstah
rastlin (Graf et al., 2023). Odrasli hros¢i so izrazito poli-
fagni in se prehranjujejo z listi, cvetovi in plodovi vec kot
300 rastlinskih vrst, vklju¢no z lesnatimi oz. okrasnimi

Slika 1: Odrasel osebek japonskega hros¢a: hrbtna stran (zgoraj levo), trebu$na stran (zgoraj desno), pet Sopov belih dlak na levi strani zadka (spodaj
levo), velikostna primerjava s kovancem za 1 evro (foto: S. Modic). Hro¢ je bil najden 10. julija 2024 v feromonski lijakasti pasti z zelenim pregrad-
nim krizem, pokrovom in lijakom ter prozornim vedrom (Pherobank, Nizozemska, §t. art. 30251) na avtocestnem pocivalis¢u Lukovica.
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rastlinami (breza, brest, javor, jerebika, vrtnica, cinija),
sadnimi vrstami (jablana, marelica, ¢e$nja, sliva), jago-
di¢jem (borovnica, malina), zelenjadnicami ($parglji),
vinsko trto ter poljs¢inami (koruza, soja) (Fleming, 1972;
Ladd, 1987, 1989). Poskodbe, ki jih povzrocijo odrasli
osebki, so hitro prepoznavne, saj se hranijo z mehkimi
deli listov in za seboj puscajo le listne Zile (t. i. skeletiran-
je listov). Odrasli hros¢i lahko z objedanjem zmanjsujejo
tudi kakovost plodov nekaterih rastlinskih vrst (Bragard
etal., 2018).

Japonski hros¢ je prepoznaven po svoji velikosti (8-
11 mm dolzine in 5-7 mm $irine) (Slika 1, spodaj desno)
ter znacilni barvi - kovinsko zeleni glavi in oprsju ter
bakreno obarvanih pokrovkah, ki zadka ne pokrivajo v
celoti (Slika 1, zgoraj levo). Na obeh bo¢nih straneh zad-
ka ima pet Sopov znacilnih belih dlacic (Slika 1, spodaj
levo) ter dva $opa belih dlacic na pigidiju. Zaradi teh la-
stnosti ga splo$na javnost zlahka prepozna kot skodljivca.
Samce lahko lo¢imo od samic po obliki golenskih trnov,
pri ¢emer so trni samcev bolj konicasti kot pri samicah
(Fleming, 1972). Odrasel osebek japonskega hrosca je
podoben vrtnemu hroséu (Phyllopertha horticola [L.,
1758]), vendar se od slednjega lo¢i po zgoraj navedenih
morfoloskih znakih.

Li¢inke (ogrci), ki prebivajo v tleh, se prehranjujejo
s koreninami Stevilnih rastlinskih vrst, vklju¢no s plevel,
okrasnimi rastlinami in polj$¢inami, vendar najraje na-
padajo korenine trav (Graf et al., 2023). Prehranjevanje
licink s koreninami lahko povzro¢i $kodo na tratah, igri-
§¢ih za golf, travnikih in pasnikih. Li¢inke, ki v dolzino
ne presezejo 25 mm, so znacilno bele, so znacilno zavite
v obliko ¢rke C, imajo rumenorjavo glavo in so podobne
licinkam drugih evropskih predstavnikov druzine pa-
hlja¢nikov (Scarabaeidae) le da so nekoliko manjse. Leta
2002 je bila $koda, ki jo je japonski hros¢ povzrocil na
tratah in okrasnih rastlinah v ZDA, ocenjena na kar 450
milijonov ameriskih dolarjev (Potter in Held, 2002).

Japonski hros¢ je v vedini obmocij njegovega na-
ravnega habitata in obmocij, kjer se je razgiril naknadno,
univoltilna vrsta, ¢eprav lahko njegov razvojni krog na
severnej$ih obmodjih traja tudi dve leti (Clausen et al.,
1927). Odrasli hro$¢i navadno prilezejo iz tal konec ju-
nija ali v zacetku julija in Zivijo do 40 dni (Hadley in Ha-
wley, 1934). Samci in samice se zdruZzujejo in zadrzujejo
na gostiteljskih rastlinah, ki jih prepoznajo kot ustrezne
za prehrano na podlagi hlapnih snovi, ki jih rastline spro-
$¢ajo ob poskodbah zaradi hranjenja, ter snovi, ki jih iz-
lo¢ajo sami hrosci, vklju¢no z agregacijskimi feromoni
(Loughrin et al., 1995, 1996; Sara et al., 2013). Samice
se lahko parijo veckrat v rastni dobi, pri ¢emer parjenje
s samci lahko traja tudi do dve uri (Barrows in Gordh,
1978). Jaj¢eca odlagajo posamezno v zgornjo plast tal do
7,5 cm globoko, pri ¢emer vsaka samica v Zivljenju odlozi

do 60 jaj¢ec (Fleming, 1972; Dalthorp et al., 2000). 1z jaj-
¢ec se izlezejo li¢inke po priblizno dveh tednih (Fleming,
1972). Li¢inke se hranijo s koreninami in se levijo, dokler
ne dosezejo tretje razvojne stopnje. Aktivnost li¢ink se
ustavi, ko temperatura tal doseze priblizno 10 °C. Okto-
bra se za¢nejo pripravljati na prezimovanje in se zarijejo
v tla na globino 20-25 cm. Spomladi se vrnejo na povrsje,
ponovno zac¢nejo s hranjenjem, se zabubijo ter nato izle-
tijo kot odrasli hros¢i.

2 ZATIRANJE JAPONSKEGA HROSCA

Zatiranje japonskega hro$c¢a je zahtevna naloga
(Potter in Held, 2002; Shanovich et al., 2019) iz ve¢ razlo-
gov: (i) $kodo na gostiteljskih rastlinah povzrocajo tako
li¢inke kot odrasli hrosdi, (ii) licinke in odrasli hros$ci na-
seljujejo razli¢ne habitate, (iii) velike skupine mobilnih
odraslih osebkov lahko hitro povzrocijo obsezno skodo,
in (iv) na obmod¢jih, ki jih je $kodljivec na novo naselil,
navadno ni njegovih ucinkovitih naravnih sovraznikov.
Zatiranje japonskega hro$ca temelji na kombinaciji ke-
mi¢nih, mehanskih in bioti¢nih strategij, katerih cilj je
zmanjsati $tevilo li¢ink in odraslih hro$¢ev pod raven, ki

bi lahko povzrocila gospodarsko pomembno $kodo.

2.1 KEMICNO ZATIRANJE

Tuja literatura navaja, da je bilo za zatiranje japon-
skega hrosc¢a v nekaterih drzavah registriranih vec insek-
ticidov, med drugim tudi tisti, ki vsebujejo aktivne snovi,
kot so acetamiprid, klorantraniliprol, ciantraniliprol, fen-
propatrin, imidakloprid, novaluron in fosmet (Gagnon
in sod., 2023); vendar nekatere od teh aktivnih snovi v
EU niso ve¢ dovoljene. V Sloveniji so na voljo priprav-
ki na podlagi aktivnih snovi, ki so po podatkih iz Italije
udinkoviti proti odraslim hro$¢em: piretrin, deltametrin,
klorantraniliprol, acetamiprid in lambda cihalotrin, ven-
dar bi bilo zanje treba pridobiti dovoljenje oziroma razsi-
ritve dovoljenja za zatiranje japonskega hrosca.

Za zatiranje li¢ink ali ogrcev insekticide uporablja-
mo od sredine julija do sredine septembra, ko se licinke
hranijo s koreninami rastlin blizu povrsja tal, pri cemer je
potrebno tudi naknadno namakanje. Ti $irokospektralni
insekticidi zmanjsajo populacije licink japonskega hro-
$¢a, vendar imajo lahko $kodljive u¢inke tudi na druge
neciljne organizme. Odrasle osebke lahko ciljno zatira-
mo z insekticidi prek foliarnih nanosov (Gotta in sod.,
2023).

Eden od nacinov zatiranja japonskega hrosca je tudi
uporaba ,LLIN's" ali dolgo trajajocih z insekticidom treti-
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ranih mrez. Najveckrat so te tretirane s piretroidi, so tudi
bolj selektivne (manj vpliva na ostale koristne ali druge
vrste). Uporabijo se lahko ob napadenih obmog¢jih in
nasadih. Najveckrat so postavljene skupaj z rastlinskim
privabilom ter feromonom, ki privabi samce japonskega
hro$¢a na mrezo (Gotta in sod., 2023).

Na poljs¢inah, kot sta soja in koruza, sta Ze doloce-
na oba gospodarska pragova skodljivosti (Russin, 1989;
Steckel in sod., 2013). U¢inkovitost kemic¢nega zatiranja
se lahko tekom uporabe zmanj$a zaradi nenadne selitve
in migracije odraslih hro$¢ev na netretirano obmodje
(Potter in Held, 2002; Calderwood in sod., 2015).

Ogreci japonskega hrosca so Ze razvili odpornost na
vec vrst aktivnih snovi, ki se uporabljajo za namene var-
stva rastlin (Niemczyk in Lawrence, 1973; Ahmad in Ng,
1981). Zato morajo pridelovalci izvajati kemi¢no zatira-
nje v sklopu integriranega varstva rastlin, kar omogoca
omejevanje hros¢ev in li¢ink na okolju prijaznejsi nacin
ter preprecuje razvoj odpornosti na preostale aktivne
snovi, ki so $e v uporabi (Shanovich in sod., 2019).

2.2 MEHANSKO ZATIRAN]JE

Kljub temu, da so li¢inke in odrasli osebki vrste P
japonica polifagi, do dolo¢ene mere izkazujejo preferen-
co do nekaterih rastlinskih vrst in kultivarjev (Fleming,
1972; Potter in Held, 2002). Vzorc¢enje na terenu je poka-
zalo pomembne razlike v $tevil¢nosti odraslih osebkov in
stopnji defoliacije med razli¢nimi sortami jablan v Min-
nesoti, ZDA (Shanovich in sod., 2021).

Mehansko zatiranje so doslej ve¢inoma preizkusali
v kontekstu zatiranja ogrcev v travni rusi, obravnavanja
v poskusih pa so vkljucevala razli¢ne na¢ine namakanja,
gnojenja, oranja in puscanja visje travne ruse po vsaki
kosnji (Potter in Held, 2002). Gotta in sod. (2023) po-
roc¢ajo o preudevanju ucinkovitosti razli¢nih zastirk pri
zatiranju plevela. V raziskavi so ugotavljali katera od za-
stirk lahko samicam vrste P. japonica prepreci ovipozicijo
v loncih, v katerih je bila posajena vinska trta. Preizku-
$ali so zastirke iz kokosovih vlaken, jute in lesnih sekan-
cev, pri cemer se je kokosova zastirka izkazala za najbolj
udinkovito, saj je znatno zmanjsala odlaganje jaj¢ec in
razvoj licink japonskega hrosca (Gotta in sod., 2023).

Kot zgled mehanskega zatiranja japonskega hros-
¢a lahko izpostavimo tudi mo¢no napadeno drevesnico
v Lombardiji, kjer so preizkusali tri tipe mrez: navadno
protitoéno mrezo, protito¢no mrezo, obdelano s permet-
rinom, in protiinsektno mrezo z manj$im premerom od-
prtin. Mreze so sluzile kot fizi¢ne ovire za zas¢ito vinske
trte vloncih pred odraslimi hros¢i vrste Popillia japonica.
Vse vrste mrez so uc¢inkovito §¢itile rastline skozi celot-
no trajanje poskusa, pri cemer so se navadne protitoc-
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ne mreZe izkazale za najgospodarnejso resitev (Gotta in
sod., 2023).

2.3 NACRTNO SPREMLJANJE IN MNOZICNO
LOVLJENJE

Vecina znanja o $irjenju japonskega hrosca izhaja iz
raziskav, izvedenih v ZDA, ki kazejo na razli¢ne stopnje
$irjenja, ki so odvisne od trajanja napada in ustreznos-
ti okolja. Zgodnje Studije porocajo o povprecni hitrosti
$irjenja $kodljivca od 16 do 24 km/leto po prvem pojavu,
medtem ko poznejse raziskave navajajo hitrost $irjenja
med 3 in 24 km/leto (Fox, 1932). Sodobni modeli ka-
zejo, da se hitrost Sirjenja s ¢asom povecuje, pri cemer
na hitrejSe $irjenje vpliva ustreznost habitata (Borgogno
Mondino in sod., 2022). Poleg tega na razporeditev in
dinamiko populacije skodljivca pomembno vplivajo last-
nosti tal in podnebje (Régniére in sod., 1979; Simonetto
in sod., 2022).

Za spremljanje pojavnosti, $irjenja ter Stevil¢nosti
japonskega hro$¢a poznamo zelo u¢inkovite feromone in
pasti, ki so Ze v uporabi. Pasti so namenjene spremljan-
ju populacij japonskega hro$¢a in mnozi¢nemu lovljen-
ju. Na pasti se namesti sinteti¢ni spolni feromon samic
([R,Z]-5-[1-decenil] dihidro-2[3H]-furanon, znan kot
»Japonilure«) (Tumlinson in sod., 1977; Doolittle in sod.,
1980), ki je kombiniran s prehranskimi vabami, sestavl-
jenimi iz mesanice fenetil propionata, evgenola in gera-
niola v razmerju 3:7:3 (Ladd in sod., 1981). Pasti so zelo
ucinkovite pri lovljenju samcev in samic v velikem Ste-
vilu (Ladd in McGovern, 1980) ter zagotavljajo zanesljive
ocene §tevilénosti populacij in drugih parametrov, kot je
parazitizem ulovljenih hro$¢ev (Legault in sod., 2024).

Prehranske vabe, Se posebno tiste, ki vsebujejo cve-
tni prah, lahko povzrocijo nenameren odlov opraseval-
cev (Hamilton in sod., 1970), zlasti kadar pasti vkljucuje-
jo komponente, ki so bele barve (Hamilton in sod., 1971;
Sipolski in sod., 2019) ali ko so populacije japonskega
hro$¢a majhne ali jih sploh ni. Na nekaterih obmog¢jih
v Alberti (Kanada), kjer vrsta P. japonica $e ni bila ugo-
tovljena, so v omenjene pasti na teden ujeli ve¢ kot 1000
opra$evalcev na past (Brodeur in sod., 2024). Nasprotno
pa je bil v Quebecu (Kanada), zaradi velikih populacij
japonskega hro$c¢a, ulov ostalih oprasevalcev prakti¢no
ni¢en (Brodeuin sod., 2024).

Zaradi splosne ucinkovitosti pasti je bila metoda
mnozi¢nega lovljenja obravnavana kot ena izmed po-
tencialnih metod zatiranja japonskega hros¢a, vendar bo
za dokon¢no potrditev ustreznosti te metode potrebnih
$e vel raziskav. Mnozi¢no lovljenje je bilo kot metoda
zatiranja razli¢nih vrst $kodljivih organizmov v kmetij-
skih ekosistemih preizku$ano Zze v tridesetih (Langford
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in sod., 1940), sedemdesetih (Hamilton in sod., 1971)
in osemdesetih letih prej$njega stoletja (Gordon in Pot-
ter, 1985, 1986). V nekaterih primerih je bila ta metoda
uspesna (Langford in sod., 1940), kljub ocitnim tezavam
pri izvajanju lovljenja na ve¢jih obmog¢jih in v daljsih ¢a-
sovnih obdobjih. Pasti, ki so namenjene masovnemu lo-
vljenju japonskega hros¢a, so u¢inkovite tudi za naértno
spremljanje oz. monitoring (npr. ena past za spremljanje
pojavnosti).

Rezultati ve¢ raziskav pa nas opozarjajo, da zaradi
privabljanja hros¢ev v pasti lahko vplivamo na vecjo sko-
do na rastlinah v njihovi blizini (Gordon in Potter, 1985,
1986; Switzer in sod., 2009). Ena izmed moznih tezav je
tudi t. i. ,spillover” u¢inek, kjer prepolne pasti privabljajo
hrosce, a v njih ni ve¢ prostora za ulov, zato ostanejo na
rastlinah v bliZini pasti (Pifiero in Dudenhoeffer, 2018).
Pifiero in Dudenhoeffer (2018) z nedavno raziskavo na
borovnicah ugotavljata, da kombinacija dveh standar-
dnih vab z velikimi 12-litrskimi posodami omogoc¢a ulov
velikega $tevila odraslih osebkov japonskega hrosca, pri
¢emer je Skoda na okoliskem pridelku minimalna.

2.4 BIOTICNO ZATIRANJE

V njegovi izvorni domovini na Japonskem ima ja-
ponski hro$¢ $tevilne naravne sovraznike, kar pripomo-
re k ohranjanju majhnih populacij skodljivca in majhne
$kode na rastlinah (Clausen et al., 1927; Fleming, 1968).
V ZDA je bilo za zatiranje japonskega hros§¢a vnesenih
skoraj 50 vrst naravnih sovraznikov iz Azije in Avstralije
(Fleming, 1968; Potter in Held, 2002). Med njimi sta tre-
nutno najbolj uc¢inkoviti parazitoidni osici Tiphia verna-
lis Rohwer, 1924 (Hymenoptera: Tiphiidae) in Istocheta
aldrichi (Mesnil, 1953) (Diptera: Tachinidae) (Potter in
Held, 2002). Prva vrsta je parazitoid li¢ink tretje stopnje,
druga vrsta pa je parazitoid odraslih osebkov.

Clausen in sod. (1927) ter Fleming (1968) porocajo,
da je vrsta P. japonica na Japonskem gospodarsko manj
pomembna. To pripisujejo bioti¢nemu zatiranju, ki ga na
Japonskem izvajajo naravni sovrazniki. Med njimi kot
najucinkovitej$a izstopa parazitoidna osica I. aldrichi.
Avtorji so ugotovili, da se letne stopnje parazitizma gi-
bljejo med 20 in 90 % na otoku Hokkaido ter okoli 50 %
na otoku Honsu, kar kaze, da populacije vrste P. japonica
vsaj delno uravnava parazitoidna osica L. aldrichi.

Izpusti vrste I aldrichi iz Japonske v zvezne drzave
New Jersey, Connecticut in Pennsylvanijo v ZDA so po-
tekali med letoma 1920 in 1931, pozneje pa so se dodatni
izpusti parazitoidne osice, namnozene na amerigkih po-
pulacijah japonskega hrosca, na sverovzhodu ZDA obc¢a-
sno nadaljevali vse do leta 1950 (Fleming, 1968; Potter in
Held, 2002). Po teh izpustih so ugotovili, da se je vrhunec

izvalitve osic zgodil priblizno tri tedne pred razvojem
hroscev, kar je pomenilo, da so bile parazitirane (do 28
%; Fleming, 1968) le tiste li¢cinke hro$cev, ki so se razvile
predcasno. Osice so bile izpu$cene tudi v severnejsih dr-
zavah, da bi izbolj$ali sinhronizacijo med izvalitvijo pa-
razitoidov in njihovimi gostitelji, vendar od Flemingove-
ga porocila (1968) te tezave niso bile temeljito raziskane.

Kumulativne stopnje parazitizma v Minnesoti so
bile v letih 2017 in 2018 relativno nizke (manj kot 12 %;
Shanovich in sod., 2021), medtem ko sta Klein in McDo-
nald (2007) porocala o 20- do 70-odstotnem parazitizmu
japonskega hros$¢a v Severni Karolini v letih po na¢rtnih
izpustih v to regijo (2000-2005).

Poleg koristnih Zuzelk, kot so plenilske stenice in
parazitoidne osice, lahko tudi drugi bioti¢ni agensi po-
membno vplivajo na zmanj$evanje populacije japonske-
ga hro$ca. Te metode temeljijo na uporabi mikroorganiz-
mov, kot so entomopatogene bakterije, entomopatogene
glive in entomopatogene ogorcice, ki okuzujejo razli¢ne
razvojne stadije hro$ca ter lahko znatno zmanjsajo njego-
vo populacijo na trajnosten nacin (Andreadis in Hanula,
1987; Lacey et al., 1994; Potter in Held, 2002).

Med entomopatogenimi bakterijami sta najpogoste-
je uporabljeni vrsti Paenibacillus popilliae Dutky, 1941 in
Bacillus thuringiensis Berliner, 1915. Vrsta Paenibacillus
popilliae je bakterija, ki povzroca t. i. ,mle¢no bolezen’,
njihovo smrt. Spore bakterije se v tleh $irijo in okuzijo
li¢inke, kar s¢asoma zmanj$a populacijo hro$cev (Pet-
tersson et al., 2002). Bacillus thuringiensis podvrsta gal-
leriae Sakanian et al. 1983 pa je ucinkovit bioinsekticid,
ki specifi¢no cilja na li¢inke hroséa s svojimi kristalnimi
toksini, ki poskodujejo ¢revesje hrosc¢a in povzrocijo nje-
govo smrt (Tanada & Kaya, 1993).

Entomopatogene glive, kot sta Metarhizium aniso-
pliae (Metschn.) Sorokin in Beauveria bassiana (Bals.-
-Criv.) Vuill.,, imajo pomembno vlogo v bioti¢nem zatira-
nju odraslih osebkov in li¢ink japonskega hrosca. Te glive
okuzijo gostitelja preko kutikule, sprozijo razgradnjo tkiv
in povzrocijo smrt. Gliva Metarhizium anisopliae se je iz-
kazala kot ucinkovita pri okuzbi li¢ink, zlasti v vlaznih
tleh, kjer se spore gliv hitreje $irijo (Shapiro-Ilan et al.,
2002). Gliva Beauveria bassiana deluje podobno, oku-
zi gostitelja in povzroci njegovo smrt skozi razgradnjo
notranjih organov. Obe glivi sta priljubljeni zaradi svo-
je dolgotrajnosti in u¢inkovite penetracije v gostiteljevo
telo (Lacey et al,, 1994).

Entomopatogene ogorcice so pokazale velik poten-
cial kot bioti¢ni agensi pri zatiranju populacij japonskega
hrosc¢a, vendar pa njihova uc¢inkovitost v naravnih raz-
merah pogosto niha. V laboratorijskih razmerah je bila
smrtnost ogrcev vrste P, japonica ob izpostavljenosti vr-
sti Heterorhabditis bacteriophora Poinar, 1976 vedja kot
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ob izpostavljenosti vrsti Steinernema scarabaei Stock
& Koppenhofer (Simdes et al., 1993; Marianelli et al.,
2017; Renkema in Parent, 2021). Ta razlika je lahko
posledica bioloskih znacilnosti vrst, kot sta prilagodi-
tev na gostitelja in sposobnost prezivetja v razli¢nih
okoljskih razmerah.

Kljub obetavnim laboratorijskim rezultatom se
ucinkovitost entomopatogenih ogorc¢ic v naravnem
okolju zmanjs$a zaradi $tevilnih dejavnikov. Eden kl-
ju¢nih je temperatura, saj so nekatere vrste bolj ob-
¢utljive na temperaturne spremembe. Na primer,
ogoréica H. bacteriophora se bolje obnese v toplejsih
razmerah, medtem ko vi$je temperature negativno
vplivajo na ucinkovitost S. scarabaei (Koppenhofer
et al., 2006). Poleg temperature ima velik pomen tudi
vlaznost tal. Velika vlaznost je klju¢na za prezivetje in
gibanje ogor¢ic, saj jim omogoca lazjo pot do gostitelja
(Koppenhofer in Fuzy, 2007). Susna obdobja in maj-
hna vlaznost tal pa drasti¢cno zmanjsajo uc¢inkovitost
ogorcic.Tip tal je $e en pomemben dejavnik, ki vpli-
va na uc¢inkovitost entomopatogenih ogorcic. Pe§¢ena
tla omogocajo boljse prehajanje ogorcic, vendar slabse
ohranjajo vlago, kar negativno vpliva na dolgoro¢no
ucinkovitost zatiranja. Po drugi strani glinena tla bolje
zadrzujejo vlago, vendar otezujejo gibanje ogorcic do
gostitelja (Koppenhofer et al., 2006).

Poleg okoljskih dejavnikov omejuje $ir§o uporab-
nost entomopatogenih ogorcic v kmetijski pridelavi
tudi visoka cena pripravkov. Stro$ki mnozi¢nega go-
jenja in uporabe entomopatogenih ogorcic so Se ve-
dno relativno visoki v primerjavi z drugimi metodami
zatiranja $kodljivcev, kar otezuje njihovo $ir$o upora-
bo v praksi (Georgis et al., 2006). Kljub tem izzivom
raziskovalci i$¢ejo nacine za izbolj$anje u¢inkovitosti
ogorcic, na primer z optimizacijo formulacij in tehnik
uporabe ter z integracijo z drugimi metodami bioti¢-
nega zatiranja, kot so entomopatogene glive in ento-
mopatogene bakterije (Lacey et al., 1994; Marianelli et
al., 2017). Entomopatogene ogorcice imajo torej velik
potencial, vendar njihova uporaba zahteva natan¢no
prilagoditev okoljskim razmeram in nadaljnje raziska-
ve za optimizacijo njihove udinkovitosti v naravnih
razmerah.

V raziskavah uporabnosti simbiotskih gliv iz rodu
Epichloe (Clavicipitaceae) na travni rusi, na obmocju
zastopanosti ogrcev japonskega hros¢a (Hartley in
Gange, 2009), so ugotovili, da glive niso imele opazne-
ga ucinka na vitalnost li¢ink in odraslih osebkov P. ja-
ponica (Potter in sod., 1992; Richmond in sod., 2004),
so pa povecale obcutljivost licink na napad entomopa-
togenih ogor¢ic (Grewal in sod., 1995).
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3 ZAKLJUCEK

Japonski hros¢ velja za gospodarsko $kodljivo in-
vazivno zuZzel¢jo vrsto, ki povzroc¢a obsezno $kodo v
kmetijstvu in okrasnem vrtnarstvu. Zaradi njegove spo-
sobnosti hitrega Sirjenja in prehranjevanja na Sirokem
spektru rastlinskih vrst predstavlja resno groznjo v $te-
vilnih drzavah. Odrasli osebki povzroc¢ajo poskodbe s
skeletiranjem listov, medtem ko se li¢inke hranijo s ko-
reninami trav na tratah, travnikih in pasnikih ter polj-
§¢inami. Zatiranje japonskega hrosca je kompleksno, saj
zahteva kombinacijo kemi¢nih, bioti¢nih in mehanskih
metod. Kemicne strategije so sicer ucinkovite, a imajo
negativne vplive na okolje in povzrocajo razvoj odpor-
nosti pri $kodljivcih. Sledijo mehanske metode, ki vklju-
¢ujejo uporabo najrazli¢nejsih nacinov zatiranja z upora-
bo zastirk, protiinsektnih mrez, razli¢nih agrotehni¢nih
ukrepov, ipd., ter uporabo feromonskih in prehranskih
pasti, ki lahko pripomorejo k boljsemu razumevanju na-
¢ina $irjenja japonskega hrosca, v primeru mnozi¢nega
pojava Skodljivca pa tudi v mnozi¢no lovljenje odraslih
osebkov. Bioti¢ne metode, ki vklju¢ujejo uporabo narav-
nih sovraznikov, kot so parazitoidne osice, entomopato-
gene bakterije, entomopatogene glive in entomopatogene
ogorcice, kazejo obetavne rezultate, vendar njihova ucin-
kovitost v naravnih razmerah pogosto niha. Uspe$no
zatiranje japonskega hrosca bo tako zahtevalo nadaljnje
raziskave in razvoj celovitih strategij, ki vkljucujejo prila-
goditev metod okolju in integracijo razli¢nih tehnik zati-
ranja §kodljivcev, da bi dosegli trajnostno in ucinkovito
zmanj$evanje njegovega gospodarskega pomena.

4 ZAHVALA

Prispevek je nastal v okviru projekta Euphresco
»Methods for outbreak management of Popillia japoni-
ca in line with EU plant protection legislation (2023-C-
423)«, ki je del Programa strokovnih nalog s podro¢ja
zdravstvenega varstva rastlin, ki ga financira Ministrstvo
za kmetijstvo, gozdarstvo in prehrano, Uprava Republike
Slovenije za varno hrano, veterinarstvo in varstvo rast-
lin), in projektov J4-50135, P4-0431 ter programske sku-
pine Hortikultura (P4-0013), financiranih s strani Javne
agencije za znanstvenoraziskovalno in inovacijsko dejav-
nost Republike Slovenije.

5 VIRI

Ahmad, S., Ng, Y. (1981). Further evidence for chlorpyrifos to-
lerance and partial resistance by the Japanese beetle (Cole-



Bionomija in nacini zatiranja japonskega hrosca (Popillia japonica Newman, 1841, Coleoptera: Scarabaeidae)

optera: Scarabaeidae). Journal of the New York Entomologi-
cal Society, 89, 34-39.

Andreadis, T. G. & Hanula, J. L. (1987). Ultrastructural stu-
dy and description of Ovavesicula popilliae N.G., N.Sp.
(Microsporida: Pleistophoridae) from the Japanese beetle,
Popillia japonica (Coleoptera: Scarabaeidae). The Journal of
Protozoology, 34, 15-21.

Barrows, E. M. & Gordh, G. (1978). Sexual behavior in the Ja-
panese beetle, Popillia japonica, and comparative notes on
sexual behavior of other scarabs (Coleoptera: Scarabaei-
dae). Behavioral Biology, 23, 341-354.

Borgogno Mondino, E., Lessio, E, Bianchi, A., Ciampitti, M.,
Cavagna, B., & Alma, A. (2022). Modelling the spread of
Popillia japonica Newman (Coleoptera: Scarabaeidae) from
a recently infested area. Entomologia Generalis, 42. https://
doi.org/10.1127/entomologia/2022/1370

Bragard, C., Dehnen-Schmutz, K., Di Serio, E,, Gonthier, P,, Ja-
cques, M. A, Miret, J. A. ], Justesen, A. F,, Magnusson, C.
S., Milonas, P, Navas-Cortes, J. A., Parnells, S., Potting, R,
Reignault, P. L., Thulke, H., van Der Werf, W, Civera, A. V.,
Yuen, J., Zappala, L., Czwienczek, E. & Macleod, A. (2018).
Pest categorisation of Popillia japonica. European Food Sa-
fety Authority Journal, 16, e05438

Brodeur, J., Doyon, J., Abram, P.X., & Parent, ].-P. (2024). Popil-
lia japonica Newman, Japanese Beetle / Scarabée japonais
(Coleoptera: Scarabaeidae). In: Mason, P.G., Gillespie, D.R.
(Eds.), Biological Control Programmes in Canada (pp. 343-
347). CABL. https://doi.org/10.1079/9781800623279.0037

Calderwood, L.B., Lewins, S.A., & Darby, H.M. (2015). Survey
of northeastern hop arthropod pests and their natural ene-
mies. Journal of Integrated Pest Management, 6, 18.

Clausen, C.P, King, J.L., & Teranishi, C. (1927). The parasites
of Popillia japonica in Japan and Chosen (Korea) and their
introduction into the United States (Department Bulletin
1429). United States Department of Agriculture, Washing-
ton, DC, USA

Dalthorp, D., Nyrop, J. & Villani, M. G. (2000). Spatial ecology
of the Japanese beetle, Popillia japonica. Entomologia Expe-
rimentalis et Applicata, 96, 129-139.

Doolittle, R.E., Tumlinson, J.H., Proveaux, A.T., & Heath, R.R.
(1980). Synthesis of the sex pheromone of the Japanese be-
etle. Journal of Chemical Ecology, 6, 473-485.

Fleming, W. E. (1968). Biological control of the Japanese bee-
tle. Technical Bulletin, 1383. Washington, DC, USA: United
States Department of Agriculture, Forest Service

Fleming, W. E. (1972). Biology of the Japanese beetle. Technical
Bulletin, 1449. Washington, DC, USA: United States De-
partment of Agriculture, Forest Service

Fox, H. (1932). The Distribution of the Japanese Beetle in 1930
and 1931, With Special Reference to the Area of Continuo-
us Infestationl. Journal of Economic Entomology, 25(2),
396-407. https://doi.org/10.1093/jee/25.2.396

Frank, K.D. (2016). Establishment of the Japanese beetle (Popil-
lia japonica Newman) in North America near Philadelphia
a century ago. Entomological News, 126, 153-174.

Gagnon, M.-E., Doyon, J., Legault, S., Brodeur, J. (2023). The
establishment of the association between the Japanese bee-
tle (Coleoptera: Scarabaeidae) and the parasitoid Istocheta

aldrichi (Diptera: Tachinidae) in Québec, Canada. The Ca-
nadian Entomologist, 155, e32.

Georgis, R., Koppenhofer, A. M., Lacey, L. A., Bélair, G., Dun-
can, L. W,, Grewal, P. S., Samish, M., Tan, L., Torr, P, van Tol,
R. W. H. M. (2006). Successes and failures in the use of pa-
rasitic nematodes for pest control. Biological Control, 38(1),
103-123. https://doi.org/10.1016/j.biocontrol.2005.11.005

Gordon, EC., & Potter, D.A. (1985). Efficiency of Japanese bee-
tle (Coleoptera: Scarabaeidae) traps in reducing defoliation
of plants in the urban landscape and effect on larval density
in turf. Journal of Economic Entomology, 78, 774-778.

Gordon, EC., & Potter, D.A. (1986). Japanese beetle (Coleop-
tera: Scarabaeidae) traps: evaluation of single and multiple
arrangements for reducing defoliation in urban landscapes.
Journal of Economic Entomology, 79, 1381-1384.

Gotta, P, Ciampitti, M., Cavagna, B., Bosio, G., Gilioli, G.,
Alma, A., Battisti, A., Mori, N., Mazza, G., Torrini, G., Pao-
li, E, Santoiemma, G., Simonetto, A., Lessio, F.,, Sperandio,
G., Giacometto, E., Bianchi, A., Roversi, P. E, & Marianel-
li, L. (2023). Popillia japonica - Italian outbreak manage-
ment. Frontiers in Insect Science, 3. https://doi.org/10.3389/
finsc.2023.1175138

Graf, T, Scheibler, E, Niklaus, P.A., & Grabenweger, G. (2023).
From lab to field: biological control of the Japanese beetle
with entomopathogenic fungi. Frontiers in Insect Science, 3,
1138427. doi: 10.3389/finsc.2023.1138427

Grewal, S.K., Grewal, P.S., & Gaugler, R. (1995). Endophytes
of fescue grasses enhance susceptibility of Popillia japoni-
ca larvae to an entomopathogenic nematode. Entomologia
Experimentalis et Applicata, 74, 219-224.

Hadley, C. H. & Hawley, I. M. (1934). General information
about the Japanese beetle in the United States. Circular,
332. Washington, DC, USA: United States Department of
Agriculture, Forest Service

Hamilton, D.W.,, Schwartz, PH., & Townshend, B.G. (1970).
Capture of bumble bees and honey bees in traps baited with
lures to attract Japanese beetles. Journal of Economic Ento-
mology, 63, 1442-1445.

Hamilton, D.W,, Schwartz, PH., Townshend, B.G., & Jester,
C.W. (1971). Effect of color and design of traps on captures
of Japanese beetles and bumblebees. Journal of Economic
Entomology, 64, 430-432.

Hartley, S.E., & Gange, A.C. (2009). Impacts of plant symbio-
tic fungi on insect herbivores: mutualism in a multitrophic
context. Annual Review of Entomology, 54, 323-342.

Klein, M. G. & McDonald, R. C. (2007). Recent IPM advan-
ces using Japanese beetle parasitoids. Entomological Society
America Conference, San Diego, California, USA

Koppenhofer, A. M. & Fuzy, E. M. (2007). Soil moisture effects
on infectivity and persistence of the entomopathogenic ne-
matodes Steinernema scarabaei, S. glaseri, Heterorhabditis
zealandica, and H. bacteriophora. Applied Soil Ecology, 35,
128-139.

Koppenhofer, A. M., Grewal, P. S. & Fuzy, E. M. (2006). Viru-
lence of the entomopathogenic nematodes Heterorhabditis
bacteriophora, Heterorhabditis zealandica, Steinernema sca-
rabaei against five white grub species (Coleoptera: Scaraba-
eidae) of economic importance in turfgrass in North Ame-
rica. Biological Control, 38, 397-404.

Acta agriculturae Slovenica, 121/1 - 2025

7



L. BATISTIC et al.

Lacey, L. A., Martins, A. & Ribeiro, C. (1994). The pathogeni-
city of Metarhizium anisopliae and Beauveria bassiana for
adults of the Japanese beetle, Popillia japonica (Coleop-
tera: Scarabaeidae). European Journal of Entomology, 91,
313-319.

Ladd, T.L. Jr.,, Klein, M.G., & Tumlinson, J.H. (1981). Phenethyl
propionate C eugenol C geraniol (3:7:3) and japonilure: a
highly effective joint lure for Japanese beetles. Journal of
Economic Entomology, 74, 665-667.

Ladd, T. L. Jr (1987). Japanese beetle (Coleoptera: Scarabaei-
dae): influence of favored food plants on feeding response.
Journal of Economic Entomology, 80, 1014-1017.

Ladd, T. L. Jr (1989). Japanese beetle (Coleoptera: Scarabaei-
dae): feeding by adults on minor host and nonhost plants.
Journal of Economic Entomology, 82, 1616-1619.

Ladd, T.L. Jr., & McGovern, T.P. (1980). Japanese beetle: a supe-
rior attractant, phenethyl propionate C eugenol C geraniol
3:7:3. Journal of Economic Entomology, 73, 689-691.

Langford, G.S., Crosthwait, S.L., & Whittington, EB. (1940).
The value of traps in Japanese beetle control. Journal of Eco-
nomic Entomology, 33, 317-320.

Legault, S., Doyon, J., & Brodeur, J. (2024). Reliability of com-
mercial traps to estimate population parameters of Japanese
beetle (Coleoptera: Scarabaeidae) and parasitism by Isto-
cheta aldrichi. Journal of Pest Science, 97, 575-583.

Loughrin, J. H., Potter, D. A. & Hamilton-Kemp, T. R. (1995).
Volatile compounds induced by herbivory act as aggrega-
tion kairomones for the Japanese beetle (Popillia japonica
Newman). Journal of Chemical Ecology, 21, 1457-1467.

Loughrin, J. H., Potter, D. A., Hamilton-Kemp, T. R. & Byers,
M. E. (1996). Role of feeding-induced plant volatiles in
aggregative behavior of the Japanese beetle (Coleoptera:
Scarabaeidae). Environmental Entomology, 25, 1188-1191.

Marianelli, L., Paoli, F,, Torrini, G., Mazza, G., Benvenuti, C.,
Binazzi, E, Sabbatini Peverieri, G., Bosio, G., Venanzio, D.,
Giacometto, E., Priori, S., Koppenhofer, A. M. & Roversi, P.
E (2017). Entomopathogenic nematodes as potential bio-
logical control agents of Popillia japonica (Coleoptera, Sca-
rabaeidae) in Piedmont Region (Italy). Journal of Applied
Entomology, 142, 311-318.

Marianelli, L., Paoli, E, Sabbatini Peverieri, G., Benvenuti, C.,
Barzanti, G.P, Bosio, G., Venanzio, D., Giacomett, E., &
Roversi, P.E (2019). Long-lasting insecticide-treated nets: a
new integrated pest management approach for Popillia ja-
ponica (Coleoptera: Scarabeidae). Integrated Environmental
Assessment and Management, 15, 259-265.

Niemczyk, H.D., & Lawrence, K.O. (1973). Japanese beetle:
evidence of resistance to cyclodiene insecticides in larvae
and adults in Ohio. Journal of Economic Entomology, 66,
520-521.

Pettersson, M., Hagstrum, D., Smith, L., & Jones, T. (2002). Pa-
enibacillus popilliae in controlling Popillia japonica. Journal
of Applied Microbiology, 92(4), 582-590.

Pifero, J.C., & Dudenhoeffer, A.P. (2018). Mass trapping desi-
gns for organic control of the Japanese beetle, Popillia japo-
nica (Coleoptera: Scarabaeidae). Pest Management Science,
74, 1687-1693.

Potter, D.A., Patterson, C.G., & Redmond, C.T. (1992). Influen-
ce of turfgrass species and tall fescue endophyte on feeding

8 | Acta agriculturae Slovenica, 121/1 - 2025

ecology of Japanese beetle and southern masked chafer
grubs (Coleoptera: Scarabaeidae). Journal of Economic En-
tomology, 85, 900-909.

Potter, D.A., & Held, D.W. (2002). Biology and management
of the Japanese beetle. Annual Review of Entomology, 47,
175-205.

Régniére, J., Rabb, R. L., & Stinner, R. E. (1979). Popillia
japonica (Coleoptera: Scarabaeidae): a mathematical
model of oviposition in heterogeneous agroecosys-
tems. The Canadian Entomologist, 111(11), 1271-
1280. https://doi.org/10.4039/Ent1111271-11

Renkema, J. M. & Parent, J.-P. (2021). Mulches used in
highbush blueberry and entomopathogenic nemato-
des affect mortality rates of third-instar Popillia japo-
nica. Insects, 12, 907.

Richmond, D.S., Grewal, P.S., & Cardina, J. (2004). In-
fluence of Japanese beetle Popillia japonica larvae and
fungal endophytes on competition between turfgras-
ses and dandelion. Crop Science, 44, 600-606.

Russin, J.S. (1989). Severity of soybean stem canker di-
sease affected by insect-induced defoliation. Plant
Disease, 73, 144.

Sara, S. A., McCallen, E. B. & Switzer, P. V. (2013). The
spatial distribution of the Japanese beetle, Popillia ja-
ponica, in soybean fields. Faculty Research & Creative
Activity, 13, 1-9.

Shanovich, H. N., Dean, A. N,, Koch, R. L. & Hodgson,
E. W. (2019). Biology and management of Japanese
beetle (Coleoptera: Scarabaeidae) in corn and soybe-
an. Journal of Integrated Pest Management, 10, 1-14.

Shanovich, H. N., Ribeiro, A. V. & Koch, R. L. (2021).
Seasonal abundance, defoliation, and parasitism of
Japanese beetle (Coleoptera: Scarabaeidae) in two
apple cultivars. Journal of Economic Entomology, 114,
811-817.

Shapiro-Ilan, D. I, Gouge, D. H., & Koppenhofer, A.
M. (2002). Biological control of insects with ento-
mopathogenic nematodes and fungi. Journal of Ne-
matology, 34(3), 245-252.

Simdes, N., Laumond, C. & Bonifassi, E. (1993). Effecti-
veness of Steinernema spp. and Heterorhabditis bacte-
riophora against Popillia japonica in the Azores. Jour-
nal of Nematology, 25, 480-485.

Simonetto, A., Sperandio, G., Battisti, A., Mori, N., Ciam-
pitti, M., Cavagna, B., ... & Gilioli, G. (2022). Explo-
ring the main factors influencing habitat preference
of Popillia japonica in an area of recent introduction.
Ecological Informatics, 70, 101749.

Sipolski, S.J., Datson, S.W., Reding, M., Oliver, J.B., &
Alm, S.R. (2019). Minimizing bee (Hymenoptera:
Apoidea) bycatch in Japanese beetle traps. Environ-
mental Entomology, 48, 1203-1213.

Steckel, S., Stewart, S.D., & Tindall, K.V. (2013). Effects
of Japanese beetle (Coleoptera: Scarabaeidae) and silk



Bionomija in nacini zatiranja japonskega hrosca (Popillia japonica Newman, 1841, Coleoptera: Scarabaeidae)

clipping in field corn. Journal of Economic Entomolo-
gy, 106, 2048-2054.

Switzer, P.V.,, Enstrom, P.C., & Schoenick, C.A. (2009).
Behavioral explanations underlying the lack of trap
effectiveness for small-scale management of Japanese
beetles (Coleoptera: Scarabaeidae). Journal of Econo-
mic Entomology, 102, 934-940.

Tanada, Y. & Kaya, H. K. (1993). Insect Pathology. Acade-
mic Press, San Diego, USA

Tumlinson, J.H., Klein, M.G., Doolittle, R.E., Ladd, T.L.,
& Proveaux, A.T. (1977). Identification of the fema-
le Japanese beetle sex pheromone: inhibition of male
response by an enantiomer. Science, 197, 789-792.

Acta agriculturae Slovenica, 121/1 - 2025

9



	platnica 121-1
	AAS 121-1_impresum-kazalo-članki
	AAS_impresum_2025_121-1-2025
	Table of Contents_121-1
	AAS 121-1_samo članki
	12524_Yatsenko et al. (B)
	16386_Rudas et al. (E)
	16450_Santos et al. (F)
	16550_Azimi et al. (D)
	18753_Ivanina et al. (G)
	19183_Arba et al. (H)
	19520_Ahmed et al. (A)
	19698_Smajlović et al. (J)
	19926_Golubkina et al. (C)
	21409_Batistič et al. (I)





