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Abstract

Earthworms play an important role in soil formation contributing to the composition and functioning of its ecosystem.
By their activity in the soil, earthworms offer many benefits: increased nutrient availability, better drainage, and a
more stable soil structure, all of which help improve farm productivity. The purpose of this study was to assess the
presence of earthworm species in maize crops in Dobrogea Plateau over the years 2020-2022. The sampling consisted
of 15 pits of 25 x 25 x 40 cm. Five earthworm species belonging to three genera Aporrectodea, Allolobophora and
Proctodrilus were identified. he most abundant species was Aporrectodea caliginosa nocturna and Aporrectodea
caliginosa. This study reports the first data on earthworm fauna for the Dobrogea Plateau.

Key words: earthworms, Lumbricidae, diversity of populations, agriculture, maize.

INTRODUCTION

Earthworm has caught imagination of philoso-
phers like Pascal and Thoreau. Yet its role in
the nutrition of agricultural fields has attracted
attention of researchers worldwide only in
recent decades (Adhikary, 2012)

Soil is the most precious natural resource and is
the greatest inheritance of mankind. Our
connection with soil is based upon the
cultivation of soil throughout human history
and led to the success of civilizations. During
the Green Revolution, an extensive quantity of
chemical pesticides and fertilizers were used to
boost up crop yield from agricultural land
(Datta et al., 2016) which resulted in good yield
and productivity. Excessive use of chemical
pesticides and pesticide fertilization and loss
determine negative effects on the environment,
soil and food pollution with waste, degradation
of soil quality (Ju et al., 2009) and agricultural
biodiversity (Minuto et al., 2006; Gill and
Garg, 2014). According to Fred (1991),
agriculture has had both positive and negative
effects, and the use of synthetic fertilizers leads
to the loss of the soil's natural nutrients when
used on its surface. Earthworms are one of the
most significant soil organisms having a real
potential to maintain the fertility of the soil and
thus play a key role in agriculture
sustainability. They are also acknowledged as
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farmer’s  friend, ecological  engineers,
biological indicators, intestines of the earth and
plowman of the field. Earthworms are
extremely important in soil formation,
principally through activities in consuming
organic matter, fragmenting and mixing it
intimately with soil mineral particles to form
water stable aggregates (Amuza et al., 2020)
Earthworm activity makes a significant
contribution to soil aeration (Kretzschma,
1978) by creating channels, particularly in
heavy soils, that allow air to penetrate into
deeper layers of soil, minimizing the incidence
of anaerobic layers. The carbon: nitrogen (C:
N) ratio in the organic matter falls
progressively during feeding of earthworms.
Moreover, most of the nitrogen is converted
into the ammonium or nitrate form; phosphorus
and potassium are converted into a form
available to plants.

Earthworm populations are generally lower in
arable land comparative to undisturbed habitats
(Chan, 2001). Direct mortality level depends on
the severity and frequency of soil disturbance.
Cuendet (1983) estimated that 5 to 10% of the
earthworm biomass was brought to the surface
by plowing, with about 25% of these
earthworms  mortally wounded.  Rotary
cultivation can reduce numbers by 60 to 70%
(Bostrom, 1988).



MATERIALS AND METHODS

Study area. The soil sampling was performed
in maize crops in the experimental field from
Beidaud town, over the years 2020-2022. The
town of Beidaud is located in the south-estern
part of Tulcea (N 44°42'35, 9", E 28°35'42,6").
The soil is argilloiluvial chernozem. The
climate of the Beidaud area is characteristic of
the semi-arid steppe region, with two types of
microclimate, a silvo-steppe near the forest and
a dry steppe. The climate is temperate, with a
pronounced continental character, manifested
by hot summers, cold winters, often marked by
blizzards and low precipitation. Average annual
precipitation totals between 359 mm. The
average temperature being 23°C.

Earthworm sampling. Earthworms were
collected in March-May and September 2020-
2022. The soil was extracted using a spade and
was put into a high sided tray in order to
prevent earthworm escape. The extracted soil
was hand-sorted for living earthworms. It was
made it 15 pit soil and each soil pit had sides of
25 cm x 25 cm and 40 depth; the distance
between pit soil was 10-30 cm on the crop row.
The adult specimens were fixed in 70%
ethanol, analysed under a stereomicroscope and
identify to the species level. Juveniles are kept
in the soil in the lab conditions to obtain adult
stage.

Agricultural techniques. The field was treated
with 42.9% nicosulfuron + 10.7% rimsulfuron
(herbicid) 250 ml/ha, lambda-cihalothrin 5%
(insecticid) 250 ml/ha, piraclostrobin 200 g/l
(fungicid) 1 1/ha, the soil was fertilized with
180 kg nitrogen/ha, soil work: weeding,
autumn plowing at a depth of 30 cm, discussed.
In 2020 the maize was irrigated and in 2021-
2022 maize was grown without irrigation.

RESULTS AND DISCUSSIONS

According to Table 1, we observe a much
higher density of both adults and juveniles in
2020 because the land was irrigated, and the
earthworms  had  optimal  development
conditions compared to the other years when
irrigation was abandoned. In 2020, a total of 57
individuals of adult and juvenile Lumbricidae
were collected, in 2021, 30 individuals were
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collected and identified, and in the 2022 study
year, 15 were collected.

Table 1. The number of adult and juvenile Lumbricidae

Year of The number of aqu_lt and juvenile
sampling Lumbricidae
March | April | May | September
2020 15 20 2 10
2021 10 12 3 5
2022 3 3 5 3
Total 28 37 21 17

According to Table 1, the populations of
earthworms are much more numerous in the
month of April, because the soil temperature
and humidity are favorable for them.

Table 2. The number of adult

Year of The number of adult
sampling
March | April | May | September
2020 5 8 5 3
2021 3 5 1 2
2022 1 2 1 0
Total 9 15 7 5

In the Table 2 we notice that the year 2022 was
the most suitable for the development of
earthworms, the irrigation system having a
great impact on their development. In 2020, 21
adult individuals were collected, in 2021, 11
adults were collected and in 2022, in all 4
months of the study, only 4 adult individuals
were collected.

Table 3. The number of juveniles

Year of The number of juveniles
sampling
March | April | May | September
2020 10 12 8 7
2021 7 7 2 3
2022 2 3 4 2
Total 19 22 14 12

In Tables 4, 5 and 6 we observe the fluctuations
of earthworm populations from one month to
another. In this area we identified 6 species of
Lumbricidae: Aporrectodea trapezoids,
Aporrectodea longa, Aporrectodea smaragdina,
Aporrectodea caliginosa, Aporrectodea
caliginosa nocturna, Allolobophora chlorotica
(Picture 3).



Were found six different species, only one
species is part of the anecic group,
reespectively Aporrectodea caliginosa
nocturna (Picturel), the other five species are
part of the edogeic ecological group. In all
three years, the Aporrectodea caliginosa
(Picture 2) species resists the environmental
conditions best, finding a total of 16
individuals. Autumn plowing destroys in very
large  proportions the populations  of
earthworms, in general the epigeic ones that
stay on the surface of the soil and that feed
mostly on organic matter.

Picture 1. Aporrectodea smaragdina

Table 4. Lumbricidae species in 2020

Species March April May September
Aporrectodea trapezoides 3 3 - -
Aporrectodea longa 2 - 2 -
Aporrectodea smaragdina - 3 - -
Allolobophora chlorotica - 2 - -
Aporrectodea caliginosa - - - 2
nocturna
Aporrectodea caliginosa 3 1

Table 5. Lumbricidae species in 2021

Species March April May September
Aporrectodea trapezoides - 2 - -
Aporrectodea longa - - - -
Aporrectodea smaragdina - - - -
Allolobophora chlorotica - - - -
Aporrectodea caliginosa - 1 - -
nocturna
Aporrectodea caliginosa 3 2 1 2

Table 6. Lumbricidae species in 2022
Species March April May September

Aporrectodea trapezoides - 2 - -
Aporrectodea longa - - - -
Aporrectodea smaragdina - - - -
Allolobophora chlorotica - - - -

Aporrectodea caliginosa 1 - - -
nocturna
Aporrectodea caliginosa 0 2 1 -

Table 7. Average monthly minimum temperatures

Average monthly minimum temperatures

Year January February March | April | May | June July August September October November December

2020 -2.0 03 32 2.7 9.6 14.7 16.7 16.3 13 10.7 2.5 1.7
2021 0.9 -1.5 0.1 42 10.4 153 17.3 16.8 10.6 58 38 0.2
2022 -2.4 -1 -2 5.1 9.8 15.3 17.2 19 12 6.3 3.7 0.2

Table 8. Average monthly maximum temperatures

Average monthly maximum temperatures

Year January February March April | May | June | July August September October November December

2020 | 6.6 11.2 15.1 18.9 224 | 28.6 31.1 30.1 274 21.8 104 7
2021 | 64 7.2 10.1 15.2 22.7 | 26.1 31.3 | 30.6 23.7 16.3 134 7.5
2022 | 6.2 10.6 9.4 183 245 | 286 315 | 32 252 20.6 134 83
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Table 9. Average monthly precipitation

Average monthly precipitation
Year | January February March April | May | June | July | August September October November December
2020 | 0.03 6.02 0.02 0.08 094 | 039 | 048 | O 0.51 0.72 1 1
2021 | 1.85 0.2 0.38 038 | 025 | 197 | 041 | 041 0.35 0.92 0.09 1.15
2022 | 0.24 0.25 0.19 0.41 098 | 147 | 0.35 | 0.20 0.46 0.29 0.58 0.59

Average monthly minimum temperatures

7,5
7,4
7,3
7,2
7,1

7
6,9
6,8
6,7
6,6

2020 2021 2022

Picture 2. Aporrectodea caliginosa Figure 1. Average monthly minimum temperatures

In 2020 the average of the minimum annual
temperatures according to the Figure 1, are
much higher (the average 7.44) compared to
the two years, respectively 2021 (the average
6.99) and 2022 (the average 6.93) where much
lower temperatures were recorded, favoring the
development of the earthworm populations
compared to the last two years of study, as they
are very sensitive to low temperatures.

In 2021 and 2022, the average minimum
temperatures are similar, respectively the
average of 83.9 for the year 2021 and the
average of 83.2.

According to the Figure 2, the average
maximum temperatures are recorded in 2022,
the average being 18.5 in comparison with the
other two years of study, respectively the
average of 2021 is 17.54 and the average of
2020 being 18.51.

Picture 3. Allolobophora chlorotica
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Average monthly maximum temperatures

2020 2021 2022

Figure 2. Average monthly minimum temperatures

The highest precipitation average, according to
the Figure 3 was recorded in 2021, being 0.69,
compared to the two years, 2020 recording the
lowest precipitation average of 0.47.

Average monthly precipitation
0,8
0,7
0,6
0,5
0,4
0,3
0,2

0

B

2020 2021 2022

Figure 3. Average monthly precipitation

CONCLUSIONS

Our data from 2020-2022 showed presence of

six species of earthworms Aporrectodea
trapezoids, Aporrectodea longa, Aporrectodea
smaragdina, Aporrectodea caliginosa,
Aporrectodea caliginosa nocturna,

Allolobophora chlorotica.

The most earthworms (adults + juveniles) were
found in maize crop especially in the 2020 in
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April. The impact of the irrigation system on
earthworm populations is quite large, which is
also evident from tables 7, 8, 9, in 2020
although the average rainfall was the lowest
with soil moisture and a milder winter
compared to other years, earthworm
populations could develop much better without
being stressed by the level of soil moisture. The
most abundant species was Aporrectodea
caliginosa with a total of 15 adult individuals
found in the 3 years of study and just in 2021 it
was found 8 idividuals. The next species with
the most adults is Aporrectodea trapezoids with
10 adult individuals and the species with the
fewest specimens being  Allolobophora
chlorotica with 2 adult individuals. In this three
years of study, it appears that the april month is
the most favorable for the development and
activity of earthworms.
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Abstract

The morphometric parameters of a territory are an important part in the research carried out in order to have a
complete picture of its relief. Morphometry represents the main elements through which it is possible to achieve a
complete description of geomorphological conditions within a given territory. This article presents aspects regarding
the morphometric parameters that are achieved with the help of GIS technology. With the help of the digital terrain
model, a series of morphometric parameters were generated: altitude, slope inclination, relief fragmentation.
Subsequently, these data can be used in the complex and detailed geomorphological and pedological analysis of the

basin territory.

Key words: morphometric parameters, GIS technology, geomorphological conditions.

INTRODUCTION

The morphometric parameters of the relief
represent an important potential in the
development of geomorphological processes.
For example slope declivity, through the value
of the slope angle, together with other
parameters of the relief, can condition the
triggering of torrential and gravitational
processes on the slope.

The morphometric parameters (length, slope,
shape of the slope, etc.), act as determining
factors in combination with other factors, type
and intensity of the process. The morphometric
characteristics can be evaluated as a result of
the dynamics of the factors in question as well
as a consequence of subsequent changes in the
landscape. This method gives a complex
characteristic of the relief of the researched
territory based on the topographical material:
the characteristic of the altitudes (hypsometry),
the angle of the slope, the depth and the density
of the fragmentation of the relief, etc.

The relief of the basin, sculpted by the
numerous flowing waters, forms alluvial beds,
slopes, interfluvial ridges, etc., characteristic of
the fluvial relief type (Donisa et al., 1994). The
slopes of the valleys of the Cubolta tributaries
that are part of the basin have altitudes between
50-100 m, and the length of the slopes often
does not exceed the length of 1000 meters.
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MATERIALS AND METHODS

Due to the possibility of applying informatics
in geography and by use of the Geographical
Information Systems (GIS) it was possible to
map the morphometric parameters of the
researched basin and make their graphic
representation through maps and graphs.
Topographic maps at a scale 1: 25,000
represented the cartographic support of the
Geographical Information System. For the
morphological and morphographic analysis of
the studied region, a specialized software was
used that allows the development of high-
precision maps within the limits of the
topographic base taken as a starting point. All
developed maps were made with the help of
MaplInfo 9 and ArcGIS 9.3 programs. Thus,
basing on the interpolation of the obtained level
curves the main thematic maps (altitude, slope,
exposure, etc.) were automatically created.

RESULTS AND DISCUSSIONS

The digital terrain model was created for the
evaluation of the morphometric indicators
(Jucet al., 1995; Rudraiah et al., 2008;
Gustavsson et al., 2006). Thus, from the
morphometric point of view, the relief within
the boundaries of the Cubolta basin is relatively
fragmented (Figure 8). It is characterized by



altitudes between 85-280 m, with an average
altitude of 221 m. The maximum altitude
values are 280 m, and the minimum 85 m.

The hypsometric map highlights 6 altitudinal
steps (Figure 1) present on the studied territory.
The histogram of surfaces by hypsometric
classes (Figure 2) represents their share from
the total area of the territory.

Altitude
(m)

B <=0

® Altitude
[_] Boundaries of the river basin

16
Km

Figure 1. Hypsometric map of the Cubolta basin

As a whole, altitudes between 150-200 meters
(41.19% of the area) occupy the highest share
in the area of the basin. The altitude range of
200-250 m makes up 35.27% and the range of
100-150 m is represented by 17.27% of the
area. The lowest values, which do not even
reach 2% of the total area of the basin, are
represented by the altitudinal ranges up to 50 m
and 50-100 m, reaching a share of 0.33% and
1.51%, respectively. Surfaces that exceed the
altitude of more than 250 m, occupy 4.43% of
territory and are located in the upper course of
the basin.

Slope is a very important feature in relief
analysis. It is one of the essential factors in the
development of some geomorphological
processes, especially the processes related to
the movements on the slope.
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The slope map was generated from Digital
Terrain Model (DTM). Within the investigated
territory, the slope values were classified into 5
classes (Figure 3).

« Altitude
[J Basin limits

Figure 3. Slope map in the Cubolta basin

Analysing the histogram of the slopes (Figure
4), it can be noticed that slopes below 2° makes
13.19% of the territory and are spread in the
river meadows and on interfluvial peaks.
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Figure 4. Histogram of slope classes in the Cubolta Basin

The class of slopes between 2-5° recorded the
largest share, which constitutes 47.04% of the
total area of the territory. That makes
practically half of the studied area.

The next category of slopes is the class of
slopes between 5-7°, which is almost two times
inferior to the previous class, occupying
19.39% of the basin surface and is spread on
the slopes of small rivers (tributaries of the
Cubolta).

Slopes between 7-12° occupy roughly the same
area as slopes lower than 2° and makes 13.46%
of the total area of the basin. The lowest share
have the slopes higher than 12° and in most
cases they are spread at the bottom of the
slopes.

A no less important characteristic is site
orientation or the exposure of the slopes
(Condorachi, 2000; Haidu, 1998). The analysis
of the site orientation map (Figure 5) made
possible to quantify the share of slopes with
different exposure which determine variations
in the thermal regime. The thermal regime of
slopes have significant influences on the
triggering of some slope processes. Slopes with
northern orientation are shaded, and, as a result,
they are wetter and colder. In conditions of a
substrate represented by clay-sand rocks, they
are more prone to trigger negative exogenic
processes such as landslides, torrential erosion
and solifluction.

Thus, according to Figure 6, the north-east and
south-west oriented sites dominate in the
studied area in comparison with north-west,
north and south-east slopes, exceeding the
values of the latter practically twice, in places
triple.
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Figure 6. Exposure of the slopes in the Cubolta Basin

The north-east and south-west oriented lands
have the largest share and occupy 19.19% and
21.12% respectively of the total area of the
territory. The lands with eastern exposure
occupy surfaces of the relatively gentle slopes
with lengths of over 1000 m, and the lands with
southwest orientation occupy the short and
steep surfaces of the slopes.



The western, eastern and southern slopes are
represented with relatively equal values. They
have a share of 11.46%; 12.14% and 12.85%
respectively.  The  western  ones  are
predominantly located on the left side of the
Cubolta river, and the southern ones on its
right. The lowest values are presented by the
northwestern and northern slopes, which
constitute 5.56% and 8.58%, respectively. The
slopes with  north-west  exposure are
represented by short slopes and in most cases
with a slope higher than 5°, and the northern
ones occupy surfaces of relatively gentle slopes
with slopes between 5-7°.

Two other morphometric parameters with
appreciable potential in triggering external
geomorphological — processes are vertical
fragmentation or relief energy (Figure 7) and
relief fragmentation density (Figure 8) or
horizontal fragmentation (Popusoi et al., 2012;
Cantir, 2012).

Values of the relief
fragmentation depth
B <s50m
I 50-100 m
[0 100-150 m
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B -250m
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Figure 7. Relief fragmentation depth

The vertical fragmentation or relief energy
represents the difference of level between the
maximum and minimum elevation within a
square with a side of 1 km. The values thus
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calculated for each individual square were later
interpolated, being then divided into 6 classes
(Figure 9).
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Figure 8. The density of relief fragmentation
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Figure 9. The share of surfaces by classes of vertical
fragmentation of the relief

The average value of the vertical fragmentation
of the relief is 151.0 m. About 36.9% of the
territory's surface is fragmented (<50 m), and
the surfaces with relief fragmentation between




50-100 m occupy roughly the same area as the
previous class and constitutes 39.6% of the
total area of the basin. The average values
(150-200 m) occupy only 4.4%. The higher
values (200-250 m and >250 m) have the share
of 10.7% and 6.6% of the total basin.

The density of relief fragmentation map (Figure
8) was made by the cartogram method, using
the ArcGis program. The fragmentation density
or the horizontal fragmentation of the relief is
defined as the total length of the hydrographic
network in relation to the total surface of the
territory, hence the unit of measure was
km/km?. To create this map, it was necessary to
create the hydrographic network on the base of
information from the topographical map. It was
created a grid in kilometres and the grid was
cut according to the limit of the study area. The
lengths of all the rivers in each square within
the grid were determined and finally the layout
part was made (Craciun & Bejan, 2019).

It was found that the territories that have the
largest share of the total surface of the basin
(62.9%) are the surfaces with a relief
fragmentation density that does not exceed
1 km/km? (Figure 10).
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/
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m 2-3 km/km? 3-4 km/km?

m 4-4,1 km/km?

Figure 10. Relief fragmentation density histogram

These are followed by lands with a density of
fragmentation between 1.0-2.0 km/km? with a
share of 33.1%. The density between 2.0-
3.0 km/km? occupies 3.5% of the entire
territory, and the surfaces with a density

25

exceeding 3.0 km/km? and 4.0 km/km? barely
reach 0.2% of total area.

CONCLUSIONS

Digital terrain modelling is the initial stage in
performing relief analysis of a territory. These
modelings are impossible to accomplish
without the help of the Geographical
Information System. The use of GIS techniques
presents numerous advantages, by monitoring,
verifying and permanently supplementing a
field monitoring database. With the help of
these systems it is possible to process a large
amount of information with the possibility of
supplementing this database with new data. In
the present case, the analysis of the database
resulted in the cartographic visualization of the
morphometric  parameters of the relief
(hypsometry, orientation, slope, etc.) within the
limits of the Cubolta basin.

The  morphometric  parameters  provide
information with reference to the territories
likely to be affected by geomorphological
processes. The relief of the Cubolta basin is
characterized by altitudes between 85-280 m,
with an average altitude of 221 m. The
maximum values of the altitude are 280 m, and
the minimum of 85 m with a less pronounced
slope, the surfaces between 2-5° occupying a
weight of 47.04% of the total area of the
territory. On the territory of the basin, the
southwest-oriented slopes predominate, and the
most extensive depth interval of relief
fragmentation is 50-100 m (39.6%) of the total
area of the basin.
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Abstract

The protection of the environment is a national priority, which directly aims at the living conditions and health of the
population, the achievement of economic and social-human interests, as well as the sustainable development capacities
of society in the future. The purpose of the research was to evaluate the state of land resources and deposits located on
the territory of the Leova district, as well as to identify the factors that contribute to the ecological state of land
resources. Leova district is located in the southwest of the Republic of Moldova, on the border with Romania, along the
left bank of the Prut river. The district has an area of 764.7 km? representing 2.26% of the total area of the country.
The natural resources of the district are forests, rivers and ponds. The underground natural wealth is represented by
deposits of sand, clay, clay, bentonite, mineral waters. Of the total area of the district of 76.5 thousand ha, the
agricultural land constitutes 57.3 thousand ha, and the non-agricultural land constitutes 19.2 thousand ha.

Key words: environmental protection, deposits, land resources, Leova district.

INTRODUCTION

Under the conditions of the reform of land
ownership on the territory of the Republic of
Moldova and the forms of management, the
direct attitude towards the organization, use
and evaluation of land resources has changed
radically in recent years. In this process, large
areas of valuable agricultural land were
transferred to private ownership, on the basis of
which peasant households, private households
with collective property in common and
cooperatives were organized, in which the
organization of the use of land resources
reached a new level with everything different.
At the same time, the problem of developing
effective approaches to the rational use of land
resources in a market economy requires an
urgent solution to increase the efficiency of not
only the use of land resources, but also to
create conditions for obtaining ecological
products from each hectare of land.

The rural area of the Republic of Moldova in
2011 was in a deep crisis, marked by the mass
exodus of the population abroad, the ruin of
agriculture, the serious damage to the social
and production infrastructure, access roads, etc.
The anti-ecological utilization of agricultural
land and the accumulation of unauthorized
garbage, the negligence of the population and
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local public authorities, of the bodies of
supervision and control of land resources have
a particular impact. The most frequent form of
impact on land resources is erosion. The
accelerated increase of the surfaces affected by
erosion and its intensity is conditioned by the
non-compliance with the ecological require-
ments of the lands at the time of granting
agricultural land quotas in private ownership,
by the inefficient exercise of the main functions
of managing land resources, as well as by the
superficial involvement of local public
authorities. At an inefficient level, the functions
of assessment and control, regulation and
coordination of the use and supervision of land
resources are exercised (Bacal et al., 2011).

The soil as a producer of goods, a means of
production, can be exploited over millennia,
provided that degradation processes are
excluded. The current state of the soil cover of
the Republic of Moldova is worrying. It is
necessary to urgently implement a system of
measures aimed at efficient use, protection,
preservation of the quality and diversity of
soils. The Republic of Moldova enjoys a
favourable climate and fertile land. The soils of
Moldova have about one billion tons of humus,
50 million tons of nitrogen, 60 million tons of
phosphorus, 700 million tons of potassium,
according to the Republican Center for Applied



Pedology. The maximum weight in the
economy is held by the agricultural sector and
the basis on which half of the exports of the
Republic of Moldova are produced. The
average credit rating per country is 63 points
and is reduced annually depending on
degradation activities. Thus, weak erosion
reduces the productive potential (and therefore
the quality of the soil) by 20%, medium - by
40%, strong - by 60-80%.

The current condition of the soils, as well as the
efficiency of the use of soil resources, cannot
be considered satisfactory for the following
main reasons: the parceling of the land fund
and the deterioration of the regional anti-
erosion  systems; lack of anti-erosion
organization of agricultural land and soil
conservation measures; insufficient amounts of
fertilizers incorporated into the soil; the lack of
pastures,  perennial  grasses and  the
predominance of cultivation on the slopes of
grazing crops. (IPM Yearbook, 2022. p. 130).
The total area of the land fund of the Republic
of Moldova is 3,384.72 thousand ha, including
2,091.9 ha - agricultural land. The surface of
publicly owned lands of the state constitutes
783.9 thousand ha (23.1%), the surface of
publicly owned lands of administrative-
territorial units - 700.4 thousand ha (20.7%)
and the surface of privately owned lands
(56.2%) constitute 1,900.4 thousand ha (IPM
Yearbook, 2022).

A major influence on the reduced efficiency of
the functions of managing the impact on land
resources is also the superficial implementation
of the mechanism of administrative sanctions.
Although soils are declared the main asset of
our nation, the number of fines for
unauthorized use of land and causing various
forms of degradation was very low (up to 100
lei). The absolute majority of fines were
applied for the illegitimate occupation of land
and for actions causing soil pollution. Very
rarely were administrative sanctions applied for
the destruction of the fertile soil layer, failure
to take measures to prevent soil erosion, the
lifting of the upper fertile soil layer from the
lands of the forest fund, for falsifying and
concealing information about the condition of
the lands (Bacal et al., 2011).

Currently, the policies in the field of land
improvements and land fund are elaborated and

28

promoted by the Ministry of Agriculture and
Food Industry in accordance with the
provisions of point 6, subsection 12 of the
Regulation on the organization and functioning
of the Ministry of Agriculture and Food
Industry, approved by Government Decision
no. 695/2017 (IPM Yearbook, 2022).

In the Republic of Moldova (Bacal, 2016), the
normative basis for the application of land
taxes is the Law for the application of Title VI
of the Fiscal Code (the Law for the
implementation of Title VI of the Fiscal Code,
2000) regarding the taxation of real estate, the
Land Code (Land Code, 1991) and the annual
State Land Cadaster (Bacal, 2014).

The specificity of the Republic of Moldova in
terms of mineral resources consists in the fact
that it has a comparatively modest space in
terms of size with limited resources. The
continuous development of the mineral raw
material base, the rational use and protection of
useful mineral resources are factors that
decisively ensure the economic security of the
state, the sustainable development of society.
Most of the mineral resources of the Republic
of Moldova are exploited through quarries and
only some varieties of limestone through
galleries. The exploitation of resources through
quarries usually causes the destruction of soils,
vegetation, leads to the accumulation of mining
waste, which is later spread by air and water
currents, producing imbalances in the
ecological balance.

Currently, over 400 deposits of useful mineral
substances (limestone, clay, sand, sandstone,
gypsum, granite, diatomite) are registered on
the territory of the country by the prospecting
bodies. Approximately 40% of the total number
are exploited, of which approximately 130
deposits are exploited by daily exploitation,

and approximately 50 deposits are in
underground exploitation (IPM Yearbook,
2022).

The most frequently wused underground

minerals are carbonate, siliceous, clay rocks,
sands and gravels, and less used - caustobiolite
rocks (oil, gas, brown coal) because their
quantities are insignificant. Deposits of non-
metallic mineral substances are represented by
granite and gabbronorite (for finishing slabs
and gravel of different fractions), sandstone
(for finishing slabs and blocks), gypsum (for



the building materials industry, medicine,
export), chalk, limestones (for cutting
limestone blocks of different sizes, for sugar
factories, for cement factories, for its
disaggregation into different fractions of
gravel), clays (for the production of cement,
ceramics, tiles, pipes, cheramsite, brick,
terracotta, in the chemical industry and food for
cleaning wines, juices, oils - "bentonite", etc.),
sands (for glass, mortar, and for forming - "glue
sand"), sand-crushing (for construction), tripol
(diatomite) and marl, which are the basis of
providing the building materials industry and
construction sites with raw material. As a result
of the violations, the total amount of calculated
damage caused to the basement for the year
2021 is 733,668,354 lei (Bacal, 2015; IPM
Yearbook, 2022).

In recent years, it has been found that one of
the factors that significantly influence the soil
is the non-compliance with the legal provisions
in the exploitation of land resources, including
the exploitation of useful mineral substances.
Thus, areas of agricultural land are excluded
from the agricultural circuit. Also, the authors
of the Yearbook mention that "unauthorized
mining is a pressing problem. Following the
assessment of the situation on the ground in
2020 regarding the state of abandoned quarries
and the unauthorized exploitation of useful
mineral substances, 385 illegally exploited
sectors were detected, the activity of which
resulted in the degradation of land with a total
area of 736 ha. The total amount of the
calculated damage caused to soil resources is
7,530,092 lei. The damages paid for the
basement and land resources amount to
220,334 lei. For these reasons, there is a risk of
causing enormous damages to the agricultural
field and the environment, as follows: pollution
of the environment; non-reclamation of land
sectors degraded by mining works, storage of
household and industrial waste on adjacent
lands, etc. (IPM Yearbook, 2021).

During the year 2021, the fertile soil stored and
preserved from construction and quarries
constitutes 37,183 thousand m?®, of which
32,890 thousand m® were used. The current
condition of the soils, as well as the efficiency
of the use of soil resources, cannot be
considered satisfactory for the following main
reasons: the parceling of the land fund and the
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deterioration of the regional anti-erosion
systems; lack of anti-erosion organization of
agricultural land and soil conservation
measures; insufficient amounts of fertilizers
incorporated into the soil; the lack of pastures,
perennial grasses and the predominance of
cultivation on the slopes of grazing crops (IPM
Yearbook, 2022).

MATERIALS AND METHODS

In the paper, scientific research methods and
various investigations were used using: data
analysis and synthesis groups, evaluation
methods regarding the condition and protection
of land resources and deposits. The data
provided by the Environmental Protection
Inspectorate of the Republic of Moldova, the
Land Cadastre, Laws, various scientific
publications for different years, as well as the
IPM Yearbook at the 2022 year of the Leova
district were used as research materials.

In our investigations, the Leova district, in the
south of the Republic of Moldova, was selected
as a research object (Figure 1).

Figure 1. Representation of the Leova district, in the
south of the Republic of Moldova map.
Source: Created by authors

Leova district is located in the southwest of the
Republic of Moldova, on the border with
Romania, along the left bank of the Prut river.
The district has an area of 764.7 km?,
representing 2.26% of the total area of the
country (IPM Yearbook Leova, 2022).

The Leova district was created based on the
Law on administrative-territorial reform no.
XIV-764 of 27.12.2001 and from 23.05.2003
the district is a distinct administrative-territorial
unit with legal personality.

The Leova district borders several territorial
administrative units of level II: - to the North



with Hancesti district; - to the South with the
Cantemir district; - to the West with the county
of Vaslui in Romania; - to the East with
Cimislia district and UTA Gagauzia.

From an administrative point of view, the
Leova district has 25 town halls. The district
includes 40 localities, of which 2 cities (Leova,
largara), 24 communes and 14 villages
(components of the communes). The seat of the
district is the city of Leova.

RESULTS AND DISCUSSIONS

The Republic of Moldova has a rich pedolo-
gical resource that, to a large extent, ensures
economic activity. About 3/4 of the surface of
agricultural land is occupied by chernozems,
which are considered the most productive soils.
However, the productive potential of soils in
the conditions of current land relations is not
used adequately, on the arable background the
degradation processes continue and accelerate.
If we refer to the analysis of the Leova district
(the research object) as a location - the zonal
relief is part of the hilly - undulating plain of
Southern Moldova. The elements of the relief
are very inhomogeneous exposed on narrow
water basins that generally stretch from north
to south, slopes with different inclinations,
deep and long ravines and valleys, the
amplitude varies within the limits of 50-230 m,
the lowest being located in the meadow of the
Prut and Sarata. The elevated plains of the
district, dismembered in the downward slope
from North to South, are grouped into 4 large
units:

- The Prut meadow plain;

- Central Plateau - Moldavian;

- The elevated plain of Granet;

- The Tigheci Plateau with a maximum altitude
0f 294 m.

The climate is temperate continental with a
homogeneous regime, as a result of the non-
uniformity of the plain relief, it is characterized
by very hot summers (drought prevails 3-4
years out of 10 years) and cold winters. The
climate is distinguished by the particularities of
periodic droughts, intensive torrential rains and
sudden temperature changes. The territory of
the district belongs to an area with insufficient
moisture. The annual average of atmospheric
deposition is 400-500 mm, most of it falls in

the form of torrential rains. The average annual
temperature is +9.6°C, absolute maximum
+40°C, absolute minimum +33°C. The coldest
month is January with values of -4.97°C. The
number of days with precipitation (> 1.0 mm)
comprises 101.72 days (27.87%), and days
without rain around 263.28 days (72.13%).

The natural resources of the district are forests,
rivers and ponds. The underground natural
wealth is represented by deposits of sand, clay,
clay, bentonite, mineral waters. There are 2
quarries for the acquisition of sand on a total
area of 3.6 ha, of which 2 ha are located in the
outskirts of Sarata Razesi village and 1.6 ha in
the outskirts of Handsenii Noi village. The
forest fund occupies 13.3% of the territory of
the district with an average age of 32-45 years.
According to the Land Cadastre according to
the situation on 01.01.2022 of the total area of
the district Leova are of 76.5 thousand ha, the
agricultural land constitutes 57.3 thousand ha,
and the non-agricultural land constitutes 19.2
thousand ha (Figures 2-3).

Agricultural lands, ha
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Figure 2. Representation of the agricultural lands in the
Leova district
Source: Created by authors
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Figure 3. Representation of the non-agricultural land in

the Leova district
Source: Created by authors

As a result of the examination and analysis of
the data of agricultural land, represented in
Figure 2, we notice that the degree of plowing



is quite high, constituting 73.9%, and the
degree of afforestation is small, constituting
16.3% of the total area of the Leova district.
During the year 2021-2022 or allocated for
permanent use to various enterprises and
organizations for non-agricultural purposes,
land on a total area of - 11.71 ha, namely: - in
Tomai town hall for the location of water tanks,
on the area of - 1.0 ha; - in Leova town hall for
the construction of the water pool and the
restoration of the town beach 10.71 ha.

The work of uncovering the fertile soil on the
lands allocated for construction in 2022 did not
take place. Fertile soil in the volume of - 2.5
thousand m? uncovered in previous years, is
stored on the land allocated for the construction
of schools in the city of Targara.

During 2022, cases of non-discovery of mixing
with the parent rock of the fertile soil layer
were not detected. However, there were cases
of illegitimate land occupation being detected -
16 cases, namely, from the urban areas - 2
cases on the surface of - 0.05 ha; in the
municipalities of Séarata-Noua and Tochile-
Raducani, from the outskirts of the localities,
14 cases were detected: on the total area of -
2.8 ha (pastures) in the municipalities of Leova,
Colibabovca, Tomai, Ceadir, Borogani, Baius.
The structure of agricultural land according to
the degree of erosion constitutes total eroded -
27822 .4 ha, of which (Figure 4):

- weakly eroded on slopes of 1-5° - 14216 ha,
or - 18.59% of the total area;

- moderately eroded on slopes of 5-8° -
9195 ha, or - 12.03% of the total area;

- strongly eroded on the slope of 8-25° -
4411.35 ha, or - 5.77% of the total area.

The area of landslides constitutes - 182.0 ha, or
- 0.23% of the total area, of landslides is -
232.0 ha, or - 0.30% of the total area.

strongly eroded
4411.35ha

moderately eroded
9195 ha

Total eroded
27822.4ha

weakly eroded
14216 ha

= Total eroded weakly eroded

= moderately eroded

= strongly eroded

Figure 4. Qualitative characteristics of land according to

the degree of erosion in the Leova district
Source: Created by authors
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The average soil quality according to the
quality of the soils in the Leova district is - 57
points.

The highest soil quality is in Baius town halls -
71 points; Tomaiul-Nou - 69 points; largara -
68 points; Colibabovca - 65 points; Borogani -
63 points; The carpet - 60 points; Ceadir - 60
points.

The lowest soil quality is in Sarateni town halls
- 50 points; Sarata-Razesi - 51 points and Orac
- 52 points.

The soils covered with chernozem occupy an
area of 44033 ha, and the thickness of the
humus layer is 50-70 cm, and those subject to
erosion have an area of 27822.4 ha. The total
area of land affected by erosion represents
about 50% of the total area of agricultural land.
In recent years, the area of land affected by
erosion has increased significantly, occupying
about 40% of the total area of agricultural land.
This is also due to the fact that the agricultural
lands are insufficiently protected by the
existing network of forest curtains to protect
the fields.

According to the degree of manifestation of the
unfavorable properties, the following soil
classes are highlighted:

- non-degraded, the productivity of the soils
corresponding to their natural fertility, the
possible deviation of the property values in an
unfavorable direction being up to 5%;

- slightly degraded, soils whose productivity
has decreased by 5-25%;

- moderately  degraded, soils
productivity has decreased by 25-50%;
- strongly degraded, their productive capacity
being reduced by 50-75%;

- very strongly degraded, their productive
capacity being reduced by more than 75%.
Soils are in a continuous process of degra.
dation, at an accelerated rate, which inevitably
leads to the decrease of soil fertility, of the
degree of supply of the soil with the main
nutrients: nitrogen, phosphorus, potassium, it
being known that the nutrients in the soil, lost
through erosion, cannot be restored to their
original form by applying fertilizers.

Soil erosion worsens the water regime of the
soil, the drainage conditions and the
hydrological situation of the territory; exerts an
extremely negative influence on the soil biota -
the totality and number of bacteria, fungi, small

whose



animals, which populate the soil and which,
through their joint activity, determine the
productivity of the soil. Already with a weak
manifestation of the phenomenon of erosion,
the production of field crops decreases by 10-
20%, with a moderate manifestation - by 30-
40% and with a strong one - by 50-60% and
more.

The factors that contribute to the ecological
state of land resources remain the water, wind
and biological erosion conditioned by the
insufficient ~ administration  of  organic
fertilizers, the non-application of agrotechnical,
phyto-ameliorative, hydrotechnical anti-erosion
measures to agricultural crops, without taking
into account the relief, the variety of soils, the
processing of hill land in the valley, on the
sloping lands.

As a result of the heavy rains in the spring,
erosion processes took place on most of the
agricultural fields on the slopes, more
significant on the agricultural lands in the
municipalities of Tigheci, Filipeni, Sarateni,
Ceadir, Cneazevca, Covurlui, Tomai,
Vozniseni, Cazangic, Sarata-Noua.

In order to prevent the burning of stubble,
straw, dry grass in accordance with the
provisions of art. 62 of Law No. 1515
regarding the protection of the environment,
town halls, economic agents owning
agricultural land were informed by warning
letters about the prohibition of burning stubble,
dry grass, plant residues, waste, etc.

However, following the harvesting of the spiky
cases of stubble burning took place on the lands
of two peasant households in the municipalities
of Orac and Sirma on an area of 2 ha, the
observed damage to land resources amounted
to - 500 lei.

There were cases of dry grass burning that took
place on a total area of 20.9 h in the following
districts:  Sirma, Hanasenii-Noi, Tomai,
Borogani, largara, Sarata-Razesi, Leova,
Sarata-Noua, Baius.

The area of pastures in the Leova district
constitutes - 10571 ha. The livestock decreased
compared to the previous year, being - 21,900
heads, returning to an average of - 0.48 ha of
pasture per head of population, which is in
accordance with grazing norms.

The lands in private ownership constitute the
surface of 45442.16 ha, of which agricultural
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lands comprise 44962.6 ha and non-agricultural
lands 479.56 ha.

The total area of irrigated land in the district is
2950 ha.

During the year 2021-2022, the irrigation of
agricultural land was carried out on the total
area of - 148.0 ha, with the pumping of water
from the Prut river, in the town halls: - Tochile;
- Raducani (SRL FructAgroPrut - 140 ha)
growing legumes - 30 ha, wheat - 110 ha and
Filipeni (SRL Vicfilvas - 8.0 ha) growing
legumes - 8 ha.

The area of land with functional sanitation
networks is - 398 ha.

The creation of riparian zones for the
protection of rivers and water basins was
carried out in the municipalities of Baius and
Filipeni on a total area of - 0.50 ha.

At the same time, cases of processing riparian
protection sheets were not detected. However,
there were cases of waste storage in the riparian
water protection sheets that were detected in
the municipalities of Sarata-Noud, Hanasenii-
Noi and Tomai, and minutes were drawn up
against natural persons guilty of violating the
waste management rules.

The application of chemical fertilizers under
the fruit of the year 2022, was carried out on an
area of - 34500 ha, being as additional food to
agricultural crops during the sowing period, as
well as during the vegetation period, being used
- 1901000 kg, there were - 55 kg for 1 ha.
Organic fertilizers were not used.

For the purpose of improving degraded lands
and soil protection or spent silvotechnical work
in the forest fund, planted with forest crops -
15.3 ha of land in the territorial-administrative
borders of Baius and Sarateni municipalities.
Riparian forest cover was planted to protect the
banks of the streams on a total area of - 0.5 ha,
in the mayor's office of Baius and Filipeni.

The work of planting a scuar on the surface of -
2.0 ha took place on the field where the work
of consolidating the turnip in the center of the
village of Covurlui was carried out.

Capital investments foreseen for the protection
of soils and the implementation of projects in
this field, including funded ones, regrettably
did not take place.

Damages caused to soil resources were found
as a result of stubble burning in the amount of -



500 lei. We believe it is too small a sum for
these violations.

The sown area of agricultural crops under the
harvest of 2020 in agricultural enterprises and
peasant (farmer) households with an area of 10
ha and over constituted in 2020 about 28443
ha, with 1002 ha or 3.7% more compared to
2019. In 2021, the sown area was 30325 ha,
6.6% more than in 2020, and in 2022 it was
31043 ha, 2.4% more than in 2019. Thus, in the
period 2019-2022 the sowing area increased by
4602 ha.

In 2020, of the total sown area, 57.1% are
cereals and pulses for grains, 42.3% are
technical crops, 0.4% potatoes, vegetables and
food crops, and crops for fodder constitute
0.2%.

In 2021, of the total sown area, 58.6%
represent cereals and pulses for grains, 40.9%
are technical crops, 0.4% are potatoes,
vegetables and food crops, and crops for fodder
constitute 0.1%.

In 2022 compared to 20120, there is a 2.9%
increase in the areas sown with cereals and
legumes for grains and a 2.8% decrease in the
areas with technical crops. The area of fodder
crops also decreased by 38 hectares compared
to 2020.

In 2020, compared to 2019, animal production
in agricultural enterprises and peasant
households (farmers), which have animals on
the balance sheet, recorded a decrease in cattle
production (in live mass) by 23.8%. In 2022,
compared to 2021, there was a decrease of the
respective indicator by 19.0%.

In the Leova district, the mineral deposit
available for exploitation is clay and sand for
construction.

The sand is extracted openly, at the authorized
quarry, which is managed by SRL
Iulautocomplex, located in the territorial-
administrative boundaries of Sarata-Razesi
town hall, Leova district.

The surface of the mining perimeter projection,
indicated on the topographical plan of the land
surface, is - 5.5 ha.

The land with cadastral number 5732104328
allocated for lease for sand extraction
according to the lease agreement and Local
Council Decision no. 01/07 of 12.03.2019 with
an area of - 2.0 ha, is ready for exploitation.
Land recultivation works are not carried out.

33

The activity of extracting the deposit was
legalized by license series A MMII no. 050524
from 28.12.2015, but it was valid until
27.12.2020.

According to the informative note presented,
during the year 2022 sand was extracted in the
amount of - 66.5 thousand m?.

Violations of the method of protection and use
of the basement were detected in: the Sarata-
Noua town hall, the unauthorized extraction
and use of clay by natural persons in a volume
of 60 m® from pasture land (former clay
quarry), which was transported to be used for
the repair of a dike at the local pond.

SA Vinal-Coci was detected in the town hall of
Tigheci commune and the village of Cuporani,
where 3.0 m® of clay was extracted
unauthorized from agricultural land as pasture
for the needs of the wine factory.

In the Covurlui town hall, the unauthorized
extraction of sand from a ravine formed after
the rains was detected, from where 1.0 m? of
sand was excavated by an individual from the
village of Covurlui, Leova district, for his own
needs.

In the Tomaiul-Nou town hall, the
unauthorized extraction of clayey sand in a
volume of 60 m® from the forest fund was
detected, at the direction of the mayor of the
locality, which was used to backfill a local road
in the village.

For the examination of the given case, a request
was submitted to the Leova District
Prosecutor's Office.

The number of fines applied is 16,500 lei, paid
- 8,250 lei.

The amount of damage caused to the
environment  following the illegitimate
extraction of useful mineral substances was
calculated to be - 49184.17 lei, of which only -
1509.07 lei were paid.

Remedial recommendations for the agricultural
sector in Leova district are as follows:
Consolidation of investments in agriculture by:
- promoting high-performance technologies in
agriculture (No till - Mini till, vegetable
cultivation on protected lands, intensive and
super-intensive  multi-year  plantations); -
identifying and promoting opportunities for the
development of intensive agriculture with the
use of drip irrigation; - promoting advanced
technologies  for processing, preserving,



packaging and marketing the agro-food
production in the district; - informing
agricultural producers about various internal
and external financing opportunities, and
providing assistance for attracting investments;
- promotion of modern drip irrigation methods;
- identification of options for creating water
sources for irrigation; - improving soil quality
by informing farmers about the consequences
of non-compliance with crop rotation and
incorrect soil processing; - the record of
agricultural surfaces subject to erosion and the
taking of protection measures against erosion; -
afforestation of degraded lands; - planting trees
and shrubs on slopes on degraded lands,
repairing field protection sheets.

CONCLUSIONS

The soils covered with chernozem occupy an
area of 44033 ha, and the thickness of the
humus layer is 50-70 c¢m, and those subject to
erosion have an area of 27822.4 ha. This is also
due to the fact that the agricultural lands are
insufficiently protected by the existing network
of forest curtains to protect the fields. The area
of landslides constitutes - 182.0 ha, or - 0.23%
of the total area, of landslides is - 232.0 ha, or -
0.30% of the total area.

Soils are in a continuous process of
degradation, at an accelerated rate, which
inevitably leads to the decrease of soil fertility,
of the degree of supply of the soil with the
main  nutrients:  nitrogen,  phosphorus,
potassium, it being known that the nutrients in
the soil , lost through erosion, cannot be
restored to their original form by applying
fertilizers.

Soil erosion worsens the water regime of the
soil, the drainage conditions and the
hydrological situation of the territory; exerts an
extremely negative influence on the soil biota -
the totality and number of bacteria, fungi, small
animals, which populate the soil and which,
through their joint activity, determine the
productivity of the soil.

As a result of the heavy rains in the spring,
erosion processes took place on most of the
agricultural fields on the slopes, more
significant on the agricultural lands. The
factors that contribute to the ecological state of
land resources remain the water, wind and
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biological erosion conditioned by the
insufficient ~ administration  of  organic
fertilizers, the non-application of agrotechnical,
phyto-ameliorative, hydrotechnical anti-erosion
measures to agricultural crops, without taking
into account the relief, the variety of soils, the
processing of hill land in the valley, on the
sloping lands. The structure of agricultural land
according to the degree of erosion constitutes
total eroded - 27822.4 ha

The lands in private ownership constitute the
surface of 45442.16 ha, of which agricultural
lands comprise 44962.6 ha and non-agricultural
lands 479.56 ha. The area of pastures in the
Leova district constitutes - 10571 ha.

The total area of irrigated land in the district is
2950 ha. During the year 2021-2022, the
irrigation of agricultural land was carried out
on the total area of - 148.0 ha, with the
pumping of water from the Prut river.

The area of land with functional sanitation
networks is - 398 ha.

In the Leova district, the mineral deposit
available for exploitation is clay and sand for
construction.

Capital investments foreseen for the protection
of soils and the implementation of projects in
this field, including funded ones, regrettably
did not take place.

REFERENCES

Anuarul IPM - 2021 (2022). Protectia mediului in
Republica Moldova. Chisinau: Inspectoratul pentru
Protectia Mediului. 388 p.

Anuarul IPM - 2020. (2021). Protectia mediului in
Republica Moldova. Chisinau: Pontos, (Tipogr.
Europress). 380 p. ISBN 978-9975-72-565-1.

Anuarul IPM. (2022). Raionul Leova. 134 p.

Bacal, P., Sochirca, V. (2011). Problemele gestionarii
resurselor funciare in Republica Moldova. Studia
Universitatis: Revista stiintifica a Universitatii de
Stat din Moldova, 6(46), 64—70.

Bacal, P. (2014). Problemele reformarii taxelor pentru
utilizarea resurselor funciare in Republica Moldova.
Journal Economica, 4. 68—73.

Bacal, P. (2015). Implementarea taxelor pentru utilizarea
resurselor funciare si minerale in Republica Moldova.
in: Journal ,, Economica”, 1(91), 74—82.

Bacal, P. (2016). Problems and recommendations of
reforming taxes for use of natural resources in the
Republic of Moldova. In: Journal Economica, 1. 68—
79.

Codul Funciar (nr. 828 din 25.12.1991). In: Monitorul
Oficial nr. 008 din 25.12.1991.



Codul Fiscal al Republicii Moldova. Titlul VIII. Taxele
pentru resursele naturale (nr. 67 din 05.05.2005). in:
Monitorul Oficial nr. 080 din 10.06.2005.

Hotarare Nr. 391 din 15-06-2022 cu privire la aprobarea
Cadastrului funciar conform situatiei la 1 ianuarie
2022.

Legea Nr. 1515 din 16-06-1993 privind protectia
mediului inconjurator. Publicat la 30.10.1993 in

35

Monitorul Oficial Nr. 10 art. 283. Modificata LP253
din 22.11.18, MOI1-5/04.01.19 art4; in vigoare
04.02.19.

Legea pentru punerea in aplicare a Titlului VI din Codul
Fiscal (nr. 1056 din 16.06.2000). in: Monitorul
Oficial nr. 127 din 12.10.2000.



Scientific Papers. Series A. Agronomy, Vol. LXVI, No. 1, 2023
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

Lumbricidae FAMILY IN BROWN FOREST SOILS: ABUNDANCE,
BIOMASS, PROFILE DISTRIBUTION

Andriana DANILOYV, Irina SENICOVSCAIA

Institute of Pedology, Agrochemistry and Soil Protection “Nicolae Dimo”,
100 Ialoveni Street, MD 2070, Chisinau, Republic of Moldova

Corresponding author email: irina_sen@mail.ru

Abstract

The Lumbricidae family of brown forest soils in natural and agricultural ecosystems located in the central zones of the
Republic of Moldova has been investigated in May, 2021 and 2022. Earthworms sampling was carried out from test
cuts by manual sampling of soil layers to the depth of soil fauna occurrence. The number and biomass of Lumbricidae
family in natural brown soils are greater by 3.8-17.9 times and by 2.6-16.5 times compared to brown soils of
agricultural ecosystems. The highest values of abundance and biomass of earthworms were registered in the typical
brown forest soils under natural vegetation and the smallest values - in arable luvic brown forest soils. A characteristic
feature of the natural brown soils is the high concentration of invertebrates and Lumbricidae family in the upper layers
of soils. The species Lumbricus terrestris, Lumbricus rubellus, Aporrectodea caliginosa and Aporrectodea longa and
other were identified in the faunal samples from the natural brown forest soils.

Key words: Lumbricidae family, brown forest soil, natural and agricultural ecosystems.

INTRODUCTION

Lumbricidae family belong to the phylum
Annelida, class Clitellata, subclass
Oligochaeta, order Opisthopora, superfamily
Lumbrcoidea.

Charles Darwin was the first scientist to draw
attention to the important role of earthworms in
soil formation processes (Darwin, 1881). The
structure-forming role of earthworms attracts
attention of many scientists (Lee & Foster,
1991; Edwards & Bohlen, 1996; Jouquet et al.,
2008; Lapied et al., 2009). The activity of
earthworms produces a significant effect, not
just on the structure, but also on the chemical
composition of the soil, since a large part of the
organic matter ingested by earthworms returns
to the soil in the form easily used by plants.
Earthworms contribute nutrients to the soil and
improve porosity, tilth, and root development
(Fragoso et al., 1997).

Earthworms are the dominant macrofauna and
a functionally significant component of the soil.
Lumbricidae family are recognized as a key
factor to the functioning of many terrestrial
ecosystems (Bartlett et al., 2010). Earthworms
can serve as indicators of anthropogenic land
use, soil quality and a factor for soil biological
site classification (Martinez-Salgado et al.,
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2010; Rombke et al., 2005; State of Knowledge
of Soil Biodiversity. Status, challenges and
potentialities. Report 2020. Retrieved from
Report Soil Biodiversity.pdf).

In the 1960s, nine species of earthworms were
identified in the soils of Moldova (Perel, 1962;
Prokhina, 1965; 1968; Striganova, 1968). The
edaphic species of fauna, unique only to brown
soils, especially from Lumbricidae family, have
been discovered (Gilyarov, 1965).
Aporrectodea rosea predominated in most soils
in the 1990s, Aporrectodea caliginosa,
Aporrectodea trapezoides, Octalazion
transpadanum, Aporrectodea jassiensis and
Allolobophora leoni are much less common
(Cherevatov, 1991).

In this context, the purpose of the research was
to investigate the abundance, biodiversity and
profile distribution of Lumbricidae family in
brown soils of mnatural and agricultural
ecosystems for the biodiversity conservation
and development of the monitoring system for
the status of useful edaphic fauna.

MATERIALS AND METHODS
Experimental sites are located in central zones

of the Republic of Moldova. The content of
Lumbricidae family in brown forest soils with



the normal profile in the condition of the long-
term use in agricultural production were
investigated in  comparison  with  the
undisturbed soils in natural ecosystems of
forest. Two experimental sites have been
tested.

Experimental sites with typical and luvic brown
soil are located in the central zone of the
Republic of Moldova, in the wooded steppe of
the central - Moldovan forest province, in the
district No. 8 of brown, gray forest soils and
leached chernozems of the wooded steppe of
hilly Kodru Forests.

The site with typical brown soil (profile 1
under forest; profile 2 under arable) is situated
in the Tuzara village and Gorodische com.,
Kalarash region (Figure 1).

Figure 1. Site with the typical brown forest soil in the
Tuzara village and Gorodische com., Kalarash region

The site with luvic brown soil (profile 5 under
forest; profile 6 under arable) is located in the
Dolna com., Strasheni region (Figure 2).

Figure 2. Site with the luvic brown forest soil in the
Dolna com., Strasheni region

Status of invertebrates and Lumbricidae
family. Testing of semi-profiles in the amount
of 3 units was carried out around the main test
cut at a distance of 5-10 m. The state of
invertebrates and Lumbricidae family was
determined from test cuts by manual sampling
of soil layers to the depth of soil fauna
occurrence with application of Gilyarov and
Striganova’s method (1987). At the same time,
earthworms were also selected from the litter
layer and on the soil surface. Ethyl alcohol was
used to immobilize (destroy) the earthworms.
The taxonomic studies used during the
identification were accomplished according to
Vsevolodova-Perel T.S. (1997).

The studies were carried out in May of 2021
and 2022.

RESULTS AND DISCUSSIONS

The number and biomass of edaphic fauna
including Lumbricidae family in brown forest
soils of natural ecosystems are characterized by
the higher values of these indicators in
comparison with arable brown forest soils
(Table 1). Number of invertebrates and
Lumbricidae family in the typical brown forest
soil decreases on average for 2 years (2021-
2022) from 330.7 to 65.3 ex m? and from
152.0 to 61.4 ex m™, in the luvic brown forest
soil - from 274.7 to 5.4 ex m? and from 140.0
to 4.0 ex m? accordingly. Similar changes were
observed in the total biomass of the edaphic
fauna and Lumbricidae family.

The share of earthworms in the total number of
invertebrates in the typical brown forest soil of
natural ecosystems constitutes of 51.8% in
2021 and 38.3% in 2022, in the luvic brown
forest soil - 51.5% and 50.7% accordingly.
Their contribution to the total biomass is 82.5%
in 2021 and 51.0% in 2022 in the typical brown
forest soil. The proportion of Lumbricidae
family in the total biomass of the edaphic fauna
is 89.3% and 81.6% in the the natural luvic
brown forest soil in studied years.

The share of Lumbricidae family in the total
abundance of invertebrates in arable forest soils
constitutes 94.0% in the typical brown forest
soil, and 74.1% in the luvic brown forest soil
on average for 2 years of research. The
contribution of earthworms to the total biomass
15 99.1% and 92.1% accordingly.



Table 1. Number and biomass of invertebrates and Lumbric

idae family in brown soils under forest and arable land

(n = 3 for each profile)

. . Number, ex m™ Biomass, g m
Soil Landuse | Semi-profile total \ Lumbricidae fam. total | Lumbricidae fam.
2021
45 408.0 152.0 73.6 584
46 352.0 144.0 60.0 384
forest
) 47 368.0 288.0 131.2 121.6
Typ lcfgilfmwn mean values | 376.0 194.7 88.3 72.8
48 144.0 144.0 68.0 68.0
arable 49 40.0 40.0 16.8 16.8
50 96.0 80.0 29.0 28.4
mean values 93.3 88.0 37.9 37.7
51 96.0 24.0 28.6 24.8
52 240.0 152.0 100.8 96.0
forest
53 208.0 104.0 52.2 54.0
Luvic brown
soil mean values 181.3 93.3 60.5 54.0
54 8.0 0 1.6 0
arable 55 24.0 24.0 20.8 20.8
56 0 0 0 0
mean values 10.7 8.0 7.5 6.9
2022
99 416.0 152.0 117.0 47.2
forest 100 264.0 112.0 92.8 58.4
101 176.0 64.0 41.4 22.4
Typical brown mean values 285.3 109.3 83.7 42.7
soil 102 64.0 56.0 12.2 12.0
arable 103 40.0 40.0 9.6 9.6
104 8.0 8.0 0.4 0.4
mean values 37.3 34.7 7.4 7.3
93 208.0 72.0 34.0 25.4
forest 94 424.0 176.0 72.0 54.0
95 472.0 312.0 120.8 105.8
Luvic brown mean values 368.0 186.7 75.6 61.7
soil 96 0 0 0 0
arable o7 0 0 0 0
98 0 0 0 0
mean values 0 0 0 0
Average value for 2021-2022
Typical brown |  forest 330.7 152.0 86.0 57.8
soil arable 65.3 61.4 22.7 22.5
Luvic brown |__forest | "ean Values 5747 140.0 68.1 57.9
soil arable 5.4 4.0 3.8 3.5

The average weight of one exemplar of
earthworms in the natural typical brown forest
soil constitutes 0.38 g, in the natural luvic
brown forest soil - 0.41 g. The average weight
of a specimen of the Lumbricidae family
constitutes 0.37 g in the typical brown soil in
conditions of agricultural ecosystems, and
0.88 g - in the arable luvic brown forest soil.

The base mass of fauna in the brown soils
under the forest is located in the litter layer and
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0-10 cm layer: in the typical brown soil -
90.8% and 95.3%, in luvic brown soil - 91.2%
and 90.6% in the first and second years of
research (Figure 3). The accumulation of
edaphic fauna in the arable typical brown soil
was registered in the 0-30 cm layer, in the
arable luvic brown soil - in the 0-10 cm layer in
2021. The number of invertebrates index
decreases in natural soil profiles to a depth of
40 cm, in arable soils - to a depth of 20-30 cm.
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Figure 3. The profile distribution
of invertebrates in brown forest soils of natural and
agricultural ecosystems

Lumbricidae family in the natural brown soils
is located in the litter layer and 0-10 cm layer,
amounting to 95.2% typical soil and 89.3%

luvic soil in the total number (Figure 4).

40 =

Figure 4. The profile distribution of Lumbricidae family
in brown forest soils of natural and agricultural
ecosystems

The largest number of earthworms in the arable
typical brown soil was found in the 0-30 cm
layer, in the arable luvic brown soil - in the 0-
10 cm. In the second year of research,



earthworms were absent in faunal semi-
profiles.

Natural brown forest soils are characterized by
a high diversity of invertebrates and
Lumbricidae family compared to arable brown
forest soils. There are 16 families of
invertebrates in the natural typical brown soil
and 15 families of edaphic fauna - in the natural
luvic brown soil.

The long-term use of plowing leads to the
considerable decrease of the invertebrates’
biodiversity. Arable brown forest soils contain
only 2 families of invertebrates in this period of
fauna selection.

The species Lumbricus terrestris, Lumbricus
rubellus,  Aporrectodea  caliginosa  and
Aporrectodea longa and other were identified
in the faunal samples from the natural brown
forest soils (Table 2). The greatest species
biodiversity of Lumbricidae was in the forest
ecosystems,  which is  inhabited by
representatives of 4-5 species. The lowest
species richness of earthworms was observed in
the arable soils of agricultural ecosystems,
where 1-3 species are widespread.

The epi-endogeic group in the natural typical
forest soil is represented primarily by
Lumbricus rubellus, the number of which in
2021 was especially high (41.1% of the total
number). The saturation of the species
composition of worms with anecic species
Aporrectodea longa and Lumbricus terrestris,
and also endogeic specie Aporrectodea
caliginosa was also at a rather high level.
Aporrectodea  caliginosa has been also
dominated in the Lumbricidae species
composition in 2022 (70.8% of the total
number). On average, over 2 years of research,

46.8% of earthworms in the natural typical
forest soil belong to endogeic species, 24.3% -
to anecic species and 20.5% - to epi-endogeic
species.

Part of the earthworm’s species in the natural
luvic brown soil, living in the litter and in the
upper soil layer, are surface-dwelling or litter-
dwelling species (epi-endogeic earthworms).
For example, the specific contribution of
Lumbricus rubellus to the total number of
Lumbricidae s 25.7% in 2021 and 27.2% in
2022.

A significant percentage of anecic species, such
as Lumbricus terrestris, which were found in
2021 (34.3%), and endogeic species -
Aporrectodea caliginosa, which were recorded
in 2022 (48.6%), have been identified in the
luvic brown forest soil of the natural
ecosystem.

The number of Aporrectodea longa amounted
to 14.3-15.7% in this soil. The epi-endogeic
species Aporrectodea trapezoides was found in
single specimens.

Endogeic species account for 32.9%, epi-
endogeic species - 30.8% and anecic species -
20.7% of the total abundance of earthworms on
average over 2 years of research.

Aporrectodea  rosea  (endogeic  species)
dominated in the arable typical brown forest
soils in 2021, accounting for 63.6% of the total
number of earthworms. Among  the
Lumbricidae family, the endogeic species
Aporrectodea caliginosa prevailed (77.0%) in
this soil in 2022.

Aporrectodea rosea has been found in the
arable luvic brown forest soil in small
quantities.

Table 2. Biodiversity of the Lumbricidae family (ex m™) at the species level
in brown soils of natural and agricultural ecosystems

Typical brown Typical brown Luvic brown soil, | Luvic brown soil,
Lumbricidae family species soil, forest (P1) soil, arable (P2) forest (P5) arable (P6)
2021 2022 2021 2022 2021 2022 2021 2022
Lumbricus terrestris 21.3 5.3 0 0 32.0 133 0 0
Lumbricus rubellus 80.0 0 0 0 24.0 50.7 0 0
Aporrectodea caliginosa 29.3 77.4 21.3 26.7 53 90.7 0 0
Aporrectodea longa 58.7 21.3 0 0 13.3 29.3 0 0
Aporrectodea rosea 0 0 56.0 8.0 10.7 0 8.0 0
Octolasion lacteum 54 5.3 10.7 0 0 0 0 0
Aporrectodea trapezoides 0 0 0 0 8.0 0 0 0
Species unidentified 0 0 0 0 0 2.7 0 0
In total 194.7 109.3 88.0 34.7 93.3 186.7 8.0 0
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The earthworms complex accounts 65.8-73.2%
in the natural typical brown forest soil and
50.7-81.3% in the natural luvic brown forest
soil from the total number of saprophagous. In
arable soils their share is 97.0% and 100.0%.

CONCLUSIONS

Lumbricidae family is an important trophic
level in the ecological chain nutrition of the
ecosystem. Earthworms has a great importance
for biological processes in soil, increase the
fertility and humus formation by mechanical
decomposition of plant residues and the
formation of water-stable soil structure.
Earthworms are indicators of soil quality,
anthropogenic land use and a factor for soil
biological classification. The highest values of
abundance and biomass of earthworms were
registered in the natural typical brown forest
soils and the smallest values - in arable luvic
brown forest soils. The number and biomass of
Lumbricidae family in natural brown soils are
greater by 3.8-17.9 times and by 2.6-16.5 times
compared to brown soils of agricultural
ecosystems. A characteristic feature of the
natural brown soils is the high concentration of
invertebrates and earthworms in the upper
layers of soils. The species Lumbricus
terrestris, Lumbricus rubellus, Aporrectodea
caliginosa, Aporrectodea longa and other were
identified in the faunal samples from the
natural brown forest soils. Aporrectodea rosea
and Aporrectodea caliginosa species is the
most typical representative of the Lumbricidae
in the arable brown forest soils.
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Abstract

The family of Carabidae in soils of natural and agricultural ecosystems located in the different zones of the Republic of
Moldova has been investigated in May and August, 2021. Carabids sampling was carried out from test cuts by manual
sampling of soil layers to the depth of soil fauna occurrence. Abundance of Carabidae family in natural soils is much
greater compared to soils of agricultural ecosystems. Carabids were practically absent in arable soils at the time of
sampling. The share of Carabidae family in the total abundance of invertebrates in forest soils of natural ecosystems
constitutes of 2.1-9.6%, in chernozems - 3.0-10.2%. The base mass of Carabidae family in soils under natural
vegetation is located in the litter and 0-10 cm layer. Species of the Carabus nemoralis, Carabus granulatus, Harpalus
affinis, Harpalus rufipes, Calosoma inquisitor and others were identified in the faunal samples from soils in natural

ecosystems.

Key words: Carabidae family, forest soil, chernozem, natural and agricultural ecosystems.

INTRODUCTION

The family of Carabidae is a part of the largest
insect families, with about 40,000 species
worldwide (Lovei & Sunderland, 1996; Kromp,
1999). The summary list of ground beetles
(Carabidae) from the Republic of Moldova at
the beginning of the 1990s constituted 466
species (Neculiseanu, 1991). Rare and
endangered carabid’s species in this area have
been investigated (Neculiseanu et al., 1992;
2002; 2003). Review of the carabid’s fauna
"Catalogue of beetles of the Republic of
Moldova", published in Bulgaria, includes 497
species belonging to 89 genera (Neculiseanu &
Matalin, 2000). Later there were identified 505
species of carabids belonging to 88 genera, 15
sub-tribes, 33 tribes, 18 supra-tribes and 4 sub-
families (Neculiseanu, 2003-2004).

Carabidae family plays a major role in
reducing weeds and insect pests in agricultural
fields. They have a wide range of nutrition.
Many species are considered generalist
predators, meaning they feed on a wide range
of pests. For example, the species Calosoma
sycophanta 1is an effective exterminator of
forest pests. Species of the genera Carabus and
Cychrus play a significant role as destroyers of
harmful mollusks (Bagirova, 2014). In addition
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to Dbeing predators, many species are
omnivorous, feeding on weed seeds and can
have a serious impact on weed management on
the arable land (Blubaugh & Kaplan, 2016).
Many species are known to have a seasonal diet
shift based on food availability, allowing the
predators to exploit different resources
throughout the year (Symondson et al., 2002;
Honek et al., 2006).

Thus, being one of the most important
components of natural and anthropogenic
ecosystems, ground beetles (Carabidae) play
an important role in the natural abundance of
many invertebrates.

Carabids represent one of the main groups of
insects that is used for indication of character
and directions of soil and vegetation changes.
They play an important role in the diagnosis of
soil types in deciduous forests. So, some
species of the Carabidae family are unique and
characteristic for the brown forest soils of
Moldova (Gilyarov, 1965). This group of
coleopterans is recommended to be used as
indicator species and one of the main ones in
soil monitoring studies (Baban, 2006).

The purpose of the research was to investigate
the abundance and diversity of the Carabidae
family in soils of natural and agricultural
ecosystems for the biodiversity conservation



and development of the national soil quality
standards.

MATERIALS AND METHODS

Experimental sites are located in central and
northern zones of the Republic of Moldova
(Figure 1). The content of Carabidae family in
soils with the normal profile in the condition of
the long-term use in agricultural production
were investigated in comparison with the
undisturbed soils in natural ecosystems (Figure
2). Six experimental sites have been tested.

Figure 1. Fragments of natural and agricultural
landscapes located in the central and northern zone of the
Republic of Moldova

Figure 2. Fragments of forest ecosystems

Experimental sites with typical and luvic brown
soil are located in the central zone of the
Republic of Moldova, in the wooded steppe of
the central - Moldovan forest province, in the
district No. 8 of brown, gray forest soils and
leached chernozems of the wooded steppe of
hilly Kodru Forests.

The site with typical brown soil is situated in
the Tuzara village and Gorodische com.,
Kalarash region.

The site with luvic brown soil is located in the
Dolna com., Strasheni region.

The site with molic gray forest soil is situated
near the Grozeshti village, Nisporeni region.
According to pedogeographic zoning, this site
is located in the Central Plateau of Kodru
Forests, in the region V of Kodru’ Plateau, in
the district No. 8 of brown, gray forest soils and
leached chernozems.

The site with typical gray forest soil is also
located in the hilly forest steppe zone of the
Northern Plain (I), the forest-steppe hill of
Rezina district No. 5 of gray forest soils and
argillaceous chernozems near the Raspopeni
village, Sholdaneshti region.

The site with albic gray forest soil falls within
the hilly forest-steppe zone of the Northern
Plain (I), in the forest-steppe of the Northern
Plateau, in the district No. 1 of gray forest soils
and clay-alluvial chernozems. Nearby is
located Terebna village, Edinets region.

The site with podzolic chernozem are located
in the zone of the hilly wooded steppe of the
Northern Plain (1), in the district of wooded
steppe of the middle Prut (2) with gray forest
soils, podzolic and leached chernozems, in the
Shaptebani village, Ryshkani region.

Status of invertebrates. Testing of semi-
profiles in the amount of 3 units was carried out
around the main test cut at a distance of 5-
10 m. The state of invertebrates and Carabidae
family was determined from test cuts by
manual sampling of soil layers to the depth of
soil fauna occurrence with application of
Gilyarov and Striganova’s method (1987).

At the same time, carabids were also selected
from the litter layer and on the soil surface.
Imago and larvae have been collected. Ethyl
alcohol was used to immobilize (destroy) the
carabids. The species identification was carried
out according to the external morphological
features. The taxonomic studies used during the



identification were accomplished according to
Kryzhanovsky (1983). Carabids larvae were
identified according to Gilyarov M.S. (1964).
The studies were carried out in May and
August of 2021.

RESULTS AND DISCUSSIONS

The abundance of the edaphic fauna in soils of
natural ecosystems are characterized by higher
values in comparison with the arable soils
(Table 1). The typical brown forest soil
contains invertebrates on average 376.0 ex. m?,
luvic brown forest soil - 181.3 ex. m™; molic
gray forest soil - 194.7 ex. m™, albic gray forest
soil - 192.0 ex m?, typical gray forest soil -
290.7 ex. m>2 A significant number of
invertebrates was also found in the podzolic
chernozem - 352.0 ex. m™2.

The natural molic gray forest soil and natural
luvic brown forest soil are characterized by the
high content of carabid beetles, reaching
18.6 ex. m? and 16.0 ex. m™>. The natural albic
gray forest soil, typical gray forest soil and
podzolic chernozem contained species of
carabids in the amount of 13.3; 10.6 and
10.7 ex. m? respectively. The typical gray
forest soil in a natural forest ecosystem

contained the lowest content of carabid beetles
-8.0 ex. m™.

The share of Carabidae family in the total
abundance of invertebrates in forest soils of
natural ecosystems in our research constitutes
of 2.1-9.6%, in the podzolic chernozems -
3.0%. According to Prokhina N.A. (1968), the
share of carabids in the total composition of the
edaphic fauna in the calcareous chernozem was
7.1%, in the ordinary chernozem - 8.2%, in the
leached chernozem - 6.7% and in the typical
chernozem - 10.2%. In general, it can be
assumed that the contribution of Carabidae
family in the total amount of the edaphic fauna
in natural soils does not exceed 10.0-11.0%.
The long-term wuse of arable land with
pesticides leads to a considerable decrease in
the number of invertebrates and to the
degradation of the soil faunal complex in
general. The number of invertebrates in arable
forest soils decreased by 1.3-16.9 times, in the
podzolic chernozem - by 66.4 times
respectively in comparison with natural soils.
Carabidae family reduced to zero values in
soils under agricultural conditions. Only a few
of the most mobile species of Amara aenea
have been occasionally found.

Table 1. Number of invertebrates and Carabidae family (imago + larvae) in soils
in conditions of natural and agricultural ecosystems (n = 3 for each profile)

ot Fand use total S m;arabidae fam.

Typical brown forest soil araﬁ?fsnd 3973§50 8(.)0
Luvic brown forest soil arafaolfs efet\nd 11801. 73 1%0
Molic gray forest soil arafbolzeitm q }Zg; 1%6
Albic gray forest soil arafbol?itind 12942.60 1%)'3
Typical gray forest soil arai)()llc;e?;n q 2198(?.77 1%6
Podzolic chernozem ;’rl;%llg i;lﬁg 32'23-0 1(()).7
Calcareous chernozem* Zrl;%llg };ﬁg 13781.60 112.;‘1
Leached chernozem* :;;%112 12?1?1 1771‘%-03 171..87
| sl Cx oo

*Cited from Prokhina N.A., 1968
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The base mass of edaphic fauna and carabids in
the natural soils is located in the 0-10 cm layer,
in the litter and in the mix of litter with soil.

In total, 13 species of carabid beetles from 7
genuses (Bembidion, Calosoma, Carabus,
Harpalus, Lebia, Ophonus and Panagaeus), 5
tribes (Carabini, Bembidiini, Harpalini, Lebiini
and  Panagaeini) and from subfamily
Carabinae were found and identified in the
studied soils. At the time of sampling, forest
soils in natural ecosystems contained 11
species from the Carabidae family. There are 5
species of carabid beetles in the natural luvic
brown soil, 4 species - in the natural molic gray
forest soil and 3 species of carabids in each - in
the natural typical brown soil, albic and typical
gray forest soils.

Species of Bembidion obtusum, Calosoma
inquisitor, Carabus  granulatus, Carabus
nemoralis, Harpalus affinis, Harpalus rufipes,
Ophonus sabulicola, have been identified in the
brown forest soils of natural ecosystems (Table
2). In the natural gray forest soils species of
Bembidion obtusum, Calosoma auropunctatum,

Carabus nemoralis, Harpalus affinis, Harpalus
griseus, Harpalus progrediens, Harpalus
rufipes and Panagaeus cruxmajor have been
found.

Species of Calosoma inquisitor, Carabus
coriaceus and Lebia cruxminor have been
reported in the chernozem under natural
vegetation.

The life form analysis of carabids indicated
four life form types according to the mode of
nutrition. Groups of mixo-phytophagous and
zoophagous predominate in the composition of
the carabid beetles (Figure 3).

Their contribution to the total number of
carabids is quite significant and constitutes
36.2% and 34.7%, respectively (Figure 3).
Species of carabids, which belong to
phytophagous, account for 15.5% of the total
abundance of Carabidae family. The share of
predators in the total number of carabid beetles
in the natural soils was not so significant in
terms of the specific contribution, their share
constituted 13.6%.

Table 2. Biodiversity of the Carabidae family (ex. m™) at the species level
in brown soils in natural and agricultural ecosystems

Typical brown | Luvic brown | Molic gray | Albic gray Typical gray Podzolic
Carabidae family forest soil forest soil forest soil forest soil forest soil chernozem
species forest forest forest forest forest virgin
Bembidion obtusum 2.7 0 0 2.7 0 0
Calosoma 0 0 53 0 0 0
auropunctatum
Calosoma 2.7 0 0 0 0 2.7
inquisitor
Carabus coriaceus 0 0 0 0 0 53
Carabus 0 2.7 0 0 0 0
granulatus
Carabus nemoralis 0 5.2 2.7 0 0 0
Harpalus affinis 0 2.7 5.3 4.0 0
Harpalus griseus 0 0 0 2.6 0 0
Harpalus 0 0 0 8.0 0 0
progrediens
Harpalus rufipes 0 2.7 53 0 4.0 0
Lebia cruxminor 0 0 0 0 0 2.7
Ophonus 2.6 2.7 0 0 0 0
sabulicola
Panagacus 0 0 0 0 2.6 0
cruxmajor
Total 8.0 16.0 18.6 13.3 10.6 10.7
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Figure 3. Composition of Carabidae family according to the mode of nutrition in soils in natural ecosystems

All four types of nutrition have been identified
in carabid beetles living in the molic gray forest
soil and luvic brown forest soil under forest.
Three groups of carabids (predators, mixo-
phytophagous and zoophagous) were registered
in the natural typical gray forest soil.

The typical brown forest soil and albic gray
forest soil had two groups of representatives
from the Carabidae family.

Only one group of zoophagous has been
registered in the podzolic chernozem under
virgin land.

According to zoogeographical analyses,
carabids species belong to 7 zoogeographic
elements with a predominance of Trans
Palaearctic (19.8%), followed by Palearctic
(17.4%), European elements (13.3%), which is
65.4% of the collected species (Figure 4).

Euro.. 5.3

Euro Siberian 5.3
\Western Palearctic

Euro Caucasian

8.1

%

European

] 13.3

Palearctic

| 17.4

Trans Palaearctic

— 19.8

Figure 4. Geographical distribution of carabids selected from the studied soils

A smaller number of species are represented by
Euro Caucasian (8.1%), Western Palearctic
elements (8.0%), Euro-Siberian (5.3%) and
Euro Mediterranean elements (5.3%).

CONCLUSIONS

Ground beetles (Carabidae family) are one of
the most important components of the edaphic
fauna of natural and anthropogenic ecosystems.
The practical importance of carabids is due to
their biodiversity and variety of mode of
nutrition. Carabids, as a good indicator, may
become one of the main objects in solving
cadastral problems, conducting soil-ecological
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monitoring soil
standards.

Abundance of the edaphic fauna and Carabidae
family in natural soils is much greater
compared to soils of agricultural ecosystems.
Their number is 8.0-18.6 ex. m™. The share of
Carabidae family in the total abundance of
invertebrates in forest soils of natural
ecosystems  constitutes of 2.1-9.6%, in
chernozems - 3.0-10.2%. The base mass of
Carabidae family in soils under natural
vegetation is located in the litter and 0-10 cm
layer.

13 species of carabid beetles from 7 genuses,
5 tribes and 1 subfamily Carabinae were found

and developing quality



and identified in the studied soils. Species of
the Carabus nemoralis, Carabus granulatus,
Harpalus affinis, Harpalus rufipes, Calosoma
inquisitor and others have been detected in the
faunal samples from soils in natural ecosys-
tems. Groups of mixo-phytophagous and
zoophagous predominate in the composition of
the carabid beetles. Trans Palearctic, Palearctic
and European species predominate in the range,
accounting for 65.4% of the total number of
carabids.

A characteristic consequence of the long-term
use of soils for arable land is the destruction of
the population of carabids beetles. The negative
effect on the edaphic fauna and Carabidae
family is observed as a result of long-term land
management practices with the non-standard
application of chemicals. The state of carabids
fauna in the old-arable soil is characterized by
the significant reduction in the number and
diversity in comparison with the level of the
1960s and with soil’s standards that are in
conditions of natural ecosystems. Carabids
were practically absent in arable soils at the
time of sampling.

The problem of impoverishment and
destruction of the Carabidae fauna is caused by
the fragmentation and degradation of
biocenoses, violation of the rules for the
application of pesticides and environmental
pollution.
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Abstract

In order to preserve the satisfactory functioning of agroecosystems of the Left Bank of Ukraine in the context of global
warming, based on the results of soil structure formation studies, proposals can be made for the reproduction of fertility
and protection of chernozem soils and rational land use. Soil organic matter and soil biota have a leading influence in
soil structure formation. It is established that the best structured variants of agroecosystems with the addition of
organic and organo-mineral fertilizers. Such agrochernozems have the highest content of organic soil and the highest
biogenicity indicators. The biogenicity index is calculated by the percentage of the number of ecological and trophic

groups of microorganisms.

Key words: soil structure, chernozem, organic part of soil, biological activity of soil.

INTRODUCTION

Under the action of the soil-forming process,
physical, chemical, physico-chemical, and
biological characteristics of soils are formed,
which largely determine the level of fertility of
specific soils. Among them, physical indicators
stand out: structural condition, soil density,
solid phase density, etc.

The use of typical chernozems in conditions of
deficiency of organic substances and biophilic
elements in comparison with virgin analogues,
according to Nosco (2006), weakens the
chernozem process of soil formation and
reduces soil fertility.

Even in the early works of Dokuchaev,
Sibirtsev, Kostychev noted that during the
plowing of virgin chernozems, the amount of
humus decreases, the granular structure loosens
(destroys), that is, plowing soils causes their
“ploughing”. Dokuchaev compared arable soils
with bricks made from natural clay, and virgin
(natural) chernozems were formed on clay.

Of particular importance in the life of plants is
the structural state of the soil, which creates
better conditions for seed germination, growth
and development of plant roots, due to which
the yield of crops grown on structural soils is
usually high and guaranteed to be stable.
Therefore, the study of the structural state of
soils is constantly relevant.
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In the works of Dokuchaev, Kostychev the
main aspects of the role of the structure in the
formation of the agronomic qualities of the soil
were noted. The role of structure in soil fertility
was studied in detail by Williams. Further
research by Gedroits (1912; 1922), Sokolovskij
(1941), Hrinchenko (1973), Medvedev (2017)
and others laid the foundation for studying the
physical properties of soils.

According to Nosco (2006), in particular,
studied chernozems should differ from other
soils by a high level of potential fertility, the
most favorable structure and water regime for
plants.

In the course of agricultural development and
subsequent use of soils, there is a change in the
water resistance of structural aggregates, the
density and density of the solid phase, water
permeability and general porosity, and the
formation of a surface crust. This fact is
confirmed by the research of Medvedev (2013;
2009; 2004), Tikhonenko (2014), Nosko
(2006), Mucha (2004) and others.

It is known that the plowing of chernozems
leads to a decrease in the amount of humus
(increases mineralization), the supply of
nutrients and exchangeable calcium. All this
together determines the deterioration of the
structural condition of chernozems and its
physical indicators (Dehtiariov, 2011).
Microbiological activity (Geisseler, 2014) of
chernozems under various phytocenoses is



highest in the upper (0-40 cm) soil layers,
where soil formation processes under the
influence of vegetation, leaf litter, and soil
organisms occur more intensively.

Medvedev (2015) points out that the structure
and density of soils are the main parameters
that determine their physical properties and
modes, which strongly affects the yield of
agricultural plants. Mucha et al. (2006) notes
that one of the leading mechanisms of the
negative effect of soil degradation is a change
in the structural-aggregate composition and
density of the soil structure during the growing
season.

Factors that lead to a significant deterioration
of the agrophysical condition of soils in
agronomic terms include: excessively intensive
cultivation, the compacting effect of
agricultural machinery, uncontrolled irrigation,
violations of crop rotation. However, it is
heavy equipment that causes the greatest
deformations of the soil (Medvedev, 2013).

The aim of the work: to investigate the change
in the structural state of chernozems in
different agroecosystems.

MATERIALS AND METHODS

Two objects were chosen to solve the tasks.
The first of them 1is the territory of
“Mykhailivska virgin land” of the Ukrainian
Steppe Nature Reserve (USNR) - Sumy
Region. The second 1is the educational-
scientific-production  center  “Experimental
field” of the State Biotechnological University
- Kharkiv region.

The studied area is typical for all indicators
(including soil) for the Left Bank of the Forest-
Steppe of Ukraine, where typical medium and
heavy loam chernozems were formed on loess-
like loams.

Four cuts were made within the “Mykhailivska
virgin land”.

Cut 1 (50.747344, 34.192909) was laid on a
flat area of the local watershed within the
absolute wilderness where a typical deep
medium-humus  (structural)  medium-loam
chernozem was formed on loess-like loam.
Cereal and herbaceous vegetation grows here,
covering 100% of the soil surface. Above-
ground mass of herbs (phytomass) reaches
20 t/ha.
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Cut 2 (50.748104, 34.176687) is laid within the
mowed fallow. Grasses are mowed once every
two years. Cut 2 is located in the flat area of the
local watershed. Projective coverage of the soil
surface - 100%. The association is forbaceous,
thin-legged and reedy. Grasses dominate:
forbs - 65%, cereals - 25%, legumes - 5%,
sedges - 5%.

Cut 3 (50.750548, 34.173361) was laid next to
cut 2 in the fodder crop rotation field, where
zoned crops were grown for more than 120
years. The reserve of terrestrial phytomass is
9 t/ha, the saturation of crop rotation with row
crops is 60%. During 1996-2019, an average of
8.7 kg of nitrogenous, 9.0 kg of phosphoric and
3.3 kg of potash mineral fertilizers and 1.7 t/ha
of manure of the crop rotation area were
applied to the soil per year. A typical deep,
low-humus (weakly structured) medium-loam
agrochernozem was formed here on loess-like
loam.

Cut 4 (49.900221, 36.448754) is located on an
area (0.52 ha) of fallow land that has been
plowed for more than 100 years. Since 1946,
the site has been overgrown with grass. Over
70 years of fallow, a grass cover was formed,
which covers 100% of the soil surface.
Association of grasses: forb-bluegrass. Stock of
above-ground phytomass is 11-12 t/ha. Under
the grasses of the fallow, a profile of typical
deep, medium-humus (structural) heavy loamy
chernozem on loess-like loam was formed.

The 5 cut (49.903918, 36.439602) is laid on the
experimental field, where for more than 100
years zoned agricultural crops of field rotation
have been grown: winter wheat, corn, barley,
vetch-oats, sugar beet, sunflower, etc. Stock of
above-ground phytomass in crop rotation fields
is 8-9 t/ha.

The water resistance of the macrostructure was
determined by the method of Savinov - dry and
wet sieving (Petrenko et al., 2013).

RESULTS AND DISCUSSIONS

Structural state of the soil. After conducting
analyzes of soil samples of agrochernozems
and typical chernozems wunder different
phytocenoses, results were obtained regarding
the structural condition and water resistance of
soils depending on humus content and
biogenicity.



Depending on the type of soil-forming process,
different types of structural aggregates are
distinguished in soils: granular, prismatic, nut-
like, blocky, etc. Chernozems are characterized
by a granular structure, or lumpy-granular with
a clear predominance of 1-3 mm aggregates
(Table 1).

The granular structure determines the good
density of the structure, soil porosity, air, heat
and nutrient regimes. The best quantitative

indicators are characteristic =~ of  virgin
chernozems, and the worst - arable (agrogenic)
soils. 70 years of fallow use improves the
structural condition and almost reaches the
level of completely virgin soils. The most
agronomically valuable aggregates (from 0.25
to 10 mm) within the humus-accumulative
horizon are quantitatively represented as
follows: chernozem virgin soil - 82%, arable -
70-75%, fallow - 75-80%.

Table 1. The content of structural aggregates in typical chernozems, %

Cut number Genetic horizon. Content of structural aggregates, mm, %
Index, em >10 | 107 | 75 53 32 21 1-05 05-025 <025
Al 0-41 47 7.0 L5 | 219 | 163 | 173 24 5.6 133
. B k41-73 7.0 59 7.7 132 | 133 | 178 34 75 242
Bok 73-120 9.0 7.1 8.0 1.7 | 122 | 176 41 77 2.7
BCK 120-160 27 43 6.1 1Ll | 128 | 184 35 9.1 32.1
A 0-35 55 7.0 9.1 161 | 135 | 166 25 75 222
Bk 35-52 18 438 6.6 134 | 130 | 200 3.1 92 2822
5 B,k 52-85 59 75 106 | 168 | 148 | 176 33 7.1 16.6
Bik 85-121 40 62 72 133 | 132 | 188 3.1 8.9 254
BCk 121-152 6.1 8.1 8.1 131 | 130 | 186 37 8.9 205
Ck 152-189 65 5.9 75 17 | 124 | 184 3.7 111 229
A 023 8.1 77 8.1 123 | 105 | 180 3.1 10.9 214
Bk 23-42 3.1 6.1 7.9 155 | 165 | 2138 3.0 9.1 17.1
B,k 42-64 26 45 7.9 177 | 177 | 218 35 8.1 16.2
3 Bk 64-85 41 6.6 75 127 | 147 | 2Ll 23 95 210
Bk 85-111 43 4.6 6.3 120 | 138 | 196 34 10.4 252
BCK 111-169 6.6 76 77 128 | 128 | 203 33 104 18.0
Ck 169-230 5.9 8.7 8.9 141 | 123 | 189 45 12.5 14.3
A 0-45 203 | 196 | 176 | 196 | 107 | 84 14 16 038
Bk 45-72 107 | 107 | 128 | 227 | 179 | 156 22 43 3.1
4 B.k 72-94 94 95 9.6 191 | 161 | 191 3.9 78 55
BCk 94-115 154 83 8.6 142 | 140 | 203 29 92 7.1
Ck 115-153 14.3 77 8.7 146 | 126 | 196 3.5 104 8.6
A, 0-20 12.7 8.1 72 9.7 101 | 246 6.2 1.7 9.7
A, 20-45 190 | 172 | 137 | 176 | 137 | 132 24 23 0.9
5 Bk 45-73 107 | 134 | 169 | 228 | 165 | 130 20 3.0 17
BCk 73-102 169 | 126 | 111 | 168 | 143 | 1638 26 62 27
Ck 102-130 170 | 120 | 103 | 175 | 135 | 161 29 6.4 43
LSDys 2.1 13 14 1.9 16 2.1 038 12 24
In this case, let us prove that organic on the quality of humic substances, which are

substances have an influence on the formation
of structural aggregates. The degree of soil
structure is expressed by the coefficient of
structure (Table 2).

Its indicators in typical chernozems are as
follows: virgin soils - 4.6, arable - 2.4-3.4,
fallow - 2.6-3.8, which also distinguishes
arable soils.

Water resistance of structural units. The
content of water-resistant aggregates undergoes
the most significant changes as a result of soil
cultivation. In addition, water resistance is an
important agronomic property of the soil
structure, which is manifested by the ability of
structural aggregates to resist the destructive
action of water flow for a long time. The
stability of soil aggregates, first of all, depends
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the main “glue” material. Therefore, in all
variants, without exception, the percentage
content of aggregates greater than 0.25 mm
prevailed (Table 3).

Among the agronomically valuable (water-
resistant)  aggregates of 0.5-0.25 mm,
aggregates with a size of 7 to 0.25 mm were
evenly distributed along the profile on the
fallow variant of the “Experimental Field”.

A somewhat different situation is observed in
the completely virgin and fallow chernozem of
the “Mykhailivska virgin land”, where
aggregates of 2-1 mm were dominant, but also
with insignificant fluctuations in the profile. On
arable land variants, the content of the 0.5-
0.25 mm fraction is the largest, and water-
resistant aggregates are unevenly distributed.



Table 2. Indicators of the structural state of typical chernozems

Cut number Genetic horizon. Coefficient of structure % aggregates Assessment of structural condition
Index, cm 0.25-10 mm
Ak 0-41 4.5 82 excellent
1 Bk 41-73 2.2 69 good
Bok 73-120 2.1 68 good
BCk 120-160 1.9 65 good
A 0-35 2.6 72 good
Bk 35-52 23 70 good
5 B,k 52-85 3.5 78 good
Bk 85-121 24 71 good
BCk 121-152 2.8 73 good
Ck 152-189 24 72 good
A 0-23 24 70 good
Bk 23-42 4.0 80 good
B,k 42-64 4.4 81 excellent
3 B:k 64-85 3.0 75 good
Buk 85-111 2.4 71 good
BCk 111-169 3.0 70 good
Ck 169-230 4.0 80 good
A 0-45 23.8 79 good
Bk 45-72 12.5 86 excellent
4 B,k 72-94 10.3 85 excellent
BCk 94-115 6.9 78 good
Ck 115-153 8.6 77 good
A, 0-20 12.6 78 good
A, 20-45 26.7 79 good
5 Bk 45-73 11.5 88 excellent
BCk 73-102 8.9 80 excellent
Ck 102-130 12.8 79 good
Table 3. The content of water-resistant aggregates in typical chernozems, %
Genetic horizon. Content of waterproof aggregates, mm, %
Cut number Index, cm 75 35 32 103 0.5-0.25 <025
Ak 0-41 11.2 14.8 14.0 154 8.8 8.5 27.3
1 Bk 41-73 11.1 8.0 7.9 14.4 6.8 9.3 42.5
Bok 73-120 8.5 5.9 6.8 10.9 74 10.2 50.2
BCk 120-160 1.9 2.5 4.1 6.8 6.6 11.3 66.8
A 0-35 10.6 13.5 11.4 17.0 6.4 9.1 32.0
Bk 35-52 11.1 8.3 11.9 14.8 8.1 10.3 35.5
5 Bok 52-85 11.3 10.2 11.6 14.5 11.5 10.6 30.4
B;k 85-121 34 5.2 8.1 12.8 9.2 13.5 47.7
BCk 121-152 3.2 3.2 4.7 10.0 7.2 14.3 574
Ck 152-189 0.5 0.8 0.6 1.0 2.5 9.2 85.5
A 0-23 1.6 24 2.6 4.5 9.5 24.6 54.8
Bk 23-42 0.5 24 6.0 15.2 12.7 18.6 44.5
Bok 42-64 1.1 6.7 12.2 17.8 9.6 13.5 39.0
3 Bk 64-85 3.0 7.2 8.4 15.1 8.3 10.8 47.1
Bk 85-111 0.8 45 6.1 11.3 74 11.9 58.0
BCk 111-169 4.8 2.1 3.2 6.6 6.1 11.5 65.6
Ck 169-230 0.0 0.0 0.4 0.2 2.9 7.3 89.2
A 0-45 1.5 4.8 9.0 23.6 11.1 23.6 26.4
Bk 45-72 0.0 0.9 33 15.3 13.5 29.8 37.2
4 Bok 72-94 0.0 0.6 3.0 12.4 13.0 30.9 40.0
BCk 94-115 04 0.7 1.8 6.6 8.6 24.3 57.6
Ck 115-153 0.0 0.2 0.5 2.6 6.5 28.8 61.4
A, 0-20 0.5 22 6.1 28.2 13.9 214 27.8
A, 20-45 0.0 0.3 1.3 8.5 14.6 39.5 35.7
5 Bk 45-73 0.0 0.3 1.0 6.9 12.0 342 45.6
BCk 73-102 0.0 04 1.6 7.8 11.8 324 459
Ck 102-130 0.0 0.6 1.8 10.4 12.4 28.3 46.4
LSDys 1.1 0.5 0.9 1.2 1.1 0.7 -

The coefficient of water resistance of virgin
soils is about 0.90 in the upper humus-
accumulative horizon and gradually decreases
with the depth of the profile (Table 4).

The fallow variants are characterized by even a
slight increase in the coefficient of water
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resistance - 0.93-0.94, and arable soils, on the
contrary, have a decrease from 0.93 to 0.64.
Evaluation of the studied soils by the sum of
water-resistant aggregates greater than 0.25
mm shows a decrease in their number down the
profile (Table 4).



The best water resistance is present in the
variants with the introduction of a fallow
regime (excellent rating), and also, naturally, in
the variant with completely virgin soil due to
the presence of a significant number of

aggregates of agronomically valuable sizes of
structural elements (the sum of water-resistant
aggregates is more than 0.25 mm). Arable soils
have a good assessment of water resistance.

Table 4. Indicators of water resistance of typical chernozems

Cut number Genetic horizon. Coefﬁ01§nt of water X aggregates > 0.25 Assessment of water resistance
Index, cm resistance
Ak 0-41 0.89 73 excellent
| Bik 41-73 0.84 58 good
Bok 73-120 0.73 50 good
BCk 120-160 0.51 33 satisfactory
A 0-35 0.94 68 excellent
Bk 35-52 0.92 65 excellent
2 Bok 52-85 0.90 70 excellent
Bsk 85-121 0.74 52 good
BCk 121-152 0.58 43 good
Ck 152-189 0.21 15 unsatisfactory
A 0-23 0.64 45 good
Bik 23-42 0.69 56 good
Bk 42-64 0.75 61 excellent
3 Bsk 64-85 0.71 53 good
Buk 85-111 0.60 42 good
BCk 111-169 0.46 34 satisfactory
Ck 169-230 0.14 11 unsatisfactory
A 0-45 0.93 74 excellent
Bk 45-72 0.73 63 excellent
4 Bok 72-94 0.70 60 good
BCk 94-115 0.55 42 good
Ck 115-153 0.50 39 satisfactory
A; 0-20 0.93 72 excellent
A, 20-45 0.80 64 excellent
5 Bk 45-73 0.62 54 good
BCk 73-102 0.67 54 good
Ck 102-130 0.68 54 good
The highest percentage of humus is coefficient and the content of humic

characteristic of virgin chernozems - up to
10.1% (humus reserve - 190 t/ha), fallows and
chernozems under the forest belt - up to 7.5-
8.5% (172-181 t/ha), and arable soils have a
maximum of up to 5-6% (138-139 t/ha).

Arable (agrogenic) chernozems have the
highest biogenicity - in the upper genetic
horizon - 6.88, and 7.07 million colony-
forming embryos in 1 g of completely dry soil
on the “Experimental field” and “Mykhailivska
virgin land” arable land variants. Post-
agrogenic use leads to a significant decrease in
biogenicity under all the studied variants. At
the same time, the values of the variants of
fallow and absolute virgin land fluctuate
insignificantly within the range of 5.63-5.91
million colony-forming embryos in 1g of
completely dry soil. The lowest biogenicity is
observed in chernozems of post-agrogenic use.

As for the correlation between the structure
factor and the humus content, we have a weak
direct relationship - 0.23. Speaking of the
correlation between the water resistance
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substances, here we have a strong direct
relationship - 0.81. Therefore, it is the humic
substances that act as a binding material under
the mechanical action of water on the soil and
prevent structural aggregates from collapsing.

CONCLUSIONS

Humus content and biogenicity play an
important role in forming the structure of soils
in general and chernozems typical under
various phytocenoses in particular. Thus, the
peptizing effect is caused by the presence of
ammonium ions, and calcium, on the contrary,
acts as a coagulant. The humus-accumulative
process of soil formation determines the
dominant role of exchangeable calcium, which,
together with other factors, contributes to the
good structure of soils. In arable soils
(agrochernozems), the amount of exchangeable
calcium decreases, at the same time, cultivation
leads to deterioration of the structural condition
of the soils.



Thus, fallow and virgin chernozems typically
have an excellent structural condition and have
the highest water resistance. Arable soils
(agrochernozems) are  characterized by
structural deterioration.

According to the indicators of the structural
state, the studied soils can be divided into three
groups: the first - virgin soils, with the best
indicators of structure and water resistance; the
second - fallow, with values close to virgin; the
third - arable soils (agrochernozems), with the
smallest and significantly different structure
values from the previous variants.
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Abstract

The research was carried out in the experimental field in the ARDS Pitesti area on the typical luvosol soil. The paper
contains results obtained in 2022 regarding the effect of pedo-ameliorative and basic soil works - classic and
unconventional system direct sowing - on agricultural maize crops. The yields were influenced by the factors studied
(scarified, nonscarified, the working depth of the basic soil works), but also by the climatic conditions recorded during
the research period. The average grain maize yield in 2022 was 7707 kg/ha in the conventional system with the
scarified soil variant and 6681 kg/ha in the conventional system with the nonscarified soil variant with a difference of
1026 kg/ha in the advantage of the scarified soil variants. From an economic point of view, the most efficient soil tillage
system, in the ARDS Pitesti-Albota area, for maize culture is the conventional deep plowing scarified system that
ensures superior profitability compared to the conservative system sown directly because of the achieved yield.

Key words: direct sowing, economic efficiency, maize yield, tillage system.

INTRODUCTION place it occupies in the structure of agricultural
crops. Soil work has been a fundamental part of
Currently, the conservative (unconventional) agriculture since the beginning and served
works of the soil define extremely varied  several important purposes: preparing the
processes, from direct sowing (no-tillage, direct ~ germination bed, reducing soil compaction in
drill) in unprocessed soil to deep loosening  order to increase aeration and better
without turning the furrow. Between these two development of the plant root system, reducing
extremes there are variants such as: reduced  the degree of weeding, incorporating fertilizers
works (classically rationalized), minimum and amendments, managing plant debris (Nita,
works (with coverage below 30%, minimum 2007; Nita et al., 2018, Nita et al., 2019).
tillage), minimum works with vegetal mulch These  conservative  technologies  have
(with coverage over 30%, tillage mulch),  significantly contributed to strengthening and
sowing on balls (ridge tillage), partial works or ~ improvement of soil fertility and productivity
in strips (strip till, till areas), works with  and consequently = other environmental
protective layer (cover crops, catch crops) etc. resources (Gus, 1997).
This terminology highlights the specific ~ For reducing fuel consumption and to avoid
character that defines that process applied at a  increased soil subsidence through repeated
certain time, in a certain area, in accordance  machines passing on the ground that lead to the
with the local specificity (Griffith et al., 1992;  worsening of the physical properties of soil, it
Horn and Arvidsson, 2000; Moroizumi and acts in the direction of the number of soil works
Horino, 2002; Gus et al., 2003). Maize is an  or to perform, in a single pass, a multiple
important agricultural crop, both in Romania operations through minimum system works
and globally, which is evident from the (Simon et al., 2013).
extensive areas on which it is cultivated and the
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Changing yield technologies, through the use of
performance machines, as we all know, require
extensive research to understand their long-
term effects on the physical, chemical and
biological properties of soils (Mihalache, 2012;
2015; Marin, 2015).

In the concept of sustainable agriculture
development, it is unanimously accepted that
there is no valid universal tillage system due to
local differences, especially climate and soil,
but also due to the technical level of equipment.
Soil conservation systems in different areas
must have specific characteristics in relation to
the ecological particularities of the place and
the technological characteristics of the culti-
vated plants, so that differentiation becomes
mandatory (Canarache, 1999; Gus et al., 2004).
The maize, being a species with a high diver-
sity of wvarieties, with many genetic,
morphological and physiological differences, is
considered a plant with high ecological plas-
ticity, respectively easily adaptable to
environmental conditions (Carena, 2010;
Tritean, 2015).

According to the research carried out, it shows
that maize is picky about tillage, soil type,
climatic conditions, yield results confirming
this (Chetan et al., 2014).

The research carried out confirms that the work
which include plowing have a major impact on
soil structure and fertility (EI Titi, 2003), bare
soil is exposed to the precipitation and the wind
that accentuates erosion processes, productivity
reduction and quality (Lal et al., 2007).

The main characteristic of minimum tillage
systems is soil conservation, maintaining a
proper soil organic matter ratio and amelio-
ration the activity of microorganisms (Ulich et
al., 2006; Sarauskis et al., 2009).

MATERIALS AND METHODS

The paper analyzes and presents the results of
the research carried out in the year 2022, on
some systems and variants of soil works for the
maize yield, under the conditions of the ARDS
Pitesti-Albota and their correlation with the
obtained yields.

The final purpose of these experiences is the
establishment of the best tillage system, in the
pedoclimatic conditions of ARDS Pitesti-
Albota, following the yield results obtained.
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The experience had a stationary character and
was located in the experimental field of ARDS
Pitesti, located at an altitude of 287 m, latitude
of 44°51'30", 24°52'30" in the year 2022, in a
three-year crop rotation: 1. weeding plants
(maize); 2. annual leguminous plants (peas); 3.
grains (wheat).

The soil on which the research was carried out
is a typical luvosol, with a clay texture (clay
content 46%), poorly supplied with nitrogen
and phosphorus (Nt 0.130 %mg, PAL
33 mg/kg), moderately supplied with potassium
(KAL = 89 mg./kg) with a humus content in the
arable horizon of 2.26% and pH = 5.3.

The experimental scheme used (Table 1) was
that of subdivided plots laid out according to
the method of completely randomized blocks in
four repetitions.

Table 1.The experimental scheme

SPECIFICATION Soil tillage variant (B)
Al bl- deep plowing 28-30 cm
b2- normal plowing 23-25 cm
SCARIFIED SOIL b3-disc
b4- direct sowing
A2 bl-deep plowing 28-30 cm;
b2- normal plowing 23-25 cm
NONSARIFIED 3 _gisc
SOIL

b4- direct sowing

The main plots were assigned both in scarified
soil and in nonscarified land, and the subplots,
for tillage systems, contain four plots each with
the gradations: (deep plowing, normal plowing,
disc and direct sowing).

The surface of an individual plot was 560 m?
(5.6 x 100 m).

The influence of tillage systems was
determined under loosening and no-tilling
conditions, work carried out only at the
establishment of the experiment, in the fall of
2021 with the scarifier MAS 5 at a depth of 40-
45 cm, the maize crop benefiting from the
effects of loosening in the first year of culture.
The vegetable remains of the preceding crop
(straw) were chopped and spread evenly on the
land, simultaneously with its harvesting. In the
spring, two weeks before sowing, a total
weeding with glyphosate active substance
(1 kg/ha) was applied to the uncultivated plots
to control weeds.



Sowing in the conventional system was carried
out on the date 15.04.2022, with the SPCS8
sowing machine, at a sowing depth of 4-5 cm,
using the OIt maize hybrid with good
adaptability to the climatic conditions in the
area, with a norm of seed of 20 kg/ha,
corresponding to a sowing density of 58.000
germinating seeds/ha, and in the non-
conventional no-till system sown directly in the
stubble, the sowing was also carried out on the
date 15.04.2022, with the Mzuri Pro-Til 3T
Select sowing machine of at ETU-Farm,
observing the same strict technological
conditions as in the conventional system.
Before sowing, NisP1sKis complex fertilizers
were applied, 60 kg s.a./ha.

Immediately after sowing, the entire surface
was herbicided with Dual Gold, 1.3 I/ha and
Gardoprim, 4l/ha. The crop harvesting was
carried out on the date 16.09.2022.

The experimental data were processed through
variance analysis and the establishment of limit
differences (Anova test).

From the climate point of view, ARDS Pitesti
is located in an area with a temperate
continental climate, with a multiannual average
temperature of the last 50 years of 10.7°C.
Temperatures and rainfall registered during the
agricultural year (March-September) were
monitored for maize, in order to follow the
influence of environmental factors on the
evolution of plants from the first phases of
vegetation to harvesting.

Climatic data were registered at the
meteorological station of ARDS Pitesti Albota,
located about 750 m from the experimental
field. The climatic conditions of the research
years 2022 are presented in Figure 1.
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Figure 1. The monthly average temperature registered in
the period March-September 2022
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The climate data of the 7 months characterizes
the year 2022 as hot and dry, an atypical year,
with low temperatures in March and April
(with negative deviation from the multiannual
average of: -1.19°C in March and April and
with positive deviation in the months May
(0.8°C), June (2.1°C), July (2.07°C) and
August (2.43°C), with large day-night
temperature alternations, but also from day to
day and with quantitatively lower precipitation
than multiannual average (Figure 1).

In the 2022 agricultural year, the average
annual temperature was 16.75°C, exceeding the
multiannual average temperature of 15.91°C by
0.84°C (Figure 1).
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Figure 2. The monthly sum rainfall registered in the
period March-September 2022

The multiannual sum rainfalls are 683.1 mm. It
should be emphasized that their distribution is
totally uneven, both from one year to another
and within a year.

The rainfalls sum registered in the period
March - September 2022 was 407.7, with a
deficit of -54 mm, than the multiannual sum of
461.7 mm (Figure 2).

RESULTS AND DISCUSSIONS

The increase in the average annual temperature,
as well as the wuneven distribution of
precipitation, inevitably leads to the approach
of unconventional tillage options that facilitate
the accumulation and preservation of water in
the soil (Popa et al, 2019; Chetan, 2020;
Chetan et al., 2021).

The basic soil works carried out in the two
systems: classic system with plowing and
conservative direct seeding system experienced
in the Agrotechnics-Soil Works laboratory at
the ARDS Pitesti-Albota, influenced the yields.



The yields were influenced by the factors
studied (scarified, not scarified; the working
depth of the basic soil works), but also by the
climatic conditions recorded during the
research period.

The influence of the tillage system on the
average height of the maize crop

In the version sown directly in the stubble due
to the presence of plant residues on the surface,
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a lower temperature, a higher relative humidity,
a lower development of the root system is
recorded in the soil, which causes the
phenomenon of slow plant growth, in the first
part of the vegetation period. As the plants
advance in vegetation, the gap in their growth
and development gradually diminishes, so that
until the flowering and maturity of the plants,
the differences between the tillage variants are
reduced (Figure 3).
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Figure 3. The influence of the tillage system on the average height of the maize crop

The influence of the pedoameliorative and
basic soil work system on the maize crop
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Figure 4. Grain maize yield (kg/ha)

The pedoameliorative work (scarification) of

the soil carried out in 2021 brought increases in

yield in both tillage systems in the experimental
field.



The average grain yield in 2022 was
7,707 kg/ha in the scarified soil variant and
6,681 kg/ha in the nonscarified soil variant with
a difference of 1,026 kg/ha in favor of the
scarified soil variants.

The average grain maize yield in 2022 with the
highest value was recorded in the conventional
system, the scarified soil variant, deep plowed
with a value of 8,748 kg/ha, followed by the
normal plowed scarified soil variant with
8,134 kg/ha, discussed with 7,634 kg/ha and
directly sown with 6,315 kg/ha and as yield
with the lowest value was registered in the

25000

conservative system nonscarified soil directly
sown with only 5,264 kg/ha.

From the results obtained, it is found that the
value of grain maize yield, in the conventional
tillage system, is higher than in the
conservative direct sowing system. Comparing
the two tillage systems, a difference of
2,356 kg/ha is observed, in the variants with
nonscarified soil and a difference of
1,306 kg/ha in the variants with scarified soil.

The influence of the pedoameliorative and
basic soil work system on total biomass yield
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Figure 5. Maize Biomass yield (kg/ha)

Following the influence of the
pedoameliorative and basic soil works system
on the total biomass yield in the nonscarified
soil variant, it can be observed, from the data
presented in Figure 5, that in the period of
2022, the highest yield in the experimental area
was recorded in the deep plowed variant (28-
30 c¢cm), with a value of 21,576 kg/ha, followed
by the normal plow variant with a yield of
20,144 kg/ha, disc with a yield of 17,006 kg/ha,
respectively direct sowing 13,817 kg/ha.
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In the scarified soil variant, the highest biomass
yield value of the Olt hybrid maize was also
recorded in the deep plowed variant, 23,200
kg/ha, followed by the normal plowed variant,
21,293 kg/ha, disk 18,680 kg/ha and direct
sowing 16,209 kg/ha.

The conservative system registers very
significantly negative differences compared to
the conventional system with values of 7,759
kg/ha, in the nonscarified soil variant and of
5,367 kg/ha in the scarified soil variant.
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Figure 6. The influence of the system of pedoameliorative and basic soil works on the absolute mass of TGW

Influenced by the tillage system, the average
thousand grain weight of the maize Olt hybrid
varies with statistically assured differences in
the  conventional system  versus the
conservative system. Thus, compared to the
conventional system, in the direct sown
conservative system, the thousand grain weight
(TGW) was -66 g lower in the direct sown
nonscarified soil variant and -49 g lower in the
scarified soil variant, both differences being
very significantly negative from a statistical
point of view (Figure 6).

Economic efficiency of maize
comparison between soil tillage (lei/ha)
The main characteristic of conservative systems
refers to the reduction of fuel consumption by
reducing or eliminating the number of
technological works to reduce costs in order to
achieve agricultural yield. In addition to the
fuel economy achieved following the
application of conservative tillage systems, the
degree of soil degradation and environmental
pollution with CO: is reduced. In order to
introduce some tillage variants in a technology
of cultivated plants, it is necessary to know the
level of suitability of the soil for different
processing methods.

The main agrotechnical factors (soil work,
fertilization, plant protection and harvesting)
are the biggest energy consumers, soil work
and crop fertilization being technological stages
at which, by introducing conservative systems,

crop,
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the necessary costs to apply an optimal
technology to agricultural crops can be
reduced. In the conservative system, on
nonscarified soil, the fuel consumption was
38.6 1/ha, while in the classic system the fuel
consumption was 66.4 1/ha. Comparing the two
tillage systems shows a higher fuel
consumption in the classic system by 27.8 1/ha.

90.4
664 62.6
I 38.6 I

Classic system

100
90

Conservative system
direct sowing

Enescarified soil (I/ha) ¥ scarified soil (1/ha)

Figure 7. Total diesel consumption (I/ha)

On the scarified soil, in the conservative tillage
system, the fuel consumption was 62.6 1/ha,
while in the classic system the fuel
consumption was 90.4 I/ha (Figure 7).

The fuel consumption was influenced by the
tillage method. Scarification, soil improvement



work and ploughing, as a basic work, consume
the largest amount of fuel in the total of a
culture system (24 L'ha and 22 1/ha
respectively).

The average grain maize yield in 2022 was
8748 kg/ha in the conventional system with the
scarified soil variant and 7260 kg/ha in the
conventional system with the nonscarified soil
variant with a difference of 1488 kg/ha in favor
of the scarified soil variants (Figures 7, 8). In
the conservative system, the average grain
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maize yield in 2022 was 6315 kg/ha in the
scarified soil variant and 5264 kg/ha in the
nonscarified soil variant, with a difference of
1051 kg/ha in favor of the scarified soil
variants.

From the analysis of the presented data, it
follows that the scarification work brings a
significant increase in yield to both soil work
systems, achieving a profit of 1858 lei/ha in the
conventional system and 1159 lei/ha in the
conservative system.
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Figure 8. Economic efficiency of maize crop, comparison between soil tillage systems -
nonscarified soil and scarified soil

Although the scarification work has a high cost
price (523 lei/ha), I recommend that it be
executed, because it has a high economic
efficiency and a number of advantages by
changing the physico-chemical and biological
conditions in the soil, as well as a regime
favorable  aerohydric, which  positively
influences plant development and current
yields. Referring to the total expenses for the
achievement of a work system, we observe
from table 2 that in the classic system the cost
is 4248 lei/ha, and when is applied the
conservative system (direct sowing) the cost is
reduced by 8.1%, 3908 lei/ha, in the
nonscarified soil.

The cost of the necessary materials (seed,
pesticides, etc.) is the same in the two tillage
systems and represents the largest part of the
total technology, reaching up to 2085 lei/ha.
The highest profit value was recorded in the
conventional system, the scarified soil variant
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(9147 lei) with a higher yield compared to the
value recorded in the conservative system.

In the results presented in Table 2, the
conventional system with nonscarified soil
generates a yield of 1.73 lei per 1 leu of
operating expenses, while the direct seeded
system generates 1.15 lei of profit per 1 leu of
operating expenses.

In the conventional system, in the scarified soil
variant, the yield is 1.88 lei per 1 leu of
operating  expenses compared to the
conservative, direct-sown system where the
yield was 1.24 lei profit per 1 leu of operating
expenses.

From an economic point of view, the most
profitable type of tillage was in the classic deep
plowed scarified system (28-30 cm), because of
average operating costs of 4850 lei/ha, and
through a good yield of 8748 kg/ha, this
generating an average profit of 9147 lei/ha and
a yield of 1,88 lei profit per 1 leu spent on



establishing, maintaining and harvesting the
crop (Table 2).

At the opposite pole, the lowest average profit
was recorded for the work in the direct sown
conservative system, with a value of 4514
lei/ha and a yield of 1.15 lei, recording
exploitation costs lower than 3908 lei/ha, but
also a yield lower than 5425 kg/ha.

Table 2. Economic efficiency of maize crop,
comparison between soil tillage systems

Earned
income
lei/ha

Yield
Cost
lei/ha

Advantage/
profit
lei/ha

Randament*

Soil tillage systems lei

nonscarified 4248 11616 7368 1.73

Conventional

system scarified 4850 13997 9147 1.88

Conservativ nonscarified 3908 8422 4514 1.15

system
direct
sowing

scarified 4509 10099 5590 1.24

*The yield per surface unit (hectare), representing the amount of net
profit obtained per 1 leu of allocated operating expenses

CONCLUSIONS

The yields were influenced by the factors
studied (scarified, nonscarified; the working
depth of the basic soil works), but also by the
climatic conditions recorded during the
research time.

The average grain yield of the Olt maize hybrid
obtained in 2022, under the influence of the soil
tillage system in the ARDS Pitesti-Albota area,
was very significantly reduced under the
conditions of applying the minimum soil tillage
system directly sown both in the variant
scarified soil, as well as in the variant with
nonscarified soil.

The average grain maize yield in the direct
sown conservative system was 5264 kg/ha in
the nonscarified version, -3484 kg/ha lower
than the yield value recorded in the
conventional system, in the nonscarified soil
version. In the conservative system directly
sown scarified soil variant, the average yield of
the Olt hybrid was 6314 kg/ha, -2434 kg/ha
lower than in the conventional deeply plowed
scarified system where the value is 8748 kg/ha.
Through the influence of the type of tillage on
the yield of grains obtained in 2022, the highest
yields are recorded for deep plowing (28-
30 cm), for all the researched variants, with
values between 7620 kg/ha (nonscarified
version) and 8748 kg/ha (scarified version).
The increases in yield obtained with the deep
plowed variant compared to the other variants
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were statistically ensured, with values between:
-615 kg/ha (normal plowed variant);
-1114  kg/ha (discussed version); and
-2434 kg/ha (direct sowing variant).

The lowest yields, with very significantly
negative differences compared to the deep
plowed variant, were recorded for the direct
seeding operation, both in scarified and
nonscarified soil conditions.

The influence of the tillage system on the
thousand grain weight (TGW) obtained in 2022
is manifested by its significant reduction under
the conditions of the application of the direct
sown conservative system both in the scarified
soil and in the nonscarified soil variant.

The average TGW of maize for which specific
works were applied to the direct sown conser-
vative system was 245 g in the nonscarified soil
variant, -66 g lower than the value recorded in
the conventional system, in the nonscarified
soil variant. In the scarified soil variant, the
thousand grain weight in the direct sown
conservative system was 262 g, -56 g less than
in the conventional system.

The influence of the type of tillage on the
thousand grain weight is distinguished by
recording the highest values of the indicator for
deep plowing, both in the nonscarified soil and
in the one with scarified soil. For this type of
work, the TGW values were between 311 g, the
variant with nonscarified soil and 318 g, the
variant with scarified soil.

The classic system with the deep plowing
variant recorded the highest TGW values
between 311g of nonscarified soil and 318 g of
scarified soil.

The lowest values of TGW were obtained in
the direct sown conservative system of 245 g in
the nonscarified soil variant and 262 g in the
scarified soil variant.

The scarification work brings a significant
increase in yield to both soil work systems,
making a profit of 1858 lei/ha in the
conventional system and 1159 lei/ha in the
conservative system.

The most profitable tillage system, in the area
of ARDS Pitesti-Albota, is the conventional
deep plowing scarified type with an average
profit of 9147 lei/ha and a yield of 1.88 lei
profit per 1 leu spent on establishing,
maintaining and harvesting the crop. At the
opposite pole, the lowest average profit was



recorded in the conservative direct sown
system with a value of 4514 lei/ha and a yield
of 1.15 lei.

The highest profit was obtained by the
conventional system in the deeply plowed
scarified soil work variant, with a value of 9147
lei/ha and a yield of 1.88 lei.

The lowest profit value, of 4514 lei/ha, was
obtained by the conservative direct sowing
system, with a yield of 1.15 lei.

From an economic point of view, the most
efficient soil tillage system, in the ARDS
Pitesti Albota area, for maize culture is the
conventional deep plowing scarified system
that ensures superior profitability, the
conservative system sown directly because of
the achieved yield.
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Abstract

The importance of mycorrhiza for the plant is not limited to the absorption of water and nutrients from the soil.
Symbiotic plants are often more competitive and more tolerant to environmental stress than those without mycorrhizae.
Here we can give an example of osmotic stress, mycorrhizae make plants more resistant to cold weather (below 15
degrees). Arbuscular mycorrhizal fungi colonize the roots of most monocotyledons and dicotyledons despite their
different root architecture and cell patterning. Key Result Large lateral roots are preferentially colonized, and fine
lateral roots are immune to arbuscular mycorrhizal colonization. Fungal preference for large lateral roots also
occurred in sym mutants that block colonization of the root beyond rhizodermal penetration.

Key words: biotechnology, mycorizae, wheat, roots.
INTRODUCTION

Farmers and agricultural experts are under
pressure to increase crop yield due to the rising
demand for food and the shrinking amount of
arable land. To increase agricultural output, this
has resulted in an overuse of chemical
pesticides and fertilizers. The symbiotic
relationship between rooted plants and
arbuscular mycorrhiza (AM) is one of the
earliest known symbiotic relationships in
nature. About 80% of the species of terrestrial
plants are colonized by a fungus -called
arbuscular mycorrhiza. In exchange for carbon
sources, these plants take nutrients from the
earth and transfer them to hosts plants. Indeed,
AM fungi play a significant role in sustainable
agriculture by protecting plants from biotic and
abiotic stressors. Due to the negative effects of
chemical-based fertilizers, the AM fungi are
crucial for biofertilizers because of these
characteristics.

Arbuscular mycorrhizal fungi (AMF or AM
fungi) are an important link between plants and
the mineral nutrients in the soil. As a result,
interest in them as natural fertilizers is growing.
According to Schiifiler et al. (2001), AMF are
obligatory symbionts that are members of the
phylum  Glomeromycota and  develop
mutualistic symbioses with roughly 80% of

63

land plant species, including a number of
commercial crops. They exchange water and
mineral nutrients for photosynthetic byproducts
from the host plant (Smith and Read, 2008).
When the AMF mycelium emerges from the
root system, it can access portions of the soil
where roots cannot get to get nutrition (Smith
et al., 2000). Additionally, fungal hyphae are
significantly thinner than roots and can
therefore pierce smaller pores because of this
(Allen, 2011). Afterward, carbohydrates and
mineral nutrients

Mycorrhizae are fungi that form mutualistic
symbioses with plant roots, providing them
with nutrients and food necessary for growth
and development. Mycorrhiza-based products
are used in intensive agriculture to improve soil
quality and increase plant productivity.
Arbuscular Mycorrhizal Fungi (AMF) are
obligate root biotrophs that trade mutually
beneficial effects with roughly 80% of plants.
Since they give the host water, nutrients, and
protection from pathogens in return for
photosynthetic products, they are regarded as
natural biofertilizers. AMF are hence essential
biotic soil components that, when lacking or
depleted, might result in an ecosystem working
less effectively. In order to promote sustainable
agriculture, the process of restoring the natural
level of AMF richness can be a viable



substitute ~ for  traditional fertilization
techniques. Direct reinoculation of AMF
propagules (inoculum) into a target soil is the
major tactic that can be used to accomplish this
purpose. Initially, AMF were proposed as
agriculturally acceptable since they were
widely considered as lacking host- and niche-
specificity.

The fungi of the genus Glomus, including
Glomus  intradiceps,  form  mutualistic
symbioses with plant roots by means of
mycorrhizal hyphae, which penetrate the roots
and extend through them. In this process, fungi
use enzymes to fix nitrogen from the air in the
form of ammonia (NH3) and nitrites (NO2-),
which are then converted into organic
compounds, such as nitrates (NO3-), used by
plants as sources of nitrogen. In this way,
Glomus intradiceps mushrooms provide plants
with the nitrogen necessary for growth and
development, in exchange for carbohydrates
and other nutrients provided by plants. This
symbiosis is beneficial for both plants and
fungi, which are protected by the growth and
development of plant roots and by access to
sources of energy and nutrients. It is important
to mention that the process of nitrogen fixation
is dependent on many factors, including soil
pH, the availability of other essential nutrients,
such as phosphorus and potassium, and
climatic conditions. Therefore, it is important
to monitor these factors and to control them
adequately to ensure an efficient symbiosis
between Glomus intradiceps and the host
plants.

MATERIALS AND METHODS

The soil taken into analysis from the
geographical area of Muntenia, Romanian
Plain, more precisely Berceni commune, Ilfov
county is located within the physical body 150
noted as soil profile P1. The soil profile P1
framed as argic cherniosome presents a profile
of the type Amp-Am-AB-Bt-Ck, being formed
by loessoid deposits. The groundwater is
located at a depth of over 5 m. The soil was
formed by an illuviation process of the clay
from the upper horizon.

Experimental work was carried out both on the
field of the experimental field and in the
collaborating laboratories of Agricola Berceni
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SRL. It was used to multiply the Glomus
intraradices fungus, on a nutrient broth type
solid culture medium. After Multiplication,
they were stabilized in suitable solutions, later
arriving on the sample land cultivated with the
wheat host plant. In the experimental field, two
experimental wheat plots were established. One
plot was cultivated as a control, while the
second plot was cultivated and treated with
mycorrhizae. For the establishment of the
wheat culture, the technology according to this
culture was executed, without producing a
rebate from any operation.

The abiotic factors that have an impact on
mycorrhiza were studied. The light. The energy
source of the symbiont fungus is in the plant
and depends directly on the way it carries out
its photosynthesis process and on its ability to
translocate the products of photosynthesis to
the root (Varma, 2008). The lack of the light
source produces a restriction for the
development of the fungus, so its evolutionary
process is slowed down, sporulation no longer
occurs, and the expansion of the mycelium in
the soil and in the root is reduced.

Temperature. From the point of view of the
processes of spore  germination, root
penetration by hyphae and their proliferation
inside the cortical cells, temperature can be a
factor with a limiting effect (Gavito et al.,
2005) soil pH. The efficiency of the fungus-
plant association is determined by the
adaptability of the fungal partner to a certain
soil pH level. The pH affects both spore
germination and their development. The
relationship between soil pH and the effects of
mycorrhizae depends on the host species, the
type of soil, the forms of phosphorus and the
species of fungi involved Salinity. In the case
of high salinity, a decrease in the production of
propagation structures (propagules) and in the
colonization of vesicular-arbuscular fungi was
observed (Pfeiffer and Bloss, 1988).

A well-developed root system means a good
capacity for the absorption of nutrients from
the soil followed by the sustained development
of the aerial part of the plant, the increase of
the vegetative mass and the final increase of the
quality of the harvested vegetables. The
addition of phytohormonal solutions can add to
the growth of the plant.



In most types of mycorrhizae, the movement of
carbohydrates, produced during photosynthesis,
is done from the host plant (autotrophic
partner) to the symbiotic fungus (heterotrophic
partner). In the case of absorption of nutrients
from the soil, the transfer has an inverse
direction, from the fungus to the host plant
(Jakobsen, 1999). The contribution of
vesicular-arbuscular fungi to the assimilation of
nutrients is the absorption of nutrients
(especially phosphorus) from the soil, with the
help of extraradicular hyphae - especially from
those parts of the soil to which the plant did not
have access. The hyphae of the fungus act
similarly to the absorbent hairs on the root of
the plant; After comparing the diameter of the
absorbent hairs (5-20 um) with that of the
mushroom hyphae (3-7 pm), the absorbent
hairs would gain the cause, but comparing the
length and density of the mushroom hyphae
with that of the absorbent hairs - the fungus
would be, because it exceeds the possibilities of
expansion of the plant by 10 to 100 times more.
Variant 1. Mixture based on mycorrhizae: with
a rooting effect was used to fertilize the crop.
The fertilizer was added to the surface of the
culture substrate when the wheat crop is in the
needle phase. Fertilizer was added in one pass.
The same treatment options were applied for
the three analyzed varieties.

The mycorrhizal fertilizer was added in order
to determine the rapid development of the root
system and to process food from the soil with
the help of fungi. A well-developed root system
means a good capacity to absorb nutrients from
the soil followed by the sustained development
of the aerial part of the plant, the growth of the
vegetative mass and finally the increase in the
quality of the harvested grains.

Variant 2. At sowing, it was fertilized by
incorporating NPK complex (15-15-15 active
substance) N 45 kg active substance, P20s
45 kg active substance, KoO 45 kg active
substance. Straw cereals have average specific
consumption of nutrients (Cs = kg N, P20s,
K>0/1 t production), but they are extremely
demanding on fertilization, given the fact that
they have a poorly developed root system and
have a low capacity to solubilize substances
nutrients from soil reserves, especially wheat.
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RESULTS AND DISCUSSIONS

The need to fertilize crops and the principles of
rational fertilization are summarized in the
fertilization plan, which represents the control
and management tool for fertilizers. The
fertilization plan is based on a foundation made
up of the combination of the following
parameters: crop rotation, the genetic
production potential of the crop, the availability
of the soil nutrient reserve, the water resource
and the dose of applied fertilizers. The dose of
applied fertilizers is the result obtained from
the calculation of the system made up of three
equations: the genetic production potential of
the crop, the availability of the soil nutrient
reserve and the water resource.

Basic fertilization is carried out with organic
fertilizers and complex chemical fertilizers that
provide the plants with the necessary nutrients,
which they need for the desaturation of the
vegetative cycle with a satisfactory result.

The expected productions for sustainable
agriculture cannot be based on the nutrients
provided by the environment. Fertilization
technology is based on two classes of nutrients:
macroelements and microelements, both
showing the same degree of importance in
obtaining a sustainable production. The
macronutrient class has 3 major nutrients and
the micronutrient class consists of 6 major
elements, which plants need to go through a
healthy vegetative cycle.

The terminology of macroelements and
microelements, respectively, does not represent
the nutritional importance to the plant, but
strictly the quantities needed for a plant to
produce the maximum. Both macroelements
and microelements are equally important, being
key elements in the biochemical processes

carried out in the plant growth cycle.
Macroelements are N (nitrogen), P
(phosphorus), K (potassium), and
microelements are Ca (Calcium), Mg
(Magnesium), S (Sulfur), Fe (Iron), Mn

(Manganese) and Zn (Zinc), adding another
series of microelements: Ni (Nickel), Mo
(Molybdenum), Co (Cobalt), Cu (Copper), B
(Boron), etc. which plants need in relatively
small quantities, but which are essential to life.
These elements are part of the composition of



many enzymes that
processes.

The advantage brought by the existence of
mycorrhizal symbioses for plant nutrition,
highlighted the influence that this association
has on the growth and development of plants.
The existence of mycorrhizal fungi was
demonstrated about 400 million years ago, the
first discoveries being the fossils of
Aglaophyton major plants that showed traces of
shrubs, these being considered edifying transfer
structures  for  the  vesicular-arbuscular
endomycorrhizal type.

Mycorrhizae are present in mature ecosystems,
ecosystems that show a cyclical and unitary
evolution of the components between the biotic
and abiotic unit, when mycorrhizal associations
have the role of regulating the assimilation of
food resources for the plants with which they
are associated.

In this association, hyphae play an important
role in the nutrient cycle, having the function of
stopping losses in the ecosystem

From the data analysis, it is observed that in the
variant treated with phytohormone fertilizer,
the highest gluten accumulation was recorded
for all 3 varieties of wheat, the differences
between the varieties being characteristic of the
genetic potential (Tablel).

catalyze biochemical

Table 1. Determination of gluten from the obtained

production
V.M V.1 V.2
No R
(g %) (g %) (g %)
1.1 | 24.02 29.01 28.02
1. Glosa 1.2 | 24.05 | 24.06 | 28.98 | 29.03 [ 27.98 | 27.97
1.3 24.1 29.1 27.91
2.1 | 2297 27.41 26.8
2. Apache | 2.2 | 23.01 | 22.99 | 26.98 | 27.32 | 27.02 | 26.91
23 | 22.99 27.56 26.91
3.1 | 32.01 38.92 38.74
3.Amold | 3.2 | 32.11 | 32.07 | 39.01 | 38.94 | 38.95 | 38.83
33 | 32.09 38.89 38.81
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Figure 1. Influence on production

Analysis of the results revealed variations in
protein content between the two fertilization
options for all 3 wheat varieties. The results
obtained are presented in Figure 1. Increases in
protein content are observed for the variants
treated with fertilizers compared to the control
variant with differences between 0.8 and
2.88%.

In conclusion, the mycorrhizal fertilizer
determined the most pronounced increase in
terms of protein synthesis. In terms of protein
content, the leading variety is Arnold followed
by Glosa at a difference of 2.47% (Table 2).

In the case of the Glosa wheat variety, the ratio
between the protein content and the production
achieved is directly proportional. In the case of
the first variant of fertilization with
mycorrhizae, which had a rooting effect, they
stimulated the increase in the protein content of
the production obtained by 1.06% compared to
the second variant of fertilization, which has
both a lower protein content and a lower
production.

Thus differentiating the two variants, a fact that
highlights that a plant with a well-developed
root system, a system that maintains the plant
throughout the vegetative cycle, can exploit the
genetically coded productivity characteristics
much more efficiently.



Table 2. Determination of wheat proteins

V.M V.1 V2
No. R
(g %) (g %) (g %)
1.1 | 1223 13.85 13.12

1.Glosa 1.2 | 1217 | 1217 | 13.91 | 13.91 | 13.25 | 13.18

1.3 | 12.11 13.98 13.17

2.1 | 11.98 12.54 12.01
2.Apache | 2.2 | 11.52 | 11.75 | 12.46 | 12.55 | 12.11 | 12.07

23 | 11.74 12.65 12.09

3.1 | 13.76 16.41 15.84

3.Arnold | 3.2 | 13.23 | 13.50 | 16.35 | 16.38 | 1591 | 15.82

33| 1352 16.39 15.71

Increasing protein content has two associated
components, namely quantity and quality. Both
are directly related to the amount of nitrogen
assimilated by the plant in accordance with the
vegetative cycle. A high yield is believed to
decrease the grain protein content, so it is
essential to determine the expected yield as the
crop approaches the grain filling phase. When
protein quality is desired, mainly to mimic high
molecular weight, long chain gluten proteins.
Gluten proteins (gliadin, glutenin, albumin and
globulin) give wheat products unique
extensibility and processing properties.

CONCLUSIONS

The need to use AMF as a biofertilizer to create
sustainable agriculture is becoming more and
more critical since proper management of these
simbiotic fungs may lessen the need for
agrochemicals. Inoculating AMF propagules in
a concentrated solvent is the primary approach
taken to achieve this goal.

Unfortunately, AMF are required to be
symbiotic and cannot be grown in pure cultures
without the use of their host plants' gasd. This
limiting characteristic makes producing a long
scare of AMF inoculation very challenging and
complex.

There are three primary types of AMF
vaccinations. First off, because it contains

colonized fragments, AMF spores, and hife in a
typical manner, soil from an AMF-hosting
plant's zone may be used as an immunization.
The general conclusion of the research is to
identify the intake of nutrients brought by
mycorrhiza for wheat cultivation. The
mycorrhizal relationship leads to the
solubilization of minerals, the production of
plant growth stimulants and the control of
pathogens.

The cumulative benefit brought to the plant
leads to a high production by substituting
chemical fertilizers

It is concluded that it brings a major benefit in
the transport of nutrients for plants. In most
types of mycorrhizae, the movement of
carbohydrates, produced during photosynthesis,
is done from the host plant (autotrophic
partner) to the symbiotic fungus (heterotrophic
partner). In the case of absorption of nutrients
from the soil, the transfer has an inverse
direction, from the fungus to the host plant
(Jakobsen 1999). The contribution of vesicular-
arbuscular fungi to the assimilation of nutrients
is the absorption of nutrients (especially
phosphorus) from the soil, with the help of
extraradicular hyphae - especially from those
parts of the soil to which the plant did not have
access.

The nutritional variants applied differentially
influenced the three varieties of wheat used in
the experiment, so that both the accumulation
of all biocomponents, expressed as protein, and
the particular accumulation of gluten was made
according to the variety and according to the
treatment.

Here are some of the benefits that wheat can
get from symbiosis with Glomus intraradices:
1. Increasing nutrient absorption: Glomus
intraradices can increase the absorption surface
of wheat roots and help more efficient
absorption of nutrients such as nitrogen,
phosphorus and potassium. This can improve
plant health and increase crop yield.

2. Stress tolerance: Glomus intraradices can
help increase the wheat plant's tolerance to
abiotic stress such as drought, high temperature
or nutrient poor soils. It can help increase the
plant's resistance to harsh environmental
conditions and improve the plant's survival
under such conditions.



3. Disease Protection: Glomus intraradices can
help protect the wheat plant against diseases
and fungal infections. It can increase the
immunity of the plant and help reduce the
incidence of diseases.

4. Improving soil quality: Glomus intraradices
can help improve soil structure and fertility.
This can help reduce soil erosion, improve the
soil's ability to retain water and nutrients, and
increase soil microbial biodiversity.

The symbiotic relationship between Glomus
intradiceps and wheat is manifested by the
formation of a mycorrhizal collet between the
wheat roots and the fungal filaments. In this
collet, the fungi provide the plants with
nutrients, including nitrogen, phosphorus and
other minerals, obtained from the soil, while
the plants provide the fungi with carbohydrates
produced through photosynthesis.

This mycorrhizal collet can grow and develop
in the wheat roots, thus improving its ability to
absorb nutrients from the soil. In addition,
mushrooms help to improve the structure of the
soil, reducing its compaction and increasing the
permeability of water and air. Therefore, the
symbiotic  relationship  between  Glomus
intradiceps and wheat can lead to better growth
of wheat, with higher productivity and
increased resistance to water stress and pests.
Nitrogen in the air is fixed by fungi and
cyanobacteria, transforming it into nitrogen
compounds, such as nitrates and ammonia.
Plants absorb these nitrogen compounds from
the soil and use them to build proteins and
other substances necessary for growth. Animals
eat plants and accumulate proteins and other
nitrogenous substances in their bodies. When
animals defecate or die, organic residues with
nitrogen are released into the soil. Fungi in the
soil break down organic residues and release
nitrogen in the form of ammonia, which can be
fixed again and used by plants.

The process continues, allowing the transfer of
nitrogen between different components of the
ecosystem. It is important to mention that this
natural circuit can be disturbed by human
activities, such as the excessive use of synthetic
fertilizers or soil pollution. This can have
negative effects on the health of ecosystems
and on agricultural productivity.
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Abstract

The study examined the composting of agricultural plant residues during the summer period of 2021 in typical
chernozem soil. The mass of plant residues decreased during composting, with the use of a destructor resulting in a
greater loss of plant material. Different rates of decomposition were observed for residues of different crops, and
surface residues generally decomposed more rapidly than root residues. Changes in total humus content were also
observed, with an increase in the humus content during composting of wheat and barley residues without a destructor.
However, most variants with a destructor showed negative changes in the content of total humus. The study found that
humification processes took place only in the version with winter wheat and spring barley, and the use of a destructor
led to a decrease in the intensity of humification processes or to the passage of dehumification processes. Overall, the
study highlights the importance of considering the impact of crop residues and the use of a destructor on soil quality

and nutrient cycling.

Key words: typical chernozem, crop residues, stubble destructor, winter wheat, spring barley, maize, sunflower.

INTRODUCTION

Organic matter and the processes of its
transformation play a significant role in the
formation of soil, its most important properties
and features. Thus, organic matter participates
in the nutrition of plants, creates favorable
water and physical indicators of the soil,
promotes the migration of elements in the soil
and the biosphere.

Potential sources of organic matter in the soil
are aerial and root remains of woody and
herbaceous plants, biomass of invertebrates and
microorganisms. The biomass of green plants
(phytomass) and its annual increase (primary
production) is several dozen, or even hundreds
of times higher than the biomass of
invertebrates and microorganisms
(Tomashivskyi et al., 2020).

Above-ground and below-ground phytomass of
groups depends on their composition,
biological  features of the dominant,
meteorological conditions and rockiness of the
substrate. On the example of the "Steppe Tract"
plant group, the highest values of above-ground
and underground mass are 330.0-735.0 and
1025.0-1310.0 g/m?, respectively (Shevchuk,
2019). According to the data, the average
accumulation of raw and dry above-ground
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mass of winter wheat varies from 3644 g/m? to
5900 g/m? for raw mass and from 1500 g/m? to
2200 g/m?> for dry above-ground mass
(Lytovchenko, 2015).

Preservation of plant remains helps to enrich
the chemical composition of the soil with
organic matter, in contrast to their traditional
burning, and serves to feed and activate the
activity of biota. The most active role in this is
played by microorganisms capable of
producing enzymes that destroy lignin,
cellulose, fiber, and proteins of plant residues
(Kovalenko, 2021). In addition,
microorganisms actively convert soil minerals
into soluble form: phosphorus, magnesium,
calcium, sulfur, iron, boron, molybdenum, zinc,
etc. Along with the processes of decomposition
of organic residues in the soil, the process of
synthesis of humic substances takes place.

The action of destructors is aimed at
accelerated decomposition of plant residues
and their transformation into humus substances,
that is, at improving soil fertility and, as a
result, increasing the yield of cultivated crops
(Sidyakina, 2021; Korsun et al, 2017
Serhiieva, 2017; Kovalenko, 2022).

The analysis of publications allows us to state
that in the experiments using stubble
destructors, either microbiological processes



during the introduction of destructor drugs, or
its effect on the yield of the next crop are
largely investigated, while not paying attention
to the humus condition of the soil.

Given the critical scale of human impact on
soils, today approximately 33% of global soil
resources are degraded. Dehumification ranks
first among soil degradation phenomena. Loss
of humus by soils causes deterioration of their
physical properties, reduction of nutrient
content, intensification of erosion processes,
etc. And therefore, soils lose their fertility.
Therefore, the topic chosen by us to study the
processes of humification of agricultural crop
residues in the modern conditions of the
introduction of agriculture using a stubble
destructor is relevant in terms of developing
directions for restoring the content of humus in
arable soils.

MATERIALS AND METHODS

The research was conducted on the territory of
the state enterprise of educational and research
farm "Dokuchaevske" within the training,
research and production center "Experimental
Field" of State Biotechnological University.
The soil was used for research: chernozem
typical heavy loam on loess-like loam. Plant
raw materials - surface post-harvest remains of
winter wheat, corn, sunflower, barley.

Soil samples of typical chernozem were taken
from the arable layer with a depth of 0-30 cm.
Dry matter and moisture by weight were
determined. Gravimetric method. Soil samples
are dried to constant weight at (105 + 5) °C.
Determination of total humus by the Turin
method. The method is based on the oxidation
of soil organic matter by a solution of
potassium dichromate in sulfuric acid, followed
by determination of organic carbon content
through the determination of potassium
dichromate after oxidation by titrometry.
Calculation and preparation of plant material
and soil for composting was performed
according to the method of Chesnyak. Plant
residues are selected a week before harvest.
The rests are selected manually, the crop rests
are crushed to the size of 0.5 cm and in a shade
bring to an air-dry condition. The weight of the
soil in terms of a completely dry sample for
each repetition is equal to 100 g. The selected
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general soil sample to grind it better with plant
residues is ground, sifted through a sieve and
visible plant remains are selected. Two days
before the start of the experiment in the general
soil sample determine the moisture content and
the content of total humus.

After the preparation of plant material and soil,
each sample was placed in a kapron bag, the
volume of which corresponds to the volume of
the soil (6*10 cm). The samples are at a depth
of 14-16 cm in the arable layer of the soil. To
determine the influence of the stubble
destructor on the humification of agricultural
crop residues, the prepared soil and plant
material were treated with the "Ekostern"
stubble destructor, produced by "BTU-Center",
according to the recommendations: corn,
sunflower - 1.2-2.0 I/ha, cereals - 1.0-1.5 I/ha.
In field conditions "composting" of plant
samples with soil was carried out in the
summer of 2021 for 3 months - June, July,
August at a depth of 15 cm.

RESULTS AND DISCUSSIONS

In the territory where the research was
conducted, the weather conditions according to
the average multi-year data collected at the
weather station of the KhNAU (Obraztsova,
2001) are characterized as follows (Table 1):
the average multi-year precipitation is 529 mm,
according to the average multi-year data of the
same weather station, the wettest month is July
with 71 mm of precipitation. The amount of
precipitation in June and August, according to
consolidated long-term data, is slightly lower
and amounts to 59 mm and 56 mm,
respectively. The average annual temperature is
+7.2°C. July is the warmest with a temperature
of +20.5°C, the air temperature in June reaches
a mark of +19.2°C, and in August the
temperature drops to +19.6°C.

Table 1. The long-term average data for monthly air
temperature and precipitation levels according to the
KhNAU weather station data

Month VI Vil VI Annual

19.2
59

20.5
71

19.6
56

7.2
529

Average air temperature, °C
Amount of precipitation, mm

In the year of the study (Table 2), in
comparison with long-term data, an increase in



the average monthly temperature is observed in
each of the months. Thus, in June, the average
air temperature was higher than the long-term
data by 1.6°C and amounted to +20.8°C. July
was 4.6°C warmer compared to long-term data,
the average monthly temperature in 2021
reached +25.1°C. The largest temperature
difference compared to long-term data was
observed in August, so in 2021 the air
temperature reached +24.7°C, which is 5.1°C
more than the average long-term observations.
The distribution of precipitation in the summer
months of 2021 was as follows: in June, the
amount of precipitation was 82 mm, which is
23 mm more than the average of long-term
observations. In July, in comparison with long-
term data, a slight decrease in the amount of
precipitation to 65 mm was found. A
significant difference between the average
multi-year data and the data of 2021 was found
in the month of August, the amount of
precipitation decreased by 44 mm to 12 mm
(Table 2).

Table 2. The average monthly air temperature
and precipitation levels in 2021 according
to the KhNAU weather station data

Month VI VII Vit Annual

20.8
82

25.1
65

24.7
12

9.6
520

Average air temperature, °C

Amount of precipitation, mm

All in all in 2021, the monthly temperature
increased compared to long-term data,
particularly in August, and there was less
precipitation in August than the long-term
average.

The amount of plant material laid down for
composting and the content of total humus in
typical chernozem before the start of the
experiment are given in the Table 3.

Table 3. The content of general humus in chernozem
typical and the mass of plant material when setting up
the experiment

The content of Mass of plant material, g
Agricultural crop | total humusin | surface plant root
the soil, % residues residues
Winter Wheat 5.8 8.52 8.52
Spring Barley 5.8 7.94 7.94
Sunflower 59 9.19 9.19
Maize 5.7 8.28 8.28

The highest content of total humus before
laying the experiment was recorded in the
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sunflower variant at 5.9%. The content of total
humus in the soil of other variants did not
exceed 6%. The lowest humus content was
found in the corn variant at 5.7%.

During three summer months of composting
with winter wheat, the following changes
occurred: the content of total humus in the
variant ranged from 6.4% to 6.6%. The highest
amount of humus was found in the variant with
the addition of surface plant residues without
the use of a stubble destructor, at 6.6%. The
lowest amount of humus, 6.4%, was observed
when using the stubble destructor with both
surface and root crop residues. The largest
increase in newly formed humus in this variant
was 0.8% (Figure 1).

ks .

Root 6.4

residues f———ﬁ
| 6.5
Surface - 54
6.4

plant

residues | | ﬂ6.6
54 56 58 6 62 64 66
Control With the addition destructor Without destructor

Figure 1. Content of total humus in the version with
winter wheat

The variation in mass fluctuation of plant
residues with winter wheat was distributed as
follows over the same period of time: a uniform
decrease in mass was observed in the variant
without adding the destructor, while the
average decrease for both types of plant residue
input was 3.0 g. When adding the destructor,
there was an uneven manifestation of plant
material reduction, with the mass of root plant
residues decreasing by half to 4.26 g, which
was slightly more than 1 g less than the
previous variant. In the variant with the adding
of the stubble destructor, there is an
uncharacteristic effect of weakening the
transformation of the stubble in comparison
with a similar option, but without the adding of
the stubble destructor. The mass of this variant
was smaller than the control by 1.69 g and
larger than the variant without adding the
destructor by 1.33 g (Figure 2).

In the variant with spring barley, the following
situation was observed. When root residues
were added without adding the destructor, the
increase in newly formed humus was 0.6%,



whereas in the variant where the destructor was
implemented, the amount of total humus
decreased by 0.7% to a value of 5.1%,
indicating the prevalence of the mineralization
process over humification (Figure 3).

9 LA
g 8.52 8.52
7 6.83
6
5 5.5 | 535
4 4.26
3
2
1
0
Surface plant residues Root residues
Without destructor ‘With the addition destructor Control

Figure 2. Change in the weight of surface and root
residues in the version with winter wheat
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Figure 3. Total humus content in the variant
with spring barley

From the presented diagram, we can see that in
the variant with spring barley and addition of
straw destructor, the weight loss was 2.55 g for
surface harvest residues and 2.53 g for root
residues (Figure 4). In contrast, in the variant
without straw destructor, the weight loss was
0.85 g for surface harvest residues, which is
1.70 g less than in the corresponding variant
with straw destructor. The weight loss for root
residues without the addition of straw
destructor was 0.87 g.

Regardless of the experimental variant, a
decrease in the total humus content was
observed by 0.4% compared to the control after
90 days of composting.
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Figure 4. Change in the weight of harvest residues
in the variant with spring barley

The total humus content decreased to 5.3%.
Therefore, we can assume that despite the
introduction of plant residues, mineralization
processes  prevailed over  humification
processes, leading to a decrease in humus
content in the typical chernozem arable layer
(Figure 5).
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Figure 5. Content of total humus
in the version with maize

In the version with maize, a trend similar to the
version with barley can be traced after 90 days
of composting. Thus, with the addition of a
stubble destructor, the weight decreases by 2.68
g and amounts to 5.60 g with the addition of
surface root residues, and with the addition of
roots, the weight decreases to 5.01 g, i.e., it
decreases by 3.27 g. Without the addition of the
stubble destructor with the introduction of
surface harvest residues of corn, the weight
decreases to 7.33 g, which is 0.95 g less than
the control, and with the introduction of root
harvest residues of corn, the weight decreases
by 1.41 gto 6.87 g (Figure 6).
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Figure 6. Change in the weight of plant material in the
version with maize

The overall humus content in the variant with
sunflower underwent the following changes
after 90 days of summer composting. Only in
the variant with the addition of surface plant
residues without the addition of straw
destructor, there was an increase in newly
formed humus, but not significantly - by 0.1%.
The opposite situation occurred when adding
straw destructor and when adding root harvest
residues, in this variant, there was a decrease in
overall humus by 0.1%. Therefore, we can say
that the processes of mineralization-synthesis
in this variant were in balance (Figure 7).
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Figure 7. The content of total humus in the version with
sunflower

Moreover, the change in the weight of the
residues during this period of time according to
the options is not of a similar nature. For
example, in the variant with the application of
surface residues, the weight differs as follows:
with the addition of the destructor, it decreased
by 4.24 g compared to the control, and without
its action, by 2.73 g. Therefore, we can
conclude that the action of the destructor
accelerated the processes of conversion of plant
mass. When comparing the experiment variants
with the addition of root residues, we see the
following: the decrease in weight due to the
action of the destructor exceeds the same
variant without its application by 0.54 g and
amounts to 6.85 g (Figure 8).
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Figure 8. Weight change
in the version with sunflower

So, the majority of plant material, whether
above-ground or root mass, decomposes on
average one and a half times faster under the
action of the destructor. However, this does not
necessarily mean that when plant residues
decompose in this way, they will necessarily be
fixed as newly formed humus.

CONCLUSIONS

During the composting of plant residues in
chernozem typical agrocenosis, which lasted
during the summer period of 2021, there was a
change in the mass of both root and surface
residues of grain and industrial crops.

In the control variant without a destructor, the
smallest decomposition of plant material on
average is observed in variants with corn
residues, at around 17%. Taking into account
the decomposition of surface and root residues,
it is found that in variants with wheat and
sunflower, the decomposition of surface
residues occurs more intensively than the
decomposition of root residues. The weight
loss of surface residues is 30-35% compared to
20% for root residues. Depending on their
morphological affiliation, the residues of barley
and corn also had different rates of decom-
position. In this case, the intensity of decompo-
sition of root residues (loss of 21-47%) prevails
over the intensity of decomposition of surface
residues (loss of 12-13%). The most intensive
weight loss among surface residues was
observed for winter wheat residues, and among
root residues - for barley.

When using a destructor, a greater loss of plant
material is observed during the summer
composting period, and only in the variant with
barley does the loss of plant material mass
equal or is less than that of the control. The



residues of winter wheat decomposed most
intensively, with an average weight loss of
plant material of around 43%. In most variants,
under the action of the destructor, root residues
underwent greater decomposition. In the
variant with sunflower, the intensity of decom-
position of surface residues was almost twice
as high as that of root residues. The loss of
plant material for corn root residues was 39%
and for surface residues was 32%. Surface resi-
dues of sunflower and root residues of winter
wheat were most intensively transformed.
During the composting of agricultural plant
residues in typical chernozem soil during June-
August 2021, changes in the total humus
content were observed.

In the variants without the addition of a
destructor, an increase in the total humus
content was found during the composting of
wheat and barley residues. In the variant with
winter wheat, the composting of surface
residues resulted in a 14% increase in humus
content, while for root residues, it was a 12%
increase. Composting barley residues led to a
17% increase in humus content, regardless of
the morphological features of the residues.
Composting of technical crops residues did not
result in an increase in the humus content of
typical chernozem soil. In the variant with
sunflower, no changes in the total humus
content were detected, while in the variant with
maize, a process of humus loss was observed -
by 7%.

When using the destructor of crop residues,
most of the variants showed negative changes
in the content of total humus. In the variant
with spring barley, no change in humus content
was detected when composting surface
residues, but with root residues, the humus
content decreased by 12%. In the variant with
sunflower, the humus content remained
unchanged. The incorporation of corn residues
into the soil with the use of the destructor, as
well as in the control variant, led to a decrease
in the content of total humus by 7%. Only in
the variant with winter wheat did the humus
increase, with an increase of 10% for both
surface and root residues.

So, in the conditions of the summer period of
2021, the composting of the remains of
agricultural plants (winter wheat, spring barley,
sunflower, corn) in the arable layer of 0-30 cm
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of typical chernozem led to a decrease in their
mass, and the mass of the remains was lost
more intensively under the conditions of using
a stubble destructor. It was found that
humification processes took place only in the
version with winter wheat and spring barley.
Moreover, the use of a stubble destructor led
either to a decrease in the intensity of
humification processes, or to the passage of
dehumification processes.
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Abstract

Agricultural crop species can influence the soil microbial population through the influence of root exudates, which
compounds released by plant roots into the soil. Some crop species exude compounds that are more beneficial for
certain groups of microbes, while others exude compounds that inhibit the growth of certain groups. Additionally,
different crop species have different root systems, which can affect the physical structure of the soil and the availability
of water and nutrients, which in turn can influence the soil microbial population. Moreover, crop species can also
influence the soil microbial population by changing the soil pH and the level of organic matter. Crop species that
produce large amounts of biomass can increase the amount of organic matter in the soil, which can support a greater
diversity of microorganisms. Maize and soybean are some of the most important agricultural crop globally. Both corn
and soybean are important crop species for the global food system and also for the economy of many countries,
including Romania. A study was conducted to determine the composition of the soil microbial community in the
rhizosphere of maize (Zea mays L.) and soybean (Glycine max (L.) Merrill.) at different phenological stages and to
determine whether the two crops influence the microbiological abundance and diversity in the soil.

Key words: soil microbial communities, maize, soybean.

INTRODUCTION productivity, but  also environmental
sustainability is desired (Knez et al., 2022;
Global demand for food is currently projected  Iglinski et al., 2022). To deal with these
to increase by approximately 70% by 2050 due  situations, knowledge of soil microbiota and its
to the need to feed the ever-growing human  role can complement conventional agricultural
population (Wise, 2013; FAO, 2009). However, practices to ensure sustainable food supply
under current conditions, it is highly unlikely (Tian et al., 2020).
that agricultural practices will be able to fulfil ~ Microorganisms play an essential role in
this requirement, faced with continued land sustaining life on Earth (Turner et al., 2013).
degradation, declining soil fertility, climate However, so far we have been able to
change and increased frequency of extreme  understand very little about the microorganisms
weather events. In addition to these changes,  that colonize environments such as ocean
the agricultural sector also faces important  water, the atmosphere, soils, etc. Techniques
problems due to: a] economic growth, such as  based on the growth of microorganisms
high production costs (i.e. the increase in the  isolated from various environments on culture
prices of agricultural inputs: seeds, fertilizers, media have allowed them to be studied in
pesticides, fuel, etc.) which leads to the  detail. The exploitation of microorganisms
registration of a low margins of profitability, b] associated with cultivated plants represents one
the social situation, the lack of labor, the of the solutions that is shown to be among the
demands of the population for good quality most promising in the long term, facing the
food and without residues of chemical  challenges encountered on the road to ensuring
substances; c¢] environmental issues, avoiding food security, while also supporting the
or minimizing soil, water and air pollution; d] sustainability of the environment (Singh et al.,
political, such as the ecological agreement of  2020). Microorganisms are responsible for
the European Union, through the application of =~ many processes that take place in the soil. As a
which the concomitant promotion of crop  result of these processes, nutrients, arrive in
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forms accessible to plants, plant health can be
promoted by means of microorganisms.
Microorganisms also help plants improve
resistance to biotic and abiotic stress (Tkacz et
al., 2020).

The microbiota represents the totality of
microorganisms that are naturally present in a
given environment that is studied together with
the host and the surrounding environment, such
as the plant-soil complex. Microorganisms are
in a very close relationship with the
environment in which they live, but the
changes that occur in the environment are able
to produce changes on the microbiota.

Crops, widely grown in fields, for human
consumption, animal feed, raw materials for
various industries (i.e. wheat, corn, rice,
soybean) have gone through important changes
in cultivation technologies, along with
industrialization and development of human
society, due to the increased use of agricultural
machinery, chemical fertilizers and pesticides.
For these reasons, the composition of the
microbiota associated with crop plants has been
strongly modified (Lamb et al., 2011).
Increasing the productivity of agricultural crops
has been an objective pursued throughout the
last centuries, but the current situation,
represented by globalization, rising prices and
climate change, requires finding solutions that
allow the production of more food in an
ecologically and socially sustainable way
(Chaparro et al., 2012). To achieve this goal,
agriculture must be based on the relationships
that are established between plants and
microorganisms, aiming to promote soil
microbial diversity.

Current research shows the importance of
plant-microorganisms relationships on the
productivity and health of agricultural crops
(Howard et al., 2020; Berg & Smalla, 2009;
Morrissey et al., 2004).

As discussed above, the agricultural sector
must be aware of the role that soil
microorganisms have on agricultural crops,
which is why the present study aims to present
the influence that two of the most important
and cultivated agricultural crops (corn and
soybean) have on the abundance and diversity
of bacteria and filamentous fungi in the soil.
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MATERIALS AND METHODS

To highlight the microbiological activity
carried out at the soil level, in the case of corn
and soybean crops, and to determine the total
number of bacteria (Gram-positive bacteria and
Gram-negative bacteria) and filamentous fungi
per gram of soil, the plating into nutritive
media method was used.

The soil that was microbiologically analyzed in
this study was taken from the northeastern
region of Moldova, Romania. In the studied
area, the climate is temperate continental. The
average annual air temperature is ~9.5°C, with
extremes between 40.0°C and -35.0°C. The sum
of the average annual precipitation is ~520 mm.
Significant deviations from the long-term ave-
rage of precipitation and temperature have been
observed over the past 10 years. The soil tex-
ture is primary clay loam, and the natural vege-
tation of the site is silvo-steppe (Gafencu, 2019).
The analyzed soil type was represented by
chernozem cultivated with corn and soybean
under conventional farming conditions, using
synthetic fertilizers and chemical pesticides.
Soil samples were collected for each cultivated
species, 6 times during the vegetation period,
between May and October 2022.

For each individual crop, 10 points were
randomly chosen on the surface of the plot so
that the entire surface was covered. Before each
sampling, organic debris present on the soil
surface was removed. Soil samples were taken
from a depth of approximately 7-10 c¢cm, using
sterile instruments. Soil samples were collected
in paper bags and transported to the micro-
biology laboratory for further analysis. The
samples were kept overnight at 4°C, and the
next day they were left to dry at room
temperature. Any organic residue was removed
from the soil mass, and then the soil was
homogenized using a mortar and pestle
(sterilized in advance to avoid contamination of
the soil samples with other microorganisms).
After the preparation of soil samples for
microbiological analyses, the total number of
bacterial colony-forming units (CFU) was
determined by serial dilutions and plating in
nutritive media.

One gram of dry soil was introduced into a first
tube (sterile 15 ml Falcon tube) containing 9 ml
of sterile water and homogenized very well



(stirred for 5 minutes using a MX-RD-E
Vertical Rotator), obtaining the dilution 107",
Then, from the 107! dilution, one millilitre of
the suspension was transferred using a sterile
Pasteur pipette into a second tube, thus obtain-
ning the 107 dilution. After a series of succe-
ssive dilutions, dilutions from 107 to 10" were
prepared. From each dilution obtained, one
millilitre of the suspension was spread on nu-
trient media to evaluate the number of bacteria
and filamentous fungi. For an easy identify-
cation of the colonies, different culture media
were used, specific for each group of microor-
ganisms. Thus, to determine the total number of
bacteria, simple PDA medium (Potato Dextrose
Agar) was used, to determine the number of
Gram-positive bacteria (G+), was used PDA
medium with the addition of streptomycin, 35
mg L', added after sterilization when the
temperature of the medium was around 46-
48°C, and to determine the number of
filamentous fungi, the PDA medium with the
addition of Rose Bengal, 33 mg L' was used.
After inoculation the Petri dishes were
incubated in the thermostat at a temperature of
28°C. The number of bacterial colonies was
determined after 24 hours, and the fungal
colonies after 120 hours. The determination of
the number of bacterial colonies was performed
using an Interscience Colony Counter Scan
1200 automatic colony counter.

The data obtained in the experiments were
statistically evaluated using the SPSS program
(IBM SPSS Statistics 26). and the result with
p<0.05 were considered statistically significant.

RESULTS AND DISCUSSIONS

The analysis of microbiota from the soil
samples showed that there are differences in the
abundance and structure of the microbial
communities in the soil, being influenced by
both, the crop plant and the phenophase in
which the plants are found (seasonal variation).
Similar results were obtained by other authors
(Jat et al., 2021; Longley et al., 2020; Peralta et
al., 2018), their results indicate that the growth
stage and management system have significant
effects on the corn and soybean soil
microbiome.

A close examination of the microbiota in the
corn and soybean rhizosphere shows us the
presence of a high variability in the abundance
activity and structure of the microbial
communities.

The results show us that the crop influences the
total number of bacteria in the soil (Figure 1).
Even if plots cultivated with corn and soybean
are found in the same area, the soil has the
same physical and chemical properties, under
the influence of the cultivated plant, changes
occur at the level of the soil microbiome.
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Figure 1. Evolution of total soil bacteria during the vegetation period of corn and soybean crops
[NS = not significant; *not significant; **significant; ***distinctly significant]

The results show that in the case of the corn
crop, the total number of bacteria increased
from May to October. The highest values were
recorded in September, when a count of 22.96
+ 0.89 CFU x 10° g dry soil was recorded. If
in the case of the corn crop the trend is upward,
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in terms of the total number of bacteria, in the
soybean crop it can be observed that the trend
was linear. Even though from May to October
different values were recorded at each time
when samples were taken, it can be seen that
the values obtained were somewhat similar.



Gram-negative bacteria (G) represent the most
important group of microorganisms in the
studied soil. This particular group of bacteria
represents about 70-75% of the total number of
microorganisms that can be cultivated on the
culture medium. In the case of Gram-negative
(G") bacteria, the numerical evolution was
similar to that recorded for the total number of
bacteria. In the case of the soil taken from the
corn crop, it can be observed that from May to

October, during the studied period, the number
of Gram-negative bacteria (G”) followed an
upward direction. The highest value was
obtained in September, 2147+1.07 CFU x 10° g’!
dry soil. In soybean crop, the numerical density
of Gram-negative bacteria (G’) remained
unchanged throughout the vegetation period,
except for October, when the highest value was
recorded, 18.30+1.12 CFU x 10° g' dry soil
(Figure 2).

Gram-negative bacteria (G-)

_ 25,00
® —
20,00 — —
5 — ]
=, 15,00 Z |1z H z « z H * H 5 N Z
0 nll D ol | < allw R =~ | ol
0 wlle alle b I B 2 | = | bl I B
< 10,00 SIS S SIS =SS == S| =
» H ||+ I H] |+ A1 4 H1] H# 1|
o [ O S [y [l S o~ o~ S o [
D 5,00 33 B B2 <lle cll = Y IS <l e bl 1 S
= 0 v o O (=) o (= v - <t (o)} o0
&) — — — — — — s\l — o — — —
0,00 — — —
May June July August September October
—1Corm [==Soybean Liniara (Corn) Liniara (Soybean)

Figure 2. Evolution of total soil Gram-negative bacteria (G°) during the vegetation period of corn and soybean crops
[NS = not significant; *not significant; **significant; ***distinctly significant]

Gram-positive bacteria (G') represent the
particular group of microorganisms that was
the least represented during the study (Figure
3). The results show that the numerical density
of Gram-positive bacteria (G") was not
influenced by the plant crop. In both cases,

corn and soybean, the trend was the same. The
numerical density of Gram-positive bacteria
(G") decreased from May until October. The
highest values, 1.93+£0.03 and 1.90+0.06 CFU x
10° g, respectively, were recorded in the
soybean crop, in July and September.
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Figure 3. Evolution of total soil Gram-positive bacteria (G*) during the vegetation period of corn and soybean crops
[NS = not significant; *not significant; **significant; ***distinctly significant]

The results obtained from the microbiological
analysis regarding the abundance and structure
of the communities of filamentous fungi in the
soil indicate the presence of saprophytic and
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parasitic fungal genera. The determined fungal
genera and their structure are shown in
Figure 4.
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Figure 4. Frequency of isolated filamentous fungi during the vegetation period of corn and soybean crops

As a result of the research, we observed that the
number of isolated filamentous fungi genera
were different from one culture to another and,
in the case of the same culture, throughout the
vegetation period. The species of filamentous
fungi culturable on artificial medium belonged
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to 12 genera of micromycetes: Cladosporium,
Mycogene, Absidia, Verticillium, Alternaria,
Mucor, Chaetomium, Trichoderma, Rhizopus,
Fusarium, Penicillium and Aspergillus. In
addition to these genera that were identified
based on morphological characters, other



filamentous fungi were also developed, in the
case of which the identification could not be
100% certain, which is why they were included
in a separate group, Other spp.

Among the micromycetes determined, in all
cases, the genus Aspergillus stood out due to
the large number of colonies it formed on the
culture medium, the isolation of this genus
being represented by a rate between 37 and
55% of the total genera identified. Another genus
of micromycetes frequently identified was
represented by Penicillium, with a rate between
14 and 30%. The genus Fusarium was also
frequently isolated, this could be related to the
fact that on the plots analyzed, maize monocul-
ture was practiced for a long period of time.

CONCLUSIONS

Our observations on the total number of micro-
organisms/g (CFU g! dry soil) in the sampled
soils showed differences in the microbiological
activity carried out in the rhizosphere of corn
and soybean crops. Also, during the vegetation
period, the abundance and structure of
microbial communities experienced changes,
generally showing a positive trend.

Finally, in the soil layer (up to a depth of 10
cm) intense biological activity takes place due
to the presence of microorganisms (Gram-
positive and Gram-negative Dbacteria and
micromycetes).
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Abstract

And in the conditions of luvic soils, a series of new characters were obtained in winter wheat lines. Compared to the
control varieties, Trivale and Ursita, the 4 new lines obtained showed a number of improved characteristics. Thus, lines
A4-10 and A57-14 approached the size of the Trivale variety, and in culture all these lines showed a very good
uniformity. In terms of the ear formed, the new lines have surpassed those of the Trivale variety in length. Spike weight
was superior to A4-10 and A57-14. The number of grains in a spike was higher in the A57-14 line (42.0 grains). Under
the same conditions, the weight of the grains in one ear in the lines A4-10 and A57-14 again exceeded the Trivale
variety. Line A57-14 slightly outperformed the new Ursita wheat variety. Positive correlations were obtained between
grain yield and crude protein (CP%) and between PB and wet gluten (WG%). From the results obtained with the new
winter wheat lines, a genetic progress was found, which recommends the future steps for homologation.

Key words: luvic soil, morphology, new wheat lines, production and quality.

INTRODUCTION

Winter wheat is now widespread (Black &
Halmer, 2006), due to high yields (Bonjean &
William, 2001) and superior quality (Day et al.,
2006). Varieties and especially new lines fall
within these parameters due to ongoing
breeding activity (Tester & Langridge, 2010).
The areas where the plant grows and develops,
the optimal parameters are the temperate ones.
Because of this the plants develop in a
moderately  short season. Under these
conditions, the grains form high-quality flour
widely used in baking (Li et al., 2014). And the
varieties that are part of the present study have
a grain content in diverse and balanced
nutritional elements, being very important in
food human. Over time, the plant has evolved
through the most important characters desired
by the breeder, so from a genetic point of view,
today wheat is considered one of the most
genetically diverse cereals. For example, there
are wheat types of autumn and spring, with
dressed and naked grains. The studied varieties
are part of the erythrospermum Korn variety.
They have white spikes, awned with glabrous
glumes and red grain. At the same time, these
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new varieties have in their composition also a
reduced waist gene, thanks to which they
become more productive, because they support
fertilization at higher levels and mechanized
harvesting. From a botanical point of view, the
spike has a terminal position, is distich, 4-18
cm long. The spikelets that form them are
sessile, they attach singly to the rachis in a
zigzag pattern. The grain (caryopsis), is
ellipsoidal in shape, with a central channel on
one side, having a length of 4-12 mm and a
thickness of 1.5-4 mm. The TGW is between
15-60 g. The height of the plants is between 50-
150 cm. The research undertaken to establish
the variation of some characters in the new
wheat lines referred to: the length of the straw,
the length and weight of the ear, the number
and weight of grains in an ear.

MATERIALS AND METHODS
The experimental variants included two
varieties:  Trivale (Pitesti) and  Ursita

(Fundulea), as well as 4 lines A4-10, A57-14,
A44-13 and A95-13. The experiment was set
up according to the balanced square method,
where the variants were 8.4 sq m in four



repetitions. The technology used was within the
parameters developed by the resort. At full
maturity the two varieties and the new wheat
lines were harvested and several determinations
were made. In this way, the height, ear length,
ear weight, number of grains in the ear, the
weight of grains per ear and the average yield
per ha were determined for the plants. From the
point of view of grain quality, crude protein
and wet gluten were determined using the
PERTEN apparatus. In the statistical calcula-
tion, the Anova test was used to establish the 3
types of limit difference: LSD 5%, LSD 1%
and LSD 0.1%. The test was applied both to the
morphological characteristics of the wheat and
to their quality. Simple correlations were
established between the obtained values, in
order to observe existing trends between the
characters. The significance of the correlation
coefficient was made by comparing it with the
I'max value for the 5%, 1% and 0.1% levels of
transgression probabilities.

RESULTS AND DISCUSSIONS

The influence of climatic factors on wheat
plants. Regarding the monthly averages, two
influences were found. Thus, in the period after
sowing (October - December) (Table 1), the
average of the period was 6.4°C with 0.6°C
more than the multi-year average. In the second
period (January - June), only in the month of
June were found average values that exceeded
the multi-year average. This proves that there
was a technical nuance to the rise in tempe-
ratures due to global warming (Fang & Xiong,
2015). Regarding the precipitation regime, it
was found for the first period in autumn, an
increase of 1.6 mm, in the second analyzed
period, deficiencies were found (January -
March), after which the months (April - May),
the rains were at the level of multiannual

values. In the month of June, there was an
accentuated deficit of rains. For wheat cultivated
in the period 2021-2022, the water regime had a
lack of 133.0 mm. This aspect obviously
disadvantaged the wheat plants and especially
the deposition of dry matter in the grains. From
the point of view of the favorability of wheat
for the Pitesti area, it is found that at the
multiannual average of 338.3 mm, the water
need of wheat is close to this (Etp = 378 mm).

Table 1. Climate factors evolution from
winter wheat vegetation

Month Temperatures, tn’C | Precipitations, mm Etp,
Multi. 2022 Multi. 2022 mm
Oct.- Dec. 5.8 6.4 46.8 52.9 25
+ +0.6 + +6.1
Jan -1.1 1.4 39.7 6.6 28
Feb 0.7 3.7 38.0 10.4 28
Mar 4.8 3.6 36.5 31.0 40
Apr 11.0 10.8 53.6 66.4 72
May 16.3 17.1 79.5 76.6 96
Jun 19.5 21.6 91.0 14.3 114
Mean Sum 8.53 9.70 3383 205.3 378
+ +1.17 + -133.0

Evolution of morphological characters in
wheat varieties and lines. Regarding the
height of the plants, it was found that compared
to the Trivale variety (check), both in Ursita
and in the 4 lines, the average values exceeded
them. Spike length was below 8 cm Trivale and
A95-13, while in the other varieties, the values
were very close (Table 2). Spike weight,
specific experienced a significant increase in
Ursita variety and lines A4-10 and A57-14. The
number of grains in the ear was between 30.0
and 42.0, but without significant differences.
The weight of these grains in one ear was
between 1.05 and 1.49 g, also without
significant differences. The same elements of
statistical processing are found in the case of
Table 3 of dispersion analysis for the wheat
varieties studied.

Table 2. Morphological characters of winter wheat lines and varieties

Varieties, line Plant high, cm | Ear length, cm | Ear weight, g No. grains/ ear Grains weight/ ear, g
Trivale 77 7.4 1.65 33.6 1.33
Ursita 114 8.3 2.12 39.1 1.47
A4-10 81 8.4 1.88 39.9 1.38
A57-14 83 8.5 2.33 42.0 1.49
A44-13 108 8.4 1.50 30.0 1.05
A95-13 167 7.3 1.55 34.4 1.24
LSD 5 % = 68.6 0.24 0.223 2.45 0.233
LSD 1% = 94.9 0.33 0.309 3.43 0.322
LSD 0.1 % = 131.2 0.46 0.427 4.74 0.445
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Table 3. Dispersion analysis of wheat plants morphology

Character Plant high, cm Ear length, cm Ear weight, g No. grains/ ear Grain weight/ ear, g
Variability ¢ | LD Nd S? F SP 2 F SP s? F Nd ? F SP s? F
Repetition 3 6160 0.75 0.08 6.23 0.04
Variance 5 23291 | 4658 2.24 6.12 | 1.22 | 61%** | 220 | 0.44 | 22%** | 414.58 | 82.92 | 30.6*** | 0.54 | 0.11 | 5.5
Error 15 | 31122 | 2075 | (2.90) | 0.37 | 0.02 0.33 | 0.02 40.59 2.71 0.36 | 0.02
Total 23 | 60573 (4.56) | 7.24 2.61 461.41 0.94

Correlations studied within morphological
characters of wheat. Between the 5
morphological characters, determined in the
two varieties and 4 new lines of wheat, both

determinations (Figures 1-4), a positive aspect
was highlighted, between the height of the
plants and the length of the ear and 3 negative
situations, respectively with the weight of the
ear, the number of grains and the weight of
the grains in an ear.

negative influences and positive
characteristics were found. Regarding the
height of the plants, with the other
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The explanation lies in the fact that at the time
of the deposition of dry weight, there was an
accentuated period of drought in the grains
(Farooq et al., 2014). Spike length correlated
with each other 3 characters out of one. From
a significant point of view, ear length had

Figure 4. Correlation plants high x grains weight/ear

favorable valences with ear weight and the
number of grains in the ear. Only the grain
weight in the ear was insignificant with the
weight of the grain in the ear. The other
correlations (Figures 5-10) being in a direct
and highly significant relationship (Table 4).
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Table 4. Correlations between the main morphological elements

Characters Ear length, | Ear weight, | Number grains | Grain weight/
cm g / ear ear, g
Plant high, cm .043 =221 -319 -.247
Ear length, cm 1 520 417 177
Ear weight, g 1 795 544
Number grains/ear 1 788
LSD5 % =.190 LSD 1% =.250 LSD 0.1 % =.320

Evolution of wheat grain quality. Table 5. Aspects of grains quality
Considering the obtained grain production of Variety, | Grain yields, | Crude protein, | Wet gluten,
5,451-7,570 t/ha, the lower lines than the line tha' CP % WG%
. . . Trivale 7,462 13.90 22.48
control can be found in all 4 studied lines Ursita 7570 005 2190
(Table 5). The protein content ranged between A4-10 6,748 10.38 18.15
10.05 (Ursita) and 13.90 (Trivale) and the A57-14 5451 10.90 24.60
crude protein of the lines was lower than mt. :‘9“5“5 ?f’:: i(l)gg iﬁig
Moist gluten was 18.15% (A4-10) and ISD 3% = 0 065 3355
(30.30%) A95-13. The obtained data are LSD 1% = 0.635 0.944 7,268
highlighted by dispersion analysis (Table 6). LSD01% = 0.878 1305 10,044
Table 6. Dispersion analysis wheat grains quality
Character | LD Grain yields, t/ha Crude protein, % Wet gluten, %
Variability c. Sum sq. S? F Sumsq. | S? F Sum sq. S? F
Repetition 3 24.55 1.30 44.02
Variance 5 | 11986.90 | 2397.4 | 25.8*** | 37.78 | 7.56 | 36.82*** | 619.04 | 123.81 | 10.18***
Error 15 | 1393.72 | 9291 (2.90) 3.08 0.21 182.45 12.16
Total 23 | 13405.2 (4.56) 42.16 845.51
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Correlations obtained between wheat quality
analyses. Grain production was positively
correlated with crude protein (Figure 11),
demonstrating genetic gain in the quality of the
wheat lines.

Regarding the correlation between grains and
wet gluten, the trend was negative (Figure 12),
which means that climatic factors were resilient
to this character.

Between crude protein and wet gluten (Figure
13), a positive but insignificant relationship is
found. This means that the new wheat lines also

demonstrated high baking capacity (Figures 14,
15, 16), the intensity of the correlations in
Table 7.

Table 7. Correlations between the first main quality

elements
Character Yields, Crude protein, Wet gluten,
t/ha % %
Grain yield 1 208 -.343
CP, % 1 .066
WG, % 1
LSD5%=.190 LSD1%=.250 LSDO0.1 %=.320
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Figure 15. Ursita, the new wheat variety

CONCLUSIONS

The new wheat lines studied, compared to two
methods recommended at farm level,
demonstrated both positive and negative
characters. The climatic regime in which the
wheat varieties grew this year experienced a
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Figure 16. A4-10, new wheat line

warming of 1.17 °C throughout the vegetation
period and a -133.0 mm of precipitation.
Compared to the multiannual average but also
to the ETP vegetation water requirement,
obvious drought conditions were encountered.
Due to drought, wheat could not manifest its
characteristics in optimal perimeters (Farooq et



al., 2014). From the analysis of the morphology
of the plants, the new wheat lines showed the
average height, the long length of the ear, the
weight of the ear, but with the number of grains
and their weight in an ear, at insignificant
values.

Plant height was negatively correlated with the
other characteristics, highlighting the genetic
character of plant growth reduction. Positive
and highly significant correlations were
established between the ear characters: length,
weight, grain number and grain weight.

The relationship between crude protein and
gluten was non-significant but positive,
showing increased quality within the wheat
lines.
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Abstract

Anthropogenic pollution triggers a series of processes that also affect the bioavailability of nutrients, the soil being a
key element in food security and sustaining biodiversity. The purpose of this research is to identify the influence of the
soil reaction and the values of the adsorptive complex indices (SH, SB, CEC, V) on the nutritional status of the soils
around the town of Copsa Mica in the context of over 70 years of pollution). Soil pH is a reliable indicator of chemical
transformations and a predictor of possible deficiencies or toxicity of elements necessary for plant physiology. The
adsorptive complex indices have a diagnostic and prognostic role on the health of the soils, reflecting the degree of
nutrient supply. In the 13 sample areas, the soil reaction varies from very strongly acidic to weakly alkaline, an
important role being attributed to the influence of the orography of the land and the local pollutant-dispersing
microclimate. The dynamics of the determined or calculated values of the adsorptive complex indices vary depending
on the sampling depth and the investigated SP.

Key words: adsorptive complex indices, soil reaction, Copsa Mica area.

INTRODUCTION acidification (Kennedy, 1992; Saha, 2017) and
affect soil fertility by removing essential basic
Soil reaction is the result of multiple chemical  cations, thus increasing the toxicity of Al and
transformations with prognostic role on the Mn (Rhode et al., 1995), and the toxic action of
danger of nutritional deficiencies or potential metals  heavy  impacts  mineralization,
toxicity (Slattery et al., 1999; McKenzie et al., nitrification, symbiotic relationships, and
2004). In agronomy, acidity is an indirect  decreases pH value and P bioavailability (Foy,
indicator of soil fertility through its impact on 1984; Al-Fredan, 2011; Bach et al., 2020).
root exudates (Stoltz & Greger, 2002; Pansu & Heavy metals such as Pb, Cd, Cu, Ni or Zn
Gautheyrou, 2006), acting as a limiting factor shows a mathematical correlation with the
on plant growth (especially roots), nutrient  concentration in the soil solution, with pH
uptake due to the release of toxic AI*" in  being the most critical factor whose increase
susceptible plants (Cronan et al., 1995; Lindsay favours the absorption of these metals (Basta &
& Walthall, 1996). Islam et al. (1980) highlight Tabatabai, 1992; McBride, 1994). In “virtually
the corrosive action of low pH on root  unaffected” pollution areas, soil acidification
membranes. Bessho & Bell (1992), Menzies et occurs as a result of the accumulation of H"
al. (1994) support the idea that in soils with  from the biogeochemical circuit of C, N and S
similar mineralogy and highly degraded soils, (Ulrich, 1991).
pH can accurately predict Al toxicity. Humic Changes in pH due to the action of
substances in the composition of organic matter anthropogenic pollutants depend on the type
can buffer the pH. Spurgeon et al. (20006), and chemical composition of the pollutant
Rooney et al. (2006) indicate industrial emissions. SO rich emissions from non-ferrous
pollution as a determining factor in influencing  smelters increase soil acidity, and the presence
soil pH with an immediate effect on the of particulate matter containing metal oxides
bioavailability and toxicity of metal pollutants cannot buffer the SO, impact on pH. In forest
on the soil biocenosis. Anthropogenic acid soils, both wet deposition (via acid rain) and
discharges have effects similar to natural soil ~ dry deposition (gases, vapours, particulate
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matter, tailings) accelerate soil acidification
(Davidson, 1990; Legge, 1990; Lorenz, 1995).
Research has not revealed the dependence of
pollutant type or pH with soil depth. (Kozlov et
al., 2009). The increase in soil pH triggers a
decrease in the solubility of most elements,
thus limiting their flow into the soil solution.
The mobility and bioavailability of some
elements at high pH is due to the formation of
complexes with soil organic fractions (Kabata
Pendias, 2011; Bravo et al., 2017; Solly et al.,
2019). Forest soils are more acidic than those
intended for crop plants, the input of H being
also added to that of N and heavy metals, and
trees can accumulate significant amounts of Cd
and other heavy metals (Mayer, 1993; Li & Li,
2005).

Adsorptive complex indices and their role in
soil health and trophicity

Cation exchange capacity (CEC) represents
the sum of the exchangeable cations OCa?",
Mg?*, K*, Na' (in AI*" acid soils), adsorbed by
the soil, with metals such as Mn, Fe, Cu, Zn
having insignificant contribution (Osman,
2013; Hazelton & Murphy, 2016). From the
perspective of agronomists and ecologists,
exchangeable cations and CEC are intrinsic
indicators of the health, fertility, physical and
chemical status of soils, the retention capacity
of nutrients, pollutants or, as the case may be,
of fertilizers. Hazelton & Murphy, (2016);
Mukhopadhyay et al. (2019), highlights the role
of CEC in buffering pH fluctuations, Ca*"
content and soil structural changes. Revil &
Leroy (2004) show the major role of CEC on
plant growth, fertility and soil transport
processes. Among soil colloids, organic matter
presents a high CEC, between 100 and
300 cmol/kg, being influenced by clays and
organic matter (Fooladmand, 2008; Sulieman et
al., 2018). The adsorptive complex that
regulates the degree of storage, distribution,
mobility and bioavailability (Dalal & Moloney,
2000; Pansu & Gautheyrou, 2006; Ross et al.,
2008) impacts potentially toxic cations from
anthropogenic polluting sources (Pb).

Studying the impact of carbon black on nutrient
retention in anthrosols of Amazonian Brazil,
Liang et al. (2006) highlights that soils with a
high carbon black load show a high CEC (i.e.
pH 7). CEC value depends on the type of soil,
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fertile soils showing values between 8 and
10 meq/100 g soil, the sandy ones <10 meq/100
g soil, and the clayey ones between 10-15
meq/100 g soil. A moderate CEC value i.e. >12
indicates a good nutrient retention capacity
(Botta, 2015; Ghorbani et al., 2015). Soils with
low CEC values are vulnerable lacking
essential cations that are washed out of the soil.
The degree of saturation with bases (V, %)
represents a proportion of CEC occupied by
bases (Osman, 2013), showing a close
correlation with pH in acidic or neutral soils,
ranging between 20 and 60% at pH > 5. This
index may be impacted by clays and it shows
how close nutritional status is to potential
fertility (Rengasamy & Churchman, 1999).
Many forest soils in Central Europe have a low
saturation with bases, being depleted in
exchangeable cations (BML, 1996). Soils with
V, % < 50 are dystrophic, poorly or moderately
fertile. Lukac & Godbold (2011) show that
soils with high V, % buffer soil acidity more
effectively by controlling the release of toxic
elements, while a low V, % enhances the
sensitivity of soils to acid deposition.

The characteristics of the edaphotopes of the
Copsa Mica area by the time of research

According to Untaru et al. (2000), with regard
pH, the systematic edaphic unit and the degree
of pollution cause an acidification of the soil in
the range of extremely acidic to neutral or
weakly alkaline reaction (6.0-8.0). The
negative effects of pollutant emissions on soils,
observed by Alexa et al. (2004) are as follows:
increased acidity and base saturation loss in
adsorptive complex. In the Téarnavioara
Improvement Perimeter, the slope is affected
by pollution, artificial terracing and erosion.
Because of the mass displacements, steep
detachment ravines appear alternating with
landslides as effect of slope breaks (Alexa et
al., 2004). Based on data collected between
1973-1999 Cotarlea et al. (2001) cited by Alexa
et al. (2004), fully covers the forestry real
estate from management unit (MU) II
Micasasa, MU III Tarnava within forest district
(FD) Medias in zone I of very strong pollution
and 40% of forests within zone I and 60% in
zone II on the territory of MU I Seica Mica. It
is worth mentioning that the sample areas-SP
(delimited for this study) SPs 2, 6, 7 East, 7



West, 8 9 (MU III Tarnava/FD Medias); SPs
12, 13, 14, 15 and 16 (MU I Seica Micd/FD
Medias) are within the pollution zones I and II
(Alexa et al., 2004).

The multi-decade aggression on the soils within
the Copsa Mica area was also due to acid rains
and fine powders containing Pb, Cu, Cd, Zn,
and Fe. Ianculescu et al. (1994) observe that the
pH in the horizons of the upper part of soil
decreases by 0.6-2.4 units, the degree of
saturation with bases (V, %) shows a reduction
of 20-30%, the exchangeable Al content
ranging between 700-800 ppm. The same
author finds a high acidity (pH=4) in the soil
Ao horizon, which is a characteristic present
throughout the depth of the profiles, with some
exceptions, the pH having values below 6.0 in
the deeper horizons of the soil. Between 1985-
1994, some plots showed a slightly decreasing
trend of the soil reaction in the upper horizons.
After reviewing the data obtained from 1996
and 2001, Alexa et al. (2003) conclude that the
soil surface horizon is generally acidic, while at
depths of more than 40 cm the reaction
becomes weakly acidic or neutral. A recent
research work by Iordache et al. (2020) finds a
slightly acidic soil reaction at the depths of 0-
20 cm and 20-40 cm.

The research on the physical and chemical
characteristics of the edaphotopes within the
Copsa Micd area was carried out in the year
when the cessation of activity of the main
polluter i.e. the company S.C. Sometra S.A.
from Copsa Mica (26.01-31.03.2009) took
place, the other polluter, i.e. the company

Carbosin  S.A.  being  decommissioned
permanently since 1995.

MATERIALS AND METHODS

Soil sampling took place between 15

November and 4 December 2009 in accordance
with the sampling norms proposed by the
National Research-Development Institute for
Pedology, Agro-chemistry and Environmental
Protection (ICPA) Bucharest (xxx, 1981).
Sampling depths were as follows: 0-5 c¢cm, 10-
15 cm, and 30-35 cm. The experimental device
includes 14 sample areas (see Figure 1)
abbreviated SP1 (MU 1 Veseus/FD Aiud); SPs
2, 6, 7 East, 7 West, 8 9 (MU III Tarnava/O.S.
Medias); SP 10 (MU VII Mosna/FD Medias);
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SAs 12, 13, 14, 15, 16 17 (MU I Seica
Micd/FD Medias). SP 1 represents the control
sample area located westward from the city of
Blaj, 26.36 km away from the main polluter i.e.
S.C. Sometra S.A.

Tarnava

SPA0

 |Micdsasa © \qqg

Seica Mica

Figure 1. Location and nomenclature of the sample
surfaces (SPs) in the Copsa Mica town area subject to
multidecadal pollution

The following types of soil characterise the
SAs taken into consideration: typical
preluvosoil (SP 1-MU 1 Veseus, FD Aiud),
typical luvosoil (SP 2-MU II Micasasa; SP
7West, SA 8, MU III Tarnava); calcareous
regosol (SP 6 MU III Téarnava, SPs 15, 16 MU
I Seica Mica); stagnant luvosoil (SP 7East-MU
IIT Tarnava); typical brown luvic soil (SP 10,
MU VII Mosna); marnic phaeozems soil (SP 9
- MU III Tarnava; SPs 12, 13, 14 - MU I Seica
Mica, FD Medias) (*¥**2008; ***2018;
*#%2020; Florea & Munteanu, 2003). Basic
samples sampled from four different points
were mixed resulting in an average sample, the
laboratory samples being obtained by the four
quarters method (Dean, 2002). The drying,
conditioning and processing of the soil samples
was carried out according to the protocols
issued by ICPA Bucharest (***1981) and the
undecomposed plant remains, and gravel and
foreign materials were selected and removed.
The soil samples thus obtained were dried,
ground with a lab mill and sieved through a 2
mm mesh sieve. Afterwards, the resulting fine
soil was stored and labelled in hermetically
sealed plastic boxes. In order to determine the
pH, and of the indices of the adsorptive
complex (SH, SB, CEC, V, %) we used the
working methodology indicated by Tarziu and
Sparchez (1987).



Determination of soil pH

Bélanger et al. (2006) show that forest soils
tend to have the same ionic strength throughout
the year and indicate the determination of soil
pH in soil-water suspension. Couchense et al.
(1995) draw attention to the shock induced by
both the heat treatment and the soil sampling in
terms of affecting pH values. The principle of
the research method involves the measurement
of H" activity using a double glass calomel
electrode, immersed in the solution to be
analysed. The soil suspension in H»O has a
1:2.5 mass/ volume ratio. The results are
expressed in pH units, with an accuracy of 0.05
(in pH units). As a result, we considered the
average of the last two measurements, the value
of which does not differ by more than 0.1 units
of pH (Tarziu & Sparchez, 1987).

Determination of total exchangeable soil
acidity (SH)

KCl1 exchangeable acidity in agronomy is an
important indicator of exchangeable phytotoxic
Al (Pansu & Gautheyrou, 2006). Exchangeable
acidity was determined by the Kappen’s
method, which entails treating the soil with a
neutral KC1 1 N solution (Thomas, 1982) that
activates the extraction (H" and AI**, AI(OH)*",
AL(OH)," ) and the volumetric titration of the
excess HC1 formed with a NaOH solution in
the presence of phenolphthalein until the
appearance of a faint orange colour. Drying the
soil sample at 105°C is necessary for soils rich
in oxides and hydroxides (the presence of Fe
oxides causing colouring errors). Pratt & Bair
(1961) and Espiau & Pedro (1980) show that
the KC 1 method is the most efficient, being
often used in comparison with the BaCl, based
method.

Determination of the basic cation exchange
capacity (SB) (Kappen’s method)

It entails treating the soil sample with a known
or excess amount of 0.1 N HCI, resulting in the
cation exchange of the soil adsorptive complex
with H" ions of HC1. The excess of HC1 was
titrated with 0.1 N NaOH solution until the
colour changed from blue-violet to persistent
green for two minutes, and the amount of HC1
consumed was calculated by the remainder. A
control sample was also titrated separately.
(Tarziu & Sparchez, 1987).
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The total cation exchange capacity (CEC)
was determined by calculation, i.e. by summing
the exchangeable bases and the total exchan-
geable acidity, according to the formula: CEC
(m.cq /100 g soi) = SB + SH (1) where: SB is the
sum exchangeable bases, in m.eq. and SH the
total exchangeable acidity in m.eq. /100 g soil.
The degree of saturation with bases (V, %)
was determined by the ratio between the sum of
exchangeable bases (SB) and the total cation
exchange capacity (CEC), expressed in %
according to formulas 2 and 3 below:
V%=SB/(CEC)x100 (2) or V%=SB/(SB+SH)x
100 (3) (Tarziu & Sparchez, 1987).

Data analysis

The charts showing the variation of the
analytical values of the researched parameters
were developed in MS Excel 2019, and the
dependence between the sum of cation
exchangeable bases and CEC/V(%) was
subjected to research using linear regression
type y=ax+b.

RESULTS AND DISCUSSIONS

The range of variation in soil acidity at the
proposed sampling depths encompasses a
generous pH range with very strongly acidic
reaction minima and moderately or weakly
alkaline reaction maxima (ICPA, 1987).
Maximum acidity values that fall into the
slightly alkaline reaction class were also
determined by Szanto et al. (2012) at sampling
depths of 0-10 cm, 10-20 cm and 20-30 cm in
areas partially overlapping with the SPs of this
survey. The relative difference of 372%
between the maximum and minimum value
expresses a wide variation of pH values in the
surveyed soils. The sample from the control
sample area (SP 1) shows a slightly acidic
reaction at all three sampling depths. To
facilitate the reading of the charts of the
statistical processing of the pH values and the
adsorptive complex indices, the sampling
depths of the soil samples at 0-5 cm, 10-15 cm
and 30-35 cm were equated with sampling
depths 1, 2 and 3.

In the case of the first sampling depth, the pH
values are between 4.35 (very strongly acidic
reaction in SP 2), and a maximum value of 8.65
(moderately alkaline reaction in SP 7West). At



a depth of 10-15 cm, the minimum value is
4.31 (very strongly acidic reaction) and is
registered in SP 16 (i.e. the Curmatura
Perimeter  additionally polluted by the
emissions of vehicles passing through National
Road DN 14B), and the maximum value is 8.6
(moderate alkaline reaction), in SP 7East. With
regard the acidity at the sampling depth 3, the
minimum value of 4.61 (strongly acidic
reaction) was also determined in SP 16, and the
maximum value of 8.48 (weakly alkaline
reaction) was found in SP 9 with intensely
humic soil at the sampling depth 1. The
strongly and very strongly acidic reaction
determined in SPs 2, 16, 17 (located at a
distance of approx. 8km West away from the
polluting industrial platform) is due to the
Téarnava Mare depression corridor that imprints
the direction and the channelling of the
dominant winds carrying the pollutants over a
long distance).

To determine the dominant pH classes, the
clustering tendency of the determined values
was reviewed. Thus, about 36% of the values
are within the pH range of 8.0-9.0 (conclusions
similar to Iordache (2009) who conducted
studies in the Copsa Mica area) which shows
the preponderance of the slightly to moderately
alkaline reaction of the soils at the time of the
analytical determinations in the surveyed SPs
(Figure 2). The soil reaction affects the activity
and diversity of microorganisms living in the
soil. Bacteria, the most useful microorganisms
for the soil, are present in the weakly acidic to
weakly alkaline reaction range. Descriptive
statistics applied did not reveal the correlation
between the pH and the distance or distance
classes between the major polluter in the area
and SA.

pH 8.5-9

pH7.3-8.4

PH clases

pH5.9-6.8
pH5.1-5.8

pH 4.4-5.0

r T

0 PpHfrequency Qo 40

Figure 2. Weighted averages distribution frequency of
pH for sampling depth 0-35 cm
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The ratio of exchangeable bases (SB) is a
valuable indicator in assessing soil fertility.
The maximum values for the three sampling
depths were determined in SPs 9, 14 and 15,
and SP 16 obtained minimum values at all
stages of soil sampling (Figure 3).

The statistical processing highlighted the fact
that the sum of exchange cations did not
showed a mathematical correlation with the
distance between the main polluter of the
surveyed area and the SA within the
experimental device.

SP1

SP2

SP6
SP7West
SP7East
SP8

S9

SP10
SP12
SP13
SP14
SP15
SP16

0

50

%

100

150
e SB 1 (meq/100 g soil)

e SB 3 (Meq/100 g soil)

e SB 2 (Meq/100 g soil)

Figure 3. Variation with SPs and sampling depth of the
sum of base exchange cations (SB)

Since no SB value exceeded 100, CEC was
calculated by summing the base exchange
cations (SB) and total exchangeable acidity
(SH). CEC varies discontinuously with
sampling depth. The high level of humus found
in SP 8 and SP 14 correspond to high CEC
values (Figure 4). In terms of CEC, SP 15 and
7East recorded maximum values and SP 16
recorded minimum values at the three sampling
depths.

s CEC1
(mea/

0 4022222222227 100 g
soil)

| e CEC2
(meaq/
100 g
soil)
s CEC3
(mea/
100 g
soil)
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SP7East
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SP10
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SP14
SP15
SP16
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Figure 4. Dynamics of the CEC values calculated by
sample plots in the experimental device for the three
sampling depths considered



The downward trend of total exchange acidity
SH is present in SPs 2, 6, 8, 10, 12, 13, 14
while for SAs 15 and 16, the determined values
of SH increase with the sampling depth (Figure
5). Determination of SH is an important
indicator since it features the presence of H' in
the adsorptive complex of the soil, the
proportion of which increases with the
intensification of soil base saturation loss
processes. The maximum values of SH were
determined in SPs 2, 6, 16 while in SP 14
minimum values were found for the sampling
depths 2 and 3.

e Sh 1
(mea/
100 g
sol)

SP1
SP2
SP6
SP7vest
SP7est
SP8
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SP10
SP12
SP13
SP14
SP15
SP16
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e Sh 2
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100g
sol)

10 +

15 1 s Sh 3
(mea/
100g
sol)

20

N

25

Figure 5.Variation of total exchangeable acidity (SH) by
sample area and sampling depth

As in the case of the sum of exchangeable
bases, the total exchangeable acidity did show a
correlation with the distance between the point
pollutant of the area and the SPs surveyed.

As one can notice from figure 6, and according
to Metson (1961), the level of saturation with
bases (V, %) is very high regardless of the SP
considered or the sampling depth applied.
According to the saturation with bases (V, %)
calculated, the soil from the first sampling
depth from SPs 2 and 6 is moderately washed
by the bases, the other SPs being very weakly
washed according to the classification given by
Metson (1961). With regard extreme values,
SPs 14 and 16 are clearly distinctive for the
sampling depths 2 and 3.
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Figure 6. Fluctuation of the values of V (%) assigned to
the sampling areas in the experimental device for the
three sampling depths

Application of the statistical test resulted in
correlation between SB and CEC, as well as
between SB and V, % at all three sampling
depths according to Table 1 and Figures 7
and 8.

Table 1. The value of the correlation coefficients
between the studied variables

Correlation Correlation
coefficient 0.973041 coefficient 0.771107
SB1-CEC 1 SB1-V%]1
texp 14.61504 texp 4.195336
t table 2.179 t table 2.179
Correlation Correlation
coefficient 0.995543 coefficient 0.828759
SB2-CEC 2 SB2-V%?2
texp 36.5666 texp 5.130234
t table 2.179 t (able 2.179
Correlation Correlation
coefficient 0.765227 coefficient 0.809682
SB3-CEC 3 SB3-V%3
texp 4.117716 texp 4.779303
t table 2.179 t (able 2.179
SB-CEC1 y=7.3744x +11.95
R?=0.8968
120
100
80
60
40
20 .- I I
o m
Q00 S S NS NS S O O
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4.0

24.62 —

Figure 7. Correlation between SB and CEC at the soil
sampling depth 1



y=3.7371x + 53.842

SR-V(©,
SB-V(%) 1 R2 = 0.5902

Figure 8. Statistical relationship between SB and V (%)
at soil sampling depth 1

CONCLUSIONS

Through the multilateral and in-depth analysis
of the physical and chemical characteristics of
soils, it is possible to objectively establish the
properties they possess and make available to
cultivated plants. The pH of the surveyed soils
indicates the dominance of weak-acidic to
moderate-alkaline chemical reaction classes, an
aspect also captured by other research
conducted within the area suggesting a reduced
mobilization of some potentially toxic heavy
metals from the soil. Changes in terms of pH
due to the action of anthropogenic pollutants
depend on the type and chemical composition
of pollutant emissions. SOx-rich emissions
from non-ferrous smelters increase soil acidity,
and the presence of particles containing metal
oxides cannot buffer the effect of acidic
pollutants on soil pH.

The level of saturation with bases (V, %) of the
surveyed soils is very high regardless of the SP
or the sampling depth applied. The soil
sampling depth 1 in SPs 2 and 6 is moderately
base-washed, the other SPs being weakly base-
washed. CEC wvaries discontinuously with
sampling depth, and the high level of humus in
SPs 8 and 14 corresponds to high values of
CEC. The correlation coefficient (r) between
Sb and CEC (r ranging 0.7652-0.9955) and
between Sb and V% (r between 0.7711-0.8287)
for the three sampling depths, indicates a very
strong correlation between the variables
subjected to research. Further studies may also
research the influence of soil texture and
organic matter content on CEC.
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It is only through detailed research works that
we can find the factors with optimal regimes,
respectively  the  limiting  factors by
insufficiency or excess that determine both the
nature of the species that can be cultivated
(especially in the environmental restoring of
the Copsa Micd area) and the level of the
productivity thereof. The richness in humus
and nutritious mineral substances in accessible
forms, the depth of the physiological layer, the
good loosening widen the range of species that
can be selected and cultivated successfully. On
the contrary, a marked friability or
compactness, acidity or accentuated basicity of
the soil is a limiting factor in terms of diversity
of species that can be capitalised without
requiring additional interventions that entails
additional costs.
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Abstract

The evolution of chernozems within the current phase of anthropo-natural pedogenesis is influenced by the agro-
climatogenic neohydromorphism whose development is determined by the modification of the atmospheric precipitation
regime caused by climate change and the physical degradation of soils induced by agrogenesis. The latter manifests
itself'in the reduction of water permeability, the hydraulic conductivity of soils and the overwetting of their upper and
middle segments during periods of heavy rainfall. As a result, within the space with an advanced degree of physical
degradation, the automorphic-non-percolative hydric regime is replaced by the stagnant-non-percolative hydric regime
(ephemeral, periodic, permanent) and the derno-chernosiomic pedogenesis is replaced by the hydrometamorphic one.
Within it, the evolution of soils is determined by the processes induced by overwetting: gleyzation,
montmorillonitization, metastructuring.

Key words: non-percolating stagnant water regime, gleyzation, montmorillonitization, structure degradation,
differential porosity.

INTRODUCTION neohydromorphization of automorphic soils.
The development of neohydromorphism gained
The genesis of chernozems in the Pridanubian ~ momentum at the beginning of the seventies of
area is the product of typogenetic processes  the last century, the surface of
(formation and accumulation of humus, neohydromorphized soils increasing from 30
migration  of  carbonates, aggregation-  thousand ha in 1972 to 50 thousand ha in 1980,
structuring of the soil mass, biogenic 80 thousand ha at the end of the nineties, 120
accumulation) determined by the evolution and  thousand ha at the beginning of the current
dynamics on the pedological scale of time,  century. According to more recent calculations,
climate and other pedogenetic factors their surface in 2020 was about 180 thousand
(biological, geomorphological) determined  ha. In our opinion, the development of
directly from this. As a result, the chernozems neohydromorphism overlapped, over time, with
in the region have a high capacity to buffer the  the intensification of the processes of physical
impact of various natural and anthropogenic soil degradation and the differentiation of the
factors, to adapt to the newly formed conditions soil profile into two distinct functional layers:
and to preserve the characteristics and regimes a) agrogenic and b) underagrogenic.
of the soils, thus ensuring the stability and  Previous research on this subject was limited
reproduction of the steppe landscapes. The  to: a) establishing the phenomenon; b)
substitution of the latter with agro-landscapes  recording, through the lens of fertility factors,
attracted significant changes in the pedogenesis  the quantitative and qualitative changes in soil
of chernozems that led to the destabilization of  characteristics and regimes; c) establishing the
agro-landscapes and the disturbance of the  place in the classification system; d)
balance between their components established development of procedures and measures for
on the pedological scale of time. This led to the =~ improvement and utilization. The genetic
establishment in soils of a complex of  aspects were reduced only to the stagnation of
interdetermined and interdependent processes  water on the surface of the impermeable clay
and  reactions  materialized in  the layer for water (Cysak, 1977; 1986).
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In this paper, the neohydromorphism of
chernozems is examined through the prism of
the unity of the pedogenetic process within the
genetic-evolutionary chain "factors <> regimes
< processes <> properties <> soil" taking into
account the place of the soil in the evolution of
pedogenetic factors. Through this prism of
ideas, the soil cover is considered a factor with
a decisive role in the current climate trend on a
global and regional scale.

MATERIALS AND METHODS

In the framework of the working concept for
evaluating the genesis of neohydromorphism,
we start from the principle of the priority role
of the degradation of physical properties and
regimes in determining the meaning and
intensity of cernoziomic typogenetic processes
within the current phase of anthropo-natural
cernoziomic pedogenesis. The disaggregation-
destructuring of the chernozemic structure (3-1
mm), the reduction of aggregate stability, the
overcompaction of the arable and sub-arable
layer, the degradation of the pore space led to
the reduction of water permeability and
hydraulic conductivity, thus creating premises
for the stagnation of water from atmospheric
precipitation in the agrogenic layer of arable
chernozems. At the same time, against the
background of an increase in the average
amount of precipitation by 8% in the cold
semester and a reduction by 2.5% in the warm
semester of the years 1991-2020 compared to
1961-1990, their seasonal regime changed in
the sense of increasing the amount in the
autumn months and decreasing in the summer
months.

According to the data of the State
Hydrometeorological Service, in about 40% of
the years, in some periods of the year, the
amount of atmospheric precipitation can exceed
the amount of precipitation during the cold
period of the year (1.XI-1.IV).

Against the background of the general decrease
in the number of days with precipitation >0.1
mm, the frequency of the number of days with
extremely abundant precipitation >50 mm has
increased greatly.

The number of days with precipitation >20 mm
is increasing by 11.7%, those with precipitation
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>30 mm by 27.4% and those with precipitation
>50 mm is increasing by 132%.

In addition, in some years the deviation of the
amount of precipitation from the multiannual
average value can constitute + 200-300 mm. In
about 40% of the years, the deviation from the
multiannual norm is £+ 100 mm.

In conditions of an advanced degree of physical
degradation in years/periods with abundant
atmospheric precipitation, water stagnates in
the upper and middle segment of the soil
profile and the processes induced by
overwetting start.

According to our more recent research, two
distinct types are clearly outlined within the
neohydromorphization process (Jigdu et al.,
2017).

The development of the first type is determined
by the increase in the degree of continentality
of the climate materialized in regional
manifestations ~ of  humidification  and
aridification of soils that determine the
imbalance of relations between the components
of agro-landscapes and their degradation. In
this sense, we consider that neohydromorphism
is a response reaction of chernozems to the
cumulative impact of the entire complex of
anthropo-natural factors and one of the main
causes that favors it is physical degradation. In
this sense, research has shown that in years
with abundant spring precipitation (2017),
gravity water drains from the soil profile only
in the second half of June.

In such years, the state of overwetting in the
active pedogenetic layer of arable chernozems
is maintained for a long period of time (April-
June) (Jigau et al., 2017).

The second type of neohydromorphism is
caused by the cumulative effect of
humidification of the water regime of arable
chernozems under conditions of
agrophytocenoses as a result of the change in
the mode of water consumption from the soil to
evapo-transpiration.

The phenological rhythm of operation and the
particularities of the root system of cultivated
plants cause the reduction of water
consumption from the lower horizons of the
soil profile. The shorter the vegetation period
of agrophytocenoses compared to biocenoses
also contributes to this. At the same time, in
arable chernozems, the porous space is divided



into two substrates, with the formation of an
anisotropic-discontinuous space. Therefore,
during vegetation, water reserves from the
agrogenic layer are consumed more intensively,
including physical evaporation. As a result,
there is a slow cumulative increase of water
reserves in the lower horizons with the start of
the processes of loosening the structural
aggregates and clogging the pores, creating a
predominantly reducing aerohydric regime.

In these conditions, the processes of quasi-
gleyzation and local gleyzation start in the soils
with the subsequent intensification of the
phenomenon of changing the way of placement
and packing of the solid components, and as a
result, of the ratio between the mass and the
volume of the soil phases in favor of the solid
phase materialized in increasing the degree of
compaction and reduction of the volume of the
porous space.

Therefore, over time, the thickness of the layer
available for wetting is reduced, so that even in
the years with the amount of precipitation
corresponding to the multiannual average, in
the early phases of the vegetation period, in
soils with an advanced degree of physical
degradation, there is an excess of moisture,
which implies a change in the meaning and the
intensity of the chernozemic typogenetic
processes and favors the hydrometamor-
phization processes (Jigau et al., 2017).

Starting from the working concept, the research
included the evaluation of the changes in
typogetic processes within a “chain” of soils
with different degrees of development of
neohydromorphism. The research involved
applications in the field and in the laboratory.
In the field were studied 6 soil profiles that
characterize soils with different degrees of
physical degradation and hydrometamorphism.
Within the evaluated chain of soils the degree
of physical degradation and
hydrometamorphism increases as follows:
typical chernozem with low humus content
(forest strip) — typical chernozem with low
humus content (arable land) — typical cvasi-
gleyied chernozemlike soil with low humus
content (arable land) — typical gleyied
chernozemlike soil with low humus content —
typical compacted chernozemlike soil with low
humus  content gleyied  hardsetted
chernozemlike soil with low humus content. In

—
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order to evaluate the quantitative changes in the
evolution processes of the mineralogical
component, the mineralogical composition of
the fine clay fraction was evaluated with the X-
ray diffraction method (the analyzes were
carried out in the Institute of Geology and
Seismology, Chisinau). The humus
composition was evaluated with the Kononova-
Belicikova method (Kaurichev, 1980). The
structural-aggregate composition was evaluated
with the Savvinov method. The differential
porosity was evaluated based on the suction
curve (Jigdu & Nagacevschi, 2006).

RESULTS AND DISCUSSIONS

The agro-climatogenic neohydromorphization
of chernozems involves several genetic-
evolutionary stages: a) seasonal - substitution
of the non-percolating automorphic water
regime with the stagnant-non-percolative
ephemeral water regime; b) transitional - the
establishment in soils of the periodic stagnant-
non-percolative ~ water regime; c¢) the
development and deepening of the permanent
stagnant-non-percolative water regime. Within
the mentioned genetic-evolutionary stages, the
derno-chernozemic pedogenesis is replaced by
the hydrometamorphic pedogenesis, which
involves the modification of the composition of
all soil phases, including the living one, and
materializes in the modification of the direction
and intensity of the humus formation and
accumulation process, the
montmorillonitization of the finely dispersed
fraction, the metastructuring of the soil mass,
the restructuring of the porous space (Jigau et
al., 2017; Jigdu & Lesanu, 2021).

The evolution of the mineralogical composition
of the fine clay fraction (<0.001 mm) under
conditions of neohydromorphism is determined
by its montmorillonitization as a result of illite-
hydromicas (Table 1).

The data presented in Table 1 shows that the
mineralogical composition of the <0.001 mm
fraction of the automorphic chernozems, within
the investigated chain, is characterized by illite-
montmorillonite composition and relatively
uniform  distribution  of  illite  and
montmorillonite on the profile. Changing the
water regime, already in the initial phase, leads
to the start of the montmorillonitization process



and the increase of the montmorillonite content
up to 25.1%. With the increase in the degree of
hydrometamorphism, the intensity of the

montmorillonitization process intensifies with
the formation of compacted gleyied and
hardsetted gleyied profiles.

Table 1. The mineralogical composition of the fine clay fraction (<0.001 mm) of soils with different degrees of

hydrometamorphism
Soil Depth, Mineral content, % Finely
cm Montmorillonite Illite  Chlorite Kaolinite dispersed
quartz
. . 0-10 40.8 443 5.9 9.0 13.9
Typlcalc"g‘rire‘;‘f&g‘r ;Z;t?trll"‘;’ humus 20-30 443 400 53 10.4
P 40-50 43.8 45.5 4.5 6.2
Typical cvasi-gleyied chernozemlike 0-10 40.8 443 53 9.6 13.9
soil with low humus content 20-30 443 40.8 8.5 6.4 6.9
(arable land) 40-50 59.6 25.1 10.9 4.4 7.6
. . . I 0-10 37.2 45.6 9.8 7.4 17.8
Typical gl‘;xiﬁ}ﬁi’s“lﬁggf soil with 5 30 55.4 297 19 7.0 6.9
40-50 73.9 15.3 4.5 6.3 53
Typical compacted gleyied 0-10 443 46.1 6.9 2.7 12.2
chernozemlike soil with low humus 20-30 62.7 25.0 7.3 10.0 10.1
content 40-50 72.4 17.5 6.1 4.0 10.1
. . . 0-10 37.8 453 8.4 8.5 18.7
40-50 69.3 19.9 6.4 2.3 7.6

Increasing the degree of hydrometamorphism
leads to increasing the share of the humification

process and reducing the share of the
mineralization process within the
decomposition-transformation ~ process  of

organic matter in the soil, manifested in the
increase of the organic carbon content. At the
same time, however, as the
hydrometamorphization process intensifies, the
active humifer profile of the soils is clearly
divided into two layers with different organic
carbon content. The 0-30 cm layer in which the
row organic matter is mainly stored is
characterized by a unidirectional trend of
increasing the organic carbon content. In the
30-50 cm layer, the organic carbon content
remains practically unchanged. At the same
time, the distribution of the fraction of mobile
humic substances (extracted with 0.1 NaOH
solution) in the active humic layer of
chernozemlike soils indicates a more intensive
humification process in the 0-30 cm layer.

The process of humification under conditions
of neohydromorphism proceeds with the
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formation, predominantly of humic acids, and
is manifested in the increase of Cha: Cfa values
in the 0-30 cm layer of chernozemlike soils
(Table 2). The changes that can be seen in the
content and profile distribution of the carbon of
the non-hydrolyzed residue allow wus to
consider that the particularities of the humic
system of the studied soils are determined by
the hydrometamorphism of the pedogenetic
process.

The changes in the mineralogical composition
of the fine clay fraction and in the composition
of the humic system of the soils led to the
establishment of the metaaggregation process
in the chernozimoid soils, which led to a
significant change in the structural-aggregate
composition of the chernozemlike soils
(Table 3).

This implies the increase, in chernozemlike
soils compared to chernozems, of the content of
aggregates >10 mm and the reduction by 10-
15% of the content of agronomically valuable
aggregates (10-0.25 mm).



Table 2. The composition of the humic system
of chernozemlike soils with different degrees of hydrometamorphism

The composition of the humic system, % of the

Soil Depth, Carbon total C content Cha/
cm content, % C extracted Cfa
with 0.1 C unhydrolyzed
NaOH Cha Cfa residue

0-10 2.86 5.8 36.1 189 39.2 1.91

Typical chernozem with low 10-20 2.93 6.7 37.6 188 36.9 2.00
humus content (forest strip) 20-30 2.32 7.7 344 197 38.2 1.75
30-40 1.98 7.3 33.8 21.1 38.8 1.60

40-50 1.72 6.1 33.1 219 38.4 1.51

0-10 2.31 9.6 31.7 20.6 38.1 1.54

Typical chernozem with low 10-20 2.16 9.3 342 19.1 374 1.79
humus content (arable land) 20-30 1.87 8.4 358 203 35.0 1.76
30-40 1.71 5.8 324 215 40.3 1.51

40-50 1.67 4.7 327 22.1 40.5 1.47

0-10 2.77 10.2 349 189 36.0 1.85

Typical cvasi-gleyied 10-20 2.42 10.0 362 18.9 349 1.92
chernozemlike soil with low 20-30 1.90 7.1 332 194 40.3 1.71
humus content (arable land) 30-40 1.74 5.4 33.8 20.7 40.1 1.63
40-50 1.65 4.8 326 21.1 41.5 1.55

0-10 2.81 11.8 382 19.1 30.9 2.00

Typical gleyied chernozemlike soil 10-20 2.63 1.3 377194 31.6 1.94
with low humus content 20-30 2.55 10.0 355 203 34.2 1.75
30-40 1.83 7.9 33.8 209 374 1.62

40-50 1.66 7.7 31.5 217 39.1 1.45

0-10 291 11.5 39.1 198 29.6 1.97

Typical compacted gleyied 10-20 2.71 10.7 38.3 203 30.7 1.89
chernozemlike soil with low 20-30 2.27 6.3 36.8 209 36.0 1.76
humus content 30-40 1.76 5.1 340 21.6 393 1.57

40-50 1.58 4.1 33.1 218 41.0 1.52

0-10 2.86 11.7 389 194 30.0 2.01

. . 10-20 2.67 11.0 379 199 31.2 1.90
Gleyied hardsetstzg chernozemlike 20-30 2 44 99 362 203 336 178
30-40 1.80 5.3 33.7 209 40.1 1.61

40-50 1.60 44 314 217 42.7 1.45
The content of 5-1 mm aggregates and The changes in the structural-functional

waterstable aggregates undergo less noticeable
changes.

In our opinion, the "relative conservation" of
the chernozems structure (5-1 mm) and its
waterstability is due to the permanent
reproduction of aggregates <5 mm with the
participation of newly formed humic
substances, the aggregation process being
supported by the predominance of calcium
cation (Ca*") in the composition of the
adsorptive complex of chernozemlike soils
(Jigau & Lesanu, 2021).
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organization of chernozemlike soils led to the
restructuring of their porous space. From
Table4 we can see that as the degree of
hydrometamorphism intensifies, the total pore
volume decreases significantly from 62-63% to
47-52% in the 0-30 cm layer and from 61-62%
to 43-45% in the 30-50 cm layer.

The specified changes are made on account of
interaggregate pores (aeration pores) whose
volume is much (about 1.3-2 times) below the
limit of critical values. As the soil mass is
reorganized in the compact and slitted
chernozemlike soils, a slight reduction in the



capillary pore volume can also be seen. The
changes in the composition of the porous space
allow us to consider that the agro-climatogenic
neophydromorphism established in chernozems

Table 3. Aggregate structural composition of chernozem soils
with different degree of hydrometamorphism

with

an

advanced degree

of physical

degradation has an irreversible unidirectional
character.

Soil Depth, Aggregate size, mm Waterstable
cm Content of aggregates, % aggregates
>10  X10- 5-1 <0.25
0.25
0-10 9.6 872 574 32 50.5
Typical ch ith low h rent 10-20 109 859 598 3.2 49.8
ypicat em"z(ef‘;‘rg’;i Stri‘“)” Hmus conten 20-30 113 858 613 29 48.8
P 30-40 128 845 579 2.7 48.2
40-50 134 839 566 2.7 47.8
0-10 169 802 521 39 46.5
Typical chernozem with low humus content 10-20 167 79:5 336 38 49.7
P Z(ara]:;e lam;;’ i 2030 199 770 532 3. 477
30-40 133 838 547 29 51.3
40-50 138 833 520 29 50.8
0-10 246 716 507 3.8 46.5
. . . . L 10-20 289 68.6 484 25 49.6
Dl cabalyictbenonllelies 0% g2 @0 me 13 e
30-40 296 686 49.1 1.8 49.4
40-50 284 699 489 1.7 48.9
0-10 26.1  69.7 525 42 47.4
. . . L 10-20 284 683 498 33 47.8
Typical gleyied chern(:j;rzlrlll;e soil with low humus 2030 389 597 516 14 503
30-40 327 65.6 49.0 1.6 46.1
40-50 320 669 483 1.1 48.4
0-10 263 692 536 45 49.8
10-20  31.1  67.0 463 29 49.6
Typical compacted gleyied chernozemlike soil with 20-30  39.1 591 432 1.0 48.3
low humus content 30-40 398 594 416 08 49.8
40-50 353 635 449 12 45.7
0-10 307 674 485 19 50.2
10-20 325 662 467 13 47.7
Gleyied hardsetted chernozemlike soil with low 20-30 369 624 431 08 44.9
humus content 30-40  39.1 599 359 1.0 40.7
40-50 38.0 61.0 366 1.0 39.6
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Table 4. The differential porosity of chernozemic soils with different degrees of hydrometamorphism

Soil Depth, cm Porosity, (£), %

£t Ew Case Call €k Caer

0-10 62.5 314 8.7 5.1 17.6 31.1

10-20 62.7 34.8 8.4 5.4 21.0 27.9

Typical chernozem with low 20-30 62.3 33.6 8.4 5.6 19.6 28.7
humus content (forest strip) 30-40 61.6 30.4 8.1 5.5 16.8 31.2
40-50 583 29.9 8.3 5.7 15.9 28.4

0-10 57.8 33.7 8.5 53 19.9 24.1

10-20 56.1 353 8.9 5.5 20.9 20.8

Typical chernozem with low 20-30 54.8 36.0 9.1 5.7 21.2 18.8
humus content (arable land) 30-40 53.5 36.4 9.3 5.7 21.4 17.1
40-50 52.7 38.3 9.8 5.9 22.6 14.4

0-10 553 44.0 9.1 5.6 29.3 11.3

Typical cvasi-gleyied 10-20 553 443 9.0 5.4 29.9 11.5
chernozemlike soil with low 20-30 337 428 94 3.6 278 10.9
humus content (arable land) 30-40 52.1 43.2 9.7 6.0 27.5 8.9
40-50 50.9 44.8 10.4 6.2 28.2 6.1

0-10 52.7 443 9.3 6.3 28.7 8.4

Typical gleyied 10-20 534 44.8 9.3 6.4 29.1 8.6
chernozemlike soil with low 20-30 S1.2 43.0 98 6.0 262 8.2
humus content 30-40 49.7 422 9.8 5.9 26.5 7.5
40-50 49.3 42.0 10.1 5.9 26.0 7.3

0-10 51.8 43.7 9.2 6.0 28.5 8.6

. . 10-20 49.4 42.0 9.4 5.7 26.9 7.4
Typical compacted gleyied 20-30 478 416 9.6 5.7 263 62
;ﬁ;ﬁgiﬂ;ﬁ soil with low 30-40 453 40.8 9.6 54 25.8 53
40-50 459 40.9 9.4 5.9 25.6 5.0

0-10 50.1 41.9 9.3 5.7 25.9 8.2

Gleyied hardsetted 10-20 473 40.2 9.3 5.7 24.2 7.1
chernozemlike soil with low 20-30 45.0 40.0 9.6 5.4 25.0 5.0
humus content 30-40 43.7 38.2 9.6 5.4 22.2 5.5
40-50 43.4 38.8 9.8 53 23.7 4.6

CONCLUSIONS

The development of agro-climatogenic
neophydromorphism is favored by changes in
the atmospheric precipitation regime induced
by the current trend of regional climate
conditions and by the advanced degree of
physical degradation of arable chernozems.
Within it, the derno-chernosiomic pedogenesis
process is replaced by the hydrometamorphic
pedogenesis process materialized in the
montmorillonitization of the mineralogical
composition of the fine clay, the intensification
of the humification process with the
predominant formation of humic substances
and the metaaggregation of the soil mass with
the formation of aggregates >10 mm. The

evolution of the volume and structure of the
porous space indicates that the processes
induced by neohydromorphism are
unidirectional and irreversible, materialized in
a new form of chernozems degradation - the
hydrological one.
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Abstract

Alluvial soils are a special product of pedolithogenesis, which takes place in floodplain conditions. Their formation is
associated with the passage of floodplain and flood processes. This leads to the formation of soils that have maximum
biogenicity and fertility levels. Changes in the conditions of soil formation during the year (changes in the level and
composition of groundwater, the presence or absence of floods, features of the activity of the biological factor) cause
changes in the physical and chemical parameters of soils, the intensity of the passage of biochemical processes, which
is necessarily reflected in redox processes. This relationship is not only direct, but also reverse. The indicators of the
redox potential of alluvial soils of the floodplains of the rivers of the Siversky Donets basin are given in the article.
They were determined by the seasons of the year in layers at depths from 0 to 40 cm. The ORP level was determined in
the field using the potentiometric method. Both for soil layers and for the seasons of the year, the indicators of the redox
potential indicate the passage of reduction processes, and only in summer these processes can have the character of
low-intensity oxidation. The restoration processes in the soil are most intense in spring. The bog alluvial soils of the
near-Teras depression are characterized by more pronounced processes of reduction, as evidenced by the minimum
values of the redox potential.

Key words.: alluvial soil, floodplain, redox potential.

INTRODUCTION hectares, and with strong waterlogging is 770
hectares. A significant area of soils with
The Siversky Donets River is one of the largest waterlogging is alluvial soil (Fluvisol)
rivers in Ukraine and the main water artery in (Ecological, 2021).
the east of the country. More than 64% of the  The relevance of the study of floodplain soils is
territory of the east of Ukraine is the drainage  beyond doubt, neither from a purely scientific
basin of the Siversky Donets. This is the area  point of view or from a practical point of view.
from which atmospheric water is collected in ~ The floodplain alluvial soils occupy a special
the channel of this river. The basin occupies place among the great variety of soils. They
9.1% of the territory in relation to the area of  differ from watershed soils in genesis,
the country and is the fourth by largest- composition indicators, and economic use.
54,500 km?. These soils are formed in complex
There are 3,112 rivers at this area, of which 118 biogeochemical conditions due to the
are small and medium-sized. There are 106  heterogeneity of the floodplain process. It is
such rivers on the territory of the Kharkiv related to the flood regime, features of the
region, which belong to the Siversky Donets  granulometric and mineralogical composition,
basin (Vasenko at al., 2006). physic-chemical and physical properties of
Floodplains are areas that are inundated by  alluvial deposits in different parts of the
river waters during a flood and are components floodplain, features of the composition and
of a river valley. Alluvial soils, which are  regime of the groundwater level, the specifics
unique in their genesis and properties, were  of the species composition of plants, and the
formed on floodplains. Gleyic Fluvisol, = microclimatic conditions of the river valley.
Calcari-Gleyic  Fluvisol and Humi-Gleyic These soils are in a pronounced development
Fluvisol prevail among them (Vepraskas & and transformation. This is due to flooding
Craft, 2017). The area of soils with weak  processes, the location of this territory at the
waterlogging within Kharkiv region is 23,000  point of intersection of several geochemical
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pathways of substances and the peculiarities of
variegated changes in the physical, chemical
and physic-chemical parameters of soils both
during the day and according to the seasons of
the year. The combined effect of these factors
causes the formation of soils of complex
genesis and with specific properties.

Floodplain soils were distinguished by a higher
level of fertility compared to soils of flat
interfluve. A valuable natural sources of cheap
and biologically complete feed for animals
were located here (Fageria et al., 2002; Lorant
& Podmaniczky, 2015).

The alluvial soils of the floodplains of the
Siversky Donets basin, in contrast to the zonal
soils located in the adjacent territories, are
occupying a relatively small area. They are
almost not studied from the point of view of the
properties and mode of the level of oxidation-
reduction processes in natural conditions. A
more thorough assessment of the ecological
state of the functioning of alluvial soils and a
clearer understanding of their genesis will be
provided when studying this issue. The purpose
of the research: to investigate the level of redox
potential during the growing season in field
conditions of alluvial soils of small and
medium-sized rivers of the Siversky Donets
basin.

Each type of soil is distinguished by a unique
level of redox potential and its dynamics.
Changes in the conditions of soil formation
during the year (changes in the level and
composition of groundwater, the presence or
absence of floods, the peculiarity of the activity
of biological factors) cause changes in the
physical and chemical parameters of the soil,
the intensity of biochemical processes. As a
result, redox processes are change. This
connection is not only direct, but also inverse.
Aeration and chemical composition of the soil
affects the size of the redox potential. The
above-mentioned  indicator  affects  the
transformation of soil components (Davidson et
al., 2015; Denef & Lehmann, 2016; Nunan &
Boivin, 2016; Zak & Tilman, 2018; Bragato et
al., 2019).

There is the most contrasting dynamics of the
redox potential in soils with a close occurrence
of groundwater and a variegated biological
factor, which is associated with significant
changes in the water-air regime of the soil and
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large fluctuations in soil temperature. These
types of soils include alluvial (Fluvisol) soils
(Chen et al., 2017; Herrmann & Werban, 2017,
Fuentes-Rodriguez et al., 2018).

There is heterogeneity of redox potential not
only in time, but also for each genetic horizon
separately and even for microzones within one
genetic horizon for the prevailing majority of
alluvial (Fluvisol) soils. A lower indicators of
redox potential exist in overmoistened glial
horizons of the hydromorphic series of soils.
According to scientists, this is due to the
heterogeneity of microbiological activity and
aeration in the soil profile (Zhelezova et al.,
2013; Komatsu & Sato, 2021).

I. Kaurichev separated into independent groups
semi-hydromorphic and hydromorphic soils,
which also include alluvial (Fluvisol) soils,
according to OVP indicators. The first group
has seasonal waterlogging in the upper or lower
horizons or their entire profile. The contrast
indicators of ORP are typical for the soils of
this group. Another group has rewetting
throughout the soil profile throughout the year
(Kaurichev, 1982).

Redox potential (ORP or redox potential)
determines the redox conditions in the soil, that
is, the degree of aeration and the level of
biogenicity in it (McDaniel et al., 2006;
Belyaeva et al., 2017).

The value of ORP at the level of 600-750 mV
is typical for maximally aerobic conditions,
400-600 mV - for normally aerated conditions,
300-400 mV - for conditions with moderate
waterlogging, where aeration is difficult, 200-
300 mV for conditions with medium
waterlogging, where aeration is significantly
complicated, and less than 200 mV - for
conditions with a predominance of recovery
processes, sludge formation actively occurs in
the soil and compounds toxic to plants
accumulate (Khtryan, 1976).

MATERIALS AND METHODS

The studies were carried out within the
following territories: the central and terraced
parts of the floodplain of the Mokryi Izyumets
River and the riverbed, central and terraced
parts of the floodplain of the Voloskaya
Balakleyka River, Izyumsky District, Kharkov
Region.



Mesophilic and  hygrophilic  herbaceous
vegetation grows on the territory of floodplains.
The territories are used as natural hayfields and
pastures.

The soil covering the flood of the river Mokriy
Izyumets and Voloska Balakliyka to the basin
of the Siversky Dintsya is to be folded and
formed from different taxonomic units.

On the territory of the central part of the
floodplain of the Mokriy Izyumets river,
Izyumsky district, Kharkov region, Humi-
Gleyic Fluvisol (N 49°24'03,0", E 37°19'39,2")
studied.

On the territory of the near-terrace part of the
floodplain of the Mokriy Izyumets river,
Izyumsky district, Kharkov region, Humi-
Gleyic Fluvisol (N 49°24'00,7", E 37°19'47,5")
studied.

On the territory of the near-channel part of the
floodplain of the Voloska Balakliyka river,
Izyumsky district, Kharkov region, Alluvial
Gleysol (N 49°32'43,2", E 37°02'36,4") studied.
On the territory of the central part of the
floodplain of the Voloska Balakliyka river,
Izyumsky district, Kharkov region, Alluvial
Gleysol (N 49°32'41,1", E 37°02'35,8") studied.
On the territory of the near-terrace part of the
floodplain of the Voloska Balakliyka river,
Izyumsky district, Kharkov region, Alluvial
Gleysol (N 49°32'37.9', E 37°02'39,9") studied.
Determination of ORP was carried out in soil
layers 0-10, 10-20, 20-30 and 30-40 cm in field
conditions immediately after the opening of the
horizons according to the seasons of the
growing season - spring, summer and autumn.
The EMF was measured (in mV) between the
EPV-1 thin-layer platinum electrode (Figure 1)
and the EVL-1M auxiliary silver chloride
electrode (Figure 2), which were lowered into
the soil ball, to determine the soil redox
potential. The electrodes were connected to a
portable millivoltmeter pH-150 (Figure 3). The
temperature compensation was performed
before each measurement according to the
readings of an electronic temperature sensor.
ORP was measured after 15 min after the
installation of the electrodes — during this
period, equilibrium is established between the
soil and the electrodes. For the final calculation
of the ORP index, 201 was added to the
obtained figure to take into account the value of
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the potential of the auxiliary electrode with
silver chloride.

e &
Figure 2. Auxiliary silver chloride electrode EVL-1M

Figure 3. Portable millivoltmeter pH-150

A mixture of salts (3.8018 g Ka[Fe(CNe)] and
13.5001 g K3[Fe(CNe)]) in 1 liter of distilled
water is used as a reference solution for ORP
measurements. The EMF of the circuit at
20°C«£1°C relative to the auxiliary electrode
with silver chloride is 272 mV+5 mV. A check
against the reference solution is carried out
before each new test point.



RESULTS AND DISCUSSIONS

As mentioned earlier, alluvial soils have quite
specific properties. This originality is also
manifested in the dynamics of the redox
potential (Table 1).

The floodplain of the Voloska Balakliyka river
is monotonous in terms of soil cover. There is
Alluvial Gleysol irrespective of the part of the
floodplain. At the same time, regardless of the
homogeneity of the soil, the indicators of redox
potential is differ depending on the part of the
floodplain.

The ORP of the Alluvial Gleysol of the near-
channel part of the floodplain of the Voloska
Balakliyka river, which is somewhat elevated
above other parts of the floodplain, is differs
both with depth and with the seasons of the

year. The ORP index indicates the weakly
reducing nature of redox processes in the spring
in the 0-10 cm soil layer. Deeper, the degree of
reduction processes increases and reaches a
maximum in the 20-30 cm layer, where the
ORP is equal to 238 mV. In the summer, the
ORP indicator changes dramatically in this soil
in almost all the studied layers. Moderately
reducing conditions are created in the 0-10 cm
layer, which change sharply to weakly
oxidizing conditions with increasing depth.
This is indicated by the ORP indicators in the
10-20 cm soil layer is 438 mV and in 20-30 cm
- 404 mV. Moderately reducing conditions are
created at a depth of 30-40 cm - 282 mV. This
digital does not differ significantly from the
indicator recorded in the spring.

Table 1. Content and profile distribution of ORP index in floodplain soils of Siverskyi Donets basin

P ; Denth ORP, mV
. art o . epth,
Rivers floodplain Soils cm Selection period
Spring Summer  Autumn
0-10 324 464 339
. . . 10-20 339 176 361
Central Humi-Gleyic Fluvisol
20-30 280 351 305
Mokriy 30-40 300 129 329
Izyumets 0-10 300 255 303
. . . 10-20 291 449 327
Near-terrace Humi-Gleyic Fluvisol
20-30 330 440 334
30-40 304 417 315
0-10 306 239 323
. 10-20 253 428 280
Near-channel Alluvial Gleysol
20-30 238 404 263
30-40 280 282 307
0-10 321 271 333
10-20 295 342 316
Vologka Central Alluvial Gleysol
Balakliyka 20-30 311 252 318
30-40 300 202 302
0-10 283 369 295
. 10-20 258 160 267
Near-terrace Alluvial Gleysol
20-30 315 423 326
30-40 279 198 288

In autumn, the pattern of the profile distribution
of the potential repeats the spring distribution
with a slight increase in the level. Weakly
reducing conditions are formed in the upper
soil layer (0-10 cm - 323 mV) and the deepest
layer under investigation (30-40 cm - 307 mV).
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At a depth of 10-30 cm, the ORP indicator does
not exceed 300 mV, which indicates
moderately reducing conditions.

With regard to the redox conditions of the
Alluvial Gleysol of the central part of the
floodplain of the Voloska Balakliyka river, it is



possible to assert, based on the OVP indicators,
that the restoration processes are intensified
compared to the conditions in the soil of the
near-channel part of the floodplain. In the
spring, in the layers of 10-20 cm and 30-40 cm,
the indicators of redox potential differ by only
5 mV and are equal to 295 mV and 300 mV.
These indicators indicate that the intensity of
recovery processes is on the border between
weak and moderate intensity. Between the 0-
10 cm and 20-30 cm layers, the difference in
the ORP level is somewhat larger - 10 mV. In
these layers, restoration processes begin to
manifest themselves well. In summer, the
intensity of recovery conditions increases
almost throughout the profile. On the contrary,
only at a depth of 10-20 cm, the intensity of
regeneration processes is suppressed compared
to spring. Here the ORP level exceeds the mark
of 300 mV and is equal to 342 mV. In autumn,
with increasing depth, there is a clear tendency
to decrease the ORP indicator from 333 mV in
the 0-10 cm layer to 302 mV in the 30-40 cm
layer. According to the indicators studied, the
soil layers of 10-20cm and 20-30 cm are
almost the same. In general, regeneration
processes take place here with moderate
activity.

The ORP indicators of the Alluvial Gleysol of
the near-terrace part of the floodplain of the
Voloska Balakliyka river, which is lower
relative to the level of the central floodplain,
indicate that this soil is more moist than the
previous ones. In spring, the maximum value of
ORP is fixed at a depth of 20-30 cm - 315 mV.
In this part of the soil profile, the nature of the
processes acquires the manifestation of weak
recovery. Higher and deeper, recovery
processes is intensify and has reach maximum
development for a part of the profile up to a
depth of 40cm in a layer of 10-20 cm
(258 mV). In the summer, there was a sharp
differentiation of the layers of the Alluvial
Gleysol according to the nature of oxidation-
reduction processes. In addition to reduction
processes, weak oxidation processes also
appear here. As evidenced by the ORP
indicator in the 20-30 cm layer - 423 mV.
Intensive recovery processes that take place in
the soil layers of 10-20 cm (160 mV) and 30-
40 cm (198 mV) create an unfavorable nutrition
regime for plants. In the upper part of the soil,
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0-10 cm, weakly reducing conditions are
created, which is indicated by the ORP of
369 mV. In autumn, the variability of the ORP
level decreases with depth and is within 200-
300 mV in most soil layers. Moderate recovery
processes are underway here. The intensity of
these processes decreases somewhat at a depth
of 20-30 cm, where the redox potential rises to
326 mV.

The soil cover of the Mokryi Izyumets
floodplain is represented by one type of soil -
Humi-Gleyic Fluvisol. Compared to Alluvial
Gleysol of the Voloska Balakliika river
floodplain, the redox potential index is on
average higher, which indicates a lower
moisture content of the Humi-Gleyic Fluvisol
and a decrease in the intensity of recovery
processes.

At the spring, the redox potential of the Humi-
Gleyic Fluvisol of the central floodplain was
within 280-339 mV. With depth, there is a
general tendency to decrease this indicator. The
nature of the processes is variable and weakly
reversible. In summer, there is a significant
change in indicators compared to spring and
autumn, and a sharp change in them is recorded
by soil layers. Three groups of indicators are
distinguished here. The first group - those that
are less than 200 mV. They were found in
layers of 10-20 cm - 176 mV and 30-40 cm -
129 mV. In these layers, the intensive recovery
processes take place, which, as mentioned
earlier, have a negative effect on plant
nutrition. The second group of indicators,
which are within 300-400 mV. Such an
indicator is in the layer of 20-30 cm - 351 mV.
In this layer, the intensity of recovery processes
is very weak. The last group of indicators - in
the range of 400-500 mV - is in the 0-10 cm
layer 464 mV, where weak oxidation
processes take place, which are favorable for
the formation of nitrate nitrogen during the
nitrification process. In autumn, the ORP level
stabilizes and no sharp changes are recorded.
With depth, there is a general tendency to
decrease the level of ORP, which indicates an
increase in the intensity of recovery processes,
which is associated with an increase in soil
moisture and a decrease in its aeration.

The ORP indicator of the Humi-Gleyic Fluvisol
of the soil differs from the indicators of the
previous soil. In the spring, a general tendency
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Abstract

Macronutrients content of five barley varieties was studied at three levels of nitrogen 0, 200, and 400 mg N/kg soil. It
was found that the Kristi variety had a low grain protein content of 8.8% on average. Obzor, Krami and Kaskadior
varieties increased the crude protein in the grain to 12.3-13.0% at the Ny level. Strong positive correlation was
proven between the soil nitrogen and grain protein (r=0.993**). Added nitrogen (Nig) increased the straw nitrogen
content from 0.51% Ny to 0.74% N. The Krami variety showed a higher concentration of grain phosphorus 0.87% P05,
on average. The grain potassium content slightly depended on the variety. Varieties grown at Nyg level had a higher
concentration of potassium at maturity and of phosphorus in the grain than the plants at No. Calcium content of grain
was higher in Emon and Kristi varieties (0.30 and 0.29% CaO, respectively), and in straw in Kristi and Kaskadior
(1.10 and 1.14% CaO, respectively). Nitrogen level had a little effect on the calcium and magnesium contents. Their
average concentrations of barley grain were 0.28% CaO and 0.12% MgO at Ny variant.

Key words: mineral composition, malting barley, nitrogen.
INTRODUCTION

Barley is the main source of raw material for
the brewing industry as well as for feeding
animals. Its intensive cultivation is due to high-
yielding varieties, possessing high ecological
plasticity and yield stability. The genotypic
specificity of mineral nutrition is a complex
problem and depends on a number of
interacting factors (Rogers et al., 2022). The
main task is the creation of varieties with high
efficiency in the use of both natural soil fertility
and mineral fertilizers. In this way, the
obtaining of sustainably high, qualitative and
economical yields is ensured. Genetic
specificity in mineral nutrition is judged by
responsiveness to the level of fertilization, and
one of the main indicators of research is the
content of nutritional elements in the grain and
straw of barley (Below, 1995).

Higher yields of modern barley varieties have
been found under a wide range of nitrogen
fertilization (Abeledo et al., 2003a). Despite
significant genetic improvements in grain yield,
their impact on grain mineral content may be
different. Regarding grain nitrogen, it is
important how the selection process has
affected the balance of utilization of the two
elements nitrogen and carbon in plants
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(Acuiaet al., 2005; Rogers et al., 2019).
Quality barley for malting industry should
contain more than 60% of starch and less than
12% of total proteins (Popovich et al., 2011).
The effect of nitrogen level on barley
characteristics depends on applied nitrogen
rates and climate characteristics during the
growing period. Sample nitrogen rates of 80 to
120 kg N/ha are most often indicated for
malting barley (Koteva, 2001). High nitrogen
rates increase the productivity of barley and, in
parallel, the crude protein content increases,
which, above certain limits, adversely affects
its brewing-technological qualities (Rogers et
al., 2022; Peev and Krasteva, 1989).

A number of factors influence the total nitrogen
in the barley grain, respectively the crude
protein. During grain filling, nitrogen is
redistributed from the vegetative parts to the
grain. Roots remained active during the grain
filling, in which high mobile nitrogen content
in the soil at the end of the growing season
could account for a higher percentage of
nitrogen in the grain. Barley can absorb up to
35 kg N/ha from the soil after flowering (Gastal
& Lemaire, 2002). High nitrogen content in the
grain may be due to a high input of nitrogen to
the grain late in the growing season. This gain
may be the result of soil uptake, enhanced



reutilization by vegetative parts, or poor plant
carbohydrate stores (Abeledo et al., 2008).
Other causes of high nitrogen content in the
barley grain are drought, lodging, disease, all of
which reduce yield without affecting the
redistribution of nitrogen to the grain (Stevens
et al., 2015). The effect of barley fertilization
can influence in a different direction from the
purpose of selection. Research on grain
nitrogen concentration in new barley genotypes
is necessary for breeding technology, brewing
industry and future selection. Cultivars must
maintain grain nitrogen at appropriate values
for beer production so that changes in plant
nitrogen status are narrower than carbon for a
stable NHI/GHI ratio (Lawlor, 2002). The
chemical composition of barley depends on the
variety and the level of mineral nutrition, and
on the specifics of the course of phenological
phases (Verma et al., 2003).

The aim of the present study was to investigate
the effect of the level of nitrogen nutrition on
the content of the macronutrients nitrogen,
phosphorus, potassium, calcium  and
magnesium in the grain and straw of Bulgarian
varieties of malting barley.

MATERIALS AND METHODS

Five Bulgarian varieties of malting barley,
registered in the Official Varietal List of the
country, well known and used in the country,
were included in the present study. Obzor and
Emon are long-standing standards for winter
double-row barley, created at the Institute of
Agriculture - Karnobat. They have a distinct
winter-spring type of development, medium-
tall stems with medium-thick, spiky spikes.
Krami and Krispi varieties were selected at the
Agricultural University of Plovdiv. They have
very good brewing technological qualities and
are suitable for cultivation in the dry regions of
the country, especially southern Bulgaria
(Lukipudis, 2008). Stems are lower, with
shorter spikes. These two varieties are
characterized by high productivity due to better
productive tillering. The Kaskadyor variety is
part of the selection achievements of the
Agricultural Institute. It is distinguished by a
taller stem and long spikes, as well as good
productivity under the conditions of Northern
Bulgaria.

111

The plants were grown in plastic containers
with a volume of 5 L (10 plants per container).
The barley varieties were studied at three levels
of nitrogen nutrition: 0, 200 and 400 mg N/kg
soil. Each variant was run in four replicates.
The nitrogen levels were created by NH4NO3
fertilization. The soil used has pH water = 7.2
and contains mineral nitrogen 43.7 mg N/kg,
mobile  phosphorus  (Egner-Riem)  and
absorbable potassium (2N HCI) 20.9 and
45 mg/100 g, respectively.

Barley grain and straw were analyzed at
maturity. The plants were previously dried at
60°C to constant weight and weighed. The dry
plant samples were ground and an aliquot part
of them was mineralized with concentrated
sulfuric acid under a hydrogen peroxide
catalyst, after which the content of total
nitrogen, phosphorus (colorimetrically on a
spectrophotometer model Camspec M105) and
potassium (on a flame photometer model PFP-
7) was determined.

The calcium and magnesium content of barley
grain and straw was determined in concentrated
hydrochloric and nitric acids (ratio 3: 1) on an
AAS model Perkin-Elmer 200 Analyst after
microwave mineralization on a Milestone 2000
mega furnace. The crude protein content of the
barley grain was calculated from the percent of
nitrogen content multiplied by a factor of 5.7
(N% x 5.7).

Analysis of variance (ANOVA) for two-factor
experiments and Duncan's (1955) multivariate
comparison test were used for mathematical
processing of the obtained results. Only
differences at 0=0.95 were accepted as proven.

RESULTS AND DISCUSSIONS

An improvement in barley productivity is
associated with a decrease in nitrogen concen-
tration in the grain (Abeledo et al., 2003b). The
percentage of grain nitrogen depends on the
genotype (Cox et al., 1985; Emebiri & Moody,
2004; Przulij & Momcilovic, 2001), growing
conditions during the vegetation period
(Boonchoo et al., 1998; Paynter & Young,
2004) and their interaction (Bertholdsson,
1999). Crude protein content of the barley grain
is only one of the characteristics related to
malting quality, but it is the most important
indicator for the brewing industry, varying



between 8.5% and 12.5% (Gali & Brown,
2000). In England, malting barley varieties are
used for beer production if 70% of the
production contains total grain nitrogen within
the range of 1.55% to 1.85% or 8.8% to 10.5%
expressed as crude protein (Collen, 2006).

Table 1. Crude protein concentration of barley grain, %

in parallel with the level of nitrogen nutrition
from 0.51% at the No to 0.74% at the Naoo level
(Table 2). The content of nitrogen in the straw
was the lowest in Kristi variety 0.43% at No
and the highest in Kaskadior variety grown at
Naoo level. The differences in the concentration
of nitrogen in the straw depending on the
variety of the plants grown at the Naoo, as well
as in the average of the three nitrogen levels,
were insignificant.

Table 3. Phosphorus grain concentration of barley,

N level No Nzoo N4oo Average
Variety variety
Obzor 8.6ab* | 10.2a | 12.3ab | 10.4ns***
Emon 8.3b 10.7a | 11.9b 10.3
Krami 7.9bc 9.3b 12.5a 9.9
Kristi 7.5¢ 8.9b 10.1¢c 8.8
Kaskadior 9.1a 10.2a 13.0a 10.8
Average N level | 8.3C** | 99B | 12.0A

*Values in each column followed by the same lowercase letters are not
significantly different at p<0.05

**Values in the row followed by the same uppercase letters are not
significantly different at p<0.05

***Not significantly different at p<0.05

The average content of crude protein in the
grain of the five Bulgarian varieties grown at
three levels of nitrogen was 10.1% (Table 1). It
varied within the limits of 7.5% (Kristi variety
at NO) to 13% (Kaskadior variety at Nsoo). Our
results confirmed that nitrogen fertilization
increased the crude protein content of the grain.
This indicator increased from 8.3% on average
for unfertilized plants to 12.0% for varieties
fertilized with 400 mg N/kg soil. The Kristi
variety was characterized by a low content of
crude protein in the grain. This was found at all
three nitrogen levels. Varietal response
averaged over the three nitrogen levels was
unproven. Increased nitrogen fertilization Naoo
leaded to high wvalues of grain protein
concentrations (12.3-13.0%) of Obzor, Krami
and Kaskadior varieties and it reduced the
quality of grain for beer production. Strong

(P205%)

level Average
Variety No Naoo Naoo variety
Obzor 0.72ab 0.77b 0.84a 0.78ab
Emon 0.67b 0.73b 0.79b 0.73b
Krami 0.81a 0.87a 0.92a 0.87a
Kristi 0.69b 0.76b 0.82ab 0.76ab
Kaskadior 0.63b 0.70b 0.75b 0.69b
Average N 0.70B | 0.77aAB | 0.82A
level

The average content of phosphorus in the grain
of the studied barley varieties grown at
nitrogen levels No, Naoo and Naoo was 0.76%
P20s (Table 3). It changed from 0.63% P20Os in
unfertilized plants of the Kaskadior variety to
0.92% P20s in the Krami variety at the Naioo
level. The level of nitrogen in the soil increased
the phosphorus content of the barley grain, but
proven differences were found between the
level of Nago and the cultivars grown without
nitrogen addition. The Krami variety was
distinguished by a higher concentration of
phosphorus in the grain at all three levels of
nitrogen. Varietal response was demonstrated
regardless of the level of applied nitrogen.

Table 4. Phosphorus concentrations of barley straw,

(P205 %)
positive correlation was found between the Nlovel A
X . eve verage
level of nitrogen nutrition and the percentage of | variery No Nooo Naoo variety
crude protein in the grain (r=0.993**). Obzor 0.43ns | 0.46ns | 0.50ns 0.46b
Emon 0.39 0.43 0.45 0.42ab
Table 2. Nitrogen concentration of the barley straw, Krami 0.47 0.50 0.53 0.50a
(N%) Kristi 0.42 0.48 0.51 0.47ab
Nlevel| No N2oo Naoo Average Kaskadior 0.45 0.51 0.55 0.50a
Variety variety Average N | 0.43ns 0.48 0.51
Obzor 0.49b | 0.57ns | 0.72ab 0.59ns level
Emon 0.53ab| 0.58 | 074ab | 0.62 The Krami variety was characterized by a high
Krami 0.57a | 0.64 0.79ab 0.67 . . K
Kristi 04361 055 | 0.63b 054 concentration of phosphorus in the grain
Kaskadior 0.55a 0.68 0.83a 0.69 (089% PZOS) compared to Emon (073% PZOS)
Average N level | 0.51C | 0.60B | 0.74A and Kaskadior (0.69% P20s) varieties.

The average concentration of nitrogen in the
straw of the studied barley varieties increased
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The concentration of phosphorus in barley
straw had similar values and was 0.47% P20Os




on average for the present experiment (Table
4). Proven varietal differences at the three
levels separately were not observed. However,
the average values of No, N2oo and Nago levels
indicated Obzor variety with lower grain
phosphorus content compared to Krami and
Kaskadior cultivars. The levels of nitrogen
nutrition had little influence on the average
phosphorus content of barley straw.

Table 5. Potassium grain concentrations of barley,

(K20, %)

level Average
Variety No Naoo Naoo variety
Obzor 0.64ns | 0.77ns | 0.82ns | 0.74ns
Emon 0.55 0.65 0.73 0.64
Krami 0.59 0.66 0.74 0.66
Kristi 0.62 0.69 0.75 0.69
Kaskadior | 0.61 0.71 0.78 0.70
Average N | 0.60B | 0.70A | 0.76A
level

The studied barley varieties contained an
average of 0.69% K>O in the grain (Table 5).
The values of this indicator varied within
relatively narrow limits from 0.55% KoO
(Emon variety at No) to 0.82% K20 (Obzor
variety at Naoo). Varietal response of barley in
grain potassium concentration was weak and
unproven. This was observed regardless of
nitrogen level. The potassium content of the
barley grain increased as a result of the applied
nitrogen. Unfertilized plants contained an

potassium in the straw (1.59-1.60% K-O).
Obzor variety had the lowest content 1.30%
K20 on average of the studied nitrogen levels.
Straw potassium content of barley cultivars
increased with nitrogen fertilization, but the
difference between unfertilized plants and the
Naoo level was unproven. The cultivars grown
at the Ny4oo contained an average of 1.58% KO
in the straw, which was 13.7% higher than that
of the unfertilized plants.

Table 7. Calcium concentrations of barley grain,

(Ca0 %)

level Average
Variety No Nooo Naoo variety
Obzor 0.21ns 0.23b 0.24ns | 0.23b
Emon 0.29 0.31a 0.31 0.30a
Krami 0.25 0.26ab | 0.28 0.26ab
Kristi 0.26 0.29a 0.31 0.29a
Kaskadior 0.23 0.25ab | 0.27 0.25b
Average N | 0.25ns 0.27 0.28
level

average of 0.60% K>O.
Table 6. Potassium concentrations of barley straw,
(K20 %)

N level Average
Variety No Naoo Naoo variety
Obzor 1.24¢ 1.29¢ 1.36¢ 1.30b
Emon 1.33bc | 1.42b 1.51b 1.42b
Krami 1.42ab | 1.51ab | 1.63ab 1.52a
Kristi 1.51a 1.60a 1.67a 1.59a
Kaskadior 1.47a 1.61a 1.71a 1.60a
Average N 1.39B | 1.49AB | 1.58A
level

Average grain  potassium  concentration

increased with soil nitrogen level to 0.70% K>O
(N200) and 0.76% K20 (Naoo), but the difference
between the two nitrogen levels was not
proven.

The content of potassium in the straw varied
from 1.24% KO (Obzor variety at No) to
1.71% K20 (Kaskadior variety at Naoo) (Table
6). Kristi and Kaskadior varieties were
characterized by higher concentrations of
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The level of nitrogen slightly affected the
percent of calcium in the grain and straw of the
barley varieties (Table 7 and Table 8).

Table 8. Calcium concentrations of barley straw,

(CaO %)

level Average
Variety No Nooo Naoo variety
Obzor 0.79¢ 0.81b 0.85b 0.82d
Emon 0.87¢c 0.88b 0.93ab | 0.89¢
Krami 0.99b 1.02ab | 1.05a 1.02b
Kristi 1.05b I.11a 1.13a 1.10a
Kaskadior | 1.18a I.11a 1.14a 1.14a
Average N | 0.98ns | 0.99 1.02
level

The average values within the trial were 0.27%
CaO (grain) and 0.99% CaO (straw). The grain
of Emon and Kristi varieties had proven higher
concentrations of calcium (0.30-0.29% CaO on
average) compared to Obzor and Kaskadior
varieties. A varietal response was demonstrated
with regard to calcium content of straw. Straw
calcium concentration was higher (1.10-1.14%
Ca0O) in Kristi and Kaskadior varieties. The
Obzor variety was showed low average concen-
tration of calcium in the straw of 0.82% CaO.
The effect of nitrogen level and variety on the
magnesium content of barley grain and straw
was weak (Table 9 and Table 10). The
magnesium concentrations of barley grain were
close values (0.11-0.15% MgO) and proven
differences were not observed.




Table 9. Magnesium concentrations of barley grain,

(MgO %)

level Average
Variety No Naoo Naoo variety
Obzor 0.1lns | 0.12ns | 0.11ns | 0.11ns
Emon 0.12 0.13 0.12 0.12
Krami 0.11 0.12 0.12 0.12
Kristi 0.10 0.12 0.12 0.11
Kaskadior | 0.14 0.15 0.14 0.14
Average N | 0.12ns | 0.13 0.12
level

Table 10. Magnesium concentrations of barley straw,

(MgO %)

level Average
Variety No Naoo Naoo variety
Obzor 0.09ns | 0.11ns | 0.10ns | 0.10ns
Emon 0.07 0.08 0.09 0.08
Krami 0.06 0.07 0.07 0.07
Kristi 0.07 0.07 0.08 0.07
Kaskadior | 0.08 0.09 0.11 0.09
Average N | 0.07ns | 0.08 0.09
level

The magnesium content of barley straw varies
within narrow limits from 0.06% MgO (Krami
variety at No) to 0.11% MgO (Obzor variety at
N2oo and Kaskadior variety at Naoo).

CONCLUSIONS

Kristi variety had a low grain protein content of
8.8% on average. Obzor, Krami and Kaskadior
varieties increased the crude protein in the
grain to 12.3%—13.0% at the Nago level. Strong
positive correlation was proven between the
soil nitrogen and grain protein (r=0.993*%*),
Added nitrogen (Nago) increased the straw
nitrogen content from 0.51% (No) to 0.74% N.
The Krami variety showed a higher
concentration of grain phosphorus 0.87% P>0s,
on average. The grain potassium content
slightly depended on the variety. Varieties
grown at N4oo level had a higher potassium
concentration in maturity and grain phosphorus
than the plants at No. Calcium content of grain
was higher in Emon and Kristi varieties (0.30-
0.29% Ca0), and in straw in Kristi and
Kaskadior (1.10-1.14% CaO). Nitrogen level
had a little effect on the calcium and
magnesium contents. Their average
concentrations of barley grain were 0.28% CaO
and 0.12% MgO at Naoo.
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Abstract

The paper presents the results of soil samples obtained from a long-term experience at Livada (Satu Mare County). The
experiment carried out was of bifactorial type with variants fertilized with manure and mineral fertilizers with nitrogen
and phosphorus. Manure was applied once every 5 years in 4 doses (0 t/ha, 20 t/ha, 40 t/ha and 60 t/ha) and mineral
fertilizers in 4 doses (NOPO, N50P0, N50P50, NI0OOP100 kg/ha) annually. The obtained results showed that in the
variants fertilized only with manure, the content of mobile potassium increased very significantly for all applied doses,
from 162 mg/kg in the control variant to 239 mg/kg in the variant fertilized with 60t/ha. Fertilization with nitrogen and
phosphorus determined significant and very significant accumulations of nitrogen, mobile phosphorus, the potassium
content having a decreasing trend. The humus content of the soil increased significantly when applying 40 t/ha and
60 t/ha. Productions were reduced in all experimental variants, the year 2022 being a very dry year.

Key words. organic matter, mineral fertilization, long-term experience.

INTRODUCTION

The agriculture has to face a large number of
challenges imposed by increasing population
and diets change, climate change, decreasing
resources, geostrategic changes, economic
gaps, as well as by the obligation to minimize
the impact on the environment as much as
possible.

Agricultural production is dependent on
environmental resources such as soil, water and
air and is vulnerable to climate change,
including floods and drought.

Current levels of consumption and production
are not sustainable and risk diminishing the
planet's ability to provide food for the
increasing population. The production and
consumption systems must be rethought in
order to allow the production of the same
amount of products with fewer resources and
constantly considering measures to significant
and quantifiable improve the quality of the
environment.

Soil erosion and contamination, as well as the
soil organic matter reduction, reduce its
resilience, or its ability to absorb the changes to
which it is exposed.
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Good nutrient management using a balanced
long-term approach is part of a sustainable
agricultural system that is resilient to climate
and economic change.

Organic nutrient sources are limited and
fertilizer preparation requires energy, and
recycling nutrients from organic materials and
improving nutrient accessibility from well-
structured biologically active soils leads to
better resource use and economic sense.

The long-term use of chemical fertilizers to
increase crop productivity has often negatively
affected the complex system of biogeochemical
cycles (Perrott et al, 1992; Steinshamn et al.,
2004). To increase crop productivity and ensure
sustainable agriculture, the use of organic and
inorganic sources of nutrients is recommended
along with other complementary measures.
Organic fertilizers have favorable effects on
soil structure and texture and facilitate greater
and faster availability of nutrients for plants
(Avnimelech, 1986).

The instantaneous assimilation capacity of the
soil system is closely related to the ability to
aerobically degrade organic matter, thus
avoiding problems resulting from septic soil
conditions (odors and damage to plants). This



capacity is dependent on the state of soil
aeration (determined by the texture, structure
and moisture of the soil), temperature and
organic strength (resistance to mineralization of
zootechnical residues). The organic strength of
residues is measured in 5-day Dbiological
oxygen consumption and/or chemical oxygen
consumption, which are appropriate for various
residues (Carton and Magette, 1994).

To improve the quality of the soil as well as to
increase the yield of crops, an effective way is
the application of manure in normal or high
doses of amendment, combined with chemical
fertilizers (Duan et al., 2011; He et al., 2015;
Maltas et al., 2018). However, to date, the
response of soil organic carbon stability to
fertilization is highly uncertain because the
mechanisms controlling its accumulation are
not fully understood. Therefore, understanding
and characterizing the effect of fertilization on
organic carbon accumulation is important for
long-term sustainable agriculture management
and development (Zhou et. al., 2022).

MATERIALS AND METHODS

The experimental fields were located in the
northwestern area of Transylvania, the area that
falls within the climatic province Cfbx
(according to Koppen), characterized by a
moderate temperate-continental climate. The
multiannual average temperature recorded at
the weather station S.C.D.A. The orchard for
60 years is 9.9°C. In the period 1961-2021, at
Livada the multiannual average of the amount
of precipitation was 753.2 mm (Figure 1).

0

(mm/m?) ‘

2021

Z Tm=9,9°C |

ise2

200
Z P =753,2mm

is62

1000 7

199 103
90,0 4
153

151

60,0

10
008 549 560

400

Figure 1. Evolution of monthly multi-annual average of
temperatures and mean precipitation sum recorded in the
period 1962-2021 at SCDA Livada

In the year 2022, the most severe drought in the
history of the existence of these experiences
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was recorded. Practically in the months of May,
June, July, which are decisive for the corn crop,
only 65 mm of precipitation was recorded,
being much lower than the multiannual average
(252.4 mm) (Figure 2).
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Figure 2. The evolution of average monthly
temperatures and precipitation in 2022 recorded at the
meteorological station S.C.D.A. Livada

In the same time sequence, precipitation was
associated with excessive temperatures. As a
result, the productions obtained were the lowest
in the last 61 years. The drought period was
followed by heavy rainfall that greatly
extended the maize growing season.

The stationary experiments with the application
of manure and chemical fertilizers (NP) were
located in 1967, according to the method of
subdivided plots, in a bifactorial manner. The
manure was applied once every 5 years in
variants of 0, 20, 40, 60 t/ha and annually
mineral fertilization with 4 gradations NOPO,
NS5P0O, N50P50 and N100P100 kg/ha. The
samples were collected after the maize crop.
Soil samples were collected from the topsoil, at
a depth of 0-20 cm, and soil analyzes were
performed by the following methods:

total nitrogen (N%): Kjeldahl method,
disintegration with H2SO4 at 350°C, potassium
sulphate and copper sulphate as catalyst - SR
ISO 11261: 2000;

- available phosphorus (mobile): according to
the Egner-Riehm-Domingo method and dosed
colorimetric with molybdenum blue, according
to the Murphy-Riley method (reduction with
ascorbic acid);



- total phosphorus, colorimetric method. ICPA
Methodology 1986, chap. 8, point 2, PT 2.

RESULTS AND DISCUSSIONS

Production - The data presented in Figures 3, 4
and 5 highlight a very low level and a high
variability of productions under the influence
of the accentuated drought from the year 2022.
Figure 1 highlights the increase of productions
under the influence of mineral fertilization. The
highest level of production, significantly
different from the unfertilized control variant,
was obtained following the administration of
the highest dose (N10oP100). The contribution of
phosphorus to the increase in production can be
observed, which can be attributed to the fact
that it is required especially in the first phases
of vegetation when it has a significant influence
on the growth of the root system, therefore also
on resistance to drought and diseases.
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Figure 3. The influence of
NP fertilization on
production

Figure 4. The influence of
manure fertilization on
production

Although administered only once every 5 years,
manure fertilization is useful because it ensures
less variability of productions due to
decomposition over time and longer-term
provision of the nutrients needed by the plants,
increases the plants' resistance to drought,
provides an intake of organic matter in the soil,
with all the advantages it offers. Organic
fertilization with cattle manure, with doses of
20-60 t/ha, did not ensure statistically
guaranteed increases in the corn crop in 2022
(Figure 4). Statistically assured production
increases are only achieved in years 1 and 2 of
administration.

Figure 5 shows the results that highlight the
impact of organic and mineral fertilization on
production. The data show significant yield
increases over NoPo where doses of NsoPso or
NiooP100 + 40-60 t/ha manure were applied.
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The results obtained require the
recommendation to increase the doses of
fertilizers applied above the level of NiooP1oo
and to apply organic fertilizers every year at
least once every 2 years.
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Figure 5. The influence of NP
and manure fertilization on production

pH evolution - one of the most extensive soil
degradation processes at SCDA Livada is
acidification, which covers over 60-65% of the
area. This process has increased in the last 50
years, on the one hand as a result of industrial
development (acid rain, deposits with acid
reaction), and on the other hand as a result of
the large-scale use of fertilizers with
physiological acid reaction (Henzsel et al,
2012).

The pH values determined after 55 years are
presented in Figures 6, 7, 8. Analyzing the
evolution of the obtained values, it was found
that the most pronounced acidification was
generated by the application of nitrogen in
doses of 50 kg/ha on a background of PO and
NiooP10o, doses at which soil acidification was
very significant from a value of 5.90 in the
unfertilized control to 5.43 in the N50PO
variant, respectively 5.13 for NiooP10o, values to
which the application of amendments is
required. When NsoPso doses were applied, the
growth was significant, the phosphorus intake
stimulated plan.

The application of manure contributed
considerably to the fading of the acidity
generated by mineral fertilization, achieving a
slight increase from 5.41 in the control variant
to 5.54 when applying 60 t/ha of manure, a fact
that recommends mineral fertilization together
with the organic one even once every 5 years.



6.00 pH 5,60 pH
5,50 =
5,50
5,00 7 5,40 N
' 7 \
4,50 B% 5,30 3
> 2 2 2
Q N O & O N N\
L LSS
P LS & @
¢ & ¢
(\\) (\0 (\\)
RN N

Figure 6. The influence of
NP fertilization upon soil

Figure 7. The influence
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Figure 8. The influence of NP
and manure fertilization upon soil pH

Humus - intensive agriculture causes land
degradation and other environmental problems,
such as: pollution, soil erosion, loss of fertility,
decrease in biodiversity and greenhouse gas
emissions, which exacerbate climate change
(Francaviglia et al., 2023).

Humus is considered to be a sensitive indicator
of assessing the effects of different agricultural
practices on soil fertility and the soil organic
carbon pool (Jin et al., 2023).

Soil organic carbon plays an important role in
soil nutrient supply, energy flow and material
transformation (Wu et al.,, 2023). Some
previous studies suggested that long-term
application of organic fertilizers alone (Wei et
al., 2016) or combined with inorganic
fertilizers (Su et al., 2006) can significantly
increase organic carbon content in large
aggregates; for example, Zhang et al. (2019)
found that organic carbon was significantly
fixed at 0.25-2 mm aggregates; Zhang et al.
(2017) found that organic carbon content in
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aggregates >2 mm increased significantly.
However, some studies suggested that inside
the microaggregates the content was higher
(Huang et al., 2010); for example, Zhang et al.
(2018) found that in aggregate of 0.01-0.1 mm,
the organic carbon content of the total
aggregates is exceeded by 50%.

Soil aggregates are the most basic structural
units and are important components of soil.
About 90% of organic carbon on the soil
surface is fixed in aggregates, and the
“hierarchical structure” between aggregates of
different particle sizes leads to the
transformation of soil matter and energy, which
promotes nutrient cycling and soil supply (Su
et al., 2000).

Isolation and quantification of soil organic
matter pools under the influence of
management practices is necessary to assess
changes in soil fertility, long-term manure +
inorganic fertilization is crucial for improving
C and N sequestration by changing the size and
response of soil organic matter pools (Mustafa,
et al., 2022). Guo et al. (2017) found that long-
term addition of nitrogen (126-252 kg-ha™!)
and phosphorus (140-280 kg-ha™!) significantly
reduced mineralization rate and cumulative C
fluxes by increasing the aromaticity of organic
carbon substrates.

The results obtained in the experimental
variants presented in Figures 9, 10, 11,
demonstrated that the application of mineral
fertilizers with nitrogen and phosphorus
significantly and very significantly increased
the humus content of the soil from 1.38% in the
control variant to 1.61% in application of
N100P100. For the variants of N50P0O and
N50P50 the humus value was approximately
equal, which means that the phosphorus input
of 50kg/ha did not influence the humus content
of the soil.
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Figure 9. The influence of
NP fertilization upon
humus content

Figure 10. The influence of
manure fertilization upon
humus content



Although small doses of mineral fertilizers
were applied, they were sufficient to achieve
the low productions caused by the drought
which diminished the process of mineralization
of organic matter in the soil. The fact that the
soil samples were collected in the fifth year
after the application of manure, at doses of
20t/ha, its effect was insignificant. The
application of 40 and 60 t/ha even in the fifth
year increased the humus content of the soil
very significantly (by 11.1% when applying
40t/ha and by 17.2% at 60 t/ha).
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Figure 11. The influence of NP and manure fertilization
upon humus content

Nitrogen - Among the nutrients, nitrogen has
the greatest effect on plant growth, production
and production quality. Appropriate nitrogen
management is required because excess
nitrogen leads to reduced yields, financial
losses, delays ripening, reduces resistance to
fall and drought, increases sensitivity to
diseases and pests, changes the ratio between
straw and grain, reduces storage resistance, etc.
The utilization of manure requires controlling
the moment of application, knowing the
nitrogen load, reducing losses through
ammonium volatilization, denitrification and
washing, increasing the degree of utilization of
the contained nutrients.

Nitrogen is a major driver of NoO emissions,
but also the limiting nutrient for crop
production and yield (Linquist et al., 2012).
70% of the global N>O emission comes from
the processes of nitrification (conversion of
ammonium into nitrate) — denitrification
(conversion of NOs3* into atmospheric
dinitrogen) (Ussiri, 2013).

In order to reduce nitrogen losses, it is
necessary to apply doses of fertilizers in
accordance with the requirements of the plants,

the reserve in the soil, the preceding plant, the
time and method of application. The effect of
different doses of nitrogen on production and
soil characteristics will be researched.

The results obtained in the long-term
experiment (Figures 12, 13, 14) demonstrated a
significant increase in the total nitrogen content
in the soil from 0.096% in the unfertilized
version to 0.104% in the versions in which
doses of 50 kg N/ha.
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Figure 12. The influence
of NP fertilization upon
nitrogen content

Figure 13. The influence of
manure fertilization upon
nitrogen content
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Figure 14. The influence of NP and manure fertilization
upon nitrogen content

The application of phosphorus did not cause
changes in the total nitrogen content, a fact also
demonstrated by the results obtained at SCDA
Teleorman after 39 years of experience (Marin
& Negrila, 2022). When applying N100P100,
the soil nitrogen concentration increased
significantly from 0.096% in the unfertilized
version to 0.112%. This increase in the nitrogen
content of the soil can be largely due to the
deficient rainfall regime that determined small
agricultural productions, therefore a reduced
consumption of nutrients, but also a decrease in
losses through leaching on the soil profile. In
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the fifth year after application, the manure
brought an input of 5.03% at doses of 40t/ha
and 13.2% of nitrogen in the soil at doses of
60t/ha.

Phosphorus - Globally, phosphate rock reser-
ves are decreasing, while the amount of P-
containing organic waste is constantly increa-
sing. The use of such biowastes as organic
amendments in agriculture is the ultimate
disposal goal of environmental and agricultural
agencies worldwide (Baram et al., 2023).

In soil, phosphorus comes from the parent rock
on which the soil formed and evolved.
Sedimentary rocks contain 0.05-0.3% P2Os,
crystalline ones 0.2-0.7% P»0s, and igneous
ones 0.3-1% P>O5 (Sala, 2007). Of the total
phosphorus content of the soil, only 0.5-1% is
accessible to plants, its mobility in the soil
being low. In soil organic matter, the C: N: P
ratio is 100: 10: 1. If the C: N ratio is 200: 1 or
lower, then the mineralization of organic matter
and the replenishment of the soil solution with
phosphate ions occurs, and if the ratio is 300:1
or higher, the insolubilization of phosphorus
occurs (Marin et al., 2022) .

Analyzing the results from the long-term
experience presented in Figures 15, 16, 17, it is
found that the application of phosphorus
fertilizers contributed to very significant
increases in mobile phosphorus in the soil
(from 20 mg/kg P in the control variant to 62
mg/kg P when applying 50 kg P/ha,
respectively 120 mg/kg P when applying doses
of 100 kg P/ha. As with nitrogen, drought
conditions and low production led to
accumulations of this element in the soil.
Manure did not generated = statistically
guaranteed increases in mobile phosphorus in
the soil.
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Figure 15. The
influence of NP
fertilization upon
phosphorus content

Figure 16. The influence of
manure fertilization upon
phosphorus content

150,000 PAL (mg/kg)
100,000
50,000
0,000 HmNE N
NOPO  N50PO  NSOPS0 N10OP100

H Control # Manure 20t/ha

® Manure 40t/ha 8 Manure 60t/ha

Figure 17. The influence of NP and manure fertilization
upon phosphorus content

Excessive uptake of phosphorus (P) by maize
can lead to a decrease in grain yield. P uptake
indirectly influences the uptake of other
nutrients and their translocation within the
plant. Consumption of luxury P beyond the
point corresponding to maximum grain yield
significantly decreases N, S, Fe, Cu and Zn
(Penn, et. al., 2023).

Potassium - in the variants fertilized with NP,
a decrease in the mobile potassium in the soil
was found, not statistically guaranteed, very
significant increases were determined when the
manure was added to all three applied doses
(Figures 18, 19, 20).

KAL (mg/kg)

KAL (mg/kg)

RN

Figure 18. The influence
of NP fertilization upon
potassium content

Figure 19. The influence of
manure fertilization upon
potassium content

KAL (mg/kg)
300,00
200,00
100,00
0,00
NOPO N50PO N50P50 N100P100
& Control Manure 20t/ha

& Manure 40t/ha # Manure 60t/ha

Figure 20. The influence of NP and manure fertilization
upon potassium content



CONCLUSIONS

Although the year was very dry, fertilization
with high doses of nitrogen and phosphorus
brought the biggest increases in production.
Long-term fertilization with nitrogen ensures
an increase in the nitrogen content of the soil
both at doses of 100 kg N/ha and 50 kg N/ha,
accumulations to which the very low amount of
precipitation and implicitly low production also
contributed, but it causes an acidification
pronounced soil, it is recommended to apply
calcareous amendments.

Manure has an important role in the supply of
nutrients to the soil, and through the buffering
effect it contributes to the fading of soil acidity
generated by mineral fertilization with
nitrogen. The application of 40 and 60 t/ha
even in the fifth year increased the humus
content of the soil very significantly, the
application of 20 t/ha of manure after 5 years
had insignificant effects on the production and
fertility of the soil.
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Abstract

The article presents the experimental results obtained in the greenhouse to demonstrate the efficacy of administering
zinc to the soil, plant, and seed in order to reduce the incidence of zinc deficiency in maize. For the experimentation in
vegetation pots, a late hybrid FAO 430 and an organo-mineral material constituted from topsoil originating from a soil
of the calcaric chernozem type, characteristic of the south-eastern region of Romanian Plain which received different
treatments with CaCO3, KH>PO4 and ZnSO47H>0, were used. At 3 to10 days intervals, phenological observations were
made on maize plants, and at the end of the experiment, soil and plant samples were collected and analysed in the
laboratory. According to obtained data, the most effective method for biofortification of plants with zinc, among the
three methods of administration, was the application of zinc to seed. According to an analysis of the absorption of
nutritional elements by maize plants, it can be stated that the administration of the microelement both in soil and on
seed are optimal methods for biofortifying maize plant with zinc, with practically identical performance.

Key words: zinc, maize, biofortification, soil, greenhouse.
INTRODUCTION

Zn deficiency in maize (Zea mays) occurs
during the well-developed 4-7 leaves
phenophase. The phenomenon is typically
observed in plants grown in soils with a
neutral-alkaline reaction, which are well and
extremely well supplied with P but have low
Zn levels. Zn deficiency is manifested by
reduced plant height, short internodes and a
thick appearance, yellowing of young leaves
and a parchment paper appearance in the form
of whitish bands present along the length of the
leaf, parallel to the midrib, when the plants are
in an advanced stage of deficiency (Lacatusu,
2016).

Lately, to reduce the incidence of this
phenomenon, in specialized literature the
notion of biofortification is wused, which
involves a process of increasing the contents of
micronutrients, in the basic crops consumed on
a large scale, through conventional breeding
techniques, agronomic practices or genetic
modifications  (Lividini et al, 2017).
Agronomic biofortification is an effective and
practical method that provides a quick solution
to the problem of maintaining sufficient
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amount of available Zn in the soil, maximizing
plant uptake and adequate transport of Zn to the
grain (Cakmak, 2008). In this study, the
methods of biofortification (increasing Zn
content) in maize plants suffering from this
deficiency are presented. In agricultural
practice, there are three methods to reduce the
occurrence of zinc deficiency or to biofortify
plants susceptible to this phenomenon with
zinc: (I) application of zinc to the soil; (II)
application of zinc to the plant; and (III)
application of zinc to the seed prior to its
introduction into the soil.

From the research carried out so far, the
specialized literature does not present
conclusive results regarding the maximum
effectiveness brought by one or another of the
three stated methods. Therefore, Borlan et al.
(1994), recommends with priority the repeated
administration of Zn on the plant, at intervals of
4-6 days, with solutions of 0.25-0.40%
ZnSO47H>0O, when the first morphological
symptoms of Zn deficiency manifestation
appear. It is recommended to apply Zn in the
soil, once every 4-5 years in different doses
from 4 to 15 kg Zn/ha, depending on the
natural supply level of the soil and the nature of



the plant to be cultivated (Alloway, 2008;
Graham et al., 1992). Zn application on the
seed is also practiced. Farooq et al. (2012),
carried out a synthesis study regarding the
application of microelements (Zn, B, Mo, Mn,
Cu, Co) on the seed of different plants (wheat,
rice, oats, beans, maize, sunflower, etc.).
Regarding Zn, the effect of the treatment on
bean, beetroot and maize seeds is highlighted.
To these, Harris et al. (2007), obtained a 27%
increase in production in plants grown from Zn
treated seed compared to the production
obtained in untreated plants. Likewise, a 19%
increase in production was obtained for
chickpeas grown from seeds treated with Zn
(Harris et al., 2008).

In light of the fact that no study was found that
compared the three methods of applying Zn
under identical experimental conditions, we
conducted an experiment in which we
compared the development of maize plants
during the first part of the vegetation period,
depending on the method of application,
implying the biofortification of maize with Zn.

MATERIALS AND METHODS

The experiment was carried out under
greenhouse conditions, and a 12 hours light and
12 hours darkness schedule was maintained
throughout the experiment. A  constant
temperature of 22.3 £ 2.0°C was maintained
during the light period, an average luminosity
of 4949 + 1100 lux and an air humidity value
of RH equal to 30.6 + 2.4%. Experiments were
carried out with a soil material (0-20 cm) from
the surface horizon, the calcareous chernozem
characteristic of the South-East Romanian Plain
with the following characteristics: pH H>O (1:
2.5): 7.83; CaCOs: 0.7%; organic matter:
3.50%; N: 0.169%; N-NOs: 18 mgkg™; Pav:
34 mgkg!l; Kav: 177 mgkg!; Zn: 60 mgkg!;
Cu: 27 mgkg!; Mn: 686 mgkg'; Co:
8 mg'kg!; Ni: 31 mgkg!; Cr: 31 mgkg!; Cd:
0.17 mgkg'; Pb: 13 mgkg'; Fe: 2.43%. The
soil material was loaded into 15 vegetation
pots, with 6.0 kg each, and the treatments were
carried out according to the data in Figure 1. 4
seeds of late hybrid FAO 430/pot were seeded.
During the growing season, soil humidity was
maintained at 70% water capacity of the soil in
the pot. Phenological observations were made,
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following the height of the plants at time
intervals between 3 and 10 days. Maize plant
samples were collected at two times: 44 days
after seeding, two plants (aerial part); 58 days
after seeding, when the experiment ended, the
other two plants (root and aerial part).

n  1%Replication

N4

2™ variant

5™ Variant

4™ variant

3" variant

1" variant

Test plart Maize
Hybridt FAO 430
design

Design method: Pots in greenhouse
Nurer of repiications: 3
Number of variants: control +4

1" variant

2" variant

3 Variant

4" variant

5" Variant
" from KH;PO,
2 from Zng8.0, TH,0

Unfertiized martor
P 125 mgkg '+ Caco, 125 mg kg''

P"125mg kg +CaC0; 125 mgkg '+ Zr* 122 mgkg '
P 125 mgkg '+ CacO, 125 mgkg '+ 2 122 mg ko'
P 125mg kg '+ CaCc0s 125 mokg '+ Zn’ 122 mg kg

Figure 1. The treatments performed on the soil in the
vegetation pots

Along with these, soil samples were collected
from the entire depth of the pot.

For the soil samples, the following analyzes
were performed: pH HO (1: 2.5),
potentiometric ~ measurements, using a
combined glass - calomel electrode; the CaCO3
content, using the volumetric gas method
(Scheibler); N content, using Kjeldahl method,;
NOs content using potentiometric
measurements with ion selectiv electrode; the
mobile content of P and K were determined by
spectrophotometry, respectively flame
spectrometry, using extraction with ammonium
acetate-lactate solution at pH 3.7, Egner-
Riehm-Domingo method. The contents of trace
elements (Zn, Cu, Fe, Mn), mobile forms, were
determined in CH;COONH4-EDTA at pH 7.0
(Lacatusu et al., 1987) and total forms (Zn, Cu,
Fe, Mn), were passed into solution with a
mixture of concentrated mineral acids (HNOs3,
HCIOs, HCIl) and hydrogen peroxide.
Measurements were performed by atomic
absorption spectrophotometry in an air-
acetylene flame.

The collected plant material samples (root and
aerial part) were analyzed from the point of



view of the chemical composition of macro-
and microelements. N was determined
according to the Kjeldahl method, P was
determined by spectrophotometry, K and Ca by
flame photometry and Mg, Zn, Cu, Fe and Mn
were determined by atomic absorption
spectrophotometry in the clorhydric solution
obtained after solubilization of ash plant at a
temperature of 450°C.

All methods used are technical procedures cer-
tified in the ISO and STAS systems. The analy-
tical data obtained were statistically calculated,
using ANOVA SPSS 14, Duncan's test.

RESULTS AND DISCUSSIONS

The evolution of average height of maize
plants during the vegetation period

During the 58 days that the vegetation period
lasted, the plants reached an average height
between 59.7 cm in the control variant and 66.3
cm in the variant in which Zn was applied on
the seed (Table 1).

Table 1. Average height of maize plants (cm) during the

vegetation period
17 days | 23 days | 29 days
after after

seeding seeding

Measurement
date

10 days
after
seeding

38 days
after
seeding

48 days
after
seeding

58days
after
seeding

after
seeding
Variant
Control
0Zn
Zn in soil

10.6
10.7
11.0
11.3
10.7

313
32.0
313
33.7
317

433a
45.0ab
46.3be
48.0¢
46.7be

476a
47.0 ab
49.0 ab
49.7 ab
48.7b

50.0 a
550b
57.1cd
58.0¢
55.2bc

56.7a
61.7¢c
64.7d
62.7¢
59.7b

59.7a
64.0b
66.1b
66.3b
6l3a

Zn on seed

Zn on plant

It was observed that the maximum effect of Zn
application occurred when the microelement
was applied on the seed, compared on the soil
application variant. The heights of the plants in
these two variants were comparable, as shown
by the data in Table 1, Figures 2 and 3 in
decreasing order of the plant height, depending
on the place where the microelement was
applied.

Next is the variant with Zn applied to the plant
through foliar application with ZnSO47H>0O
solution, applied three times at one-day
intervals. At each size measurement, the lowest
values were recorded in control plants and then
in those that did not receive Zn, but received P.
The separation of the size of the plants
according to the method of Zn application, was
evident and statistically significantly ensured
after 23 days after seeding, when the plants had
developed 3-4 pairs of leaves.
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Figure 2. 44 days after seeding - Four plants per pot.
MT]1 - control; 4 - soil without Zn addition; 9 - Zn
applied to the soil; 10 - Zn applied to the seed; 15 - Zn
applied to the plant

Figure 3. 44 days after seeding - two plants per pot. MT1
- control; 4 - soil without Zn addition; 9 - Zn applied to
the soil; 10 - Zn applied to the seed; 15 - Zn applied to

the plant

The statistical calculation of all mass values,
both green and dry (Table 2) clearly
demonstrates the beneficial effect of applying
the micronutrient to the soil and the seed, as
compared to its application to the plant.

Table 2. Green and dry mass (g) obtained in the
experimental variants

Variant Green mass Drv mass

aerial part root aerial part 100t
Control 250a 1la 40a 08a
0Zn 3876 2.7ab 57a 16ab
Zn in soil 56.0¢ 43¢ 90b 25¢
Zn on seed 523c¢ 39¢ 90b 23c
Zn on plant 340ab 27 ab 57a 18ab

The first morphological symptoms of Zn
deficiency appeared in the last part of the
vegetation period, in the plants to which no Zn
was applied (Figure 4) and prior to the
application of Zn to the plant (Figure 5).

The addition of zinc to the soil resulted in a
greater microelement distribution area and a
more uniformly distributed plant nutrient
source.



Figure 4. 26 days after seeding - Morphological
symptoms of deficiency occurrence in plants in pots
without Zn application

Figure 5. 26 days after seeding - Early deficiency
symptoms in plants treated with Zn on plant

In an experiment carried out in the greenhouse,
Vasconcelos et al. (2011), obtained a 5%
increase in the development of maize plants
from the variants in which Zn was applied in
the soil compared to its application on the
plant.

The effect of applied treatments on some
agrochemical properties of the soil from the
vegetation pots

Following the cessation of plant growth,
agrochemical analyzes were conducted on soil
samples collected from vegetation pots. Tables
3 and 4 present analytical data that have been
statistically calculated.

After CaCOs application, soil pH increased by
0.32 units, from 7.97 in the control sample to
8.29 in the sample where zinc was applied on
plant. But the reaction domain was the same,
low-alkaline. In parallel, the CaCO;3 content
also increased by 0.77%, from 0.73% in the
control sample to 1.50 in the sample where zinc
was applied on plant.

The different CaCOs concentrations must be
attributed to the differential degradation of the
applied CaCOs3 based on the size of the plant's
development. CaCOs dissolution was most
intense in the variants where Zn was applied to
the soil, where the plants grew best.

Total N content is relatively constant in all
variants with a decrease of up to 0.022% in the
variant where Zn was applied on plant. The
non-application of any amount of nitrogen, on a
medium natural background of assurance with
this essential macroelement, contributed to the
slight fluctuation of the total and mobile
content between the variants.

Table 3. Reaction, content of CaCOj3; and macroelements
in the soil material present of the vegetation pots at the
end of the experiment

Variant pHmo | CaCO; | N NN | Pu | Ka
% mglkgl

Control 797a| 073a| O0176a 913b] 327a| 192a

0Za 813ab| 143a| 0157a| 710ab| 393c| 255k

Zn in soil 813ab| 137a| 0162a 643a| 340bc| 2516

Zn on seed 8206 | 143a| 0153a sodal 483b| 241

Zn on plant 820b| 150a| 0152a| 673ab| 497bc| 252c

Table 4. The total and mobile content of microelements
(mg-kg™) in the soil material present in the vegetation
pots at the end of the experiment

Variant Zn Cu Fe Mn

total mobile total ‘mobile total | mobile total | mobile
Control 6510 [ 1476 [ 27.7b | 3.13b | 265¢ [ 8.33b | 7170 | 833b
0Zn 608a | 100a 258a 247a | 254c | 323a [ 673ab | 227a
Zn in soil 628ab | 273 ¢ 255a 247a | 256c | 323a [ 705ab | 230a
Zn on zeed 605a | 110a 257a 240a | 241b | 247a [ 652ab | 180a
Zn on plant 613a | 110a | 264ab | 247a | 227a | 300a 636a | 210a

On the contrary, the application of P in the soil
material of the vegetation pots led to obtaining,
after ending the experiment, a high content of
mobile P. Even under these conditions a
differentiation of up to 11 mg-kg™' was obtained
between the variant that did not receive Zn and
the one in which Zn was applied on the seed.
The situation is similar regard to K mobile,
whose content was also in the high range of
supply with a difference of 14 mgkg' between
the variant with zero zinc applied and the
variant where zinc was applied on the seed.

Also interesting are the values of
microelements contents, both total and mobile,
which without exception are higher, in the
control variant than in the variants treated
according to the presented scheme. The fact
that the lowest concentrations of these elements
were found in the variant in which Zn was
applied to the seed, where the maximum green
and dry plant masses were obtained, indicates

127



that the plants absorbed these elements more
efficiently.

The evolution of the chemical composition of
maize plants according to the method of Zn
application

The results of the statistical processing of the
chemical analyzes performed regarding the
content of macro- and microelements in the
aerial part and the root part of the plants are
presented in Tables 5-8.

Although the control plants, collected at 44
days after seeding, had a higher N content than
the plants grown with Zn intake, the differences
were not statistically ensured. However, in the
plants collected at 58 days after seeding, the
trend was maintained, even at lower content
values, being this time statistically ensured.
Considering also the values of the N content in
the roots, where the highest concentration was
in the roots from the control variant, it can be
stated that the impact with P and Zn in the
other variants contributed to the reduction of N
absorption both in the roots and in the aerial
part of plants.

In the case of P, the phenomenon was the
opposite, the maximum absorption of the
macroelement occurred in the plants of the
variants treated with P and Zn, both in the roots
and in the aerial part. Of course, the amount of
125 mg P applied per kg of soil material in the
pot also contributed to this phenomenon. It is
observed (Tables 5 and 6) that only the
differences from plants collected at 44 days
after seeding are statistically ensured.

And in the case of K, higher contents were
registered in the plants of the variants treated
with P and Zn both in the aerial part, at the two
harvests (Table 5) and in the roots (Table 6).
The higher mobility of K led to the more
intense uptake in the aerial part of the plant and
especially in younger plants.

Table 5. Macroelements content (%)
of maize plants (aerial part)

Collect date | Variant N P 4 Ca Mg
Control 192a| 024a 3.19a 0730 0.57b

44days | 0Zn 16la| 033b 560b 031a 0.28a
aftr | Zaiasoil 140a| 029b 5390 03la 0.28a
sceding | Znonseed 172a| 030b| 422ab 033a 027a
Znonplant | 157a| 032b 4871 034a 0.30a

Control 173 |  016a 234a 03590 0.48b

Sedays | 0Zn Ll6a| 024a 3.58¢ 026a 0.22a
after | Zniasoil 083a| 024a| 327hke 022a 0.18a
seeding | Zn onsced 095a| 022a 3.06b 022a 0.20a
Znopplant | 1.lla| 024a] 3.39bc 024a 020a
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The two macroelements Ca and Mg analyzed
had, as in the case of N, a more intense accu-
mulation in the control plants, both in the aerial
part and in the roots. The content differences
being statistically ensured, with one exception,
the Mg content in the roots (Table 6).

Table 6. Macroelements content (%) of maize plants

(root part)

Collect date Variant N P K Ca Mg
Control 132b 019a 051a 0%4c¢ 027a
0Zn 1.08 ab 021a 1940 065a 025a

S8days | zninsoil 089a| 020a| 233c| 064a| 019a
after seeding
Zn on seed 090a 019a 232¢ 0.85be 0.19a
Zn on plant 1.19b 022a 187b 0.73 ab 021a
Regarding the content of microelements

(Tables 7 and 8), differences were observed for
Zn depending on the method of microelement
application, namely, in the aerial part, values
ranging from 8.5 to 17.0 mg-kg™! in the case of
variants in which Zn was applied in the soil or
on the seed, and high values ranging from 66.6
to 112.6 mgkg' in the case of variants in
which Zn was applied on the plant. The
phenomenon was also similar in the case of
roots, with close values between the control
and the variants of application of Zn in the soil
or on the seed. The fact that the highest content
was registered in the roots of plants sprayed
with Zn demonstrates that the trace element
also circulated from the leaves to the roots.

Tabele 7. Microelements content (mg-kg™') of maize
plants (aerial part)

Collect date | Variant Zn Cu Fe Mn
Control 30.1¢ 5.53b 61.56a 6547a
0Zn 125a 380a 6253 a 5753 a
M daysatter | 7 i it 26b|  3107a| 60.57a| 3876a
seeding
Zn on seed 124a 310a 6293 a 5043a
Zn on plant 1126d 4.00a 61.87a 5343a
Control 260b 473t T14a 65.16a
~ 0Zn 8.36a 3.06a T05a 3847a
S8 daysafter | 7 i it 170ab|  257a| 6323a| 3750a
seeding
Zn on seed 913a 263a 63.60a 37.07a
Zn on plant 66.6 c 263a 68.60 a 41.63 a

The phenomenon described in the absorption of
Zn in plants also occurred in the case of Cu, but
at a lower intensity. Both in the aerial part and
in the roots, the highest Cu content was
determined in the control plants. Differences in
content between the control and the other
variants are statistically ensured. Although
there were no statistically  significant
differences between the contents of Fe and Mn
in the aerial part of the plants, the phenomenon
of the decrease of microelements in the variants



trated with P and Zn is also preserved in this
case on a smaller scale.

Table 8. Microelements content (mg-kg™") of maize
plants (root part)

Collect date Variant Zn Cu Fe Mn
Control 3067a 2697b 934a| 79.03ab
58 days 0Zn 2723a| 1540a| 3193b| 1137c
after Znin soil 2860a | 17.10ab 2250b 752 ab
seeding Zn on seed 2720a| 17.10ab 2212b 555a
Zn on plant 49.20b 19.1 ab 961la| 1065 be

Instead, in the root there was a significant
accumulation of Fe in the plants from the
variants treated with P and Zn and at the same
time a significant decrease in the Mn content.

CONCLUSIONS

For the biofortification of plants with Zn, the
application of Zn on the seed was the most
effective in terms of plant development
(height), while the application of Zn in the soil
was statistically the most effective in terms of
green and dry mass, with values comparable to
those of the application variant of the
microelement on the seed.

The treatments applied to the soil material in
the vegetation pots consisted of the
administration of CaCOs and P. Zn was
administered both in the soil, on the seed and
on the plant in the different experimental
variants. At the conclusion of the vegetation
period, the treatments resulted in an increase in
soil reaction and CaCOs content and a decrease
in total and mobile Nt, N-NOs, Par, Kar, and
microelement (Zn, Cu, Fe, Mn) contents due to
their absorption by plants.

A different absorption of nutrients in the plant
was recorded in the variants treated with
CaCOs, P and Zn applied to the soil, in the
sense of a decrease in the absorption of N, Ca,
Mg, Cu, Fe, Mn, partially and Zn and an
increase in the absorption of P and K. The
highest contents of macro- and micronutrients
were recorded both in the aerial part and in the
roots, in variant where Zn was applied directly
on the plant.

After completing the study, it can be concluded
that the administration of the microelement
both in the soil and on the seed are the optimal
methods for biofortifying maize plant with
zinc, with nearly equal performance.
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***STAS 7184/2-85 Soluri. Determinarea continutului
de azot.

***STAS 7184/16-80 Soluri. Determinarea carbonatilor
alalino-pamantosi.

***STAS 7184/19-82 Soluri. Determinarea fosforului
extractibil in acetat-lactat de amoniu.
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***STAS 7184/18-80. Soluri. Determinarea continutului
de potasiu accesibil si potential accesibil pentru

plante.
***SR EN ISO 10693:2014 Calitatea  solului.
Determinarea continutului de carbonati. Metoda

volumetrica.

***SR 7184/13-2001. Soluri. Determinarea pH-ului in
suspensiile apoase si saline (masd/volum) si in pasta
la saturatie.

***SR EN ISO 11047:1998 Calitatea Solului.
Determinarea  cadmiului, cromului, cobaltului,
cuprului, plumbului, manganului, nichelului si
zincului din extracte de sol in apa regald - Metodele
prin spectrometrie de absorbtie atomica in flacara si
cu atomizare electrotermica.

***SR EN ISO 20483:2007 Cereale si leguminoase.
Determinarea continutului de azot si calculul
continutului de proteina bruta. Metoda Kjeldahl.

***SR EN ISO 6869:2002 Animal feeding stuffs.
Determination of the contents of calcium, copper,
iron magnesium, manganese, potassium, sodium and
zinc. Method using atomic absorption spectrometry.

***[CPA, 1981. Metodologie de analiza agrochimica a
solurilor 1n vederea stabilirii necesarului de
amendamente si de ingrasaminte. Vol. 1, Partea I,
Cap. 10.
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Abstract

The studied area is located the north-eastern part of Calarasi County, belonging to the cadastral territory Perisoru,
currently used as arable. The pedological mapping was carried out with the purpose of identifying the zonal soil, by
assessing its fertility as well as the influence of applied technologies on the physico-chemical properties of the soil. A
soil profile and several surveys were opened from which soil samples were collected in natural and modified settlement,
for morphological, physical and chemical analysis. The soil type identified is represented by typical chernozem, vermic
with undifferentiated loamy texture on the profile. The main physical characteristics (bulk density, total porosity and
compaction degree), chemical (soil reaction, humus content, nitrogen, phosphorus, potassium) and hydrophysical
indices were determined by indirect methods. Applying high-performance culture technologies, they highlighted the
improvement of the aforementioned characteristics, by creating a favorable aerohydric regime and implicitly important

production increases.

Key words: bulk density, total porosity, compaction degree, typical chernozem, performance technologies.

INTRODUCTION

Soil work can directly or indirectly influence its
physical characteristics, both on the mobilized
depth and below this limit. The main physical
characteristics of the soil that can be influenced
as a result of these works are: structure, total
porosity and aeration, bulk density, penetration
resistance, permeability, which in turn can
influence the physical-mechanical
characteristics of the soil (consistency,
adhesiveness, plasticity, plowing resistance,
etc.) (Carciu et al., 2019; Coronavski, 2010).
The structure of the soil is often damaged by
incorrect execution of soil work and
inappropriate moisture content or by repeated
passes without justification. Soil moisture at
the time of execution of the work has a very
important role because, in the case of a soil that
is too dry, plowing results in clumped soil, it is
performed with high energy consumption (fuel)
and requires additional work for the soil to be
shredded (Mihalache, 2014).

By plowing, the upper horizon is covered by
bringing to the surface the soil layer restored
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and sometimes enriched in nutrients, achieving
favorable conditions for germination and plant
growth. At the same time, when a loosening of
the soil is effectuated, its volume is increased
by at least 25%, hydrostable aggregates are
created especially at bulk density values of 1.1-
1.3 g/em®,

This volume disappears over time, by natural
laying, when preparing the seedbed or during
the growing season (Dumitru et al., 2011;
Mihalache & Ilie, 2008).

Total porosity and aeration are variable
characteristics, depending on the texture and
soil works, specific to each type of soil from
the clay (vertosols) to the sandy (alluvial soils
or psamosols). Both characteristics have
unfavorable consequences on the growth and
development of plants, when their values are
low because the root system develops hard,
infiltration is reduced, so is the activity of
aerobic microorganisms.

The optimal limits of total porosity for plants
are 48-58% of soil volume, capillary porosity
of 30-36% and aeration porosity of 18-24%.



Through the agrotechnical works applied to the
soil, its physical characteristics and implicitly
the aerohydric regime are modified, thus
conferring favorable conditions for the activity
of microorganisms. Changes due to soil work
have direct implications also on the chemical
and biological characteristics of the soil, by
increasing porosity, reducing the bulk density
value and changing the temperature regime.

As a result of these works, aerobiosis
conditions are created in the soil, favoring
microflora (bacteria, fungi and actinomycetes),
with a role in the decomposition of organic
cellulosic substances. Due to the fact that fresh
organic substances decompose intensively, the
coefficient of their transformation into humus
is greatly reduced.

By creating the conditions of aerobiosis, the
mineralization of organic debris is intensified
and, as a result, a deficit of energy material is
created in the soil and bacteria are forced to
decompose humus. This phenomenon can be
reduced by avoiding excessive loosening work.
After Munteanu and Florea (2009), in 16ess soil
the nitrification process is more intense,
reaching the maximum intensity when the
volumetric weight values are between 1.11 and
1.15 g/em?’. Due to nitrification, the favorable
processes by which phosphorus, potassium,
calcium and other nutrients pass from hardly
soluble forms into forms easily accessible to
plants are emphasized. The typical example, is
the solubilization of phosphorus (Budoi &
Penescu, 1996).

Compaction leads to the degradation of the soil
structure, which causes damage to its other
physical properties (Richard et al., 2001).

An indicator of compaction is the bulk density,
which represents the most accurate possibility
of assessing soil horizons, being also a

Figure 1. Perisoru, Calarasi County
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determining factor of the other physical and
chemical properties. When applying organic
fertilization, the bulk density has the lowest
values, between 1.09 g/cm?® and 1.23 g/cm?, for
a cambic chernozem in Western Romania. In
this case, the highest values were in variants in
which NPK was applied in doses of
Nis0P100Ks0, which resulted in values between
1.46 g/em® and 1.48 g/cm® (Mihut & Rusu,
2007).

Soil structure can be expressed by the stability
of soil structural aggregates (the ability of soil
aggregates to resist decay by water).

Based on the experiments carried out, it was
found that organic fertilization had a positive
impact on the stability of structural aggregates,
the aeration porosity being significantly higher
at organic fertilization (9.6% on average),
compared to unfertilized treatments (8.8 %).
The bulk density was significantly influenced
by fertilization, according to the research
conducted by Stehlik et al. (2019), where the
bulk density recorded in fertilized plots was
1.31 g/em?, compared to 1.35 g/em® in
unfertilized plots.

The bulk density or volumetric weight
correlates very well with the total porosity and
compaction degree of the soil, being
conditioned by the texture, content in organic
matter and the agrotechnical works performed
(Canarache, 1990). According to the literature,
the root system develops optimally at bulk
density values between 1.0-1.4 g/cm®.

MATERIALS AND METHODS

The experiment was conducted in the
Southeastern part of Romania, in Perisoru area,
Calarasi County, on a typical chernozem
(Figure 1).

The placement of the soil profiles was made
according to the complexity of the terrain and
the soil cover, according to MESP, 1987 vol. I
(Collection and systematization of pedological
data).

It is a pedological study of Type B, category I
of complexity. The density of soil profiles was
established according to the current
methodology (INCDPA Bucharest), but also
according to the research purpose (technology
applied for each studied area).



The description of each soil profile was carried
out according to the guide for the field
description of the soil profile and the specific
environmental conditions, INCDPA Bucharest,
(Munteanu & Florea, 2009).

Two series of profiles were carried out in the
period April-May, 2019 (Figure 2) and in the
period August-September, 2021 (Figure 3),
after harvesting the crops.

Soil analysis

The samples were analyzed in the INCDPA
Bucharest laboratories. Soil samples were dried
at room temperature; soil subsamples were
homogenized, milled, and sieved through a
250 pm sieve.

The following analytical methods were used to
determine the chemical properties:

organic  matter (humus):  volumetric
determination,  (Walkley-Black  humi-
dification method, STAS 7184/21-82);
CaCOs (carbonates): gasometrical method
(Scheibler calcimeter, SR ISO 10693: 1998,
%);

the nitrogen content, by calculation, based
on the humus content and the degree of

saturation with bases (IN = humus x
V/100);

— mobile phosphorus content (Egner-Riehm-
Domingo method and colorimetric

molybdenum blue, Murphy-Riley method
ascorbic acid reduction);

mobile potassium content (Egner-Riehm-
Domingo extraction and flame
photometry);

pH (potentiometric method in aqueous
suspension at soil/water ratio of 1/2.5 - SR
7184 /13-2001);

hydrolytic acidity, extraction with sodium
acetate at pH 8.2;

base saturation degree,
Schoffield method).

The following physical characteristics were
determined:

determination of granulometric fractions:
pipette method, for fractions < 0.002 mm;
wet grinding method for fractions of 0.002-

V% (Kappen

133

0.2 mm and dry grinding method for

fractions > 0.2 mm.
The results are expressed as a percentage of the
material remaining after pretreatment.
bulk density (BD): The known volume of
metal cylinders (100 cm?) at the instant soil
moisture (g/cm?);
total porosity (TP): by calculation (% by
volume - % v/v);
aeration porosity (PA): by calculation (%
volume -% v/v);
degree of compaction (DC): by calculation
(% by volume - % v/v), where: PMN -
minimum required porosity, clay of the
sample is calculated with the formula PMN
=45+ 0.163 A (% by volume -% v/v); PT
= total porosity (% v/v); A - clay content
(% wiw),
hygroscopicity coefficient (HC): drying at
105°C of a pre-moistened soil sample at
equilibrium with a saturated atmosphere
with water vapor (in the presence of 10%
H2SO4 solution) - % by weight (% w/g);
wilting coefficient (WC, %, g/g), calculated
based on hygroscopicity coefficient;
field water capacity (FWC, % w/w),
calculated based on Dumitru et al. (2009)
formula, considering clay content (%), silt
content (%), bulk density (g/cm®), and layer
depth (cm);
useful water capacity (UWC, % w/w) is
calculated as the difference between field
capacity (% w/w) and wilting coefficient
(% wiw);
total water capacity (TC, % w/w) is
determined as the ratio between total
porosity (% v/v) and bulk density (g/cm?).

RESULTS AND DISCUSSIONS

Profile 1 - Typical chernozem

Coordinates: 44°453 252 - N & 27°501 395 - E
Landscape: plain

Use: arable

Parent material: loessoid deposits
Groundwater: >10 m
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Figure 2. Typical chernozem (2019)

Morphological characterization

Horizon Am (0-32 c¢m), dusty clay, dark brown,
(10 YR 2/1 to wet and 10 YR 3/2 to dry)
moderately developed glomerular structure,
porous, permeable, frequent fine roots from
cultivated vegetation, weak effervescence,
gradual transition to the lower horizon;

Horizon AC (32-57 c¢m), medium clay,
yellowish-brown, (10 YR 4/3 to wet and 10 YR
5/4 to dry), poorly developed glomerular
structure in the upper half of the transition
horizon, slightly friable, loose, accumulations
of carbonates in the form of pseudomycelia,
moderate effervescence;

Horizon Cca (>57 cm), dusty sandy clay,
yellowish (10 YR 5/4 in wet and 10 YR 6/4 in
dry) unstructured, friable, loose, with
accumulations of carbonates in the form of
pseudomycelia and small crumbly concretions,
strong effervescence.

Profile 2 - Typical chernozem

Coordinates: 44°26' 05" - N & 2730' 03" - E
Landscape: plain

Use: arable

Parent material: loessoid deposits
Groundwater: >10 m
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Figure 3. Typical chernozem, CL (2021)

Morphological characterization

Horizon Am (0-34 c¢m), dusty clay, dark brown
(10 YR 2/1 to wet and 10 YR 3/3 to dry), well-
formed glomerular structure, rough, porous,
loose, non-plastic, non-adhesive, frequent fine
roots, does not effervescence, wavy gradual
transition;

Horizon AC (34-62 cm), medium clay, light
brown (10 YR 3/3 to wet and 10 YR 4/4 to
dry), moderately developed glomerular
structure, rough, porous, loose, non-plastic,
non-adhesive, frequent fine roots, weak
effervescence, wavy gradual transition;
Horizon Cca (62-115 cm), sandy clay loam,
yellowish (10 YR 4/3 to wet and 10 YR 5/4 to
dry), poorly structured in the upper half, very
friable, porous, loose, non-plastic, non-
adhesive, rare fine roots, strong effervescence,
clear straight passage.

Variation of chemical characteristics (pH and
humus content) for this type of soil is shown in
Figure 4. Based on the graph, it can be seen
that the value of the soil reaction is 7.8 (weakly
alkaline) at the surface and it increases to over
8.5 at the base of the profile. The humus
content varies inversely to the soil reaction,
from 4.6 in the bioaccumulative horizon to 1.8
at the base of the soil profile.
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Figure 4. Variation of chemical characteristics

On the typical chernozem from Perisoru, due to
the medium and undifferentiated texture on the
depth of the profile, but also due to the good
quality agrotechnical works, the bulk density
values are the most favorable during the three
years, 2019-2021 (Figure 5).
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1.26 2019

1.25 2021

Am A/C Cca

Figure 5. Bulk density (2019-2021)

The total porosity values correlate with the bulk
density, due to the agrotechnical works
performed, in conjunction with the clay texture
and moderately developed soil structure (Figure
6).

48
Am AIC Cca
=019 52 54 51
m2021 54 52 50

Figure 6. Total porosity (2019-2021)

The perfect correlation between total porosity
and bulk density is reflected on the degree of
subsidence, with almost parallel values
between 2019 and 2021 (Figure 7).
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Figure 7. Compaction degree (2019-2021)

The results obtained show the most favorable
characteristics, usually encountered in soils
with loamy texture (medium), undifferentiated
on the profile but also due to the applied
technology.

The studied land is classified in the second
grade of quality for arable lands, with 66
points, due to the poor climatic conditions and
the groundwater level below 10 m. The graphic
representation of the land evaluation marks, by
crops is shown in Figure 8.

The economic efficiency by crops, during the
three years of research (2019-2021) is

presented in Figures 9, 10 and 11.
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Figure 8. Land evaluation marks, by crops
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Figure 9. Economic efficiency (2018-2019)

Based on the graphic results, it can be shown
that in the first year of research, profit was
obtained for all crops in rotation, as a result of
the superior technology applied, but also due to
the productive potential of the soil.
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Figure 10. Economic efficiency (2019-2020)

In the second year of research, the economic
situation is repeated, but with a lower profit,
obtained on the basis of the resulting
productions. The technology was the same, but
there were less favorable climatic conditions.
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Figure 11. Economic efficiency (2020-2021)

In the third year of research, the economic
situation was the most beneficial, both in terms
of climate and in terms of soil potential and
applied superior technology.

CONCLUSIONS

In the conditions of the typical, vermic

chernozem, formed in the steppe zone, on

loessoid deposits, with groundwater found at
over 10 m, in temperate climate, the following
were found:

— the soil works were applied in a controlled,
systematized way, at adequate humidity,
were of good quality and alternated the
classical system with the conservative one;

— under these conditions, the yields obtained
were very good, with a substantial profit
being obtained, both due to the potential of
the soil and the applied technology;

— a large part of the area is equipped for
irrigation, especially for the maize and
soybean crops, and 3-4 waterings were
applied with norms of 500 m>/ha;

— application of chemical root fertilizers, was
performed according to a rigorous plan,
since agrochemical mapping is carried out
once every 4 years.

— the production obtained for the main crops
in the investigated period was at an average
level, with relatively low expenses and with
a substantial profit for each crop;

— in the case of maize for grains, the pro-
duction reached the level of 12000
kg/ha, primarily due to the type of soil well-
supplied with nutrients, with favorable
physico-chemical characteristics, to which
the applied technology is associated;

— due to the high productive potential of the
soil type and the top technology applied,
the soybean crop recorded a production of
about 3.5 tons/ha, thus generating a profit
of over 5700 lei/ha.
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Abstract

This paper provides the results of assessing the possibility of using frequency ratio (FR) and Shannon’s entropy (SE)
models to predict the intra-field spatial heterogeneity zones (IFHZ) which are taken into account when performing
various technological processes in precision farming. The studies were carried out in 2021-2022 in the Radomyshl
community of Zhytomyr raion (Zhytomyr oblast, Ukraine) in an area of 6.602 km’. To determine IFHZ, nine soil
parameters were used, the suitability of which for prediction was determined by multicollinear analysis. These data
include the hydrolytic acidity, nitrogen, phosphorus and potassium content, the soil buffer balance index, and B, Mo,
Cu, and Zn content. The area under the receiver operating characteristic (AUROC) method has been utilised to validate
both FR and SE models. The research suggests that the AUROC curve for SE (0.84) was better than that for FR (0.82).
Hence, the SE model predicts IFHZ more accurately than the multivariate statistical model FR in the study area.

Key words. intra-field heterogeneity, forecasting; frequency ratio, Shannon’s entropy, model comparison.

INTRODUCTION

Precision farming technology provides a viable
solution for managing profitability and
reducing production costs in agriculture,
especially in the face of dwindling farmland
and increasing energy and raw material costs
for mineral fertilizers (Myslyva et al., 2021;
Hrynevych et al., 2022). This assertion is
supported by the expected growth of the
precision farming market to $11.54 billion by
2026, with a CAGR of 14.3% (ReportLinker,
2022).

Ukraine is an important global agricultural
producer, accounting for 41% of the country's
total exports in 2021, and is a top exporter of
sunflower meal and oil, corn, and wheat
(USDA, 2022). Precision farming technology
has already gained significant traction in
Ukraine, with an average usage percentage of
51.2% (UCAB, 2021). Its relevance to the
Ukrainian agrarian sector is particularly

138

noteworthy, given the shift in the main grain
production regions from the country's south and
southeast to its less fertile northern and western
regions, including the 100,000 km? Ukrainian
Polissia.

It is widely understood that the successful
adoption of precision farming requires the
identification and demarcation of spatially
diverse areas within a field known as intra-field
spatial heterogeneity zones (ISHZ). These
zones are taken into consideration when
carrying out various technological operations in
crop production, as highlighted by research
conducted by Coérdoba et al. (2016) and
Meéndez-Vézqueza et al. (2019).

Considering the specific nature of land use and
land tenure in Ukraine, as well as the
specialization of agricultural enterprises, the
most effective method for identifying intra-
field heterogeneity zones is an approach that
takes into account multiple soil characteristics.
However, regardless of the specific approach



and parameters used, Geographic Information
Systems (GIS) and mathematical modelling
methods such as Frequency Ratio (FR) and
Shannon's Entropy (SE) provide a universal
tool for identifying ISHZs. Although these
methods have been extensively and effectively
utilized for flood prediction (Arabameri et al.,
2019; Arora et al, 2021), landslide
susceptibility (Shano et al., 2020; Wubalem,
2021), and forecasting groundwater resources
distribution (Al-Ruzouq et al., 2019; Chatterjee
et al., 2020), their use in identifying of intra-
field spatial heterogeneity zones remains
relatively scarce.

Considering all of the above, the objective of
this study is threefold: (1) to process initial data
on soil parameters and generate thematic layers
containing relevant attribute information; (2) to
identify and map ISHZs with distinct land
quality, based on a combination of soil
parameters, using the FR and SE modelling
techniques; and (3) to compare the outcomes of
both methods to determine which one is most
effective in detecting ISHZs.

MATERIALS AND METHODS

The studies were carried out in 2021-2022 in
the Menkivka starostynsky okrug Radomyshl
community of Zhytomyr raion (Zhytomyr
oblast, Ukraine). The study area is a part of the
Zhytomyr physical-geographical region of the
Ukrainian Polissia and located between 50°37°
to 50°3" N and 29°08" to 29°12" E and spreads
in an area of 6.59 km? (31.8% of total arable
land) (Figure 1).

The climate of the study area is temperate (Dfb
due to Koppen-Geiger climate classification).
The soil cover of the study area is represented
by Dystric Leptosols (0.28 km?), Anthric
Luvisols (3.44 km?), Anthric Retisols (0.23
km?) and Umbric Gleysols (2.65 km?)
(according to  the international  soil
classification system (WRB, 2014) and has a
predominantly sandy-loamy texture.

A total of 145 geo-referenced representative
surface soil samples at 0-20 cm depth were
collected within the territory of interest. The
selection was carried out on an irregular grid.
The samples were crushed, air-dried in shade at
room temperature (~ 25°C), and passed through
a 2 mm sieve for further analysis.
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Figurel. Location of the study area

The following parameters were determined in
each soil sample: humus content (Hu)
according to NSTU 4289:2004; pHxkci (pH) -
according to GOST 26483-85; cation exchange
capacity (CEC) - according to ISO 11260:1994;
calcium (Ca) and magnesium (Mg) - according
to GOST 26487-85; hydrolytic acidity (Ha) -
according to GOST 26212-91; nitrogen (N) -
according to NSTU 7863:2015; phosphorus (P)
and potassium (K) - according to NSTU



4405:2005; molybdenum (Mo) - according to
GOST 50689-94; boron (B) - according to
GOST 50688-94. The acid soluble (IN HCI
extractant) forms of lead (Zn) and copper (Cu)
were determined through the method of atomic
and absorption spectrometry on the SOLAAR
MKII-M6 Double Beam AAS device. The soil
buffer balance index (SB) was determined by
the Nadtochy method (Nadtochy, 1993).

To determine which soil parameter is best
suited for identifying ISHZs, a multicollinearity
analysis was conducted. The analysis utilized
variance inflation factor (VIF) and tolerance
(TOL) to assess whether the explanatory
variables used in the modelling are highly
dependent on one another.

The integration of thematic layers and their
corresponding percentages was utilized to
determine the spatial distribution of intra-field
spatial heterogeneity through overlay analysis
in an ArcGIS 10.8 environment. To prepare a
spatial variability map for each soil variable,
both geostatistical and deterministic methods
were used for interpolation techniques.
Geostatistical methods were used for hydrolytic
acidity, the content of B and Mo, and the soil
buffer balance index.

Cross-validation analysis was conducted to
evaluate the accuracy of interpolation utilizing
methods.

The optimal number of gradations of
heterogeneity zones within the study area was
established by the Principal Component
Analysis (PCA) technique (Zeraatpisheh et al.,
2020).

FR is defined as (Guru et al., 2017) (1):
FR = (W/TW)/(CP/TP) (D
where FR is a frequency ratio of the class of
each soil parameter, W is the number of pixels
of the most fertile and least fertile soil locations
for each class of thematic maps; TW is the
number of total pixels of the most fertile and
least fertile soil locations in the study area; CP
is the number of pixels in each thematic class
and the TP is the total number of pixels in the
study area. In the FR model, the FR value of
each class in the thematic layer was considered
as the weight of that particular class in thematic
parameters to determine intra-field
heterogeneity.
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The SE for all the explanatory variables to
prioritize the susceptibility of the individual
explanatory variable to intra-field spatial
heterogeneity forming and subsequent final
susceptibility mapping has been calculated
using the following equations (2-6):

Pj=Db/a ()

(Py) =5 3)
j=1 Pij

Hy=- 3, (P logz (B, j=1...n  (4)

IjI%,I=(O,1),j=1,...,n (5)

W = 1;-Pj; (6)

where a is the class area of the independent
variable and b is the area of the most fertile and
least fertile soil locations falling within the
class, expressed as a percentage, (Pij) is the
probability of density, H; and Hjmax represent
entropy values, |j is the information coefficient.
W represents the resultant weight value for the
factor as a whole.

Microsoft Excel program was used in the
calculation of the FR and SE of the total input
factors and the spatial analyst module of
ArcGIS 10.8 has been used to reclassify and the
final intra-field spatial heterogeneity zones
maps were produced using a raster calculator.
Receiver Operating Characteristic (ROC) was
chosen as the method for estimating model
performance. In this method, for every possible
cut-off value, false positive rates (FPR) and
true positive rates (TPR) were plotted on the x-
axis and y-axis, respectively (7), (8):

FPR = FP/(FP+TN) (7)

TPR = TP/(TP+FN) (®)
where FP is the number of false positive cases,
TN is the number of true negative cases, TP is
the number of true positive cases, and FN is the
number of false negative cases. The FPR also
termed sensitivity (Arabameri et al., 2019), is
the probability a test will render an intra-field
spatial heterogeneity when it exists and the
TPR, which is also known by the name



“l-specificity” indicates one minus the
probability a test will be negative in case of
actually non-occurrence of intra-field spatial
heterogeneity. Hence, in ROC, the sensitivity is
plotted as a function of the false positive rate
for various levels of cut-off points meaning
thereby, each point on ROC is a
sensitivity/specificity pair connected to a
particular decision threshold (Arora et al.,
2021).

The area under the curve (AUC) represents the
discriminatory power of a model with which it
accurately predicts the occurrence or non-
occurrence of intra-field spatial heterogeneity.
AUC values of <0.6, 0.6-0.7, 0.7-0.8, 0.8-0.9,
and >0.9 indicate, respectively, poor, moderate,
good, very good, and excellent model
performance (Nhu V.H. et al., 2020).

The ROC curve and the AUC were calculated
using the ROC Tool of ArcSDM.

RESULTS AND DISCUSSIONS

At the outset, the study planned to utilize 14
soil parameters. However, after conducting the
multicollinearity analysis, it was found that
variables like humus content, pHxcr, cation
exchange capacity (CEC), Ca, and Mg content
had high multicollinearity with VIF>10 and
TOL <0.1, and were excluded from the
analysis. The VIF and TOL values for all the
variables ranged from 1.60 to 8.13 and 0.121 to
0.62, respectively, as shown in Figures 2 and 3.

Figure. 2. Multicollinearity analysis of the soil
parameters (VIF)
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Figure. 3. Multicollinearity analysis of the soil
parameters (TOL)

Then  deterministic =~ and  geostatistical
interpolation methods were used to visualize
the spatial distribution of nine soil parameters.

Thus, nine raster images were generated as a
result and then were utilized as the fundamental
geospatial data to carry out the forecasting of
intra-field spatial heterogeneity (Figures 4-12).
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Figure 4. Intra-field spatial heterogeneity factors (soil
parameters) used in this study: hydrolytic acidity

It is important to point out that the southeastern
and eastern areas of the study area exhibit the
highest values for all of the soil parameters
examined, whereas the land parcels with lower
values are primarily concentrated in the
northwestern and western areas.
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parameters) used in this study: lead
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parameters) used in this study: boron
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Figure 12. Intra-field spatial heterogeneity factors (soil
parameters) used in this study: soil buffer balance index

This variability is largely attributed to the
diverse soil cover, which comprises four
different types of soil based on the FAO
classification and eleven different types of soil
according to the national classification system
used in Ukraine.

To determine the appropriate number of
categories for the intra-field spatial
heterogeneity zones, PCA was applied. The
principal components (PCs) with eigenvalues
greater than 1 and accumulative contributions
exceeding 60% were chosen (Oldoni et al.,
2019; Srinivasan et al., 2022). Only the first
three PCs were selected based on this criterion,
which explained a total variability of 76.21%
(Table 1).
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Table 1. Principal component analysis for soil parameters

Principal Component | Cumulative

compo Eigenvalues | loadings loadings,
nents (%) (%)
PC1 3.98 44.20 44.20
PC2 1.92 21.32 65.52
PC3 1.19 10.69 76.21
PC4 0.82 9.09 8531
PC5 0.52 5.73 91.03
PC6 0.37 4.15 95.18
PC7 0.24 2.67 97.85
PC8 0.14 1.57 99.42
PC9 0.05 0.58 100.0

Frequency ratio is a susceptibility model that is
commonly used and operates on the premise
that the ratio of two event frequencies is a more
effective predictor of the likelihood of those
events occurring than the frequencies alone. In
cases where the FR value for a soil parameter is
higher, it suggests a strong correlation between
the dependent variable (intra-field spatial
heterogeneity zone) and the independent
variable (the soil parameter in question).
Conversely, FR values less than 1 indicate a
weak relationship between the two variables
(Tehrany et al., 2013).

The levels of phosphorus and zinc in the study
area were categorized into four different
classes, while the other soil parameters were
divided into three classes, as shown in Table 2.

The highest frequency ratio values for
indicators such as potassium, boron, copper,
molybdenum, and soil buffer balance index
were found in the upper categories (class 3). On
the other hand, the maximum frequency ratio
values for phosphorus, zinc, and hydrolytic
acidity in the soil were observed in the lower
categories (class 1), while the content of
nitrogen showed the highest frequency ratio in
the medium categories (class 2).

The highest prediction rate (5.667) was
achieved for the phosphorus content, while the
lowest prediction rate (2.423) was obtained for
the zinc content. Based on these prediction
rates, the studied soil parameters can be
arranged in descending order as follows: P >
SB>K>Mo>N>B>Ha>Cu>Zn.



Table 2. Intra-field spatial heterogeneity zones,
computed using frequency ratio (FR)

Table 3. Intra-field spatial heterogeneity zones,
computed using Shannon’s entropy (SE)

Soil
parameter
Hjmax
P; (all)

(Py)
H; (total)

0.19 1.21

1.59 1 0.02 | 2.75 | 0.05

0.42

0.10
0.23
0.67

Mo 0.24 | 5.08

0.71
0.16
0.14

0.26 | 3.78 | 0.99

0.04
0.44
0.52

SB 0.25 | 3.64 | 0.90

0.06
0.07
0.88

0.65 | 1.59 | 0.59 | 8.78

0.38
0.33
0.19
0.11

2.00 | 0.07 | 4.61 | 033

Soil Cl:zislof Frequency Prediction
parameter Ratio (FR) Rate (PR)
parameter
B 0.12-0.25 0.460 3.525
0.26-0.29 2.400
0.30-0.44 3.452
Cu 1.57-1.82 0.877 2.692
1.83-2.01 0.721
2.02-2.43 1.147
Mo 0.04-0.09 0.486 4.549
0.10-0.14 1.182
0.15-0.23 3.413
Ha 0.006-1.29 2.667 3.345
1.30-2.24 0.584
2.25-3.12 0.527
SB 0.12-0.29 0.141 5.483
0.30-0.43 1.607
0.44-0.60 1.888
N 168-187 0.489 4328
188-200 0.571
201-230 0.489
P 100-107 1.733 5.667
108-112 1.512
113-116 0.869
117-121 0.494
K 116-135 0.379 4.652
136-151 1.127
152-179 8.596
Zn 2.99-3.21 4.265 2.423
3.22-3.33 0.692
3.34-3.45 0.647
3.46-3.65 0.305

0.04
0.11
0.85

0.73 0.54 | 10.10 | 5.46

To identify the intra-field spatial heterogeneity
zones using Shannon's entropy modelling, each
of the nine soil parameters was assigned a
weight (W) based on Equation (6) of the SE
model. The highest weight was assigned to the
soil phosphorus content (5.456), while the
lowest weight was assigned to copper (0.046)
(Table 3).

The maximum probability density (Pj) was
determined for the lower categories (class 1)
based on the levels of phosphorus, zinc, and
hydrolytic acidity in the soil, while the
remaining parameters showed the highest
probability density in the upper categories
(class 3). Based on the assigned weights, the
soil parameters can be arranged in descending
order as follows: K >N > Zn > Mo > B > Ha >
SB >P > Cu.

0.72
0.12
0.11
0.05

Zn 2.00 | 036 | 591 |2.15
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While FR model is typically utilized for
evaluating landslide susceptibility (Abdo et al.,
2022; Babitha et al., 2022), flood hazard
assessment (Pawar et al., 2022; Isiaka et al.,
2023), or identifying potential groundwater
areas (Guru et al., 2017; Olajide et al., 2022), in
the current study, it exhibited strong
performance for detecting ISHZs (Figure 13)
with an accuracy rate of up to 82% (as
demonstrated in Figure 14).

To implement Shannon's entropy model for
ISHZ detection, it is necessary to compute the
entropy value for each site in the study area
based on the selected soil parameters
determined by the multicollinear analysis.
Parcels with the highest entropy value will
display the greatest discrepancies in soil
parameters, while parcels with the lowest
entropy will show the greatest uniformity in
soil parameters.
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Figure 13. Zones of intra-field spatial heterogeneity with
corresponding soil quality (red — low quality; yellow —
moderate quality; green — high quality)

Despite the fact that Shannon's entropy model
is often utilized for predicting groundwater
levels (Razzagh et al., 2021), forecasting flood-
prone areas (Haghizadeh et al., 2017), and
assessing the degree of urban expansion in
various regions (Das & Angadi, 2020), it can
be effectively employed to predict the presence
of ISHZs with up to 84% precision, as shown
in Figure 15.
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Figure 14. Performance of the model for the spatial
prediction of intra-field heterogeneity zones using the
ROC curve technique and AUC for FR model

145

1,2

1
0,8
> 06
£ AUC =0.84
5 04
S ROC curve
“ 0,2 Area under curve (AUC)
OODOL(IMHOOkoﬁ‘HmkD#NO\ﬁ‘
QO NMmMM I OO~ 9
OO0 00000000000 OoOOo
1-Specificity

Figure 15. Performance of the model for the spatial
prediction of intra-field heterogeneity zones using the
ROC curve technique and AUC for SE model

As a result of the performed studies, it was
found that the efficiency of the FR model is
lower than the efficiency of the SE. However,
given its ease of use as well as its robustness to
small sample sizes, the FR model can be used
to pre-detect the presence of ISHZs and is the
best choice for analyzing datasets with a
limited number of observations.

As previously mentioned, there is currently no
universal method for identifying intra-field
spatial heterogeneity zones, and different
techniques have been proposed by researchers
(Oshunsanya et al., 2017, Kutsayeva &
Myslyva, 2020). This study focused solely on
an approach based on the chemical properties
of the soil, and the list of soil parameters used
is not exhaustive and can be expanded
depending on the availability of geospatial data
on soil properties and the requirements for
identifying ISHZs.

CONCLUSIONS

While both the SE and FR models
demonstrated high accuracy in identifying
intra-field heterogeneity zones, the SE model
performed better and has significant potential
for mapping these zones not only within
Ukraine's Polissia region but also in
neighbouring countries with similar soil cover
parameters. Therefore, we recommend using
the SE model for identifying intra-field
heterogeneity zones as a tool to enable
agricultural enterprises of different ownership
structures to implement precision farming



practices, including variable rate
technologies, more effectively.

Future studies should prioritize carrying out
field trials with crops using a crop rotation
approach to validate the obtained outcomes and
to provide more clarity on the established limits
of the identified intra-field spatial heterogeneity
zones.

(VR)
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Abstract

The utilization of Plant Growing Promoting Bacteria (PGPR) holds significant importance in agricultural systems,
especially as a biofertilizer. This study aimed to select effective PGPR for maize to improve yield and nutrient content
in a greenhouse pot experiment. Forty-five bacteria were isolated from three different ecosystems as forest, organic
farm site, and pasture. The results indicated that PGPR application increased macro nutrients ranging from 12.5% to
50% compared to the control. With the PGPR isolated from forest application, the micronutrient content of Fe, Zn, Mn,
and Cu in maize increased around 100%, 20%, 60%, and 100%, respectively. In terms of physiological parameters
such as fresh and dry biomass weight, plant height and stem diameter in maize plants were statistically significant than
the control treatment. The results proved that PGPR isolated from various ecosystem applications had a more
stimulating impact on macro micronutrient content and physiological parameters in maize plants than non-PGPR
applications. In general, organic farming sites would be the more promising starting point for PGPR isolation.

Key words: PGPR, ecosystem, nutrient, yield, maize.
INTRODUCTION

Mazie is a widely cultivated crop plant around
the world. One of the most widely utilized
grains in the world, maize is used for a variety
of purposes, including feed and biofuel. The
top five countries producing maize worldwide
are the United States of America, China, Brazil,
Argentine, and Ukraine, in that order (FAO,
2023). While Turkey's maize cultivation areas
were in the range of 6.6-5.9 million hectares
between 2014-2018, it increased by 8%
compared to the previous period and reached
6.4 million hectares in 2019. The production of
maize increased from 6.5 million tons in 2020-
2021 to 6.75 million tons in 2021-2022, an
3.84% rise (BUGEM, 2022). However, one of
the biggest costs in maize production is
chemical fertilizer. Chemical fertilizers not
only cost a large amount of money, but they
also have a negative impact on the environment
and human health (Sigua et al, 2005).
Promoting the use of biofertilizers to reduce the
usage of chemical fertilizer applications is the
recent option for sustainable maize cultivation.

The rhizosphere is home to a group of bacteria
known as plant growth-promoting rhizobacteria
(PGPR) (Rodriguez & Fraga, 1999). The
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phrase ‘plant growth promoting bacteria’ refers
to bacteria that colonize the roots of plants
(rhizosphere) that enhance plant growth.
Rhizosphere is the soil environment where the
plant root is accessible and is a zone of maxi-
mum microbial activity resulting in a confined
nutrient pool in which essential macro- and
micronutrients are extracted. PGPR plays an
important role in enhancing plant growth
through a wide variety of mechanisms. Some
examples of these mechanisms are nitrogen
fixation (Montanez et al., 2009; Arruda et al.,
2013), regulation of plant growth as well as
phosphorus solubilisation (Perez et al., 2007),
the ability to produce phytohormones
Egamberdiyeva (2007) and the production of
siderophores (Ahmad et al., 2006). Since PGPR
has been used as one of the indicators of the
quality of the soil, it could be attractive to
evaluate some macro and micronutrient
contents in maize to isolate bacteria from the
soil in the different ecosystems. Interests in the
beneficial rhizobacteria associated with the
crops have increased recently and several
studies clearly showed the positive and
beneficial effects of PGPR on the growth and
yield of different crops, especially maize in



different environment under variable ecological
conditions. Some indigenous bacteria such as
Bacillus  spp. (Zakry et al, 2012) and
Pseudomonas spp. (Piromyou et al., 2011)
from the rhizosphere has been qualified as
PGPR to maize through  phosphate
solubilization and phytohormone production.
Waday et al. (2022) reported that fresh weight
(1.4 g), dry weight (0.45 g), and length (9.9
cm) of shoot maize plant inoculated with
bacterial strain (JEC4) was significantly higher
than control (0.6 g, 0.1 g, 6.8 cm). Similarly,
Pande et al. (2017) studied the impact of some
phosphate solubilizing bacteria on the growth
of maize in a greenhouse pot experiment and
found three isolated species showed a signifi-
cant stimulating effect on maize growth in
shoot height, fresh and dry weight compared to
the control. The impact of the PGPR on maize
production with six different bacteria in non-
sterile and sterile pot experiments was reported
by Gholami et al. (2009). As a result, non-
sterile soil was found to have a greater stimula-
ting effect on plant development than sterile
soils. Previous research has assessed the impact
of some PGPR bacteria on the growth and yield
of several crops. The researchers have concen-
trated their efforts in recent decades on
gathering PGPR from the intensive agricultural
farm site. It was not fully determined how
PGPR isolated from different ecosystems will
affect growth and the number of macro-micro-
nutrients. The main objective of this study was
to isolate plant growth-promoting bacteria from
different ecosystems such as forests, pastures,
and organic farm sites using morphological
characteristic features to increase yield and
macro-micro nutrient content in maize plants.

MATERIALS AND METHODS

Soil sample

The soil for the pot experiment was transferred
from International Agricultural Research and
Traning Center’s (IARTC) farm site. Soil
samples were analyzed for pH, EC, lime and
organic matter contents, and phosphorus and
potassium concentrations. Results are shown in
Table 1. Considering the soil analysis report,
150 ppm N fertilizer was applied using
ammonium sulfate. Phosphorus and potassium
were not applied due to their adequate
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abundance in the soil (Table 1). Through the
experiment, herbicides or pesticides were not
required. Maize (Tarex Albayrak) was sowed
on 22 July 2022, 69 days after the seedling, and
on 29 September 2022 plants were harvested.
The study was arranged as a completely
randomized design (CRD) with three replicate
pots per treatment. Of the 45 bacteria isolated
from different ecosystems, in particular, 17
isolates were from the forest, 16 isolate from
organic farm sites, and 12 isolate from pasture.
One positive and one negative control were
also added to the experiment.

Bacteria application was done 10 days after
corn planting. For each isolate, 1 ml of PGPR
bacteria solutions was applied to the surface of
the soil, just after irrigation was done. As a
positive control, 1 ml sterile TSB medium
solution was applied.

Sample collection and isolation of bacteria
The soil samples were collected from three
different ecosystems as pastures, organic farm
sites, and forest land around the West-Aegean
region in Tirkiye. Two composite samples
were taken from pasture and five composite
samples from the forest and organic farm site
from 0 to 20 cm depth and each sample was
mixed thoroughly. In total 13 samples were
transferred to the laboratory to ensure
uniformity and stored at 4°C before use. The
serial dilution method was used to isolate
PGPR. The first step in the dilution process
was the addition of 10 g of soil to 90 ml of the
extraction solution (0.85% saline solution)
resulted in a 10" weight by volume dilution
and repeated five more times (1072,
103, 10%, 1035, 10°). Starting from 103
dilution, 1 ml of soil dilution was transferred to
replicate agar plates (Tryptic Soy Broth Agar).
Next, agar plates inoculated were placed in the
incubator at 28 °C for 24 hours. After the
incubation process, different bacterial isolates
with distinct colony morphology were selected
from each of three (103, 10, 107) dilutions,
and pure cultures were obtained by streaking
on TSB agar plates. Forty-five bacterial isolates
were chosen randomly considering the different
sizes and shapes of the colonies for the
greenhouse experiment. To measure plants'
physiological parameters, before harvesting
plants’ height and diameters (2 dimensions)
were measured. Then to determine biomass



fresh weight (BFW), plants were harvested  perchloric acid. The program was performed in
from each pot and weighed. Thereafter, three steps: (1) 25 min to reach from 25°C to
samples were placed in an oven (65°C) until 180°C, (2) 15 min to hold 180°C, and (3) 15
there was no change in the biomass weight. To min to cool down to room temperature. After
determine macro and micronutrient analysis, cooling, the wvessels were opened and
oven-dried maize samples were milled with the transferred to a 50 mL volumetric flask. The
grinder. Then sample masses of 400 mg final volume was made up to 50 mL with
substrates were microwave-assisted digested distilled water. P, K, Ca, Mg, B, Fe, Cu, Zn,
using 9 ml of 1 molar HNO3 and 1 ml of  and Mn, were determined in these solutions.

Table 1. Some of the soil properties

pH EC Lime O.M. Content Phosphorus Potassium
(dS'm™) (%) (%) (kg ha™) (kg ha™)
7.88 630 4 1.5 138 1360
alkaline Low Low Medium High
Statistical analysis were the highest value compared to all other

A one-way analysis of variance (ANOVA) was  treatments. No statistical differences were
performed to evaluate the effect of the PGPR  observed for potassium nutrient content as
application. JMP software version prol6 was inoculated by bacteria from the forest, organic
used to analyze the experimental data. Tukey  farm site, and both negative and positive
Honestly Significant Difference (HSD) test at control. The first sampling points in the pasture
the 5% level of significance (p < 0.05) was  had the highest average values of potassium

used for the comparisons of means. nutrients in maize plants.
PGPR treatments isolated from all ecosystems
RESULTS AND DISCUSSIONS in calcium (Ca) nutrient content in maize was
significantly higher than the both positive and
Macronutrients negative control treatment. Whereas the first

In this study, average phosphorus (P) nutrients sampling point in the organic farm site had the
with PGPR treatments were as follows: isolated ~ highest average values of calcium nutrients in
from pasture (0.189%), and organic farm site =~ maize plants, the first sampling point in the
(0.186%) (Table 2). These Phosphorus nutrient ~ pasture was the lowest. While PGPR treatments
rates were significantly higher than both  isolated from organic farm sites and pasture in
positive (0.141%) and negative (0.144%) Mg nutrients content in maize were
control treatments. significantly higher than the positive control,
The phosphorus nutrient concentration was  no statistical differences were observed from
0.161% higher in forest-isolated bacteria the forest (0.205%) both negative (0.200%) and
treatment which was significantly higher than  positive control (0.170%). The third sampling
the negative control (0.144%). This is an  point in the organic farm site had the highest
agreement with Kumar et al. (2014) who average values of magnesium nutrients in
conducted an experiment on the influence of  maize plants.

the PGPR on growth, yield and nutrient content ~ Our results showed that macronutrient content
in wheat. Phosphorus nutrient content in grain  such as P, K, and Mg in maize under PGPR
and straw with PGPR treatment was 1.81-fold  treatments isolated from different ecosystems
and 1.72-fold higher than non-PGPR treatment. was significantly higher than in negative
The second sampling point in the pasture and  control treatments. Similarly (Karthikeyan et
the fourth sampling point in the organic farm  al., 2010) used some PGPR such as
site had the highest average values of  Azotobacter, Bacillus and Pseudomonas
phosphorus  nutrients in maize plants, separately or in combination to assess their
respectively. impact on Catharantus roseus.

Additionally, PGPR treatments isolated from

pasture in potassium nutrient content (3.82%)
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Table 2. Selected macronutrient contents

Samplin, P K Ca M
Ecosystem poli)nt €| Isolate %) %) (%) (%g)
1 0.164 3.44 0.437 0.230
1 2 0.166 3.54 0.412 0.212
3 0.158 3.51 0.441 0.212
1 0.161 3.58 0.483 0.213
2 2 0.150 3.32 0.444 0.196
3 0.145 3.48 0.441 0.200
1 0.171 3.15 0.524 0.218
3 2 0.158 3.43 0.488 0.201
Forest 3 0.148 2.98 0.461 0.186
1 0.185 3.79 0.392 0.229
4 2 0.170 3.25 0.461 0.180
3 0.160 3.35 0.464 0.205
4 0.154 3.08 0.492 0.192
1 0.184 3.76 0.446 0.237
s 2 0.148 3.17 0.470 0.192
3 0.155 3.84 0.431 0.194
4 0.161 3.07 0.435 0.187
Mean 0.161 B 3.40 AB 0454 A 0.205 BC
1 0.180 3.48 0.421 0.229
1 2 0.191 3.56 0.425 0.241
3 0.195 3.69 0.441 0.247
1 0.183 3.77 0.533 0.265
2 2 0.193 3.30 0.427 0.232
3 0.191 3.30 0.439 0.229
1 0.194 3.53 0.482 0.249
3 2 0.187 3.55 0.494 0.260
Organic 3 0.186 3.81 0.454 0.251
1 0.182 3.83 0.575 0.267
4 2 0.201 3.85 0.438 0.248
3 0.195 3.63 0.430 0.240
1 0.166 3.33 0.495 0.239
5 2 0.172 3.81 0.525 0.277
3 0.190 3.60 0.406 0.252
4 0.172 341 0.400 0.230
Mean 0.186 A 3.59 4B 0462 A 0.247 A
1 0.184 4.39 0.447 0.263
2 0.194 4.27 0.387 0.233
1 3 0.176 430 0.439 0.243
4 0.195 343 0.484 0.243
5 0.197 3.67 0.431 0.249
6 0.171 3.42 0.414 0.231
Pasture 1 0.188 4.02 0.485 0.262
2 0.194 3.87 0.389 0.233
) 3 0.188 3.88 0.406 0.249
4 0.180 3.42 0.491 0.262
5 0.196 3.67 0.417 0.253
6 0.200 3.51 0.422 0.237
Mean 0.189 A 3.82 A 0434 A 0.247 AB
Control- 0 0.144 C 3.03 B 0.314 B 0.200 ABC
Control+ 0 0.141 BC 3.05 B 0232 B 0.177 C
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Most of isolates showed all nutrient contents
(N, P, K, Ca and Mg) increase compared to the
control. However, only Ca content in maize
was significantly higher than the both positive
and negative control.

Micronutrients

PGPR treatments isolated from different
ecosystems that were applied in the rhizosphere
of maize plants resulted in a micronutrient
content increased for all tested treatments
(Table 3). The results for micronutrients such
as Fe, Cu, Zn, Mn, and B were evaluated
individually. iron (Fe) nutrients in maize with
PGPR treatments isolated from the forest and
organic farm site were significantly higher than
the both positive and negative control. While
iron (Fe) nutrients in maize with PGPR
treatments isolated from the pasture were
significantly higher than the positive control.
The third sampling point in the forest and the
fourth sampling point in the organic farm site
had the highest average values of iron nutrients
in maize plants, respectively. Rahimi et al.
(2020) studied on the impact of PGPR on
improving the acquisition of iron content in
quince seedling. Their result showed that iron
concentration increased 1.5-fold by PGPR
application. Sharma et al. (2013) suggested that
PGPR application can be affirmative strategy to
solve the issue of iron deficiency in rice
cultivation. The highest zinc (Zn) nutrients in
maize were presented by PGPR treatments
isolated from organic farm sites (53.2 ppm)
followed by forest (52 ppm) and pasture
(48 ppm). All PGPR treatments in terms of
Zinc (Zn) nutrients in maize were significantly
higher than the positive control. However, Zinc
(Zn) nutrients in maize were significantly
greater in organic farm sites than in both the
positive and the negative control.

In comparison to both positive and negative
controls, manganese (Mn) nutrients in maize
were significantly higher in organic farm sites
and forests. Manganese (Mn) elements in
maize with PGPR treatments isolated from
pasture were significantly greater than the
positive control. The third sampling point in the
forest and the fourth sampling point in the
organic farm site had the highest average
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values of manganese nutrients in maize plants,
respectively.

Copper (Cu) nutrients in maize with PGPR
treatments isolated from all ecosystems were
significantly higher than the both positive and
negative control. While the highest value of
copper nutrients in maize was PGPR treatments
isolated from the forest (12.6 ppm), the lowest
value was PGPR treatments isolated from
organic (11.5 ppm). PGPR treatments isolated
from all ecosystems in boron (B) nutrient
content in maize was significantly higher than
the both positive and negative control
treatment. The second sampling point in the
organic farm site had the highest average
values of boron nutrients in maize plants.

In terms of micronutrient contents, while the
highest values for Fe, and Mn in maize plants
were noted in PGPR treatments isolated from
forests followed by organic farm sites, the
highest value of Cu content in maize plants was
noted in the forest followed by pasture. In this
study, micronutrient content (Fe, Zn, Mn) in
maize under PGPR treatments isolated from
different ecosystems was significantly higher
than the negative control treatments. According
to Rana et al. (2012) an enhancement of 28-
60% in micronutrient content was recorded in
treatments on wheat plant receiving the mix
PGPR application with 2/3 recommended dose
of NPK, as compared to full dose of fertilizer
application. However, copper (Cu) and boron
(B) were statistically significant than both
negative control and positive control. The
negative control had a larger micronutrient
content than the positive control in the maize
plant, even though there was no statistically
significant difference between the control
treatments.

Physiological parameters

The impact of different PGPR treatments on
the physiological parameters in maize such as
fresh and dry biomass weight, height, and shoot
diameter is demonstrated in Table 4. Fresh
biomass in maize ranged from 70.4 g per plant
to 30.3 g per plant. Unexpectedly, positive
control of fresh biomass with 70.4 g per plant
performed the best result followed by PGPR
treatment isolated from pasture with 66.7 g per
plant and organic with 59.5 g per plant.



Table 3. Selected micronutrient contents

Sampling Isolate Fe Zn Mn Cu B
Ecosystem |  point (mgke") | (mgkg) | (mgke") | (mgkg') | (mgkeg")
1 318 51.0 54.8 122 18.8
1 2 259 43.1 51.4 12.1 14.5
3 328 55.9 52.0 11.9 16.0
1 235 41.1 56.9 12.3 14.0
2 2 319 48.5 59.3 13.7 28.4
3 325 49.7 50.6 122 24.6
1 302 53.7 66.0 13.0 31.8
3 2 526 575 66.0 132 28.4
Forest 3 430 60.8 55.3 12.7 29.8
1 261 46.3 45.0 112 23.6
. 2 367 46.4 56.5 12.6 27.4
3 308 51.7 49.4 13.1 24.0
4 474 66.0 62.9 13.7 30.9
1 235 51.2 43.9 112 26.0
s 2 288 50.7 49.6 12.4 25.8
3 292 50.6 46.7 12.5 24.7
4 416 62.0 54.5 14.0 28.7
Mean 334 A 521 AB 542 A 126 A 246 4
1 326 515 49.6 115 252
1 2 292 50.1 46.3 11.6 24.8
3 312 55.3 51.2 12.0 27.9
1 301 51.7 50.4 12,6 26.4
2 2 332 525 515 12.1 26.7
3 348 49.6 54.1 111 30.2
1 306 56.6 56.8 11.6 27.6
3 2 346 53.8 55.7 10.9 25.7
Organic 3 352 62.6 45.4 10.4 23.6
1 423 58.0 59.5 12.0 26.5
4 2 214 46.9 51.0 11.6 25.1
3 406 58.4 52.0 11.7 30.6
1 393 53.5 63.7 122 29.1
s 2 402 54.9 575 115 21.1
3 236 44.6 48.5 11.0 14.5
4 288 47.8 44.1 10.5 15.8
Mean 330 A 532 4 522 A 115 B 254 4
1 238 423 47.8 13.2 26.8
2 231 42.1 44.8 11.8 24.8
| 3 284 49.7 44.6 114 26.7
4 387 54.0 58.0 12.0 17.5
5 289 47.7 49.6 12.0 17.3
6 270 48.6 443 12.0 25.1
Pasture 1 301 51.6 51.8 13.1 24.8
2 249 46.0 46.0 11.8 252
5 3 303 46.7 428 11.0 25.8
4 362 56.5 57.4 132 28.7
5 233 49.8 473 12.8 22.4
6 265 52.0 48.6 12.8 26.3
Mean 284 AB 489  AB 48.6  AB 123 AB 243 A
Control- 0 164 BC 397 BC 347 BC 59 C 51 B
Control+ 0 112 C 291 C 283 C 51 C 3.0 B
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Table 4. Plant weight, height, and diameter at harvest

Ecosystem Saml?ling Isolate Fresh weight Dry weight Plant height Stem diameter
point (€9) (g (em) (mm)
1 52.8 6.73 134 7.59
1 2 455 6.13 129 8.07
3 50.2 6.83 135 8.07
1 47.0 6.33 136 7.52
2 2 34.1 5.10 132 7.51
3 48.7 6.67 133 7.30
1 36.7 5.27 131 6.64
3 2 39.1 5.65 132 6.73
Forest 3 45.0 6.07 130 7.42
1 66.1 9.20 135 8.60
4 2 442 6.20 127 7.24
3 422 5.97 134 7.23
4 37.7 5.33 122 6.76
1 71.7 10.33 145 8.09
5 2 54.3 7.73 133 7.52
3 46.8 6.90 131 7.85
4 42.2 6.17 128 7.23
Mean 46.9 B 6.50 B 132 A 7.49 C
1 60.1 8.13 127 8.53
1 2 70.9 9.63 138 8.88
3 67.6 10.43 147 8.22
1 50.9 6.73 131 7.63
2 2 67.0 9.60 144 8.45
3 70.6 10.93 140 8.99
1 55.4 7.37 130 7.88
3 2 57.0 8.27 141 8.20
Organic 3 64.0 9.70 142 7.98
1 57.2 7.57 135 8.66
4 2 56.4 7.77 139 8.00
3 61.0 9.33 141 7.82
1 50.9 7.63 118 8.13
5 2 52.5 7.03 140 7.03
3 46.9 6.60 131 7.72
4 55.1 7.95 141 8.30
Mean 595 4 8.50 4 137 A 8.20 B
1 62.9 9.60 110 10.26
2 67.6 9.77 111 10.74
1 3 76.0 12.63 134 9.57
4 56.9 7.77 117 9.09
5 66.4 9.17 128 7.95
6 71.7 10.97 140 8.68
Pasture 1 59.0 8.43 113 9.55
2 70.1 9.60 121 9.51
5 3 75.6 11.77 137 9.94
4 51.6 7.20 115 8.15
5 723 9.60 134 8.74
6 69.9 10.37 137 8.11
Mean 66.7 A 9.70 4 125 B 9.20 A
Control- 0 303 B 470 B 110 c 5.42 D
Control+ 0 704 4 1127 4 117 BC 8.67 ABC
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Whereas there were no statistical differences
between the PGPR treatments isolated from the
forest and the negative control for the fresh
biomass weight of maize, they were
statistically significant compared to the organic
farm site and pasture, respectively. Sandini et
al. (2019) reported that seed inoculation by
Pseudomonas fluorescens to maize increased
grain yield and biomass accumulation of maize
plants.

Our result showed that the plant height in
maize was also statistically significant by
PGPR treatments isolated from different
ecosystems. The height of the maize plants
varied from 137 cm to 125 cm. In terms of
stem diameter in maize, all PGPR treatments
were statistically significant than the negative
control. The highest stem diameter was
presented by pasture at 9.2 mm followed by
organic farm site at 8.2 mm, and forest at
7.5 mm.

CONCLUSIONS

This study aimed to investigate the impacts of
PGPR  practices isolated from various
ecosystems on the nutrient content of macro-
micro and yield quality in maize plants in the
greenhouse condition. Of the factors analyzed,
PGPR practices had a positive impact on
macro-micro nutrient content and physiological
parameters in maize. Even though the results
from PGPR treatments isolated from forests
and organic farm sites did not show statistically
significant effects on the potassium content in
maize compared to the control, they
nevertheless contributed to higher potassium
content in maize. Our results suggest that
PGPR isolated from organic farm sites and
PGPR isolated from pasture are the most
effective  PGPR treatments for positively
influencing macronutrient content in maize
plants in the greenhouse condition. PGPR
applications isolated from organic farm sites
are the most effective treatments for maize
plants when evaluated for their macro-
micronutrient composition.
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Abstract

FAO's conclusions on the rate of soil degradation in the light of climate changes and the necessity of global soil
monitoring actualize improvement of the methodology for research of reference or virgin soils. This is especially
relevant for Ukraine, which is characterized by a high level of agricultural land plowing. Results of developing the
fundamentals of multilevel thematic processing of satellite imagery data for diagnostics of virgin soil heterogeneity as
the groundwork for establishing an information support system for soil research, as well as automated monitoring
systems for agricultural land, are presented on the example of the soil studies of the Mikhailovskaya virgin land which
is the only preserved area of virgin meadow steppe in the Forest-Steppe zone of Ukraine. Parameterization of soil
properties and vegetation indices in classes derived from decoding of satellite imagery data and presented as a power-
law probability distribution or geostatistical indicators are shown to provide a quantitative description of soil
heterogeneity and are recommended for the purpose of comparison multitemporal satellite images as a high-sensitivity
method to determine changes in their condition due anthropogenic influences.

Key words: heterogeneity, geostatistical analysis, soil monitoring, virgin lands, remote sensing.

INTRODUCTION of anthropogenic activity; substantiation of

soil protection measures, as well as evidence
Global climate change and the intensification = of the wvariety of used methods and
of soil degradation processes (FAO, 2015) approaches (Proposal for an European soil
highlight the consistent improvement of the  monitoring..., 2001; Medvedev et al., 2012;
methodological framework for background Kibblewhite et al., 2008; King et al., 1995;
(reference) monitoring (Israel, 1982), including Soil monitoring in Europe, 2021). At the 13th
soils (Medvedev, 2012), which is an integral = meeting of the Parties to the United Nations
and important part of the global monitoring Convention to Combat Desertification in
system of environment and is necessary for the =~ Ordos, China, the countries emphasized the
development of a unified state system of  importance of involving space scanning data
environmental monitoring in Ukraine. It should  as the latest source of objective information
be reminded that the main task of background  on the state of the Earth's surface in existing
(reference) soil monitoring is to provide dataon  systems on monitoring the state of the
the input (initial or zero) assessment of soil environment and environmental management
properties and soil cover in the natural state. (UNCCD documents..., 2017). The use of
This allows determining the direction and high-resolution multispectral satellite images,
intensity of anthropogenic transformation of  which typically have geographical compliance,
soils and soil cover by comparing with soil data  continuity, and are regularly updated, seems to
on agricultural lands (Monitoring..., 2008). be the promising approach to ensuring
Analysis of world experience in establishing  compliance to high requirements for the
modern soil monitoring systems shows its accuracy and impartiality of the data on the
focus on creating and periodically updating  national soil resources. Additionally, satellite
cartographic and analytical materials on soil images, as up-to-date digital materials, in
state, the functioning of automated  conjunction  with  modern  geographic
information system for forecasting soil information systems, provide means of precise
changes depending on the type and intensity
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determining the soil heterogeneity, both in
detailed and large-scale surveys.

In connection with the above, the purpose of
the study is to determine the fundamental
possibility and methodological basis for the use
of space scanning data for background
monitoring of soils. The main tasks of the
research include analysis and generalization of
existing  theoretical and methodological
principles of background monitoring in
Ukraine, improvement of soil monitoring based
on the results of thematic decoding of space
scanning data, as well as the definition and
development of methodological approaches to
combining the results of decoding space images
and sample ground research to determine the
dynamics of changes in the state of the Earth's
surface within protected areas.

MATERIALS AND METHODS

A practicing of a creation of system for using
high-resolution multispectral space scanning
data to research of reference or virgin soils based
on space scanning data was carried out on the
example of the Mykhailivska virgin land. This
polygon occupies 50 ha in Sumy region.

The test polygon is located in one of the
northeast physical and geographical areas of
the Livoberezhno-Pridneprovsky Territory of
the Forest-Steppe Zone of Ukraine (National
Atlas of Ukraine, 2007), which has the
predominantly flat broad-wavy relief. Annual
rainfall in this territory is from 550 to 450 mm,
the average annual air temperature is 6-7 C
(Marinich & Shishchenko, 2005). On the
territory of the Mykhailivska virgin lands it is
preserved a forb-fescue meadow steppe with
northern and southern species of steppe plants,
in the development of which seasonal changes
are well expressed.

We tested developed technologies for
determination of the Earth's surface state using
Landsat-8 satellite data that provides digital
images of the Earth’s surface in the
multispectral bands. It should be recalled that
the Landsat 8 satellite payload consists of two
science instruments - the Operational Land
Imager (OLI) and the Thermal Infrared Sensor
(TIRS). These two sensors provide seasonal
coverage of the global landmass at a spatial
resolution of 30 meters (visible, NIR, SWIR);,
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100 meters (thermal); and 15 meters
(panchromatic). USGS leads post-launch
calibration activities, satellite operations, data
product generation, and data archiving at the
Earth Resources Observation and Science
(EROS) center.

Research included: statistical analysis and
clasification of multitemporal images of virgin
lands, analysis of archival data of field
investigation of virgin soils and laboratory
analysis of soil samples, expert assessment of
image complexity and analytical results as the
basis for image classification and soil-cover
models, parameterization and geo-statistical
analysis of the spatial variation of soil
indicators, and extrapolation procedures based
on interpretation of spectral signatures.

Using a GPS, a regular grid of elementary sites
was established (100 x 100 m) for 48 soil
sampling were collected from the 0-30 cm
layer, and 2 soil cuts were dug to characterize
the soils (morphological structure of the soil
profile, depth of humus profile, spatial
configuration of plow layer) in the field.
Samples were collected according to Soil
Survey Standards of Ukraine (ISO 10694:1995,
DSTU 4287:2004, DSTU 4728:2007, DSTU
4730:2007). Also in the field it was
investigated the physical soil properties (bulk
density, soil penetration resistance - according
to DSTU 5096:2008). At the laboratory-
analytical stage of the research, it was
determined: total humus content (DSTU
4289:2004); pH (DSTU ISO 10390:2007);
granulometric composition by the method of
pipetting in the modification by
N.A. Kaczynski (DSTU  4730:2007); the
content of mobile compounds of phosphorus
and potassium by Chirikov’s modified methods
(DSTU 4115:2002).

Statistical and data processing methods used
ENVI and TNT programs for pre-processing of
space images, NDVI calculation, primary
image processing, transformation, general
statistical analysis and image classification; and
STATISTICA 10 for variance, correlation and
regression analysis.

RESULTS AND DISCUSSIONS

The concept of background monitoring was
introduced and developed in the scientific



works of Yu.A.Israel (1974; 1978; 1984).
According to modern ideas, background
monitoring is a spatio-temporal observation of
components of the natural environment or
factors that lead to their change, in given
spatio-temporal intervals to assess variations in
their quality and quantity V.V.Medvedev
(2012).  Despite  significant  theoretical
elaboration of the issues of creating a system of
integrated background monitoring (Israel et al.,
1980; Gromov et al.,, 2015), it should be
recognized that background monitoring in
Ukraine as a system of constant monitoring
changes in the properties of soils in space and
time, which have state status and reflect natural
diversity, as well as all types of economic use
of soils, is at the stage of initial restoration.

One of the main factors is the lack of clear
reference criteria, in particular for the
assessment of soil parameters. However, there
are developments on this issue in Ukraine.
Thus, V.V. Medvedev (2012) substantiated the
idea of multiple standards. For example, in the
study of ancient arable soils, it is recommended
to use as standard the soil parameters obtained
at the beginning of observations, including
materials of large-scale soil survey of Ukraine
1957-1961 and the results of the first round of
observations for agrochemical land certification
(Bylugin et al., 2019).

Scientists also allow the use of optimal para-
meters of physical, physicochemical (pH),
agrochemical (humus and nutrients) properties
of soils, which are known for most crops grown
in Ukraine (Medvedev, 2012; Optimal
parameters..., 1984; Medvedev, 1988;
Nadtochiy et al., 2003; Nadtochiy et al., 2019;
Nadtochiy, 2013) and indicators of particularly
valuable soils, which are characterized by
optimal or close to them parameters of mor-
phological, physical, chemical, physicoche-
mical and technological characteristics that
allow to realize the potential of climate, plants
to develop accurate agricultural technologies
(Medvedev et al., 2015).

In our opinion, the best standard is the
parameters of virgin soils, which are not
subject to intense anthropogenic impact and
have purely natural cycles of substance
transformation and  soil  genesis, are
characterized by high stability of textural and
structural components, moisture balance and
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chemicals. Therefore, the comparison of such
soil with the developed one is able to provide
useful information about the change of soils
and soil cover in the conditions of economic
activity. In Ukraine, which is characterized by a
high level of plowed land, the use of fallow
lands that have not been cultivated for at least
20-25 years can be considered an acceptable
standard. In general, at present, in Ukraine,
background monitoring has not been introduced
in any department, and there is no uniform
methodology for its conduct and there is a lack
of accumulated data on background indicators
of virgin soils.

Two main trends in diagnostics and evaluation
of soil cover state were determined by
addressing the multivariateness of the problem
of soil monitoring and considering the specifics
of satellite imagery digital data. The first one is
determination and evaluation of the estimated
heterogeneity of the Earth's surface image,
which involves spatial and structural, abstract
mapping of units, as well as representation of
their relative spatial position and their spatial
structure with a pre-set geometric and
topological similarity. The second trend
comprises a quantitative evaluation of a soil
heterogeneity by certain characteristics of soils
using methods of statistics and geostatistics.
The primary outcome of a soil lateral
heterogeneity evaluation is a range of
geostatistical parameters, which confirm the
predictability of spatial variation of soil
characteristics; while intermediate outcomes
include digital soil maps.

Both directions of using space survey data to
determine the heterogeneity of the Earth's
surface and soil cover are well developed on
arable soils of Ukraine. However, background
soil monitoring is a more complex case for
space-based observations, as the soil surface is
always covered with vegetation or residues,
making it impossible to determine soil
properties and soil peds by direct decoding
features. In this regard, a possible way to
observe the state of virgin soils is to determine
the system of vegetation indices within virgin
lands, construction of different time
cartographic materials based on them and
conducting periodic ground surveys during
which soil samples are taken to determine a
wide range of indicators, pedotransfer



modeling and soil state assessment. At the
same time, the prerequisites for effective
background monitoring of soils and soil cover
are a regular network of main sampling points,
identification of permanent sites for detailed
geobotanical description and use of landscape
indication methods, equidistant observations, a
wide range of indicators, in situ and on- line,
cartographic identification of areas characterized
by the greatest changes in the state.

The testing of methodological bases of using
multispectral ~ space  scanning data  for
background monitoring was performed on the
example of the soil studies of the Mykhailivska
virgin land which is the only preserved area of
virgin meadow steppe in the Forest-Steppe
zone of Ukraine. The soil cover of the reserve
is mainly represented by typical medium loam
chernozems, which are confined to placors and
low slopes. These soils are characterized by
sufficiently high natural fertility, high humus
content, significant reserves of nutrients,
saturation of the soil colloidal complex with
metabolic bases and, especially, calcium,
neutral (or close to it) reaction of soil solution.
A more detailed description of typical
chernozems of the Mykhailivska virgin land is
given in the works of O.A. Chesnyak et al.
(1970), N.M. Breus (1968), N.I. Laktionov
(1974), V.V. Degtyarev (2011). Some average
parameters of virgin soil are presented in
Table 1.

Table 1. Average parameters of virgin typical medium
loam chernozem of Sumy region (Mykhailivska virgin
reserve) (Medvedev, Plisko, 2005)

Indicator, units of Indicator, units of

Value Value
measurement measurement
Content of
Total humus 63 agronomically 80-85

content, % mass valuable aggregates

(10-0.25 mm), %

Equilibrium

. Clusters of blocks
struct}ure density, 1.1-1.2 (>10 mm), % 5-7
g/cm

Water permeability

i Coefficient of
at equilibrium

. 65-70 | water resistance of | 0.7-0.8
density, mm/year
the structure
for 6 hours
Dispersion factor 4.0 Dust contenz (<0.25 8-10
mm), %
Coefficient of
Suction coefficient | 1.1-1.2 | water resistance of | 0.7-0.8

the structure

Since the cosmic image of virgin lands is
determined mainly by natural associations of
plants, we also analyzed information about the
vegetation of the meadow steppe of
Mykhailivska virgin land, which is highlighted

in detail in the scientific works by
Ye.M. Lavrenko and 1.G.Zoza (1928),
S.S. Kharkevich (1956), G.I. Bilyk and

V.S. Tkachenko (1972; 1973) and confirmed
by ground surveys. In particular, it is
determined that the characteristic formations
for this meadow steppe are (Geobotanical
zoning of the Ukrainian SSR, 1977):

1. Cytiseta ruthenici with the association
Cytisus ruthenicus, Stipa capillata + Poa
angustifolia + motley grass;

2. Stipeta pennatae with the association Stipa
pennata + Poa angustifolia + Salvia pratensis,
Fillipendula hexapetala;

3. Stipeta capillatae with the association Stipa
capillata + Festuca sulcata + Carex humilis +
Salvia nutans, Fillipendula hexapetala, Carex
nutans;

4. Helyctotrichoneta pubescontis.

The westernmost locations of Zerna riparia
Nevski and  Phlomis  pungens  Willd
(Geobotanical Zoning) are also marked on the
Mykhailivska virgin land.

Since soil quality can be considered as a
measure of how soil functions (it is the capacity
of a soil to sustain its functions, including
biomass production, storage, filtering, buffering
and  transformations of natural and
anthropogenic ~ produced  substances, a
biological habitat and gene reservoir and a sink
for carbon (Schjenning et al., 2004) so the use
of vegetation indices obtained by satellite
imagery data can be considered as indirect
indicators to the integral assessment of soil
quality and state of soil cover.

The state of natural vegetation quite often
reflects changes in the physical properties and
regimes of the soil, which are determined by
both anthropogenic human activity and climate
change.

With this approach, significant changes in soil
regimes or properties will affect the optical
characteristics of the leaf surface of natural
plants, especially in the initial stages of its
vegetation, as the area, number of leaves and
their sizes are important phytometric indicators
that depend on plant growth conditions and
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play an important role in their photosynthetic
activities.

We selected two images of Landsat 8 (shooting
dates 07.05.2014 and 10.05.2019), which were
taken in the absence of clouds, had a complete
set of metadata, which allowed us to develop a
complete algorithm for thematic decoding,
which involved radiometric and atmospheric

image correction, NDVI calculation, its
statistical analysis and classification.
Comparative  analysis of algorithms of

uncontrolled classification of space scan data
showed greater efficiency for determining the
contours of a small area of the ISODATA
method compared to the K-means algorithm,
which implements only local minimization of
the functional.

Statistical analysis of the data showed that the
classification of NDVI values from the 2014
space image allowed us to distinguish the
virgin land and establish the confinement of
classes to certain areas of the surface that
differed in steepness and solar exposure
(Figure 1).
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Figure 1. Statistical analysis of NDVI values (from the
2014 space image) allowed to classification the virgin
land

Geostatistical modeling of sample field data
was carried out on a complex of soil indicators
for interpretation and spatial analysis of the
constructed NDVI cartogram.

The research also used the method of dynamic
mapping, which consists in the creation and
analysis of differential spectral images obtained
from different time space images in digital
format.

In our case, the use of difference images was in
finding differences between NDVI cartograms
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obtained during image processing in 2014 and
2019 and was achieved by calculating the
difference between NDVI values to determine
areas of the Earth's surface that did not change
much over time and were very contrasting in
comparison with sites that significantly
changed their optical characteristics and NDVI
values.

Comparison of cartograms of soil properties
obtained by geostatistical modeling, as well as
difference images revealed that the largest
changes in the optical characteristics of
vegetation were characteristic of virgin areas in
the upper part of the slope and had the lowest
values of total humus content (about 6.5-7.0%).
Also in our opinion, the results of this study
make it possible to use probabilistic-statistical
modeling of the lateral heterogeneity of the soil
and vegetation cover based on satellite imagery
for monitoring purposes. It is determined that
the representation of variation of NDVI and
soil properties within the highlighted contours
in the form of a probability distribution law
completely solves the task of quantitative
description of soil heterogeneity, which is
recommended for comparing the results of
decoding of different temporal images of the
virgin land.

Comparative analysis of the results of decoding
of different-time space images of the
Mykhailivska virgin land was carried out on a
quantitative assessment of the complexity of
spatial differentiation, which is known from the
theory of geographical science. In particular,
the information model of territorial
differentiation of Mykhailivska virgin land was
calculated by calculating several information
indicators of complexity. It should be reminded
that the indicator of complexity in the
information model of territorial differentiation
is the information (entropic) diversity function,
which is based on the probabilistic
formalization of territorial dismemberment,
which is represented as the ratio of the area of
each contour (S;) to the total area (S,).
(Gerenchuk et al., 1975):

pi = S[/Sg,

where:
pi - probability of the i-th element of territorial
division;

si - area of each contour, m?;



s - total area, m>.

Spatial systems, the elements of which can be
given by probabilities with the prerequisite that
the sum of all probabilities is 1.0, have an
information index of diversity or complexity of
morphological division, which is calculated by
the K. Shannon’s formula:

H= _Zpi log, p, i

where:

H - information indicator of diversity;

pi - probability of the i-th element of territorial
differentiation.

Let’s illustrate its calculation on the example of
the results of the classification of NDVI values

within the Mykhailivska virgin land by
different time space images (2014 and 2019).
Information modeling of this landfill was
carried out in several stages. Firstly, the area of
each of the Si areas selected as a result of
image classification was determined using GIS.
Secondly, for each area the value of the
probability pi is set, according to which the
value of the function - pilogzp; is found
(Table 2). Thirdly, these values were summed
up to determine the information indicator of the
complexity of the territorial division of the
landfill, which amounted to 5.26 in 2014 and
3.99in 2019.

Table 2. Comparative analysis of the results of the classification of NDVI values within the Mykhailivska virgin land,
conducted by the method of Isodata at the level of 5 classes

Cartographic results of NDVI value classification

2014 year

2019 year

General characteristics of the General characteristics of the
Class number, Class number,
bol on the contours symbol on the contours
sym ma Number of Area ma Number of Area
P contours (m?) P contours (m?)
. % 12 82800 ' % 4 94000
5 14 120600 ) 13 65050
3 - 12 99000 3 - 10 114354
4 13 118800 4 6 158696
5 % 12 77400 5 % 5 66490
The total area of virgin land - 498600 m?
Indicators of the information model of territorial differentiation
2014 Indicators of the information model 2019
5.26 Information complexity indicator - H 3.99
508 Theoretical the maximum possible degree of complexity of 504
) dismemberment for this division - Hmax )
0.72 Indicator of imbalance - AH= Hmax-H 1.06
Indicator of relative imbalance -
0.12 1 = AH/ Hmax 021
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Correct interpretation of this indicator is that a
single degree of complexity (1 bit) has the
simplest structure, which represents the
division of the territory into two equal, and
therefore equally likely parts (Gerenchuk et al.,
1975). Undifferentiated territory, represented
by one whole contour, has zero degree of
complexity, because its probability is 1.0. An
increase in the number of elements of territorial
division or a change in the ratio of their areas is
recorded by the corresponding changes in the
information indicator of  complexity
(Gerenchuk et al., 1975). Thus, the established
parameters show how the complexity of
territorial ~ differentiation depends on the
number of elements of territorial differentiation
and how much on the ratio of their areas.

If the components of the territorial division
were absolutely equal (equally probable), the
informational degree of complexity of the
division could depend only on the number of
units of division and would be the maximum
possible for this differentiation (Gerenchuk et
al., 1975):

Hpax = logon,

where:

Hinax the maximum possible
information complexity;

n - number of units of territorial differentiation.
Thus, to assess the results of the classification
of images of Mykhailivska virgin land, taken in
2014, there are two informational estimates of
complexity: real (equal to 5.26) and theoretical,
i.e. the maximum possible for division into 63
areas, which is 5.98. Since the second
(maximum possible) complexity indicator is
calculated under the condition of absolutely
equal dismemberment, it is clear that the
difference between the actual and maximum
estimates exists due to the deviation of the
actual areas of territorial division from the
theoretical equal. This difference is an indicator
of the imbalance of territorial differentiation is
calculated by the following formula (4H)
(Gerenchuk et al., 1975):

AH = Hpaox— H

Thus, the information index of complexity
increases rapidly with increasing number of
units and decreases with increasing fluctuations

level of
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in their size. The imbalance index (Hma) is an
absolute value that characterizes the imbalance
of spatial differentiation as a whole. The ratio
of this value to the maximum degree of
complexity is an indicator of the relative
imbalance of territorial differentiation (/)
(Gerenchuk et al., 1975):

-H

max

H

max

_AH H
H

max

1

The simplicity of the presented approach
allows us to conclude about the prospects of its
use in generalizations and comparative analysis
of the results of processing different time space
scanning data and the development of
automated cartographic data analysis systems
for remote monitoring of land resources. Since
the complexity indicator takes into account the
dependence  of  the  complexity  of
dismemberment both on the number of
constituent parts of the territorial division and
the ratio of areas of its elements, therefore, this
approach can be effective in quantifying
changes in the complexity of the image of
territorial objects due to degradation processes
in the context of increasing anthropogenic
pressure or global climate change.

However, it should be noted that the use of the
above approach is appropriate only if you use
images taken in similar conditions of the soil
surface, as well as using the same methods and
settings of image classification, which allows
comparing results of contour decoding of the
Earth's cover at different times of space images.
The analysis of the indicators of the
information model of Mykhailivska virgin land
allows wus to conclude that there is a
pronounced tendency to reduce the information
indicator of the complexity of territorial
division (more than 1.0) in five years, as well
as a significant increase in imbalance and
relative imbalance. In our opinion, this may
indirectly indicate a decrease in the natural
diversity of virgin areas and justify the need for
terrestrial, detailed geobotanical and soil
research in the near future. The obtained
cartographic materials also allow us not only to
plan ground research, but also to significantly
optimize it, which will have a positive impact
on the cost of field work.



CONCLUSIONS

Academic novelties in the results presented
herein, include justification and development in
the fundamentals of practical methodology for
thematic processing of satellite imagery data
for diagnostics of the state of virgin soils as a
basis for creating a modern system of
information support for background monitoring
of soils.

We propose to establish the exact identification
of components of soil evaluation system based
upon the geoinformatics principle, including
the number of samples and the distance
between sampling points, involving a
geostatistical analysis of optical characteristics
of virgin lands according to the spatial imagery
data. It ensures the identification of a
predictable component within a variation of
soil properties and its spatial direction
(anisotropy) within a certain territory. The
basic requirement for this approach to
organizing surveys is the need for accurate
georeferencing of sampling points and sites of
soil profiles using GPS devices, as well as need
for taking the number of entirely individual soil
samples sufficient for the planned analytical
research.

The results obtained from contour decoding of
satellite imagery data for estimating the virgin
land heterogeneity, justify the possibility of
information modeling of soils, utilizing the
entropy function of diversity. The simplicity of
such approach allows us to recommend it for
developing the automated cartographic systems
designed for analyzing the data of remote
monitoring of country’s lands. Since the
complexity factor accounts for dependence of
territorial division on a number of components,
as well as on a proportion of their areas, this
approach appears to be preferable for rapid
quantitative estimation of temporal changes in
virgin soils, considering the increasing human
impact or climate changes. Application of this
approach is presumed to be appropriate only for
images taken in similar conditions of Earth's
surface, and processed by the same methods
and settings for image classification, which
ensures accurate comparison of results of
decoding from satellite images taken in
different times.
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Abstract

To reveal the degree of dependency of soil ecosystem services on soil biota activity, the detailed investigations at
macroscopic - microscopic level had been used. At macroscopic level, the physical data showed a low to medium bulk
density and consequently a high to medium porosity. The poral space quantified by the image analysis at microscopic
level showed the dominance of the pores in the size classes of 100-300 um (equivalent pore diameter), the elongated
pores being dominant. Among them the fine fissures delimitating the biological pedofeatures by the surrounding matrix
were also included and represent the path for water and air circulation, creating thus hospitable conditions for the
microorganisms developed on the biogenic pedofeatures surfaces. The micromorphological investigation showed
textural differences in the macrofauna coprolites: many areas with skeleton grains concentrations depleted of plasmic
material. But their further ingestion by the soil mezofauna resulted in the re-mixing of soil constituents, mezofauna
proving to have an active role in the textural soil matrix restoration. Soil biota covered all the web food needs for the
“factory fertility ”: the main soil ecosystem service.

Key words: micromorphology, image analysis, soil fauna, Chernozem, porosity.

INTRODUCTION pedofauna and soil physical properties, thus,
the study of soil thin sections provides the
One of the most important functions of soil is opportunity  for investigating  fauna-soil
that of habitat for soil biota. But when soil and  relationships since evidence of animal activities
its biota are studied, it is difficult to separate such as burrowing and deposition of excrement
the habitat function of the soil from the food (fecal pellets) can be identified and quantified
provider function, due to the complex activity  (Gargiulo et al., 2011). Micromorphological
of biota which ,,built” its habitat (by burrowing  techniques are also commonly used to
and create casts) and feeding on soil (ingesting  characterise void space and soil structure
it, modelling it, and then enriching it with (Bruneau et al., 2004).
mucilaginous secretions). Even if difficult, both ~ Most of the global environmental sustainability
functions/activities match together and evolve issues of today, such as food, water and energy
simultaneously. In this respect, soil biota is the  security, climate change, and biodiversity
best and most complete soil indicator of soil protection require that the knowledge acquired
status. in the last few decades by soil science is fully
The micromorphological method of study is a  exploited and shared with all the other relevant
complex and complete technique to investigate  disciplines (McBratney et al., 2014; Calzolari
soils, the main ecosystem services provider. etal., 2016).
The study of the soil at micromorphological Considering only the inherent soil properties, it
scale could bring important information  is likely that soils rich in organic matter and not
concerning the architectural structure of the soil ~ compacted are potentially capable to host a
as a complex edifice that provides ecosystem  relatively higher biodiversity pool (Gardi et al.,
services which support all the above-ground 2013).
biota. The assessment and monitoring of soil life and
Micromorphology has been for long a useful soil health can be used to encourage the
tool for characterizing the interaction between  development and adaptation by farmers of

166



more sustainable and productive farming
systems, especially were backed up by
appropriate technical support and incentives
(Bunning and Jimenez, 2003).

Soil organisms provide important ecosystem
services (Jeffery et al., 2010). These include the
storing and cycling of nutrients and pollutants,
the decomposition and cycling of soil organic
matter, the biocontrol of pests. Among soil
organisms, soil microfauna has been used as
indicator of soil quality; its role includes litter
fragmentation, macropores formation,
bioturbation (Calzolari et al., 2016).

Only by knowing soil in all its complexity,
while maintaining its functionality and quality
through actions aimed at protecting its
properties, and acknowledging the importance
it assumes in the quality of life worldwide, can
we embark on a truly sustainable use of soil
perceived as a resource and build a proper
Man/Soil relationship to be left to future
generations (Menta, 2012).

Soil fauna is an important reservoir of
biodiversity and plays an essential role in
several soil ecosystem functions; furthermore,
it is often used to provide soil quality indicators
(Menta, 2012).

A few large invertebrates (mainly earthworms)
and social insects (ants and termites) can
efficiently dig the soil and produce organo-
mineral structures (casts and organo-mineral
pellets that are resistant macro aggregates,
mounds and nests) and a large variety of pores
(galleries, chambers and voids resulting from
an uncompleted backfilling of galleries)
(Lavelle, 1996).

In what concerning the soil mesofauna, an
index for assessing the biological quality of
soil, is based on the number of microarthropod
groups adapted to the soil habitat (Parisi et al.,
2005), thus, the underlying concept is that the
higher the soil quality, the higher the number of
microarthropod groups adapted to the soil
habitat (Parisi et al., 2005).

The sum of structures produced by a population
or community of invertebrate engineers creates
a specific environment™ defined by Lavelle
(2002) as a functional domain which is
characterized by (i) the nature and spatial array
of the biogenic structures, solid aggregates,
mounds or constructs and pores of different
shapes or sizes; (ii) the specific communities of
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smaller organisms from the meso- and
microfauna and microorganisms that they host;
and (iii) the spatial and temporal scales at
which soil processes operate.

Despite the formation of casts, earthworms
generally change the soil structure by the
formation of macropores when penetrating the
soil; the burrowing activity leads to complex
burrow systems (Emmerling et al., 2002).

The soil biological communities are
characterized by a higher diversity, by several
orders of magnitude, compared to aboveground
biomass, and therefore, this environmental
compartment has become one of the last great
frontiers in the study of biodiversity (Gargiulo
etal., 2011).

The shape and size of voids are expected to be
influenced by faunal activities (Bruneau et al.,
2004). The role of structures created by these
organisms may be highly significant in the
ecosystem functions since the often are
privileged sites for all basic soil processes
(Lavelle, 1996).

The image analysis techniques allow direct
investigations of the soil pore system and
provide valid tools to quantitatively analyse
both shape and size distribution of pores
(Gargiulo et al., 2011).

The soil invertebrates communities can be used
as assessment and prediction tools of
ecosystem  services; many species of
invertebrates being important in soil fertility
and playing a vital role in the production and

maintenance of healthy soils (Chiriac &
Murariu, 2021).
The paper goal was to emphasize the

dependency degree of a soil ecosystem services
on the soil microbiota activity, studying the
pedofeatures generated by the biota activity
(coprolites) as well as the bio-poral space, by
the aim of the physical data, the
micromorphological investigation and the
image analysis quantification on soil thin
sections.

MATERIALS AND METHODS

The researches had been performed in a site
located in the Eastern part of the Romanian
Plain, in Southern Bardgan Plain, with a
temperate continental climate and a steppe
bioclimate. The soil is Typic Chernozem



(according to SRTS-2012 and Vermic
Chernozem according to WRB-SR-2014).

The average annual temperature is 10.8°C, and
the average annual rainfall is 480 mm, while
the evapotranspiration reaches 700 mm. The
global drainage is good. The water table is at >
10 m.

The soil was sampled both undisturbed (in
metal cylinders for physical analysis and in
micromorphological boxes for image analysis
and micromorphological investigations) and
disturbed (for physical and chemical analysis)
from each pedogenetic soil horizon. The soil
sampled and data interpretations were made
according to ICPA- Methodology (1987).

The granulometry was determined by the aim
of the pipette method while for the bulk density
(g cm™) the cylindrical core method has been
used, and the aeration porosity has been
calculated.

For the micromorphological investigation, the
undisturbed soil blocks (after air dried and
impregnated with epoxy-resins) were used to
prepare  oriented thin section (having
25-30 um thick). Each thin section has been
studied with the Documator (20 X) and the
optical microscope (50-100 X) in PPL (plain
polarized light) and XPL (crossed polarized
light). The terminology wused for the
micromorphological description was according
to Bullock et al. (1985).

The porosity was quantified by the aim of
image analysis, in order to characterize, at
micromorphological level, the pore space. The
image analysis has been performed on soil thin
sections with the help of an image-analyzing
computer (PC-IMAGE software produced by
Foster Findlay Associates - London). The
instrument was adjusted to measure pores
greater than 50 pum. The pores have been
measured by their shape, which is expressed by

the shape factor (perimeter2/4n*aria).
RESULTS AND DISCUSSIONS

At macroscopic level, the physical analyses
pointed out the presence of a relatively uniform
medium (medium loam) texture in the soil
profile, which emphasized a balanced
distribution of the granulometric fractions in all
the pedogenetic horizons of the soil profile.
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On this general background, of a soil with
loamy texture, the bulk density has been low
(1.28 g/em™) in the top horizon, and increasing
to medium (1.37-1.45 g/cm™) in the underlying
horizons, while the total porosity values were,
consequently, high in the upper horizons (51.9
%v/v) and slowly decreased to medium
(ranging between 45.5-48.3% v/v) in the deeper
horizons.

At microscopic level, the image analysis
quantification of the pores (according to their
shape and size) showed that the total porosity
(<100 - >1000 um) was 0.27 m’m? (Figure 1).
According to the micromorphometric method, a
soil is considered compact when the total
macroporosity is less than 0.10 m’m?,
moderately porous when the porosity ranges
from 0.10 to 0.25 m’m™, porous when the
porosity ranges from 0.25 m’m? to 0.40 m’m>,
and extremely porous over 0.40 m*m™ (Pagliai,
1988).

In this respect the obtained data emphasised
that studied soil was porous. Further, the image
analysis data of the pores (according to their
size) showed the dominance of the pores in the
size classes of 100-300 um equivalent pore
diameter (Figure 1).

0,10

0,08

0,06

0,04

porosity m2/m2

0,02 1

0,00 =
<100  100-200 200-300 300-400 400-500 500-1000 >1000

Size classes

W Regular W Irregular M Elongated

Figure 1. The pore size distribution according to their
shapes

Regarding the pore distribution, characterized
by their shape, there have been defined three
categories: regular pores (more or less
rounded); irregular pores (with irregular shape);
elongated pores (mainly fissure). The pore size
distribution is expressed as equivalent pore
diameter, for regular pores and as width for
elongated pores.

The regular pores (in the studied soil) are better
represented in the classes of 100-200 um
equivalent pore diameter, decreasing slowly in



the classes of 200 to 400 um equivalent pore
diameter. This type of porosity is generated
mainly by the biological activity (fauna and
plant roots).

The irregular pores are more frequent and
became dominant in the class of 100-200 um
equivalent pore diameter, decreasing in the
higher value classes.

The irregular pores are most common in the
soil, being mainly generated by the physico-
mechanical processes, the pores opening along
the less resistant directions. This type of
porosity included also the pores generated by
the collapse of the biogenic channels and/or
chambers.

The elongated pores were the most frequent,
being also dominant in the classes ranging
between 100 to 400 pum (equivalent pore
diameter).

Among the elongated pores there are also
included the fine fissures that delimitated the
rounded or ellipsoidal biological pedofeatures
by the surrounding soil matrix. These fine
fissures are the path for the water drainage as
well as for the air, creating vital conditions for
the microorganisms which populated the
coprolite and pedotubules surfaces.

In the case of the size class of 100-200 pum
(equivalent pore diameter), the proportion of
the different type of pores (regular, irregular,
and elongated) are best represented.

The poral space constantly renewed under both
biological activity and physico-mechanical
processes (due to the soil wetting - drying
events).

At microscopic level, the micromorphological
investigation on soil thin sections showed a
complex structure with mainly granular and
crumby structural aggregates while local the
structure is spongy.

The structural aggregates are mainly biogenic
(Figures 2 and 3) as a result of the high
biological activity.

The porosity is represented by the fine cracks,
biogenic channels, packing and interconnected
voids, and is relatively high. Packing voids also
appear inside the structural elements.

The soil matrix shows a certain non-uniformity
due to the presence of a high number of zoo-
aggregates (coprolites) and pedotubules with
different compositions (with soil material
brought by the fauna from different horizons of
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the soil profile) generated by a high

pedoturbation process.

Figure 2. Biogenic pedofeatures macrofauna coprohtes
O; and pedotubules < _ - ; macrofauna coprolites®..}

Many lumbric pedotubules are rich in small
plant fragments (Figure 3).

<72 consumed by the
mesofauna and replaced by the small coprolites *.
vegetal fragment —

Figure 3. Pedotubul

Locally, it has been observed many areas
(reduced as surfaces), in which the skeleton
grains (of the fine sand and loam sizes) appear
concentrated and depleted of the plasmic
material.

The soil matrix plasma is clayey-humico-Fe,
dark brown due to the strong pigmentation with
humons. The coarse fraction (soil skeleton) is
composed of subangular—subrounded mineral
grains predominantly of fine sand and loam
size of: plagioclase feldspar, K-feldspars,
muscovite, biotite, chlorite, green hornblende,
calcite, glauconite, garnet, epidote, rutile,
sphene, and opaque mineral. The chloritization
process affected some feldspars grains and
mica flakes.

The organic matter is represented mainly by the
humified constituents and less by the plant



residues, located both in bio-voids and in soil
matrix. The pedofeatures were mainly biogenic,
being represented mostly by coprolites and
podotubules, as well as depleted small areas.
The big coprolites and pedotubules had been

partially  consumed by  coprophagous
mesofauna and replaced by the small coprolites
(Figure 2).

The soil texture is one of the most stabile soil
characteristics, its changing could appear under
drastic threats as flooding, erosion, landslides,
etc.

The detailed micromorphological investigation
located the area with depleted skeleton grains
into the lumbric biogenic pedofeatures (Figures
2-4). In these areas the skeleton grains were
partially or totally depleted of plasmic material
(Figure 4), and from their more or less lax
spatial distribution, a porous micro-space had
been resulted, which further favours the soil
solution circulation, and consequently creates
furthermore leaching conditions for soil
plasma.

Figure 4. Many areas in the lumbric biogenic
pedofeature (coprolite) with depleted skeleton grains
concentrations

Thus, the secondary enrichment in the depleted
skeleton grains (which appear in many areas of
the coprolites) could be considered textural
changes. These textural changes had been
generated at a microscopic scale and only
locally.

But the further evolution of the coprolites is
their ingestion by mesofauna.

In this respect, in the lumbric biogenic
pedofeatures consumed by the soil mezofauna,
the soil matrix is again reorganized: the plasmic
material and the skeleton grains being mixed
again (Figures 2 and 3).
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It seems that mesofauna had an active role of
restoring the soil matrix composition (at
textural level), by mixing the soil constituents
and strengthening the structural edifice of the
soil.

The soil biota covered all the web food (it
doesn't matter how harsh the environmental
conditions are), covering all the needs of the
“factory fertility” and driving the soil organic
matter transformation from fresh vegetal
remains (Figure 3) to the humified organic
matter and accomplish the main soil ecosystem
service: soil fertility. Consequently, the soil is
the mirror of its biodiversity.

Besides the organic substances transformations
by both macrofauna, the higher ,soil
architects”, and mesofauna, the biota restored

the soil conditions (also the textural
organization).

The combination of the macroscopic (physical
data) - microscopic investigations (image

analysis quantification and micromorphological
observations on soil thin sections) allowed to
emphasizing the high degree of dependency of
the soil ecosystem services on the soil biota
activity: from the micro-textural fabric of the
soil to the 3D architectural organization of the
soil aggregates and adjacent poral system.

CONCLUSIONS

At macroscopic level, the physical analyzes
pointed out that on the general background of a
soil with loamy texture, the bulk density has
been low to medium, and consequently the
porosity values were high to medium.

At microscopic level, the image analysis
quantification of the pores (according to their
shape and size) showed that studied soil was
porous, and pores prevail in the size classes of
100-300 um (equivalent pore diameter).
Concerning the pore distribution (characterized
by their shape), the elongated pores were
dominant, followed by the irregular and regular
pores respectively.

Among the elongated pores the fine fissures
delineating the biological pedofeatures by the
surrounding soil matrix were also included, and
represent the path for water and air, creating
thus vital conditions for the microorganisms
that developed on the biogenic pedofeatures
surfaces.



At microscopic level, the micromorphological
investigation on soil thin sections showed a
high activity of the soil fauna, emphasized by
the high number of zoo-aggregates (coprolites)
and pedotubules.

In many lumbric coprolites skeleton grains
concentrations (depleted of plasmic material)
appeared, but mezofauna consuming these
pedofeatures mix again the soil constituents,
having thus an active role in the soil matrix
composition restoration (at textural level).
The combination of the macroscopic
microscopic investigations throughout image
analysis quantification and micromorphological
observations on soil thin sections, allowed to
emphasizing the high degree of dependency of
the soil ecosystem services on the soil biota
activity.
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Abstract

The profile of vertical distributions of microbial biomass and its correlation with organic carbon in the brown and gray

forest soils of the Republic of Moldova have been investigated in natural and agricultural ecosystems. Sampling was
carried out in 10 profiles per soil horizons to a depth of 170-200 cm. Microbial biomass constituted in brown forest
natural soils 367.5-643.1 ug C g soil and in gray forest natural soils 322.7-828.6 ug C g soil in the top layer. The
negative effects on soil microbial biomass were observed as a result of long-term land management practices.
Microbial biomass decreased in brown forest arable soils to the level of 91.6-116.4 ug C g of soil and in gray forest
arable soils - to 117.1-283.0 ug C g of soil in the arable layer. Microbial biomass was connected with the humus
content. Correlation coefficients constituted 0.98-0.99 in brown forest soils and 0.82-0.91 in gray forest soils. The link
effect between microbial biomass and humus content decreased from virgin to arable soils. A negative link has been
established with profile depth.

Key words: microbial biomass, forest soils, organic carbon, humus.

INTRODUCTION On the whole, the soil microbial biomass
represents both the living part of the total soil
The soil matrix is the surface of soil particles organic matter and the active part of the soil
with active centers, around which layers of  matrix, constantly synthesizing organic matter
adsorbed  substances  (organic,  mineral in the form of humic substances.
substances, microorganisms, gases, i0ns, Many microbiological indicators in the matrix
molecules) are formed in a certain way. The are related to organic matter and are linked to
soil matrix is an active part of the soil, capable  nutrient cycling and the biodiversity and
of reproducing a complex of cations, a film of  productivity functions. Determination of the
sorbed water, an organic matrix on the surface soil microbiological biomass content is one of
of soil particles. It includes three matrices: the basic parameters for monitoring soil
mineral, organic, and organo-mineral. Organo-  changes. Soil microbial biomass carbon is
mineral matrix includes both mineral and  important in regulating soil organic carbon
organic matrix areas, as well as immobilized  dynamics along soil profiles by mediating the
enzymes and microorganisms (Zubkova &  decomposition and formation of soil organic
Karpachevsky, 2001). carbon (Tingting Suna et al, 2020). The
On the other hand, microbial materials are an  importance of studying the contribution of soil
important constituent of stable soil organic microorganisms to total organic carbon is
matter. Soil microbes produce chemically determined by their exceptional role in the
diverse, stable soil organic matter. It has been  formation of soil quality, understood as “the
shown that soil organic matter accumulation is continued capacity of soil to function as a vital
driven by distinct microbial communities more  living system, within ecosystem and land-use
than clay mineralogy, where microbial-derived  boundaries, to sustain biological productivity,
soil organic matter accumulation is greatest in ~ promote the quality of air and water
soils with higher fungal abundances and more  environments, and maintain plant, animal and
efficient microbial biomass  production human health” (Doran & Parkin, 1994; 1996;
(Kallenbach et al., 2016). Doran & Safley, 1997; Anderson & Domsch,
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1989). At the same time, it has been shown that
increase in the share of microbial carbon in
organic carbon by more than 20% in crop
rotation plots and in mixed forests is an
indicator of the growth of soil biodiversity
(Anderson Traute-Heidi, 2003).

Soil management has a large impact on the size
of the biomass pool of microorganisms (Von
Liitzow et al, 2002; Nima Tshering
Lepcha & Bijayalaxmi Devi, 2020). Numerous
studies have shown that microbial biomass and
microbial turnover is much lower in deeper soil
layers compared to surface layers (Eilers et al.,
2012; Spohn et al., 2016; Young et al., 2019).
However, the land management can influence
this trend. One study showed that while in
natural  ecosystems (forests, grasslands)
microbial biomass decreased with depth, in an
arable field there was no significant change
(Van Leeuwen et al., 2017). This was probably
a consequence of the homogenizing influence
of agricultural activities. Conversely, it had
been shown that in soil environments that are
mostly unfavorable in the surface layer biomass
levels increase with depth, because subsoil
communities are protected from surface
stresses such as radiation or desiccation
(Mueller et al., 2015). Despite this, the subsoil
represents a significant reservoir of microbial
biomass. Estimation the share of the total
microbial biomass contained in the subsoil
ranges from 30% (Fierer et al., 2003; Van
Leeuwen et al., 2017) to 58% (Schiitz et al,
2010) or more.

The importance of microbial carbon analysis of
deeper soils in soil research is justified (Naylor
et al., 2022) as an indicator of changes in the
quality of soil organic matter.

Spatial patterning of soil microorganisms can
occur both horizontally and vertically, through
the soil profile. Most studies focus on processes
occurring in the upper A horizons because so
much of the short-term dynamics occurs there
(Raubuch & Beese, 1995). Our research were
focused on vertical distributions of microbial
biomass densities in natural soils and those that
exposedto to the long-term agricultural use.
Thus, the study of the microbial carbon
gradient in soils of contrasting ecosystems is a
necessary step for assessing the architectonics
of the soil organoprofile and understanding
carbon fluxes in soil layers at different depths.
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MATERIALS AND METHODS

Our comparative study has been conducted in
central and northern zones of the Republic of
Moldova (Figures 1, 2). Five experimental sites
have been tested. The content and profile
distributions of microbial biomass of arable
forest soils with the normal profile were inves-
tigated in comparison with the undisturbed
forest soils in natural ecosystems. The research
foresees the use of the profile method -
"unplowed (natural) - plowed" pairs. Investiga-
tions were performed on the brown and gray
forest soil. Sampling was carried out in 10 pro-
files per soil horizons to a depth of 150-240 cm.

Figure 1. Fragments of natural and agricultural
landscapes located in the central zone of the Republic of
Moldova

Figure 2. Fragments of natural and agricultural
landscapes located in the northern zone of the Republic
of Moldova

Experimental sites with brown forest soils are
located in the central zone of the Republic of
Moldova, in the wooded steppe of the central -
Moldovan forest province, in the district No. 8
of brown, gray forest soils and leached
chernozems of the wooded steppe of hilly
Kodru Forests.

The plot with typical brown soil (profile 1
under forest; profile 2 under arable) is situated
in the Tuzara village and Gorodische com.,
Kalarash region (Figure 3).



The plot with luvic brown forest soil (profile 5
under forest; profile 6 under arable) is located
in the Dolna com., Strasheni region (Figure 4).

N
Profile 1

Profile 2
Figure 3. Profiles of virgin typical brown forest soil
(profile 1) and arable typical brown forest soil (profile 2)

Profile 5
Figure 4. Profiles of virgin luvic brown forest soil
(profile 5) and arable luvic brown forest soil (profile 6)

Profile 6

Investigations were also conducted on the
molic, albic and typical gray forest soils
(classification of soils by Ursu A. (2001, 2016).
The site with molic gray forest soil (profile 3
under forest; profile 4 under arable) is situated
near the Grozeshti village, Nisporeni region
(Figure 5). According to pedogeographic
zoning, this site is located in the Central
Plateau of Kodru Forests, in the region V of
Kodru’ Plateau, in the district No. 8 of brown,
gray forest soils and leached chernozems.

The site with albic gray forest soil (profile 7
under forest; profile 8 under arable) falls within
the hilly forest-steppe zone of the Northern
Plain (I), in the forest-steppe of the Northern
Plateau, in the district No. 1 of gray forest soils
and clay-alluvial chernozems. Nearby is
situating Terebna village, Edinets region
(Figure 6).

The site with typical gray forest soil (profile 9
under forest; profile 10 under arable) is also
located in the hilly forest steppe zone of the
Northern Plain (I), the forest-steppe hill of
Rezina district No. 5 of gray forest soils and
argillaceous chernozems near the Raspopeni
village, Sholdaneshti region (Figure 7).

g2
Profile 3 Profile 4

Figure 5. Profiles of virgin molic gray forest soil
(profile 3) and arable molic gray forest soil (profile 4)

Profile 7 Profile 8
Figure 6. Profiles of virgin albic gray forest soil
(profile 7) and arable albic gray forest soil (profile 8)

Profile 9

Profile 10
Figure 7. Profiles of virgin typical gray forest soil
(profile 9) and arable typical gray forest soil (profile 10)



The microbial biomass C was measured by the
rehydratation method based on the difference
between C extracted with 0.5 M K>SOy from
dried soil at 65-70°C within 24 h and fresh soil
samples with K. coefficient of 0.25
(Blagodatsky, Blagodatskaya et al., 1987).
K>SOy - extractable organic C concentrations in
the dried and fresh soil samples were
simultaneously measured by dichromate
oxidation. The ratio between microbial and
organic carbon was determined according to
Kennedy & Papendick (1995). The quantity of
K2SO4 - extractable C was determined at
590 nm with spectrophotometer.

Organic C was analyzed by the dichromate
oxidation method (Arinushkina, 1970). The
humus content was calculated using the
coefficient of 1.724. The microbial biomass
index and humus content was evaluated
statistically by the correlation analysis.

RESULTS AND DISCUSSIONS

Soil microbial biomass decreases with soil
depth in all land-use types of forest soils.
Maximum content of microbial biomass in
topsoil in natural forest soils is obesrved due to
the availability of a larger amount of organic
matter from trees. The presence of trees
continuously adds litter to the top layer and
increases root turnover. Organic matter in the
litter layer in tree-based forest systems
increases the amount of organic carbon in the
soil profile, thereby helping in the restoration
of better soil quality. As a result,
microorganisms of natural soils exist in
conditions of high supply of the organic matter
and its conservation within the limits of the
ecosystem.

The distribution of microbial biomass on the
genetic horizons in soils of natural and
anthropogenic ecosystems is sharply different.
The highest level of the microbial biomass in
natural brown forest soils have been
determined in the layer 0-19 cm (A; genetic
horizon), these constituting 367.5 pg C g soil
in the typical brown forest soil and
643.1 pg C g soil in the luvic brown forest
soil (Figure 8).

The quantity of the microbial biomass reaches
in the natural molic gray forest soil
322.7 pg C g’ soil in the layer 0-19 cm (Ad
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genetic horizon), in the albic gray forest soil —
802.5 pg C g soil (Ao genetic horizon, layer
0-7 cm), in the typical gray forest soil -
828.6 ug C g sol in Aid genetic horizon in
layer 0-30 cm (Figure 9).

The biomass index decreases in the soil profile
of natural brown forest soils to a depth of 65-
175 cm, in the soil profile of natural gray forest
soils - to a depth of 122-190 cm.

100 700"\

200

300 400 500 600

90
120 —— Typical brown soil (forest)
—0— Typical brown soil (arable)
150 —&— Luvic brown soil (forest)
—O— Luvic brown soil (arable)
80 J

Figure 8. The profile distribution of microbial biomass in
natural and arable brown forest soils

Thus, microbial biomass in natural soils is
concentrated in the A genetic horizon, in brown
forest soils - in the amount of 44.4-56.9%, in
gray forest soils - in the amount of 45.0-64.7%
from the profile total biomass. The profile
distribution of microbial biomass in natural
soils is associated with the concentration of leaf
litter and the deposition of soil organic carbon
in the upper layers.
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50
75
100
125 —A—Mol@c gray forest so@l (forest)
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—O—Typical gray forest soil (arable),
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Figure 9. The profile distribution of microbial biomass in
natural and arable gray forest soils



A similar trend has been noticed in the
distribution of organic carbon content in natural
soils, the value of which in the upper layers
(Ad genetic horizon, layer 0-19 cm) in the
typical brown forest soil constitutes 1.67%, in
the luvic brown forest soil - 2.08% (Table 1).
The organic carbon content in natural molic
gray forest soil constitutes 3.16% (Ad genetic
horizon, layer 0-17 cm), albic gray forest soil -
1.70% (Ao genetic horizon, layer 0-7 cm) and
typical gray forest soil - 2.20% in the Ald
genetic horizon, layer 0-30 cm (Table 2).

The share of microbial carbon from the organic
carbon content (Cwmp/Cor) in the A genetic
horizon of natural brown forest soils constitutes
1.74-2.20% and natural luvic brown forest soil
- 3.09-3.10%. The share of microbial carbon
from the organic carbon content in gray forest
soils under the forest constitutes in the molic
gray forest soil - 1.02% in the soil layer 0-17

cm (genetic horizon Ad), in the albic gray
forest soil - 4.72% and 3.05% in the soil layer
0-7 cm and 7-30 cm (genetic horizon Ao and
Al), in the typical gray forest soil - 3.77% in
the soil layer 0-30 cm (genetic horizon Ald).
Increasing the contribution of microbial carbon
to the content of organic matter in the lower
layers of horizon B is associated with growth of
the abundance of anaerobic microorganisms in
these layers.

The long-term use of arable management leads
to the decrease of the content of microbial
biomass in arable chernozems both in the upper
horizons, and in the soil profile in general. The
low content of microorganisms in the upper
layers is characteristic of arable forest soils.
The long-term use of forest soils leads to the
reduction of the microbial biomass in the arable
layer by several times.

Table 1. The profile distribution of the organic carbon content and share of microbial carbon on genetic horizons in
brown forest soils of natural and agricultural ecosystems

Soil, profile Horizon index Depth, cm Corg, % Cms / Corg, %
Ad 0-19 1.67 2.20
Al 19-37 0.85 1.81
Typical brown forest A2 37-33 0.51 1.74
soil (forest), P1 B1 53-101 0.33 2.17
? B2 101-133 0.24 2.28
BC 133-146 0.20 3.45
C 146-175 0.13 0.87
A ar 0-34 0.45 2.04
Typical brown forest AlA2 34-62 0.27 1.06
soil (arable), P2 Bl 62-83 0.19 2.41
’ BC 83-153 0.14 3.47
C 153-175 0.14 0
Ad 0-19 2.08 3.09
Al 19-30 0.86 3.10
Luvic brown forest soil Bl 30-65 1.00 0.84
(forest), P5 B2 65-105 0.21 0
BC 105-128 0.16 0
C 128-170 0.12 0
A ar 0-40 0.46 2.53
. . Bl 40-65 0.34 2.85
Luvie (zizxg)f‘ggﬁ soil B2 65-102 0.20 4.54
’ BC 102-127 0.18 0
C 127-165 0.10 0

Microbial biomass index gradually decreases in
the profile of arable soil. In arable brown forest
soils, some species can be detected at a depth
of 102-153 cm, in arable gray forest soils — at
the depth of 115-240 cm. The profile
distribution of microbial carbon in arable forest

soils corresponds to the distribution of organic
carbon. The share of microbial carbon in the
organic carbon content constitutes 2.04% in the
arable typical brown forest soil (layer 0-34 cm)
and 2.53 % in the arable luvic brown forest soil
(layer 0-40 cm). The share of microbial carbon
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in the organic carbon content constitutes 0.70%
in the soil layer 0-22 cm (genetic horizon Alar)
of the molic gray forest soil, 1.14% in the soil
layer 0-30 cm (genetic horizon Alar) of the
albic gray forest soil and 2.26% in the soil layer
0-32 cm (genetic horizon AlBlar) of the
typical gray forest soil.

Thus, the share of microbial carbon in its
organic content in arable forest soils is lower
than in natural ones.

Because of the long-term use of arable land,
homogenization of the arable layer and decrease
in the reserves of microbial carbon and humus,
the natural stability of chernozems reduces.

The vertical distribution of microorganisms in
forest soils is inextricably linked with the

distribution of organic matter along the soil
profile and, accordingly, with its depth. The
analysis of the interdependence between the
microbial biomass indicator, on the one hand,
and the humus content, on the other hand,
demonstrated their close positive connection
(Tables 3, 4). The correlation coefficient (R?)
between the biomass of microorganisms and
humus content in the typical brown soil
constitutes R? = 0.98 (n=12) and in the luvic
brown soil - R? = 0.99 (n=11). The correlation
coefficient (R?) between the biomass of
microorganisms and humus content in the
molic gray forest soil R? = 0.82 (n=12), in the
albic gray forest soil - R = 0.91 (n=12) and in
the typical gray forest soil - R* = 0.82 (n=11).

Table 2. The profile distribution of the organic carbon content and share of microbial carbon on genetic horizons in gray
forest soils of natural and agricultural ecosystems

Soil, profile Horizon index Depth, cm Corg, %0 Cwms / Corg, %
Ad 0-17 3.16 1.02
Al 17-41 1.87 0.86
Molic gray forest soil Bl 41-75 0.82 2.49
(forest), P3 B2 75-125 0.69 0
BCk 125-170 0.49 0
Ck 170-190 0.39 0.98
Al ar 0-22 2.11 0.70
Al 22-33 1.91 0.52
Molic gray forest soil Bl 33-61 0.96 0.96
(arable), P4 B2 61-112 0.62 1.47
BCk 112-158 0.35 1.15
Ck 158-170 0.22 1.13
Ao 0-7 1.70 4.72
Al 7-30 1.16 3.05
. . A2 30-52 0.51 2.77
A""C( f%rrae-‘ystg"r;;t soil Btl 5287 0.41 1.88
’ Bt2 87-142 0.34 1.06
BC 142-211 0.64 0
C 211-240 0.60 0
Alar 0-30 1.03 1.14
. . Bl 30-87 0.41 1.02
Alb‘iagrﬁ)ylef)"r;;t soil B2 §7-142 0.48 0.35
’ BC 142-211 0.52 0
C 211-240 0.49 0.66
Ald 0-30 2.20 3.77
Bl 30-43 0.85 5.72
Typical gray forest soil Bt2 43-76 0.50 8.14
(forest), P9 Bt3 76-97 0.44 8.43
BC 97-122 0.41 5.25
C 122-160 0.31 0
AlBlar 0-32 1.25 2.26
Typical gray forest soil B 32-66 0.37 7.16
(arable), P10 Bt3 66-77 0.37 4.21
’ BC 77-115 0.33 6.44
C 115-150 0.26 0
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Table 3. Correlation between microbial biomass and
humus content in forest soils

. Correlation
Soil Land use coefficient (R?)
Typical brown forest 0.98
forest soil arable )
Luvic brown forest 0.99
forest soil arable
Molic gray forest 0.82
forest soil arable )
Albic gray forest 0.91
forest soil arable )
Typical gray forest 0.82
forest soil arable )

Table 4. Correlation between microbial biomass and
humus content in forest soils

. Correlation
Soil Land use coefficient (R?)
Brown forest forest 0.97
soil arable 0.79
. forest 0.56
Gray forest soil arable 0.29
The correlation coefficient between the

microbial biomass and humus content in brown
forest soils under natural vegetation is R?
0.97 (n=13); in arable soils - R?> = 0.79 (n=10).
The correlation coefficient between the
microbial biomass and humus content in
natural gray forest soils constitutes R? = 0.56
(n=19); in arable soils - R> = 0.29 (n=16).

Since the abundance of microorganisms
decreases with the depth of the soil profile, the
correlation between these values is negative.
The correlation coefficient (R?) between the
biomass of microorganisms and soil profile
depth in brown forest soils constitutes R? = -
0.66 (n=23) and in gray forest soils - R2 = -
0.64 (n=35). The correlation coefficient
between the microbial biomass and soil profile
depth in brown forest soils under natural
vegetation constitutes R? = -0.74 (n=13); in
arable soils - R? = -0.76 (n=10). The correlation
coefficient between the microbial biomass and
soil profile depth in natural gray forest soils
amounts R? = -0.74 (n=19); in arable soils - R?
=-0.65 (n=16).

CONCLUSIONS

Soil microbial biomass represents both the
living part of the total soil organic matter and
the active part of the soil matrix. The results of
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the study demonstrated that land use affect
have a significant impact on the microbial
biomass carbon. In its turn, the profile
distribution of organic carbon of the soil also
affects this indicator. The content of organic
and microbial carbon depends on the depth of
the soil profile.

Evaluation of microbial biomass resources in
forest soils in conditions of natural and
agricultural ecosystems showed significant
differences between these soils.

Undisturbed forest soils in conditions of the
natural ecosystems are characterized by a higher
biomass of soil microorganisms in comparison
with arable soils and concentrated in the A
genetic horizon. Microbial biomass constituted
367.5-643.1 pg C g' soil in brown forest
natural soils and in 322.7-828.6 ug C g soil
gray forest natural soils in the top layer. The
differences between brown and gray natural
forest soils are manifested in a higher specific
concentration of microbial biomass in the A
genetic horizon of gray forest soils (45.0-64.7%
of the total biomass in gray soils versus 44.4-
56.9% in brown soils) and in a greater depth of
microbial distribution along the soil profile (up
to depths of 122-190 cm) in gray forest soils,
while in brown forest soils microorganisms
were found to a depth of 65-175 cm.

The long-term arable use of forest soils led to
the reduction of microbial potential and
contributed to the degradation and decrease of
soil stability. In the conditions of arable land
microbial biomass was reduced to the level of
91.6-116.4 in brown forest soils and to 117.1-
283.0 pg C g'! of soil in gray forest soils in the
arable layer. The share of microbial carbon in
its organic composition in arable forest soils is
reduced compared with those under natural
vegetation. At the same time profiles of the
arable forest soils are covered by the
degradation process in general. The negative
effects on soil microorganisms were observed
as a result of enhanced mineralization process,
the content of organic carbon in arable soils has
been significantly reduced.

The microbial biomass, being a part of the
labile organic matter, was connected with the
soil organic carbon content. The vertical
distribution of microorganisms in forest soils is
closely related with the distribution of organic
matter and with its depth. The interaction



between microbial components and humus
status is closer in soils of natural ecosystems.
Correlation coefficients constituted 0.98-0.99
in brown forest soils and 0.82-0.91 in gray
forest soils. The link effect between microbial
biomass and humus content decreased from
natural to arable soils. A negative link has been
established with the profile depth.
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Abstract

The present study aims to establish the influence of the processes of secondary pedogenesis on the content and
distribution of mobile forms of phosphorus in Chromic cambisols complex formed on a silicate base. Phosphorus is not
a major nutrient in pedogenesis and is not clear its natural redistribution in the range of soils with general geological
origin of terrigenous materials, but located differently in terms of their eluvial-deluvial transfer within a common long
soil catena. The size of the total sample is 15 soil sampling points, and at each point samples are taken from the layer
0-25 and 25-50 cm. The sampling points are selected in the middle of a characteristic slope, without manifestation of
local linear erosion forms or accumulation zones. Based on the study, it was found that the content of P>Os in the top
soil layer did not depend on the location, and the deeper horizon should be considered as diagnostic one in terms of its

distribution.
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INTRODUCTION

The complex of Chromic cambisols in Bulgaria
is very heterogeneous in terms of genesis,
composition and properties. This is due to the
true genetic heterogeneity of this group of soils
for which in the Bulgarian classification, based
mainly on their color and zonal affiliation, a
common genetic taxon has been determined at
the of the soil type level. Nevertheless, they
occupy common areas and in terms of their
distribution on Bulgarian territory are zonal,
despite the fact that their "zonation" is
considered on one side from the European
moderately continental and Atlantic soil zones,
and on another side from the soil zones in the
Mediterranean. In this sense, they are specific
without being homogeneous in their range.
Their internal type diversity is based on the
factors and conditions of soil formation, but
covers not only the main type determining
pedogenesis (climate, macro relief, vegetation,
etc.), but also much more modern conditions,
such as denudation or erosion in general,
contemporary  vegetation,  humidification
conditions and others. The second group of
factors strongly influences the composition and
properties of the soil complex, but at the same
time they are not "genetic", in the sense that
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they are not soil-forming at the level of the soil
type. The influence of these factors is logically
predictable with respect to some components of
the soil composition. For example, those accep-
ted at some taxonomic level as eroded or
shallow Chromic cambisols have the expecta-
tion to establish a lower content of organic
carbon and nitrogen, lighter soil texture,
weakly manifested biogenic accumulation
processes on the surface of the profile. For
other elements of the soil composition these
dependencies are not obvious, and at the same
time some of them are important for the general
functionality and for the agricultural suitability
of the soil complex. These conditions are met
by the content of absorb phosphorus and its
distribution in the active part of the soil profile.
As all terrestrial ecosystems, temperate forest
ecosystems rely on the availability of
phosphorus from the soil, which is related to
site parameters as precipitation, bedrock, soil
pH, material, and stage of pedogenesis. Many
soils in central Europe are young, the
phosphorus status of forests is often low or
insufficient (Ilg et al., 2009; Jonard et al.,
2015). Soil acidification, intensified by
anthropogenic deposits, additionally reduces
plant available phosphorus (Mohren et al.,
1986).



Strong phosphorus sorption, onto humic-
mineral-complexes, by Al and Fe oxides and
hydroxides, or clay minerals, increased
formation of short-range order Al or Fe
phosphate, as well as decreased mineralization
of organic phosphorus may limit forest growth
in many ecosystems (Gerke & Hermann, 1992;
Violante & Pigna, 2002; Richardson et al.,
2004; Sims & Pierzynski, 2005; Laliberté et al.,
2012).

Humic mineral phosphate complexes may
increase plant available P and can account for
50-80% of the phosphorus in solution (Gerke,
2010).

Studying phosphorus availability in soil
therefore implies accounting for the distribution
of different P proportions, in addition to the
total P status in soil, as it is assessed by wet-
chemical fractionation of soil, and by advanced
spectroscopic techniques (Kruse et al., 2015).
Different phosphorus fractions exhibit different
properties in soils and chemical P resources in
soils change during pedogenesis (Walker &
Syers, 1976; Sims & Pierzynski, 2005). The
soils accumulate organic P compounds during
the first 500 years of pedogenesis (Turner et al.,
2007; Prietzel et al., 2013). The geosequence is
characterized by a P status gradient, resulting
from different bedrock and soil age. In addition
to the phosphorus binding form, spatial hetero-
geneity of P has been identified as an important
factor controlling P availability for plants and
for an alpine treeline (Jackson & Caldwell,
1993; Liptzin et al., 2013). Phosphorus depth
distributions in most cases were assessed only
unidimensional (Ferro Vazquez et al., 2014).
Phosphorus is not an essential nutrient in
pedogenesis, but at the same time it is very
important from an economic point of view. It is
not clear its natural redistribution in the area of
soils with common geological origin of
terrigenous materials, but located differently in
terms of their eluvial-deluvial transport within
a common long soil catena.

According to Ibrahim et al. (2021) excessive
input of phosphorus (P) in agricultural
production and its finite resources is becoming
a global concern for sustainable P management
and more research is needed about the main
factors influence on P available.

This study aims to establish the influence of the
processes of secondary pedogenesis on the
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content and distribution of mobile forms of
phosphorus in Chromic cambisols complex
formed on a silicate base.

MATERIALS AND METHODS

As a basis for the study was used an area of
leached, eroded and accumulated (but not
meadow) Chromic cambisols in the Eastern
slopes of Sakar mountain and in the conditions
of dissected hilly terrain. The study was
conducted in the period 2019-2021. Soil
samples with a sufficiently well-developed
contemporary profile were collected and at the
same time some of them were strongly eroded.
The soil samples were located on the sloping
part of a long soil catena, as the height of the
sampling points varied from 65 to 200 m above
sea level, and the sampling points are grouped
in a total of three zones. In each of the altitude
zones more than one soil samples were taken at
depths of 0-25 and 25-50 cm.

The coordinates of the wide soil catena are in
the Universal Transversal Mercator N35
system, with a horizontal resolution of 5 m and
a vertical resolution of 1 m, using a height
correction from a ground station. The
topographic conditions are distinguished by
three indicators - altitude with an accuracy of 1
m. In the Baltic altitude system, meter latitude
and longitude by Mercator, slope of the terrain
in degrees of azimuth and in rhombuses in 90°
distributions. It is assumed that in the
conditions of the limited area of the soil catena,
the climatic conditions and the vegetation are
constant factors. The size of the total sample is
15 soil sampling points, and at each point
samples are taken from the layer 0-25 and 25-
50 cm. The sampling points are selected in the
middle of a characteristic slope, without
manifestation of local linear erosion forms or
accumulation zones. On the basis of the soil
samples collected in this way, the soil texture
was determined by the photosedimentographic
method (Trendafilov et al., 2017) and the total
content of mobile phosphorus by the double-
lactate method of Egner-Reim, (GOST 26209-
91/01.07.93).

The statistical methods used in the study were
Pearson correlation analysis, Test of normality
- Shapiro-Wilk, Package program - SPSS
Statistics.



RESULTS AND DISCUSSIONS

The surveyed soil differences are represented
by strongly, moderately and slightly eroded to
poorly accumulated profiles. Genetically, the
soils have a differentiated profile, but with
strongly and moderately eroded differences, the
two-membered character of the profile is
"masked" mnot only due to the -erosive
pedoturbation of the surface horizon with
lighter layers lying above and below it.

Studies of phosphorus transformations have
mainly focused on P cycling processes
resulting in the transformation of original P to
other forms. In the early stages of soil
development, parent materials contain mainly
inorganic phosphate (Cole & Heil, 1981;
Smeck, 1973; 1985; Stewart & Tiessen, 1987).
The relative proportion of different P fractions

is determined by the activities of calcium, iron
and aluminum in the soil which, in turn, are
greatly influenced by weathering processes
(Williams & Walker, 1969a; 1969b).

In the described diversity in terms of soil
genetic factors (basic and contemporary), was
assumed that a relatively stable and
reproducible starting point of the modern
characteristic could fulfill the topographic
factor. Moreover, that it was fundamental to the
erosion process, and the latter in the given case
determined the modern pedogenesis not only in
the specific studied area but also in the area of
distribution of the complex eroded, non-eroded
and accumulated Chromic cambisols with a
common geological basis. The location of the
soil sampling points on the topographic basis of
the locality is shown in Figure 1.
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Figure 1. Location of soil sampling points

Total phosphorus content and distribution

The organic and inorganic forms and
distribution of phosphorus in the soil vary with
different processes as: natural processes that
determine soil mineralogy and phosphorus
sorption characteristics, as well as human-
controlled processes such as the application and
timing of phosphorus containing fertilizers,
lime and organic material (Batjes, 2010). Under
natural conditions, the weathering and
dissolution of rocks andrelatively insoluble
phosphorus containing minerals is a slow
process. This weathering is only capable of
supporting slow-growing vegetation and crops
adapted to low phosphorus availability. In acid
soils, various forms of iron, aluminum and
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manganese oxides strongly bind phosphorus,
while in calcareous soils phosphorus is mainly
found in the form of calcium compounds of
varying solubility (Dabin, 1980; Fairhurst et
al., 1999; Ryan & Rashid, 2006). Clay
mineralogy and clay content directly affect
phosphorus retention (Sanchez, 1976). The
form of phosphorus in the soil will influence
phosphorus  availability to the plant.
Phosphorus uptake is determined by soil water
conditions, temperature, crop type and growth
rate, root morphology and plant specific
characteristics to extract soil phosphorus
through excretion of exudates (Hoffland et al.,
1992).



Mycorrhizal fungi may also be important in this
respect (Smith et al., 2003; Li et al., 2006).

The average P»Os content of the test sample for
both depths was 12.9 = 0.6 mg/kg, and ranged
from 8.8 to 21.2 mg/kg. P>Os levels were most
commonly found in the range of 10 to
12 mg/kg. In the surface layers of the profile

the content of P,Os was on average 14.4 mg/kg,
and in the subsoil 11.7 mg/kg. Depends on their
location in the soil catena and taking into
account the morphology of the soil profile, soil
samples were divided into five groups. The
characteristics of the soil differences in the
individual groups are given in Table 1.

Table 1. Characteristics of the location, the degree of erosion
and the soil texture of the soils in the survey groups formed by location

Soil group Degree of erosion Soil texture (%) Eleva:;g;l zone

1 Non-eroded and slightly accumulated Chromic Surface horizon 51.4 65
cambisols, undifferentiated Subsoil horizon 43.6

2 Slightly eroded and non-eroded Chromic Surface horizon 46.6 117
cambisols, undifferentiated Subsoil horizon 44.6

3 Moderately eroded Chromic cambisols, Surface horizon 35.0 125
undifferentiated Subsoil horizon 32.0

4 Strongly eroded Chromic cambisols, Surface horizon 40.3 127
differentiated Subsoil horizon 47.3

5 Strongly eroded Chromic cambisols, Surface horizon 47.4 212
undifferentiated Subsoil horizon 45.9

In the soils of all groups, the content of P2Os in
the surface horizons exceeded that one in the
subsoil. In groups 1 and 5, i.e. in non-eroded to
slightly accumulated Chromic cambisols, as
well as in the Strongly eroded and shallow
Chromic cambisols, the difference in the
content of P2Os on the soil surface and in
depths was statistically proven (Figure 2). At
the same time, no statistically proven difference
in terms of P2Os content in the total sample was
observed.

The mobility of phosphate anions in soil
depend on the nature of the mineral surfaces
and oxide coatings since phosphate anions are

strongly adsorbed by mineral constituents such
as sesquioxides and clays (Parfitt, 1978).
Organic phosphate compounds differ greatly in
their form and in the number of reactive
phosphate groups which they possess. Some of
theme has the potential for movement,
especially mono-phosphate esters (Rolston et
al., 1975).

Phosphorus may move with other nutrients in
surface flow, as run off, particularly in areas
where snow melts before the surface soil thaws
and water could infiltrate (Timmons et al.,
1977).
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Figure 2. Phosphorus content by depth in the individual soil groups
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Influence of the topographic factors of the
terrain on the distribution of P2Os in the soil
The influence of the topographic factor was
studied by altitude, slope and exposure
(location of the soil sampling point).

The influence of altitude within the boundaries
of the soil catena is expressed in meters above
sea level and was established by regression
analysis (Goovaerts, 1992). A tendency to
exceed the P>Os content in the total statistical
sample is considered to be proven at a
probability level of 95% (F. 6.9), as the
sampling depth normalizes nearly a quarter

0-25

Depth

(24.2%) of P»Os variation into the studied soils
in total. This was the reason for further study in
the dynamics of the main studied feature, the
samples collected from different depths to be
considered as separate statistical subsamples. In
order to determine the representativeness of the
subsamples normalized from the soil samples,
collected at a depth of 0-25 and 25-50 cm, it
was necessary to study their frequency
distribution, as a preliminary mathematical
expectation was that they were distributed in
the normal frequency range. The results are
shown as frequency histograms in Figure 3.
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Figure 3. Histogram of the frequency distribution of phosphorus in the individual depths

Although the histogram for the frequency
distribution of the amount of P>Os at a depth of
50 cm showed more convincingly the
approximation  of  the  experimentally
established frequency distribution to a normal
frequency distribution, according to the results

of the nonparametric K-S test, both
distributions in the subsamples at depth 0-25
and 25-50 cm were reliably approximated to
normal frequency distributions with a
probability level of 95%.

Table 2. Pearson Correlation analisys - groupped mean for depth 0-25 cm

Correlations®

P,0s [mg/100 g| OZ OX oY
Pearson Correlation P,0s5 [mg/100 g] 1.000 0.623 0.579 0.660
oz 0.623 1.000 0.875 0.940
(0).¢ 0.579 0.875 1.000 0.859
oY 0.660 0.940 0.859 1.000
Sig. (1-tailed) P,0s [mg/100 g] . 0.009 0.015 0.005
oz 0.009 . 0.000 0.000
[0).¢ 0.015 0.000 . 0.000
oY 0.005 0.000 0.000 .
N P,0s [mg/100 g| 14 14 14 14
oz 14 14 14 14
[0).4 14 14 14 14
oY 14 14 14 14

a. Weighted Least Squares Regression - Weighted by Group
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Table 3. Pearson Correlation analisys - ungroupped mean for depth 0-25 cm

Correlations
P,0s [mg/100 g| 0Z OX oY
Pearson Correlation P,0s [mg/100 g] 1.000 348 354 487
oz 0.348 1.000 0.866 0.886
0).4 0.354 0.866 1.000 0.812
oY 0.487 0.886 0.812 1.000
Sig. (1-tailed) P,0s [mg/100 g] . 0.111 0.107 0.039
oz 0.111 . 0.000 0.000
(0).¢ 0.107 0.000 . 0.000
oY 0.039 0.000 0.000 .
N P,0s [mg/100 g| 14 14 14 14
oz 14 14 14 14
(0).4 14 14 14 14
oY 14 14 14 14

Table 4. Pearson Correlation analisys - groupped mean for depth 25-50 cm

Correlations*
P,0s [mg/100 g| OZ OX oY

Pearson Correlation P,0s [mg/100 g] 1.000 0.465 0.289 0415
oz 0.465 1.000 0.940 0.970
[6).¢ 0.289 0.940 1.000 0.940
[0)' 0.415 0.970 0.940 1.000

Sig. (1-tailed) P,05 [mg/100 g| . 0.035 0.139 0.055
oz 0.035 . 0.000 0.000
[0).¢ 0.139 0.000 . 0.000
oY 0.055 0.000 0.000 .

N P,0s [mg/100 g| 16 16 16 16
oz 16 16 16 16
[0).¢ 16 16 16 16
oY 16 16 16 16

a. Weighted Least Squares Regression - Weighted by Group

Table 5. Pearson Correlation analisys - ungroupped mean for depth 25-50 cm

Correlations
P,0;5 [mg/100 g| OZ OX oY

Pearson Correlation P,0s5 [mg/100 g] 1.000 0.509 0.355 0.460
oz 0.509 1.000 0.931 0.939
[6).¢ 0.355 0.931 1.000 0.923
[0)' 0.460 0.939 0.923 1.000

Sig. (1-tailed) P,0s [mg/100 g| . 0.022 0.088 0.037
oz 0.022 . 0.000 0.000
[0).¢ 0.088 0.000 . 0.000
[0)'¢ 0.037 0.000 0.000 .

N P,0s [mg/100 g] 16 16 16 16
oz 16 16 16 16
0).¢ 16 16 16 16
oY 16 16 16 16

Dependence of P>Os content on the location of
the sampling points was determined by stepwise
linear regression, in which the meter coordi-
nates by OH (East-West), OU (North-South)
and OZ (height) were successively entered as
steps of the regression analysis (Cressie, 1993).
Measurements of the linear square grid as a
result of the design of the mercator were
neglected due to the small area of the object
(Yost et al., 1982).

The statistical scattering of the sampling points
along the OX axis was 1021 m, and along the
OU-2867 m axis.

The Pearson correlation coefficients are shown
in Tables 2-5. The complex influence of the
location of the sampling point on the value of
the studied indicator was studied with the help
of variograms (Oliver & Webster 1986;
Webster & Oliver, 1992), as the direction of the
axis of the variogram coincides with the
direction of the soil catena on the three axes.
The resultant direction of the soil catena was
150° in azimuth and it was set on the
variograms of the studied P>Os. The results for
the surface and subsoil horizons are shown in
Figure 4 and Figure 5.
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Variogram
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Figure 4. Variogram of the phosphorus content in the surface horizon
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Figure 5. Variogram of the phosphorus content in the subsoil horizon
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Figure 6. Variogram of the relief from the sampling points
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Figure 6 shows the variogram of the relief, as
along the Y axis is plotted the altitude at the
sampling points and on average for the cluster
groups. The increase of the variogram was
interpreted as Gaussian, but with the increased
of the sampling points it was more probable to
be approximated to linear, as within the limits
of X-Y there was no equalization of the
function.

The distribution of P2Os content within the
same X-Y limits also showed a significant
dispersion, but in all its other characteristics
differs from the distribution of the hyxometric
levels. It was studied at two depths 0-25 and
25-50 cm. The only thing between the
variograms for the distribution of P2Os in the
two studied depths was the length of the log. It
was the same for both variograms, about 800 m
and represented about 1/3 of the length of the
long axis of the X-Y polygon, in which the
studied soil catena fits. In their other
characteristics, the variograms for the
distribution of P»Os differ. The variogram of
Figure 4 for the distribution of P20s in the
surface soil layer showed angiotropicity and a
certain tendency for cyclical distribution, which
however was not proven. It can be argued with
the greatest certainty that the content of P20s in

the surface layer did not depend on the
location, but at the same time it changes
strongly, probably due to other factors. In the
deeper layer, regardless of the high dispersion,
closer results were found at closer points at a
total length of the logs up to 800 m. At a total
log over 800 m the total dispersion increased,
but some observations were not in accordance
with this conclusion, saturation was not
established. Probably, with the increase in the
number of observations, the variogram for the
deep soil layer will be able to be approximated
as Gaussian and thus to be identified by type
with a variogram showing the change of the
hyxometric levels. The influence of the
topographic factor within the soil catena was
studied by multiple stepwise linear regression,
as independent variables were introduced the
height, the slope (in any direction expressed as
oh/o (x, y), at the point of sampling and
exposure in degrees around the azimuth circle.
Significance for the change in P2Os content was
only the height of the terrain from which the
sample was taken, at a level of extrapolability
to the limits of the soil catena. The data did not
differ for the surface and the subsoil horizon.
The results are presented in Table 6.

Table 6. Linear regressions for the change of phosphorus content depending on the height,
slope and exposure in the surface and subsoil horizon

Model Summary®*

Std. Error Change Statistics
Adjusted R of the R Square Sig. F Durbin-
Model R R Square Square Estimate Change F Change dfl df2 Change Watson
1 0.623" 0.388 0.337 5.0246 0.388 7.607 1 12 0.017 1.993
a. Predictors: (Constant), OZ
b. Dependent Variable: P,Os[mg/100 g]
c. Weighted Least Squares Regression - Weighted by Group
ANOVA™
Model Sum of Squares df Mean Square F Sig.
1 Regression 192.056 1 192.056 7.607 0.017¢
Residual 302.963 12 25.247
Total 495.019 13
a. Dependent Variable: P,Os [mg/100 g]
b. Weighted Least Squares Regression - Weighted by Group
c. Predictors: (Constant), OZ
CONCLUSIONS factors. As diagnostic in terms of the

Based on the study, the main conclusions that
can be formulated were that the content of P2Os
in the surface layer did not depend on the
location, but at the same time changes greatly
under the influence of a number of other
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distribution of naturally assimilate phosphorus
in the soil should be considered the deep
subsoil horizon, in which the geological
distribution of P>Os was not affected by its
biological dynamics. In order to build a reliable
distribution model, soil samples must be taken



in a geographical network at equal distances
along the X-Y axis and taking into account the
height of the sampling point.
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Abstract

Microorganisms and insects that living in the soil are an important component of it. These components play an
important role in supporting and growing plant communities. Microflora and macrofauna exercise processes that
influence the physical-chemical, biological and agricultural characteristics of the soil. In order to determine the species
of microorganisms per 1 g of soil by the Petri dish culture method on different culture medium: potato-glucose-agar
(PGA), dichloran-rose bengal chloramphenicol (DRBC) agar and dichloran 18% glycerol (DGI18) agar decimal
dilutions were performed beforehand. The results were compared with those obtained by the soil washing method.
Bacteria from the genus Pseudomonas, yeasts, fungi from the genera Penicillium, Fusarium, Rhizopus, Aspergillus and
Sclerotinia and one species each of coleoptera and lepidoptera were detected along with Lumbricus terrestris.

Key words: soil microorganisms, bacteria, fungi, culture medium, macrofauna.

INTRODUCTION

Healthy soils are essential for sustainable agri-
culture. Agriculture has a recognized impact on
soil microorganisms. Soils constitute the vital
environment for numerous microorganisms.
Microbial activity is very important to improve
soil health (Toor and Adnan, 2020).

In the soil there are both microorganisms,
which improve the state of soil fertility and
contribute to the growth of plants, microor-
ganisms called biofertilizers (nitrogen-fixing
bacteria), as well as pathogenic microorga-
nisms for plants that can infect plants through
the roots. Ecosystem functioning is largely
regulated by soil microbial dynamics (Kennedy
and Smith, 1995).

Soil holds millions of microbes which takes
part in the improvement of soil fertility and
favors plant growth (Gougoulias et al., 2014).
Soil physical and chemical properties depend
on quantity and quality of soil organic matter,
pH and conditions of redox potential. All of
these significantly influence the structure and
dynamics of the soil microorganisms (Lombard
etal., 2011).

Also, the composition of microorganisms is
strongly influenced by various environmental
factors, such as climate, soil properties and
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water (Lau and Lennon, 2012; Wipf et al.,
2021; Cotuna et al., 2022).

There are many microorganisms that help
plants grow, through which they cope with

climate change and agricultural land
degradation (Antoszewski et al., 2022).
Among bacteria:  Acinetobacter sp. and

Pseudomonas putida ensure to corn increased
tolerance to Cu, enhanced chlorophyll content
and increased Cu concentration in tissues
through IAA (the phytohormone indole-3-
acetic acid) synthesis, production of
siderophores and solubilization of Cu and P
(Rojas-Tapias et al., 2014); Arthrobacter sp.,
and Bacillus megaterium to tomato enhanced
seed germination ratio, seedling length, and dry
and fresh weight under salt stress (Fan et al.,
2016); Also to tomatoes, Pseudomonas putida
ensure increased plant height, stem diameter,
radical volume, dry biomass, and fruit yield
through production of IAA (Hernandez-
Montiel et al., 2017) and Burkholderia tropica
increased yield through N-fixation and P
solubilization (Bernabeu et al., 2015);
Azospirillum lipoferum to wheat improved
germination, plant growth, higher chlorophyll
content, and improved membrane stability
under salt stress; increased production of
soluble protein, and sugars under salt stress;



Serratia proteamaculans, Pseudomonas putida
and Pseudomonas aeruginosa reduction the
effect of salt stress and ensures enhanced plant
height, root length, and yield, and higher
chlorophyll content through ACC (I-
aminocyclopropane-1-carboxylate) deaminase
(an  immediate precursor of ethylene)
production (Mazhar et al., 2015); Streptomyces
sp. to alfalfa ensures protection against root-
lesion  nematode-Pratylenchus  penetrans
(Samac and Kinkel, 2001). Among fungus:
Alternaria solani 1A300 to sweet bell peppers
ensure enhanced number of leaves, flowers,
dry, and fresh weight (Mauricio-Castillo et al.,
2020); Aspergillus niger 9-p to bean ensure
increased biomass through production of TAA,
ACC deaminase, siderophores, protease,
amylase, pectinase, xylanase, and P solubiliza-
tion (Galeano et al., 2021); Aspergillus
fumigatus to soybean reduction the effect of
salt stress and ensures enhanced biomass, leaf
area, chlorophyll content, and photosynthetic
rate, increased isoflavones, proline, SA
(salicylic acid), and JA (jasmonic acid) content
and lower ABA (abscisic acid) content through
GAs (Gibberellins-diterpenoid phytohormones)
production (Khan et al., 2011); Also to
soybean,  Fusarium  verticillioides  and
Humicola sp. reduction the effect of salt stress
and ensures increased shoot length, protein
content, carotenoid, salicylic acid, and
enhanced SOD (superoxide dismutase) activity,
decreased ABA level and lipid peroxidation
(Radhakrishnan et al., 2015); Penicillium bilaii
to pea ensure increased root dry weight, length,
and P content in the shoot (Vessey and
Heisinger, 2011); Penicillium sp. to hop clover
(Medicago lupulina), lentil and wheat ensure
enhanced shoot growth and dry weight, and
increased P uptake (Wakelin et al., 2007);
Trichoderma hamatum, T. harzianum and T.
viride to common freesia ensure accelerated
flowering and enhanced development of lateral
inflorescence shoots, increased K, Fe, Mn, and
Zn uptake (Janowska et al.,, 2020);
Trichoderma viride to rapeseed ensure
enhanced biomass, lateral roots development,
germination ratio and changes in microbial
composition (Znajewska et al., 2018).

Insects make up the most numerous group of
organisms on earth, around 66% of all animal
species (Zhang, 2011).
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Herbivorous insects damage 18% of world
agricultural production (Losey and Vaughan,
2006).

Despite this damage less than 0.5 percentage of
the total number of the known insect species
are considered pests (Kim, 1993).

Although insects are mostly perceived as pests,
they are the key components in diverse
ecosystems. Of these, the coleoptera it
contributes to the loosening of the soil, through
the galleries created, and to the shredding of
plant material; increase nitrogen, phosphorous
and humus from the soil (Zala, 2015).

Insects larvae clean up dead plant matter and
break it down for further decomposition by
microbes (Jankielsohn, 2018).

MATERIALS AND METHODS

The soil samples were collected from
experimental field Moara Domneasca-Ilfov
(44°29'33"N 26°1520"E) in early November
2021 from a plot sown with winter wheat,
which had maize as the preceding crop The
experimental fields are located on preluvosol-
reddish soft (reddish-brown) type soil.

The reddish preluvosol (according to the
Romanian Soil Taxonomy System) is part of
the luvisols class, which presents a mollic A
horizon (Am) followed by an intermediate
argic horizon (Bt) having colors with values
above 3.5 (wet) at least on the faces of the
structural aggregates, starting from the upper
part and degree of saturation in bases (V) over
53% (Mihalache, 2006).

The climate in the Moara Domneasca Farm
area falls under the Koppen-Geiger
classification system (Peel et al., 2007) in the
formula D.f.a.x.

For the determination of microorganisms, were
taken 5 samples from the cultivated plot (one
from each of the 4 edges and one from the
center), with the help of the agrochemical
probe. At each point, a sample was taken from
the depth of 0-20 cm. Samples were collected
in sterile plastic bags. For the agrochemical
characterization, 2 soil/parcel samples were
taken at a depth of 0-20 cm.

The determination of the species of
microorganisms per 1 g of soil was carried out
by the culture method in Petri plates on
different culture media: potato-glucose-agar



(PGA), dichloran-rose bengal chloramphenicol
(DRBC) agar and dichloran 18% glycerol
(DG18) agar. To determine the microorganisms
species we used decimal dilutions 107 ... 107
(Waksman, 1927 cited by Zala, 2021,

Constantinescu, 1974, cited by Manole and
Ciocoiu, 2011) (Figure 1).

Figure 1. Preparation of decimal dilutions 10" ...107

From the dilutions performed, seeding were
made in Petri plates with a diameter of 7 mm
(Figure 2.).

Figure 2. Inoculation of samples on PGA culture
medium

Isolation of fungi from the soil was carried out
by the soil washing method, which consisted of
placing one gram of soil in an Erlenmayer
beaker containing 200 ml of sterile water,
shaking, tilting the flask at an angle of 45
degrees for one minute to settle the particles, it
replaces the water, and the operation is
repeated several times until the soil particles
are dispersed in the sterile water and inoculated
on the culture medium (Watson, 1960, cited by
Constantinescu, 1974).

The simple microscopic preparation was
performed with the help of a scalpel and
consisted of detaching a small amount of the
fruiting bodies formed on the surface of the
culture media, placing it in the drop of water on
the blade and lamella coating (Figure 3.).
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Figure 3. Making the microscopic preparation from the
white-fluffy area and the yeast area

The microscopic preparations were visualized
with a Panthera S (Motic) microscope.

Soil pH was determined in a 1:2.5 aqueous
suspension (Figure 4.), by the potentiometric
method, with a Hanna pH-meter (Madjar et al.,
2019).

Figure 4. Indication of the pH values of the soil samples

The pits for determining the numerical density
of pests in the soil had a square shape, with a
side of 0.5 m (0.5 x 0.5 = 0.25 sq m) and a
depth of 20 cm. The equal distribution of the 5
gopis was in the form of a checkerboard. The
soil from a pit was washed away and the
insects were placed in a jar (Istrate and Rosca,
2009).

RESULTS AND DISCUSSIONS

On the potato-glucose-agar (PGA) culture
medium, in the Petri dishes where samples
were taken from the washed soil, more and
more varied colonies of microorganisms
developed (Figure 5.), unlike the dishes in
which there were samples resulting from
dilutions (Figure 6.).

The fungi were predominant in the first 20 cm
of the soil.



Figure 5. Highlighting the colonies of microorganisms
on the PGA culture medium, in the Petri dishes in which
samples were taken from the washed soil

Figure 6. Highlighting the colonies of microorganisms
on the PGA culture medium, in the Petri dishes in which
the samples resulting from the dilutions were taken

It is known that the optimal pH values for the
growth and development of fungi are: 4.5-6.5.
(Child et al., 1973).

We identified fungi from 3 genera: Rhizopus
(rarefied cotton-like mycelium-to be observed
in Figure 5., the Petri dish on the left; and the
presence of sporangiophores - Figure 7, left),
Fusarium (fungal colony, white and dense - to
be observed in Figure 3., the Petri dish on the
left side; and the presence of mycelial hyphae,
micro- and macroconidia - Figure 7, right) and
Penicillium (dense greenish mycelial mass - to
be observed in Figure 5, in the right corner of
the central Petri dish).

Figure 7. Rhizopus spp: sporangiophore, sporangium and
sporangiospores (left); Fusarium spp: mycelial hyphae,
micro- and macroconidia (right) (40x)

On PGA (Figure 3, the Petri dish on the right
side), DRBC and DGI18 (Figure 8) culture
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mediums colonies of yeasts of the genus
Saccharomyces are flat, smooth, moist, shiny
and cream-colored.

Figure 8. Colonies of Saccharomyces spp.

On DRBC and DG18 culture media in the Petri
dishes with samples from the washed soil
numerous colonies of some species of fungi
from the genera Fusarium and Aspergillus have
developed (Figure 9.). As stated by Jackson
(1975) cited by Rangaswami and Bagyaraj
(2005) the fungi of these genera are part of the
mycotic microorganisms most frequently found
in the soil.

Figure 9. Colonies of Fusarium and Aspergillus spp.

The presence of bacteria on the PGA culture
medium (Figures 5 and 6) was evidenced by
the appearance of pigmented colonies in
yellow: from the genus Xanthomonas and
orange-red: from the genus Corynebacterium
and white: from the genus Streptomyces
(Schaad et al., 2001).

Regarding the number of colonies grown on the
three culture media, in the case of the readings
of the dishes with washed soil (Table 1), we
note that Fusarium spp. recorded the highest
number of colonies (13.5) on the DG18 culture
media; Aspergillus spp. had the highest number
of colonies (5.75) on DRBC culture medium;
fungi of the genera Rhizopus and Penicillium,
as well as bacteria of the genera Xanthomonas
and Corynebacterium were reported only on
the CGA culture medium. Yeasts of the genus



Saccharomyces and Dbacteria of the genus
Streptomyces were reported on all three culture
media; Streptomyces being found in greater
numbers (2.5) on the DRBC culture medium.
Regarding the number of colonies, in the case
of the readings of the dishes with 107 dilutions,
we found the presence of species from the
genera Fusarium and Aspergillus only on the
PGA culture medium, while Saccharomyces
spp. was reported in all culture media.

Table 1. Colony count obtained from wash (W) soil or
107 dilutions/culture medium

Species Culture medium
PGA DRBC DG18
W 107 \Y 107 \4 107

Fusarium spp. 525 | 1.25 [ 11.5 - 13.5 -

Aspergillus spp. | 225 | 0.5 | 5.75 - 55 -

Penicillium spp. | 3.75 - - - - -

Rhizopus spp. 6.25 - - - - -

Saccharomyces + + + + + +
spp.

Xanthomonas 1.75 - - - - -
spp.

Corynebacterium | 1.25 - - - - -
spp.

Streptomyces 1.75 - 2.5 - 0.75 -
spp.

Were also detected 2 sclerotia of the

Sclerotinia sclerotiorum fungus.

After carrying out the five soil surveys, 19
specimens of the common frame-Lumbricus
terrestris were also detected. They had an
average length of 20.7 cm and an average
number of 141 segments.

The insect species detected in the 20 cm deep
soil layer were: black maize beetle (Pentodon
idiota) and corn earworm (Helicoverpa
armigera). Regarding the numerical density of
the Pentodon idiota species, we identified 6
larvae/m?> and 1.6 adults/m’. Regarding the
species Helicoverpa armigera, we detected a
number of 3.2 pupae/m’. The captured insect
species were detected in the Moara Domneasca
fields and in the context of other research
(Rosca and Istrate, 2004).

CONCLUSIONS

The soil is populated by various groups of
living organisms. Among them, fungi and
bacteria belong to the soil microflora.

The surface layer of the soil contains a large
number of microorganisms, because it is well
supplied with oxygen and nutrients.
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The growth of microorganisms is influenced by
the culture medium,

the largest number of species (8) being
recorded on the PGA culture medium. Only 4
species develop on DRBC and DG 18 culture
media.

Only two species of insects have been detected,
a coleoptera: black maize beetle, whose adults
feed on stems right at the surface of the soil
while the larvae feed on the underground
portions of the plant, including the roots; and a
lepidopteran: the corn earworm, whose larvae
feed on the silk and grains in the milk-wax
phase.
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Abstract

A highly economic important crop, potato is grown in more than 100 countries and is the fourth consumed food in the
world. Twelve Romanian potato varieties were investigated for their growth parameters and yield to determine
suitability for production. Experiments were conducted to National Institute of Research and Development for Potato
and Sugar Beet Brasov using a randomised block design with four replications. Determination of the tuber number and
their mass was done in each repetition. The potato yield was determined in each elementary plot and the yield per
hectare was calculated. Darilena produced the tallest plants (90.5 cm) and Castrum. produced the shortest (58.88 cm).
The number of stems per hill ranged from 2.5 cm (Foresta cv.) to 9.25 cm (Marvis). Tuber weight average per hill
ranged from 2055 g (Sarmis) to 500 g (Castrum). Ervant (37.44 t/ha) and Azaria (37.94 t/ha) records superior
productivity and Asinaria and Darilena showed adaptability to climate conditions and suitability for culture under high
economic efficiency. Specific technologies must be established for each variety to reach the maximum potential in
periods of stress that occur due to climatic variations.

Key words: climatic conditions, cultivars, growth parameters, potato, yield.

INTRODUCTION tubers are used in a wide spectrum of
applications,  like  alcohol  production,
Potato is now the world’s third most important ~ dehydrated and frozen food products, animal
food crop in terms of human consumption, after ~ feed, commercial starch (Devaux et al., 2021).
wheat and rice (FAOSTAT, 2019) despite the  None of the currently used varieties or cultivars
large proportion of potato produce used for  has potential for production in all environments
seed and as animal feed. Consumption of fresh and for all uses (Bradshaw, 2007), since
potatoes accounts for approximately two-thirds agroecologies vary with respect to soil type,
of the harvest and around 1.3 billion people eat  moisture and temperature regimes, fertility
potatoes as a staple food (more than 50 kg per  condition and the onset, intensity and duration
person per year) including regions of India and  of rain as well as availability of irrigation
China. facilities (Gebremedhin et al., 2008; Fantaw et
A large majority (73.1%) of the EU’s harvested al., 2018).
production of potatoes in 2020 came from just  The most desired type of cultivar is one that
five Member States; these were Belgium, combines high yield with stability in a dynamic
Germany, France, the Netherlands and Poland. (or agronomic) sense (Piepho 1996; Flis et al.,
These five countries accounted for a slightly  2014).
smaller majority (66.8% in 2020) of the area  Potato has high climate requirements. The
planted to potatoes in the EU, with Romania  availability and amount of water at specific
accounting for an additional 10.0%  growing stages effect the potato quality and
(EUROSTAT, 2022). yield. Potato is a water-stress crop, and a long-
Potato produces the highest amount of energy  term lack of water is the main abiotic factor
per unit area and has the highest dry matter  that limits yield (Cantorea et al., 2014). Water
yield which may be 74.5% compared to wheat  deficit decreases number of leaves, stem height,
and 58% compared to rice (Ahmed et al.,  tuber growth and yield per plant. Also high
2017). Besides consumption of fresh potatoes temperature, drought, soil salinity and nutrient
for cooking (boiled, baked, fried, etc.), potato stresses adversely affect assimilation and
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translocation of the photosynthetic end product
to the tubers and substantially curtail plant
growth, tuberization, tuber bulking, and hence
tuber yield and quality (Minhas, 2012; Dahal et
al., 2019).

Average tuber weight, stems/plant,
tubers/plant and tuber weight/plant are the
most important components in potato

improvement for increasing tuber yield
(Islam et al., 2002; Arslan, 2007).

The aim of present the study was to investigate
the performance and stability of some
Romanian potato varieties regarding the yield
in years with different climatic conditions.

MATERIALS AND METHODS

The experiment was conducted at the
Laboratory of Technology and good
agricultural practices from National Institute of
Research and Development for Potato and
Sugar Beet Brasov, Romania, in years 2020-
2021. The soil was a cambic chernozeum with
pH 6.7. The pre-crop was wheat and for current
fertilizer was used 1000 kg/ha
N:P:K:15:15:15+S. The size of the plots was
9 m?, the repetition was four-fold, the planting
scheme was 75 cm x 30 cm, having 4 rows
with 10 plants each one. Potatoes were planted
manually on 6 April 2020 and 3 May 2021.
Twelve potato cultivars were analyzed:
Asinaria, Azaria, Cezarina, Castrum, Foresta,
Darilena Ervant, Marvis, Sarmis, Sevastia,
Christian and Brasovia (control).

Were applied pre- and post-emergent
treatments for weeds control, two treatments
for Colorado beetle and eight treatments for
late blight control in each year. Were collected
data regarding the quantitative traits (plant
height, haulms, aerial plant weight, number and
tubers weight). Potato tubers were harvested
semi-mechanized on September 20, 2020 and,
respectively, October 4, 2021.

Weather conditions during the experiment are
summarized in Figures 1 and 2. Rainfalls from
growing season totaled 463.8 mm in 2020 with
more 6.4 mm than the multiannual average and
4297 mm in 2021 with 27.7 mm below
multiannual average, respectively.
Temperatures were over multiannual average in
both growing season, +1.0°C in 2020 and
+0.9°C, respectively.
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Results were subjected to statistical analysis,
using one-way analysis of variance (ANOVA).
Statistical differences with P-values under 0.05
were considered significant and means were
compared by Duncan Multiple Range.
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Figure 1. Temperature average
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Figure 2. Rainfalls amount
(Brasov, October 2019- September 2021)

RESULTS AND DISCUSSIONS

Main haulm

Its obviously that the variety affect the number
of haulms/plant. An increase in absorption of
solar radiation can ensure a higher
photosynthesis potential and promote synthesis
and accumulation of reserve carbohydrates in
the potato tuber which has a positive effect on
the final tuber yield (White et al., 2007). But
under specific climatic conditions the haulms
number vary greatly between varieties and in
the same variety in different developmental
stages.

The control cultivar (Brasovia) presented a
relatively high number of haulms in both years
taken in the study and was significantly
surpassed by the Marvis cv. and significantly
distinct from the Christian cv at the first
assessment of the year 2020.



Table 1. Main haulm number in different cultivars (2020-2021)

25.06.2020 30.07.2020 06.06.2021 26.07.2021

Variety Main haulm . Main haulm . Main haulm . Main haulm .

Sign. Sign. Sign. Sign.

no. no. no. no.

Sevastia 6.00 ns 3.13 000 4.13 00 4.63 ns
Marvis 9.25 * 5.75 8.13 ns 7.63 ns
Castrum 3.38 00 3.63 000 3.50 000 3.13 0
Asinaria 5.38 ns 7.63 5.13 0 4.75 ns
Sarmis 8.25 ns 7.00 6.75 ns 6.00 ns
Cezarina 4.50 ns 4.88 4.88 0 4.13 ns
Christian 10.50 wok 6.25 5.75 ns 6.25 Ns
Ervant 4.25 0 5.25 3.50 000 3.75 (6]
Azaria 5.13 ns 5.50 5.00 0 5.88 Ns
Foresta 2.50 000 2.88 000 2.25 000 2.00 000
Darilena 4.75 ns 4.25 000 3.13 000 4.88 Ns
Brasovia 6.63 - 7.63 6.88 - 6.00 -
(control)

In the year 2021, the values were much tighter,
even existing the situation some negative
differences compared to the control at first
assessment for Foresta, Darilena, Ervant and
Castrum cultivars (Table 1).

Plant height
Its generally know that the variety affected
plant heights.
In 2020 the highest plant height was observed
to Darilena cv. (90.50 cm at the first

assessment, respectively 109.50 cm at the
second assessment) and the lowest to Castrum
(58.99 at the first assessment, respectively
59.38 cm at the second assessment) and in 2021
to Ervant cv. (69.00 cm at the first assessment,
respectively  73.63 cm at the second
assessment) riched the heighest plants
compared with the control cultivar.

In 2021 Ervant cv. continue to present the
highest plant to the both assessment (69.0 cm,
respectively 73.63 cm) (Table 2).

Table 2. Plant height in different cultivars (2020-2021)

Cultivar Plant Sign. Plant Sign. Plant Sign. Plant Sign.
height (cm) height (cm) height (cm) height (cm)
25.06.2020 30.07.2020 06.06.2021 26.07.2021
Sevastia 73.63 0 76.50 54.88 ns 64.00 *
Marvis 69.25 00 61.38 000 52.25 ns 51.88 ns
Castrum 58.88 000 59.38 000 43.63 [6) 48.13 ns
Asinaria 75.88 ns 73.13 56.50 ns 65.25 *
Sarmis 90.25 ns 103.88 64.75 * 63.63 *
Cezarina 75.50 ns 91.25 55.00 ns 60.25 ns
Christian 79.75 ns 73.50 66.88 ** 71.25 *
Ervant 66.00 00 62.38 000 69.00 Hkk 73.63 Hekok
Azaria 80.88 ns 95.25 61.75 ns 63.63 *
Foresta 71.88 0 77.75 52.75 ns 56.38 ns
Darilena 90.50 ns 109.50 57.88 ns 62.38 ns
iﬁ%‘l’; 84.25 - 89.63 53.75 - 51.00 -
Aerial plant weight potato plants varied a lot in the two years. In

The development of the canopy, studied
through the green mass of the aerial part of the
potato plants, shows that it was influenced by
the climatic conditions. The green mass of the
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2020, at the first assessment, a maximum of
991 g/plant was recorded for the Sarmis cv. and
a minimum of 304.13 g for the Castrum cv.,
and a decrease in foliage for all varieties at the




second assessment, the highest values being for
the Sarmis cv. (680.38 g), and the lowest in the
Ervant cv. (98.63 g).In 2021, the recorded
values were lower than in 2020 for all varieties.
At the first assessment, a maximum of
507.88 g/plant was recorded in the Christian cv.
and a minimum of 213.63 g in the Castrum cv.
and a decrease in foliage in all varieties at the
second assessment, the highest values being in

the Asinaria cv. (413.13 g), and the lowest in
the Marvis cv. (249.50 g).

Brasovia (control) cv. presented a significant
decrease in values at the second assessment
(413.38 g) in 2020 compared to the first, when
the plants were very well developed, a situation
that was not repeated in 2021 when the values
were within the limits determined by climatic
conditions (Table 3).

Table 3. Aerial plant weight in different cultivars (2020-2021)

Cultivar 25.06.2020 30.07.2020 06.06.2021 26.07.2021

Aerial Aerial Aerial Aerial

plant plant plant plant

weight (g) Sign. weight (g) Sign. weight (g) Sign. weight (g) Sign.

Sevastia 508.75 o 288.13 ns 265.38 ns 280.88 ns
Marvis 529.63 0 237.25 o 335.25 ns 249.50 ns
Castrum 304.13 000 244.63 0 213.63 o 323.38 0
Asinaria 432.88 00 226.50 00 301.63 ns 413.13 ns
Sarmis 991.25 ns 680.38 ok 414,00 ns 312.63 ns
Cezarina 492.13 o 492.75 ns 321.50 ns 309.00 ns
Christian 903.25 ns 169.13 000 507.88 * 364.88 ns
Ervant 398.38 00 98.63 000 346.75 ns 291.13 o
Azaria 650.88 ns 526.88 ns 430.88 ns 276.50 ns
Foresta 603.75 ns 340.50 ns 204.50 o 283.50 000
Darilena 858.75 ns 450.38 ns 270.63 ns 340.25 ns
Brasovia g5, 3 - 41338 - 364.13 - 27125 -
(control)

Cultivars differed in the duration the canopy
was maintained and had infuence on tuber
number and weight, and finally on the yield.

Tuber number

Tuber number per plant ranged from 5.63
tubers (cv. Castrum) to 24.75 tubers (cv.
Christian) to the first assesment and from 6.88

tubers (cv. Castrum) to 22.75 tubers (cv.
Ervant) to the second assesment in 2020 and
from 7.13 tubers (cv. Foresta) to 17.25 tubers
(cv. Christian) to the first assesment and from
7.25 tubers (cv. Castrum) to 16.75 tubers
(cv. Marvis) to the second assesment in 2021
(Table 4).

Table 4. Tuber number in different cultivars (2020-2021)

25.06.2020 30.07.20 06.06.21 26.07.21

Cultivar | Tub. no./hill | Sign. | Tub. no./hill Sign. Tub. no./hill Sign. Tub. no./hill Sign.
Sevastia 7.13 00 10.38 Oo 10.50 ns 13.50 ns
Marvis 11.88 ns 15.00 Ns 19.38 ns 16.75 ns
Castrum 5.63 000 6.88 0Ooo0 7.75 o 7.25 00
Asinaria 12.13 ns 18.50 ns 12.13 ns 16.38 ns
Sarmis 11.38 ns 16.63 ns 12.50 ns 10.63 ns
Cezarina 12.00 ns 22.75 ns 17.13 ns 14.63 ns
Christian 24.75 ok 18.63 ns 17.25 ns 16.38 ns
Ervant 11.00 ns 16.13 ns 15.25 ns 13.88 ns
Azaria 11.75 ns 16.50 ns 14.63 ns 13.63 ns
Foresta 8.38 0 11.38 00 7.13 o 7.25 00
Darilena 9.38 0 13.50 0 8.25 o 12.75 ns
Brasovia 13.63 - 20.75 - 14.63 - 14.25 -
(control)

202




The capping on the number of tubers in a plant
cannot be explained by the lack of genetic
tuberization capacity, but by the existence of
physiological —imbalances, nutritional or
hormonal, under the direct influence of the
ecological conditions of a year.

A gradual decrease in tuber number was obser-
ved with a gradual increase of water stress._As
other authors have found, the number of tubers
is significantly influenced by drought (Deblon-
de and Ladent, 2001; Al-Mahmoud et al., 2014).

Tuber weight

The weight of the tubers is in accordance with
their number. At the first assessment in 2020,
the Sevastia cv. recorded the lowest weight

(197.25 g), and cv. Sarmis (795.88 g) the
biggest one.

At the second assessment cv. Sarmis (2055.13
g) continued to record the highest weight, with
a distinctly significant difference compared to
the control, while cv. Castrum (513.00 g)
presented the lowest weight. In 2021, for all
varieties, the weight of tubers was lower than in
2020.

Climatic conditions negatively influenced the
degree of accumulation of tubers, only cv.
Ervant (9385.25 g, respectively 789.88 g) had
at both assessments (distinctly significant
difference) weight greater than the Brasovia cv.
(204.38 g, respectively 436.25 g) (Table 5).

Table 5. Tuber weight in different cultivars (2020-2021)

25.06.2020 30.07.2020 06.06.2021 26.07.2021

Tub. Tub. Tub. Tub.
Cultivar weight/hill Sign. weight/hill Sign. weight/hill Sign. weight/hill Sign.
Sevastia 197.25 o 788.50 00 99.25 ns 476.63 ns
Marvis 460.50 ns 1289.75 ns 274.63 ns 524.25 ns
Castrum 180.50 00 500.13 000 95.25 0 259.88 ns
Asinaria 438.38 ns 982.00 ns 118.13 ns 613.75 ns
Sarmis 795.88 ns 2055.13 HE 283.88 ns 567.50 ns
Cezarina 554.88 ns 1340.75 ns 193.00 ns 482.88 ns
Christian 762.00 ns 1009.25 ns 265.88 ns 671.00 *
Ervant 756.75 ns 1259.75 ns 385.25 ** 789.88 Hk
Azaria 584.38 ns 1440.38 ns 272.75 ns 455.88 ns
Foresta 465.50 ns 877.38 o 78.00 0 399.50 ns
Darilena 486.25 ns 1158.50 ns 110.88 ns 600.25 ns
Brasovia
Mt 544.75 - 1382.88 - 204.38 - 436.25 -
Yield 13.11 t/ha for the Foresta cv. The control

Understanding the stress-related physiological,
biochemical, and molecular processes is crucial
to develop the screening procedures for
selecting potato cultivars that can better adapt
to drought. The elucidation of such processes
may offer new insights into the identification of
specific characteristics that may be useful in
breeding new cultivars aimed at maintaining or
even enhancing potato yield under the changing
climate (Gervais et al., 2021).

The productions obtained in 2020 were very
good. They were between 37.06 t/ha for the
Castrum cv. and over 61 t/ha for the Darilena
and Sevastia cultivars. In 2021, production was
between 37.97 t/ha for the Azaria cv. and

cultivar (Brasovia) presented relatively high

productions in both years (43.49 t/ha,
respectively 30.09 t/ha), being stable under the
influence of adverse climatic conditions
(Table 6).

We have to mention a significant decrease in
the production of all cultivars in 2021
compared to the previous year. The drought at
the time of tuberization and the uneven
distribution of precipitation caused the
accumulation to be deficient, none of the
varieties being able to reach their maximum
potential.
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Table 6. Total tuber yields (Brasov, 2020-2021)

Cultivar Total yield Dif. Sign. Total yield Dif. Sign. Mean
(t/ha) (t/ha) (t/ha) (t/ha) yield of
2020 2021 the two
years
Ervant 59.20 15.71 o 37.44 7.34 ns 48.32
Castrum 37.06 -6.43 Ns 19.57 -10.53 o 28.32
Marvis 54.05 10.56 Ns 29.87 -0.22 ns 41.96
Azaria 60.66 17.17 ok 37.97 7.88 ns 49.32
Christian 58.59 15.10 K 30.86 0.77 ns 44.73
Asinaria 44.40 0.91 Ns 29.10 -0.99 ns 36.75
Foresta 55.92 12.43 * 13.11 -16.99 000 34.52
Sevastia 61.12 17.63 *K 25.90 -4.19 ns 43.51
Darilena 61.13 17.64 *k 28.38 -1.71 ns 44.76
Cezarina 59.73 16.24 K 24.04 -6.05 ns 41.89
Sarmis 53.68 10.19 Ns 32.35 2.26 ns 43.02
Brasovia (control) 43.49 - - 30.09 - - 36.79
DL 5% 10.82 - - 8.42 - -
DL 1% 14.50 - - 11.28 - -
DL 0.1% 19.14 - - 14.89 - -

Among the varieties, the mean yield of the two
years was the highest in Azaria cv. (49.32 tons)
which was followed by Ervant cv. (48.32 tons)
while Catrum cv. produced the lowest (28.32
tons).

CONCLUSIONS

The tolerant varieties showed comparatively
less reduction in plant height, plant mass, tuber
number per plant and yield. The lowest
reduction in tuber yield was found in Ervant
and Azaria cv. followed by Sarmis cv. The
mean production was higher in 2020.

The number of tubers and haulm to tubers
weight ratio turned out to be less sensitive to
changes in the growing regime.

Yield per ha showed significant variation and
ranged from 37.06 ton/ha (Castrum cv.) to
61.13 tons/ha (Darilena cv.) in 2020 and from
37.97 tons/ha (Christian cv.) to 13.11 tons/ha
(Foresta cv.) in 2021.

In both years Ervant (59.20 t/ha, respectively
37.44 t/ha) and Azaria (60.66 t/ha, respectively
37.94 t/ha) records superior productivity and
Asinaria and Darilena showed adaptability to
climate conditions and suitability for culture
under high economic efficiency. Specific
technologies must be established for each
variety to reach the maximum potential in
periods of stress that occur due to climatic
variations.

The results of this field study confirm that
weather conditions do influence potato canopy
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development and subsequent tuber yield. The
weather conditions leads to the significant
differences in the potato varieties productivity,
indicated that higher temperatures lowered
potato yields, less precipitation hindered the
yields and growth of potato cultivation.
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Abstract

In Romania, sunflower represent the main oil crop and occupies the third place after wheat and maize. Orobanche
cumana Wallr (sunflower broomrape) is a parasitic plant who infested sunflower plants and causes low seed yield. In
this paper we present behaviour of sunflower genotypes in field natural infested with broomrape, in Braila location, in
yvear 2022. We tested for resistance/tolerance at parasite Orobanche cumana, 21 experimental sunflower hybrids,
belonging to NARDI Fundulea and 10 differential genotypes and one additional for determination of broomrape races.
Degree attack (GA) of broomrape was between 0.05 at sunflower hybrid HI and 6.2 at H10 and infested sunflower
plants (I %) was between 5% at HI and 100% at H3 and from H6 to H21. All sunflower differential genotypes was
infested with broomrape from 25% at KA41 (gene Or;) to 100% at AD66 (no Or gene), Record (gene Ors), S1358, LC
1002 (gene Ory), P1380, LC 1003 (gene Ors), P96 (gene Ors, Or;). Only one sunflower genotype (additional differential
genotype), Neagra de Cluj (accession Pl 650368), was resistant at broomrape race Hro or Iro.

Key words: broomrape, sunflower, race, gene Or, resistance/tolerance.

INTRODUCTION In Romania in last years (Table 1), area
cultivated with sunflower was over one million

The most aggressive populations of sunflower hectares (Radu et al., 2019; Georgescu et al.,
broomrape with high virulence (Orobanche — 2022; Manole et al., 2022).

cumana Wallr) is located in Turkey, Ukraine,
Romania (Braila, Tulcea) and Republic of
Moldova (Clapco, 2021). In Romania, in the

Table 1. Area cultivated with sunflower
in Romania in years 2015-2020

. . . . . Average seed .
counties Braila, Tulcea, Constanta is present Year | Areacultivated with yiild Total production
. . sunflowers (ha) K (t)

the most virulent populations of broomrape, (kg/ha)
more than race H. (Skori¢ et al., 2020; Duca et 2015 1011527 1.765 1758771

1 2002). 1 . has R . 2016 1.039.823 1.955 2.032.340
al., 2( ). In more countrles. such as Romania, 017 998 415 3017 2912743
Ukraine, Turkey, Republic of Moldova, 018 1.006.994 3.041 3.062.690
Bulgaria, Spain, China, Rusia, race G and H of 2019 1.282.697 2.783 3.569.150
broomrape was reported (Duca et al., 2022; 12920 1.170.372 1.883 2.204312
Antonova et al., 2022’ Ryzhenko et al., 2021’ SSQ();;lrrcclizi hn:ﬁtps://www4madr.ro/culturi-de—camp/plante—tehnice/ﬂoarea-
Onisan et al., 2018 ) and race E of broomrape
in Serbia (Cvejic et al., 2020). Orobanche cumana Wallr can be controlled by

Sources of broomrape resistance is represented herbicide Pulsar 40 (active substance

by wild sunflower species, open pollinated  imazamox 40 g/l) in system Clearfield and

varieties, gene pool of cultivated sunflower  herbicide Pulsar Plus (active substance

(Clapco et al., 2020; Cveji¢ et al., 2020; Kaya, imazamox 25 g/l) in system Clearfield Plus

2022; Seiler, 2019; Seiler et al., 2017). (Skorié et al., 2020; Manole et al., 2018; 2019).
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MATERIALS AND METHODS

In field natural infested with broomrape, in
Braila location, in year 2022, we tested for
resistance/tolerance at parasite Orobanche
cumana, 21 experimental sunflower hybrids
belonging to NARDI Fundulea, from which 15
derived from interspecific hybridization with
wild sunflower species (from H1 until H15),
one sunflower hybrid in system Sun Express
(HI6E), one sunflower hybrid in system
Clearfield (H17CL), four sunflower hybrids in
system Clerfield Plus (from HISCLP until
H21CLP) and 10 differential genotypes and
one additional for determination of broomrape
races.

Interspecific hybridization between cultivated
sunflower (lines B, lines with cytoplasmic
androsterility, fertility maintainer and C lines,
fertility restorer lines) and wild sunflower
species (annual and perennial) was made in
year 2014 in Fundulea at NARDI Fundulea.
Hybridizations between mother lines (A- sterile
line) and father lines (C- restorer line) was
made in year 2021 in Fundulea.

Sunflower hybrids HI6E (with resistance at
sulfonilureea herbicide-Express 50SG), H17CL
(with resistance at imidazolinone herbicide-
Pulsar 40), HISCLP, HI9CLP, H20CLP,
H21CLP (with resistance at imidazolinone
herbicide-Pulsar Plus) were not treated with
herbicide to observe the genetic resistance to
the Orobanche cumana parasite. The sunflower
genotypes were sown in micro plots (9.8 m?),
on two rows, 7 meters long, in three
repetition/genotype, in Braila on April 22, 2022
and harvested on September 20, 2022 and sown
in Fundulea, on April 21, 2022 and harvested
on September 29, 2022 (Table 2).

Table 2. Sunflower genotypes tested for
resistance/tolerance at broomrape, in year 2022, in
Braila, in field infested natural with parasite Orobanche
cumana Wallr and in Fundulea in no infested field

No. Sunflower genotype
Hé6 (Line Al x Helianthus maximiliani P14Max) x
(Line C6x Helianthus molis P9Mo)
H7 (Line Al x Helianthus maximiliani P14Max) x
(Line C7x Helianthus molis P9Mo)
H8 (Line A1 x Helianthus maximiliani P14Max) x
(Line C8 x Helianthus maximiliani P14Max)
H9 (Line A2 x Helianthus maximiliani P5Max x Helianthus

neglectus AINe x Helianthus argophyllus A134rg) x
(Line C9 x Helianthus divaricatus P12Div)

H10 (Line A2 x Helianthus maximiliani PSMax x Helianthus
neglectus AINe x Helianthus argophyllus A13Arg) x
(Line C10 x Helianthus petiolaris A7Pe A x Helianthus
praecox A12Pr)

HI11 (Line A2 x Helianthus maximiliani P5Max x Helianthus
neglectus AINe x Helianthus argophyllus A13A4rg) x
(Line C11 x Helianthus maximiliani P14Max)

HI12 (Line A2 x Helianthus maximiliani P5Max x Helianthus
neglectus AINe x Helianthus argophyllus A134rg) x

(Line C12 x Helianthus maximiliani P14Max)

H13 (Line A3 x Helianthus argophyllus A134rg) x
(Line C13 x Helianthus argophyllus A134rg)
H14 (Line A4 x Helianthus argophyllus A134rg) x
(Line C14 x Helianthus argophyllus A134rg)
H15 (Line A5 x Helianthus argophyllus A134rg) x

(Line C15 x Helianthus argophyllus AI134Arg x
Helianthus maximiliani P3Max)

HI6E Line A6Ex Line C16E

H17CL Line A7CL x Line C17CL
HI8CLP | Line A8CLP x Line C18CLP
HI9CLP | Line A9 CLP x Line C19CLP
H20CLP | Line A10CLP x Line C20CLP

H21CLP | Line A11CLP x Line C21CLP

In flowering time of sunflower, we make
notations about broomrape attack. For
identification of broomrape race present in
Braila, in year 2022, we used 10 differential
genotypes and Neagra de Cluj (Table 3), an old
Romanian sunflower variety (Bran and Ion,
2018).

Table 3. Differential genotypes used for identification of
broomrape races, present in Braila, in year 2022, in field
infested natural with parasite Orobanche cumana Wallr

Sunflower Gene Or Differential
genotype genotype for
broomrape race
KA-411 Ory A
(P1251902)*
J 8281 Or, B
(P1265100)*
Record Or; C
(P1650343)*
LC1002 Ory D
S1358 Ory D
LC1003 Ors E
P1380 Ors E
LC1093 Ors F
P96 Orgz F.G
(P1633614)*
0305CxP9Mo OF'MoOT Mo G+
AD66 No Or gene
Neagra de Cluj Oor?2?2?
(P1650368)*

No. Sunflower genotype

HI (Line Al x Helianthus maximiliani P14Max ) x
(Line C1 x Helianthus maximiliani P14Max)

H2 (Line Al x Helianthus maximiliani P14Max) x
(Line C2 x Helianthus maximiliani P3Max)

H3 (Line Al x Helianthus maximiliani P14Max) x
(Line C3 x Helianthus maximiliani P14Max)

H4 (Line A1 x Helianthus maximiliani P14Max) x
(Line C4 x Helianthus molis P9Mo)

H5 (Line Al x Helianthus maximiliani P14Max) x
(Line C5 x Helianthus maximiliani P3Max)
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*provided from gene bank North Central Regional Plant Introduction
Station (NCRPIS), part of United States National Plant Germplasm
System (NPGS)




RESULTS AND DISCUSSIONS

All sunflower differential genotypes was
infested with broomrape from 25% at KA41
(gene Ory) to 100% at AD66 (no Or gene),
Record (gene Ors), S1358, LC 1002 (gene
Ory), P1380, LC 1003 (gene Ors), P96 (gene
Ors, Or;). Only one sunflower genotype
(additional differential genotype), Neagra de
Cluj (accession PI 650368) was resistant at
broomrape race Hro, Iro or more (Table 4,
Figures 1 and 2).

Table 4. Observations regarding behaviour of differential
genotypes in Braila, in year 2022, in field infested
natural with parasite Orobanche cumana Wallr

Sunflower Number of Infested Degree of attack
genotype broomrape/ sunflower (GA) with
number of plants with broomrape
sunflower broomrape | (average number of
plants (I1%) broomrape stalks
per sunflower
plant)
KA-41 3/12 25 0.25
18281 7/12 58.3 0.58
Record 66/33 100 1.93
LC1002 89/34 100 2.61
S1358 6520 100 3.25
LC1003 47/41 100 1.14
P1380 66/11 100 6
LC1093 7/26 26.9 0.26
P96 8/5 100 1.6
0305CxP9Mo 26/29 89.65 0.89
AD66 40/25 100 1.6
Neagra  de 0/27 0 0
Cluj

Figure 1. Infested differential sunflower genotypes with
broomrape (I %) in Braila, in year 2022
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Figure 2. Degree of attack with broomrape on
differential sunflower genotypes in Braila, in year 2022
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In Braila location, in year 2022, is present
broomrape races A, B, C, D, E, F, G, H, I or
more. Degree attack (GA) of broomrape was
between 0.05 at sunflower experimental hybrid
H1 and 6.2 at HI0 and infested sunflower
plants (I %) was between 5% at H1 and 100%
at H3 and from H6 to H21CLP (Table 5,
Figures 3 and 4).

Table 5. Observations regarding behaviour
of sunflower experimental hybrids at broomrape,
in Braila, in year 2022, in field infested natural
with parasite Orobanche cumana Wallr

Sunflower Number of Infested Degree of attack
genotype | broomrape/number | sunflower (GA) with
of sunflower plants with broomrape
plants broomrape (average number
I1%) of broomrape
stalks per
sunflower plant)
HI 2/40 5 0.05
H2 113/26 100 43
H3 285/371 76.8 0.76
H4 74/118 62.7 0.62
H5 26/48 54.1 0.54
H6 583/123 100 4.7
H7 151/33 100 45
HS8 166/40 100 4.1
H9 178/67 100 2.6
HI10 443/71 100 6.2
HIl 245/68 100 3.6
HI12 169/79 100 2.1
HI3 213/97 100 2.1
Hi4 108/20 100 54
H15 315/85 100 3.7
HI6E 256/101 100 2.5
H17CL 178/70 100 2.5
HI18CLP 246/41 100 6
HI9CLP 284/47 100 6
H20CLP 205/53 100 3.8
H21CLP 150/49 100 3
120
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Figure 3. Infested sunflower experimental hybrids with
broomrape (I %) in Braila, in year 2022



Figure 4. Degree of attack with broomrape on sunflower
experimental hybrids in Braila, in year 2022

From all sunflower experimental hybrids tested
in Braila, in year 2022, Hl was more
tolerant\resistant then other at parasite
broomrape and perennial sunflower specie
Helianthus maximiliani P14Max is in mother
line (sunflower line A) and father line
(sunflower line C).

In Fundulea in year 2022 with total rainfalls of
258.4 mm, was the most driest year of last 60
years (average on 60 years, 584.3 mm), with a
high temperature in every month than average
on 60 years (excepting month March). In
Braila was registered a total rainfalls of 238
mm (Table 6, Figures 5 and 6).

Table 6. Temperature and rainfalls registered, in Braila
and Fundulea, in year 2022

Temperature (°C)
Locality Average of 60 years
ca Braila Fundulea (Fundulea)
Mon
January 1.3 2.1 2.4
February 4.1 4.7 -0.4
March 3.8 4.4 4.9
April 11.9 12.1 11.3
May 18 17.9 17
June 22.7 22.6 20.8
July 24.8 25 22.7
August 24.9 25.6 22.3
September 17.9 18.6 17.5
October 13 13.5 11.3
November 8.1 9 5.4
December 29 35 0
Rainfalls (mm)
ocality Braila Fundulea Average of 60 years
rea (Fundulea)
Month
January 6.5 4.8 35.1
February 11.1 54 32
March 13.8 12.3 374
April 25.1 47.6 45.1
May 24.3 30.1 62.5
June 333 59.6 74.9
July 8.9 29.2 71.1
August 26.9 14.4 49.7
September 31.8 35.4 48.5
October 6.1 52 423
November 30.7 19.6 42
December 19.9 21.8 43.7
Total (mm) 2384 285.4 584.3
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In month July, 2022, in the phenophase of seed
filling, in Braila rainfalls registered was 8.9
mm and in Fundulea was 29.2 mm (average
rainfalls of 60 years in Fundulea was 1.1 mm).

® Braila ®Fundulea ®

e of 60 years (Fundulea)

Figure 5. Rainfall (mm) registered in Braila and
Fundulea, in year 2022

®Braila ®Fundulea ® Average of 60 years (Fundulea)
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Figure 6. Temperature (°C) registered in Braila and
Fundulea, in year 2022

Hectolitre weight, was between 33 kg/hl at
sunflower experimental hybrid H3 and 47 kg/hl
at sunflower experimental hybrid H15 (Table
7).

One thousand weight (TSW), was between 34 g
at sunflower experimental hybrids H2, H11 and
55 g at sunflower experimental hybrid H15
(Table 7).

In Braila, in year 2022, seed yield (kg/ha) was
between 357 kg/ha at sunflower experimental
hybrid HI17CL and 2684 Kg at sunflower
experimental hybrid HI8SCLP (Table 7).

In Braila in field infested with the most
aggressive broomrape races, in year 2022, the
best seed yield was registered at sunflower
experimental hybrids HI8CLP (2684 kg/ha)
with and H19CLP (2242 kg/ha) although the
attack degree was 6 and the percentage of
infested plants with parasite Orobanche
cumana was 100%.



Table 7. Agronomic traits of sunflower experimental
hybrids, in Braila, in year 2022, in field infested natural
with parasite Orobanche cumana Wallr

Sunflower Hectolitre TSW Seed yield
genotype weight (kg/hl) (one thousand (kg/ha)
weight) (g)

Hl1 41 45 978

H2 42 34 944
H3 39 41 1374
H4 42 43 1608
H5 43 51 1180
H6 43 48 1530
H7 43 43 962
H8 44 44 1690
H9 43 44 684
H10 41 40 596
HI11 39 34 681

H12 38 35 1200
HI13 42 42 859
H14 43 44 489
HI15 47 55 1259
H16E 37 44 553

H17CL 41 39 357
H18CLP 45 43 2684
H19CLP 46 41 2242
H20CLP 45 39 1871
H21CLP 45 38 1595

In Fundulea, in field without broomrape, in
year 2022, seed yield (kg/ha) was between
1487 kg/ha at sunflower experimental hybrid
H10 and 4053 kg/ha at sunflower experimental
hybrid H6 (Table 8). Hectolitre weight, was
between 51 kg/hl at sunflower experimental
hybrid H9 and 67 kg/hl at sunflower experi-
mental hybrid H12 (Table7). One thousand
weight (TSW), was between 34 g at sunflower
experimental hybrids H2, H11 and 67 g at
sunflower experimental hybrid H6 (Table 7).

Table 8. Agronomic traits of sunflower experimental
hybrids, in Fundulea, in year 2022, in field no infested
with parasite Orobanche cumana Wallr

No. Average Average TSW Average seed
hectolitre weight (one thousand yield (kg/ha)
(kg/hl) weight) (g)
H1 60 56 3818
H2 54 45 2693
H3 57 48 2198
H4 66 49 2400
HS 66 59 3474
H6 60 67 4053
H7 61 56 3084
HS8 61 53 2443
H9 51 49 1675
H10 55 54 1487
HI11 66 52 1783
HI12 67 49 2686
H13 58 53 2385
H14 64 59 3139
H15 55 57 2234
HI6E 62 66 4030
H17CL 52 51 3054
H18CLP 55 49 2691
H19CLP 64 56 2695
H20CLP 58 56 3312
H21CLP 61 53 2829

210

Low rainfalls in phenophase of seed filling,
combined with the attack of the parasite
Orobanche cumana in Braila, led to lower seed
yields of experimental sunflower hybrids then
in Fundulea where is no infested field with
broomrape (Figure 7). Dunareanu and Radu
(2020) reported that yield and yield
components were affected by water stress.

Interaction between genotype and environment
(G x E), is visible in Figure 7 at all sunflower
hybrids tested in booth areas and only
sunflower hybrid HI8CLP is stabile regarding
seed yield.

u B

Figure 7. Average seed yield (kg/ha) of experimental
sunflower hybrids, in Braila and Fundulea, in year 2022

Average hectolitre weight (kg/hl), of sunflower
experimental hybrid, was lower in Braila then
in Fundulea, in year 2022 (Figure 8).

Figure 8. Average hectolitre weight (kg/hl) of
experimental sunflower hybrids, in Braila and Fundulea,
in year 2022

Average one thousand weight (TSW), was of
sunflower experimental hybrid, was lower in
Braila then in Fundulea, in year 2022
(Figure 9).

According to Borleanu and Bonea (2020),
hectolitre ~ weight was negatively and
significantly associated with thousand seed
weight.
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Figure 9. Average one thousand weight (TSW), of
experimental sunflower hybrids, in Braila and Fundulea,
in year 2022

CONCLUSIONS

In Fundulea, 2022 was the driest agricultural
year from past years and this allow us to see
behaviour of sunflower genotypes in these
conditions.

One thousand weight (TSW) and hectolitre
weight (kg/hl), influenced seed yield of
sunflower genotypes tested in booth area
together with presence/absence of parasite
Orobanche cumana and lack of precipitation
during the seed filling period.

In Braila, in year 2022, we identified a new
source of resistance at broomrape at races G, H,
[ or more and this is old Romanian variety
named Neagra de Cluj.
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Abstract

Following recent research, the positive influence of calcium on soybean plants, especially on varieties with improved
genetic qualities, was found. The results obtained on the plants were significant both on the total biomass of the plants
and its components. In our ecological conditions with stagnant white luvic soil (pH = 5.0-5.5) different types of CaCOj3
were used to primarily improve the chemistry of the plant culture medium. In the case of the variety Isa TD (group 00),
the interaction between CaCOj3 and NP fertilizers contributed to a maximum increase of 5.48 t/ha total biomass,
3.44 t/ha pod biomass and 1.47 t/ha of biomass grains. Of the two factors, the new formulations of CaCOj3 had the
greatest influence, and the interaction with NP was in all cases negative. The correlations obtained between the studied
characters were significantly positive, except for the mass of one thousand grains (MTG). The obtained results invite
the promotion of soybean crop technology, including the amendment system regarding this type of soil.

Key words: acid soils, biomass, Ca’*, Isa TD, NP.
INTRODUCTION

Soybean [Glycine max. (L) Merrill, pro syn.
G. angustifolia Miq., G. gracilis Skvort.,
G. hispida (Moench) Maxim] is one of the
most important oil plants worldwide (Corke &
Wrigley, 2004). Being considered one of the
most important sources of vegetable protein,
for the prevention and combating of
malnutrition, it is aimed to increase the
production of soybean crop by up to 2.4%, until
the year 2050 (Cramer et al., 2009; Martinez-
Ballesta et al., 2010). The plant offers several
major advantages in sustainable cropping
systems including the ability to fix atmospheric
nitrogen (N2) and therefore mitigate the need to
apply large amounts of nitrogen fertilizers. Due
to the fact that it is part of the category of
leguminous plants, soybean contributes to
improving the level of soil fertility (Martinez-
Ballesta et al., 2010). The Isa TD soybean
variety belongs to the early maturity group
(00), has an erect habit, compact bush,
determined growth, gray pubescence, purple
flowers and gray hilum color. In the first year
of cultivation, the morphological characteristics
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of the variety were as follows: waist 71 cm,
number of branches 3-4, number of pods 70,
number of grains 111, and mass of one
thousand grains (MTG) 180-220 g. The
vegetation period was 161 days.

Calcium (Ca) is an essential macronutrient for
plants, having the role of improving soil
properties and various physiological processes
in plants (White & Broadley, 2003; Hepler &
Winship, 2010). The amounts of Ca present in
the stagnant white luvic soil are insufficient for
plant growth. Therefore, it does not show
enough potential to maintain the right degrees
of base saturation of the soil colloids. In these
conditions, the exchangeable aluminum ions
APP" dominate the exchange sites of the clay,
contributing to the excessive acidity of the soil.
Mobile (soluble) aluminum becomes toxic to
the most of plants. Due to the lack of calcium
and the excess presence of aluminum, the soil
becomes strongly acidic, an environment in
which plant development is reduced, which
leads to the impairment of production
(Milivojevic & Stojanovic, 2003). By applying
CaCQO;, the following properties are improved:
structure, permeability to water and air,



development of microorganisms and intake as
fertilizer in plant food. Calcium absorbed as
Ca®" ions is an essential element for fruit
growth and development. The resistance of
plants to diseases is also of particular
importance (Villegas-Torres et al., 2007) due to
the way in which the cell wall is protected.

The roles of Ca in plants are as follows:

- helps the growth and development of plants;

- confers resistance to diseases by protecting
the cell wall;

- activation of some enzyme systems;

- stabilizes the membrane and cell integrity
(White & Broadley, 2003).

Ca" is absorbed from the soil solution by the
root system and translocated to the shoots
through the xylem. The root must balance
calcium input to the xylem (White, 2001) to
help individual root cells use [Ca*ey for
intracellular signaling. At the level of growth
tips and leaves, where photosynthesis takes
place, Ca activates either alone or together with
Mg?" and other chemical elements, such as: Ca,
n.10"" in the form of Ca’*"; Mg, n.10%, in the
form of Mg?" and Mg ATP*; K, 1.6, as K*; Na,
n.102, in the form of Na'; Cl, n.102, in the
form of CI. Due to this fact, the leaves of
soybean plants have an intense green color. The
way calcium enters the plant (Cosgrove, 2005;
Franceschi & Nakata, 2005) is passive with the
flow of water and other nutrients. Its circulation
through woody vessels is favored by plant
evapotranspiration (ETP) and root pressure
(Holdaway-Clarke & Heppler, 2003; Dayod et
al., 2010). Being a macroelement totally
different from the others, the permanent
application of Ca ions is necessary. In this
sense, different formulations of calcium
carbonate were used, with or without the
addition of magnesium. As a result of the
research carried out, the very good effect of the
application of amendments and doses of
chemical fertilizers was found.

MATERIALS AND METHODS

The experience took place during the year 2022
and was located in the experimental field of the
Fertilizer Laboratory, from S.C.D.A. Soybean
variety Isa TD (00) was cultivated in non-
irrigated culture. The placement was done in a
subdivided plot with 3 repetitions each, and the
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biological material was sown mechanically, in
rows 10 m long, 3 m wide, so that each variant
had a size of 30 m? Between the rows the
distance was 50 cm. The experience is
bifactorial and has the following graduations:
-Factor A: -ai: unamended (0 t/ha);

- ax: Agrocalcium powder (2.5 t/ha),
93.6% CaCOs;

- as: Doloflor powder (2.5 t/ha),
58.87% CaCOs and 38.24% MgO;

- as: Doloflor granules (2.5 t/ha),
58.87% CaCOs and 38.24% MgO;

- as: Neutrosol 9 powder (2.5 t/ha),
97.5% CaCOs;
-Factor B: - bi: unfertilized,

- bz N40P40;

- bs: NsoPso.

Table 1. The proper soil characteristics

. . Stagnic white luvic soil
Soil characteristics -
Values Interpretation
Humus, % 2.26 low fertility
Total nitrogen-tN, % 0.130 poorly supplied
P,0s, ppm 41.68 poorly supplied
K>0, ppm 89.00 medium supplied
pH 5.12 high acidity

The technology wused was the one
recommended by the station. The soil in which
the experimental field was located is a stagnant
white luvic soil, acid, with a low humus
content, being a weakly fertile soil, little
supplied with nitrogen, phosphorus and
moderately supplied with potassium, in
accessible forms to the plants (Table 1).
Variants harvesting were done manually with
the metric frame in all 3 repetitions. The
samples were kept for several days in the
laboratory at room temperature to bring them to
the same humidity required for the
determinations.  Soybean  samples  were
analyzed for: total biomass, pod biomass, grain
biomass and mass of 1000 grains (MTG). The
obtained data were processed statistically by
the variance analysis method (anova test) and
by studying the correlations expressed by excel
graphs. Correlations included the correlation
coefficient of determination (D%) and
correlation coefficient (r) values. The obtained
values were compared with the transgression
probabilities for the thresholds of 5%, 1% and
0.1%.




RESULTS AND DISCUSSIONS

The influence of climatic factors on soybean
products. From a climatic point of view,
A.R.D.S. Pitesti is located in an area with a
specific climate. Temperatures and precipita-
tions were recorded from May to September
2022 to track their influence on soybean plants.
The climatic conditions during the experiment
period (Table 2) were differentiated both in
terms of temperatures, but especially in the
amount of precipitation recorded from one

month to another. During the first period of
vegetation, the temperatures were close to
normal, after which, during the summer, the
recorded values were 2-3°C higher.

The temperatures exceeded the multiannual
values recorded by 1.4°C compared to normal
(N) one. During the soybean vegetation period,
1538.8°C was accumulated, active temperatures
(Ztn >10°C).

Regarding the precipitation regime, it was
found that the values in May, July and
September were close to normal.

Table 2. Evolution of climatic factors in soybean vegetation

Month Temperatures, th’C Precipitations, mm ETP™
N* 2022 + >tn®> 10°C N* 2022 + mm
May 16.3 17.1 0.8 81 77 -4 33
Jun. 19.5 21.6 2.1 1538.8 94 14 -80 74
Jul. 21.7 23.8 2.1 ’ 81 71 -10 141
Aug. 21.3 23.7 2.4 60 105 45 176
Sep. 16.9 16.5 -0.4 Veg. Per. 53 46 -7 66
+ 19.14 20.54 1.4 138 zile 369 313 -56 490
Although 56 mm less was recorded, evapotranspiration (ETP) and the climatic

nevertheless the volume of rains that fell
mostly covered the needs of the plants. In the
month of June, the precipitation was well
below the normal limit, and in the month of
August, the amount of precipitation recorded
exceeded the normal by 45 mm. The additional
rains in the second summer month led to the
extension of the vegetation period of the plants.
Making a comparison between the plant's need
at an optimal level expressed by potential

factors recorded in the Isa TD variety, a deficit
of it is found at a sufficiently high level.

Soybean productions obtained within the
experiment, Regarding the variants without
chemical fertilizers (Table 3), the productions
obtained according to the new calcium for-
mulations were between 3.51 t/ha in the control
variant and 7.67 t/ha on the Neutrosol 9
amendment.

Table 3. The total soybean biomass formation (t/ha)

Ca/NP No Po Nao Pao Nso Pgo Factors influnce
Check 3.51 4.43 5.59 Maximum growth,
A-Ca powder 4.29 5.14 8.10 5.48 t/ha, 100%
D-Ca powder 6.37 4.56 6.62 Ca
D-Ca granule 6.31 8.99 7.06 4.16 t/ha, 76%
N-Ca powder 7.67 7.24 5.70 NP
Ca NP Ca x NP 2.08 t/ha, 37%
DL1% 1 20 e Ca x NP
DL 0.1 %= 2.24 2.96 6.56 -0.76 t/ha, -13%

In the same conditions, in the variants that were
fertilized with N4oP4o, the productions obtained
were between 4.43 t/ha and 7.24 t/ha, and in the
variant with NgoPgo, the levels were between
5.59 t/ha and 5.70 t/ha.

Considering the influences of the 2 factors, the
maximum increase in biomass obtained was
5.48 t/ha (100%). Ca contributed to this with
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4.16 t/ha (76%), and NP chemical fertilizers
brought an extra 2.08 t/ha (37%). Analyzing the
interaction between the 2 factors, a negative
increase of 0.76 t/ha (-13%) is found.

The causes of the negative interaction of total
soybean biomass was due to a possible antago-
nistic interaction between cations (Table 3).



Table 4. The total pod biomass formation (t/ha)

Ca/NP N(} P(; N4() P4(] Ng() Pgo Factors inﬂunce
Check 2.55 2.82 3.66 Maximum growth,
A-Ca powder 2.90 3.37 5.21 3.44 t/ha, 100%
D-Ca powder 4.38 3.16 4.51 Ca
D-Ca granule 4.43 5.99 4.62 2.87 t/ha, 83%
N-Ca powder 5.42 4.81 3.72 NP
Ca NP Ca x NP 1.11 t/ha, 32%
N "
DL 0.1 %= 2.21 1.21 1.84 -0.54 t/ha, -15%

Taking into account the non-chemically
fertilized variants (Table 4), the pod
productions obtained according to the new
calcium formulations were between 2.55 t/ha in
the control variant and 5.42 t/ha on the
agrofund with Neutrosol 9. In the variants
which were fertilized with N4oP4o, the obtained
yields were between 2.82 t/ha and 4.81 t/ha. In
the same way, the productions obtained in the

variants fertilized with NgoPso, the yields were
between 3.66 t/ha and 3.72 t/ha. The maximum
increase obtained was 3.44 t/ha (100%), and Ca
contributes with 2.87 t/ha (83%), and NP with
1.11 t/ha (32%). If we analyze the interaction
between the 2 factors, there is also a negative
increase of 0.54 t/ha (-15%). It is possible that
this negative range is due to the same relative
antagonism between calcium and phosphorus.

Table 5. The soybean grain biomass formation (t’ha)

Ca/NP No Po Nao Pao Nso Pgo Factors influnce
Check 1.23 1.25 1.53 Maximum growth,
A-Ca powder 1.17 1.79 2.79 1.47 t/ha, 100%
D-Ca powder 2.10 1.47 2.13 Ca
D-Ca granule 222 2.64 2.12 1.41 t/ha, 96%
N-Ca powder 2.58 2.20 1.73 NP
Ca NP Ca x NP 0.30 t/ha, 20%
DL 144 - ot 039 it Cax NP
DL 0.1 %= 1.02 0.53 0.76 -0.24 t/ha’ -16%

The grain yields obtained in the non-chemically
fertilized variants (Table 5), were between 1.23
t/ha in the control variant and 2.58 t/ha in the
variant fertilized with Neutrosol 9. In the
variants where fertilizers of the type were
administered NsoP4 and different types of
amendments, the obtained productions were
between 1.25 t/ha and 220 t/ha. The
productions obtained in the variants fertilized
with NgoPso, depending on the new calcium
formulations, were between 1.53 t/ha in the
control variant and 2.79 t/ha in the variant
fertilized with agrocalcium powder. The

maximum increase resulted was 1.47 t/ha, Ca
contributing 1.41 t/ha, and the NP fertilizer
dose 0.30 t/ha, and in this case their interaction
is negative: -0.24 t/ha.

In the case of the mass of one thousand grains
(MTGQ) the interaction between the two factors
was insignificantly positive at the level of 1 g
(3%) (table 6). Under the same conditions, the
MTG was between 185 and 216 g, resulting in
a maximum increase of 31 g (100%). Calcium
contributed 19 g (61%), and NP chemical
fertilizer with 11 g (36%) (Table 6).
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Table 6. Mass formation of a thousand grains - MTG (g)

Ca/NP Ny Py Nao Pso Ngo Pso Factors influnce
Check 203 209 214 Maximum growth,
A-Ca powder 196 201 206 31 g, 100%
D-Ca powder 204 196 212 Ca
D-Ca granule 196 216 206 19 g,61%
N-Ca powder 185 199 211 NP
Ca NP Ca x NP 11 g,36%
DL5 % = 15 15 27 Cax NP
DLOL %6 B 2 B g 3%

Table 7. Scatter analysis of soybean yield formation

Cause of Sq. total LG Variance, S F test
variability d.w. pods grains MTG d.w. pods grains MTG d.w. pods grains MTG
Rep. 4.80 231 0.55 907 2
A Fact. 45.66 21.73 5.11 579 4 11.41 543 1.276 144.7 12.8* | 6.26* 6.94* 0.70
A Er. 7.12 6.94 1.47 1648 8 0.89 0.868 0.184 206.0
Big Fact. 57.58 30.98 7.13 3134 12
B Fact. 731 1.36 0.382 1241 2 3.65 0.68 0.191 620.7 1.37 1.53 0.022 2.56
AxB 48.78 21.70 6.137 1015 8 6.10 2.71 0.767 126.9 2.30 6.09* 0.090 0.52
B Er. 53.14 8.90 170.5 4846 20 2.66 0.445 8.526 242.3
Small Fact. 109.2 31.96 117.1 7102 30
Total 166.8 62.94 184.2 10236 44

In the case of A factor, through the dispersion
analysis of the data (Table 7), it emerges that
the differences are significantly positive in all
determinations (total biomass, pod biomass and
grain biomass). In the case of factor B,
differences are recorded, but without
significance, and in the case of interactions
between the two factors, significant positive
differences are recorded only in the case of pod
biomass. The following figures (Figures 1-4)
show images of the soybean crop, both in full ds” @ |

vegetation and as a grain appearance. Figure 2. The period of formation of pods

, R D R
Figure 1. The variety Isa at the beginning of flowering Figure 3. The Isa TD variety towards maturity
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L

Figure 4. The grains of the Isa TD variety

The correlations between the production
elements (biomass) are highly significant
positive which means that the variety Isa TD
expressed high values in the experiment
(Table 8).

Among the two types of correlations, the
determination values were between 67% and
98% regarding plant biomass and between
0.1% and 4.2% in the case of the mass of one
thousand grains (MTG).

Table 8. Correlations between the main determinations of soybean plants, variety Isa

Indices Total d.w. Pod number Pod d.w. Grain number Grain d.w. MTG
Total d.w. 1 84.6% .920** 98.1.970 83.4 913 90.8 .953 1.68 .130
Pod number 1 82.8.910 66.3 .814 71.1.844 2.39 .155
Pod d.w. 88.3.940 92.2 .960 0.20 .045
Grain number 1 95.0.975 4.16 -.204
Grain d.w. 1 0.10 -.032

MTG 1
DL 5%=.190, DL 1%=.250, DL 0.1%=.320 ‘

*Correlation coefficient of determination (D%), **correlation coefficient (r)

The obtained data demonstrate that this variety
showed characteristics with a certain high
degree of adaptability in the conditions at the
station.

Correlations were obtained from the mean
values from each repetition. The correlation
between the number of grains and the number
of pods is highly significant positive (Figure 5).
With regard to the technological elements used,
the plant manages to produce as large a number
of pods as possible and to the same extent a
higher number of grains was formed.

The correlation between the number of grains
and the MTG is significantly negative (Figure
6), which demonstrates that at a higher number
of grains, the MTG keeps its relative
uniformity even if it can decrease. This
phenomenon is due to the existence of a genetic
factor that is not very easily changed from a
technological point of view.

From the analysis of the obtained data of the 4
types of biomass, new and valuable aspects of
the Isa TD soybean variety are found (Table 9).
Considering the interaction between the two
experimental factors, the total biomass varied
between 3.51 t/ha in the control and 8.99 t/ha in
the variant with doloflor granules + N4oPao.
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Very significant positive values were found in
the variants with: agrocalcium powder +
NsoPso; doloflor granules + NaoPso; doloflor
granules + NgoPsgo; neutrosol powder; neutrosol
powder + NaoP4o. The pod biomass formed was
between 2.55 t/ha in the control version and
5.99 t/ha in the version with doloflor granules +

N4oP40. On average, the biomass of the grains
was 1.93 t/ha. Thus, from a percentage point of
view, at the level of the whole experiment, the
pods represented 67.22%, the grains 31.59%,
and in the case of the MTG, the statistical
difference was insignificant.

Table 9. Biomass structure of soybean plants, variety Isa TD, depending on the experimental factors

CaCO; NP TOTAL d.w. Pod d.w. %/ total Grain d.w. %/ total MTG
t/ha t/ha t/ha g

No Po 3.51 2.55 72.65 1.23 35.04 203
0 Nao Pao 4.43 2.82 80.06 1.25 28.22 209
Nso Pso 5.59 3.66 65.47 1.53 27.37 214
No Po 4.29 2.90 67.60 1.17 27.27 196
A-Ca pw Nao Pao 5.14 3.37 65.56 1.79 34.82 201
Nso Pso 8.10 5.21 64.32 2.79 34.44 206
No Po 6.37 4.38 68.76 2.10 32.97 204
D-Ca pw Nao Pao 4.56 3.16 69.30 1.47 32.24 196
Nso Pso 6.62 4.51 68.13 2.13 32.18 212
No Py 6.31 4.43 70.21 2.22 35.18 196
D-Ca gr Nao Pao 8.99 5.99 66.63 2.62 29.14 216
Nso Pso 7.06 4.62 65.44 2.12 30.03 206
No Po 7.67 5.32 70.66 2.58 33.64 185
N-Ca pw Ny Pso 7.24 4.81 66.44 2.20 30.39 199
Nso Pso 5.70 3.72 65.26 1.73 30.35 211

MEAN 6.10 4.10 67.22 1.93 31.59 203.60
DL 5% 3.454 0.909 0.409 26.7
DL 1% 4.759 1.282 0.557 37.1
DL 0.1% 6.558 1.837 0.756 52.1

CONCLUSIONS 4. At the mean level, the MTG was 203.6 g

1. The experiment consisted in improving soil
acidity by promoting new formulations with
different but high percentages of calcium. At
the 3 agrofunds of chemical fertilizers of the
NP type: 0 kg/ha, 40 kg/ha and 80 kg/ha per
amendment fund, both a development of the
root system and of the plant biomass was
found.

2. The total biomass of the Isa TD soybean
plant was 5.48 t/ha to which calcium

contributed 76% and NP fertilizer 37%.
Regarding pod biomass, the maximum increase
was 3.44 t/ha, with the influence of Ca being
83% and NP 32%. In the case of grain biomass,
a maximum increase of 1.47 t/ha was recorded,
with Ca contributing 96% and NP 20%.

3. The causes of the negative interaction of the
two factors, in all three determinations, was due
to a possible interaction between the cations.
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with no significance due to the fact that this
trait is genetically controlled and therefore less
variable.

5. Through the dispersion analysis, significant
aspects were demonstrated, which invites the
promotion of new soybean varieties under the
amendment  conditions. The  correlation
obtained between the production elements: the
number of pods/m?> and the number of
grains/m?, the values show positive and
significant links.

6. From the results obtained this year, the Isa
TD variety reacted very favorably due to the
improvement of both soil and plant physiology
in the calcium element.
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Abstract

The experiment was carried out during 2018-2020 in the experimental field of Field Crops Institute - Chirpan with
durum wheat cultivar Progress (Triticum durum Desf.). The influence of 6 antigraminaceous herbicides was tested -
Palace 75 WG (piroxulam) - 250 g/ha; Axial 050 EC (pinoxaden) - 900 mli/ha; Traxos 045 EC (pinoxaden +
clodinafop) — 1.3 ml/ha; Topic 080 EC (clodinafop) - 450 ml/ha; Puma super 7.5 EB (phenoxyprop-ethyl) - 1 ml/ha;
Hussar max WG (mesosulfuron + iodosulfuron) - 250 g/ha. Herbicides were applied at the beginning of stem
elongation stage - during 1*, 2" and 3" stem node stage of durum wheat. The highest grain yield was obtained by
treatment of herbicide Topic during I*' stem node stage of durum wheat, followed by herbicides Puma super, Axial and
Hussar max. During 2" stem node stage of durum wheat, the highest grain yield was obtained by treatment of herbicide
Puma super, followed by herbicides Traxos, Axial and Topic. During 3" stem node stage of durum wheat, the highest
grain yield was obtained by treatment of herbicide Puma super, followed by herbicides Topic and Traxos.
Technologically, the most valuable are herbicides Puma super, Hussar max, Traxos and Palace, applied during I*' stem
node stage; herbicides Hussar max, Topic and Puma super applied during 2" stem node stage and herbicides Hussar
max, Puma super, Topic and Traxos applied during 3" stem node stage.

Key words: durum wheat, herbicides, selectivity, stability, grain yield.
INTRODUCTION crop development (Callens et al., 1996; Imanat,
2002; Campagna and Rueegg, 2006; Tityanov,

Durum wheat (Triticum durum Desf)) is a 2009; Petit et al., 2010; Zhelyazkova et al.,

traditional material for pasta production and is
indispensable in this respect compared to
common wheat (Triticum aestivum L.).

An important factor that significantly affects
the quantity and quality of durum wheat yield
is weeds (Delchev, 2016; 2016a; 2017; 2018;
2018a; 2020). If they are not combated, the
decrease in crop yields due to weed infestation
is on average between 10% and 50%. A
decisive role in this regard is done by the
chemical method of weed control (Buczek et
al., 2007; Nakayama et al., 2010; Gupta et al.,
2011; Lobkov et al., 2012; Delchev, 2019;
2019a; 2021; 2022). This method has
established itself as an important and
fundamental unit in this control.

Chemical weed control in durum wheat is
mainly carried out through tillering stage.
Many studies have been conducted with
herbicides, herbicide  combinations and
herbicide tank mixtures during this stage of
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2016). Some of them have been found to
exhibit a phytotoxic effect on durum wheat
grain yield (Kumar et al., 1997; Korres et al.,
1999; Holm et al., 2000; Cacak-Pietrzak et al.,
2008; Delchev and Georgiev, 2015; 2015a;
Georgiev and Delchev, 2016).

Due to wvarious reasons (meteorological,
financial, organizational), chemical weed
control may be delayed and it may be necessary
to conduct it during stem elongation stage of
durum wheat (Delchev, 2006). In the presence
of secondary weed infestation, especially in
seed crops, it is necessary to apply herbicides
also during this later stage. There is insufficient
data regarding the impact of herbicides applied
late in the growing season of durum wheat on
its productivity. Their influence on grain yield
requires further investigation. This will lead to
improvements in weed control in durum wheat,
particularly secondary weed infestation in this
crop.



The aim of the present study is to investigate
the selectivity and stability of the actions of
some antigraminaceous herbicides applied
during the stem elongation stage of durum
wheat.

MATERIALS AND METHODS

The experimental work was carried out during
2018-2020 under non-irrigated conditions of
the leached wvertisol soil type on the
experimental field of Field Crops Institute -

Chirpan. The experiment was carried out with
durum wheat cultivar Progress (Triticum durum
Desf.). It was carried out according to the block
method (Dimova et al., 1999), in 4 repetitions
with a harvest plot size of 15 m?.

The influence of 6 antigraminaceous herbicides
was tested. The active substances and doses of
the studied herbicides are shown in Table 1.
Due to their poor adhesion, the herbicides
Palace and Hussar max were applied together
with the adjuvants Dasoil - 500 ml/ha and
Biopower - 250 ml/ha, respectively.

Table 1. Investigated variants

Ne Herbicides Active substances Doses

1 Control - -

2 Palace 75 WG piroxulam 250 g/ha
3 Axial 050 EC pinoxaden 900 ml/ha
4 Traxos 045 EC pinoxaden + clodinafop-propargyl 1.30 I/ha
5 Topic 080 EC clodinafop-propargyl 450 ml/ha
6 Puma super 7.5 EB fenoxaprop-ethyl 1 I/ha

7 Hussar max WG mesosulfuron + iodosulfuron 250 g/ha

Herbicides were applied at the beginning of
stem node stage - during 1%, 2" and 3™ stem
node stage of durum wheat.

The selectivity of herbicides has been
established through their influence on grain
yield. The math processing of the data was
done according to the method of analyses of
variance (Shanin, 1977; Barov, 1982; Lidanski,
1988). The stability of herbicides for grain
yield with relation to years was estimated using
the stability variances o> and S of Shukla
(1972), the ecovalence W; of Wricke (1962)
and the stability criterion YS; of Kang (1993).

RESULTS AND DISCUSSIONS

The grain yields are a result of the combined
effect of weather conditions over the years and
the selectivity of the studied herbicides (Table
2). The highest grain yield on mean for the
period is obtained by treatment with herbicide
Topic during 1% stem node stage of durum
wheat - 4637 kg/ha, followed by herbicides
Puma super - 4570 kg/ha, Axial - 4547 kg/ha
and Hussar max - 4503 kg/ha. During 2™ stem
node stage of durum wheat, the highest grain
yield is obtained by treatment with herbicide
Puma super 4470 kg/ha, followed by
herbicides Traxos - 4200 kg/ha, Axial - 4157
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kg/ha and Topic - 4157 kg/ha. During 3™ stem
node stage of durum wheat, the highest grain
yield is obtained by treatment with herbicide
Puma super - 4557 kg/ha, followed by the
herbicides Topic - 4487 kg/ha and Traxos -
4353 kg/ha. The lowest grain yields are
obtained with the herbicide Palace, especially
by treatment during 3" stem node stage - 3787
kg/ha.

When using the herbicides Palace, Axial,
Traxos, Topic, Puma super and Hussar max
during 1* stem node stage of durum wheat, the
mean yield increase is 118.8% over the control.
When using these herbicides during 2™ stem
node stage of durum wheat, the mean increase
in yield is 112.8% over the control. When using
the six herbicides during 3 stem node stage of
durum wheat, the mean increase in yield was
114.7% over the control.

This means that by treatment during stem
elongation stage, the selectivity of the
herbicides in regard to durum wheat is highest
during the 1* stem node stage, followed by the
3 stem node stage. The selectivity is lowest by
treatment during 2™ stem node stage. This fact
is important when, in the presence of secondary
weed infestation, it is necessary to done a late
treatment with herbicides of durum wheat seed
Ccrops.



Table 2. Influence of some herbicides on grain yield of durum wheat during stem elongation stage (2018-2020)

Mean
Tr:;t;:m Herbicides 2018 2019 2020 Factor B
kg/ha % kg/ha % kg/ha % kg/ha %
Control 6140 100 3400 100 1570 100 3703 100.0
Palace 4740 77.2 4320 127.0 3480 221.7 4180 112.9
Axial 6130 99.8 3710 109.0 3800 242.0 4547 122.8
1%t stem node Traxos 5180 84.4 3290 96.8 3420 217.8 3963 107.0
stage Topic 6120 99.7 4110 121.0 3680 2344 4637 125.2
Puma super 5330 86.8 4420 130.0 3960 252.2 4570 123.4
Hussar max 5310 83.6 4390 129.0 3810 242.7 4503 121.6
Palace 5220 85.0 4680 138.0 2450 156.1 4117 111.2
Axial 5540 90.2 3260 95.9 3670 233.4 4157 112.3
2™ stemnode  Traxos 5480 89.3 3930 116.0 3190 203.2 4200 113.4
stage Topic 5470 89.1 4010 118.0 2990 190.4 4157 112.3
Puma super 5350 87.1 4130 121.5 3930 250.3 4470 120.7
Hussar max 5110 83.2 3700 108.8 3040 193.6 3950 106.7
Palace 5650 92.0 4140 121.8 1570 100.0 3787 102.3
Axial 5550 90.4 3610 106.2 3250 207.0 4137 111.7
39dstemnode  Traxos 6250 101.8 3710 109.1 3100 197.5 4353 117.6
stage Topic 6180 100.7 4140 121.8 3140 200.0 4487 121.6
Puma super 5450 88.8 3830 112.6 4390 279.6 4557 123.1
Hussar max 5820 94.8 3690 108.5 2970 189.2 4160 112.3
Mean
Factor A 5594 - 3906 - 3333 - -
LSD, kg/ha:

F.A p<5%=81 p<1%=107 p<0.1%=138

F.B Pp<5%=204 p<1%=204 p<0.1%=348

AxB p<5%=353 p<1%=486 p=<0.1%=603

Analysis of variance for grain yield (Table 3)
shows that the years have the highest influence
on grain yield - 80.5% on the variants. It is
determined by the unequal reaction of the
variants to the change in the environmental
conditions. The reason is the large differences
in the meteorological conditions during the
three years of investigation. The strength of

influence of herbicides is 3.9%. The influence
of years and herbicides is very well proven at p
< 0.1%. There is an interaction between
herbicides and meteorological conditions of
years (A x B) - 12.5%. It is very well proven at
p < 0.1%. The influence of tract of land, i.e. of
soil fertility is 0.3%. It is well proven at p <
1%.

Table 3. Analysis of variance for grain yield

o Degrees of Sum of Influence of Fisher's Level of
Source of variation Mean squares . L
freedom squares factor, % criterion significance
Total 170 1956478 100 - - -
Tract of land 2 6390 0.3 3195.0 6.6 K
Variants 56 1896644 96.9 33868.6 70.9 kK
Factor A - Years 2 1575208 80.5 787604.0 1650.0 HEE
Factor B - Herbicides 18 77666 3.9 4314.8 9.0 kK
AxB 36 343770 12.5 7471.4 14.2 Hoxk
Pooled error 112 53444 2.7 477.2 - -
*p<5%;  **p<l%;  ***p<0.1%.

Based on proven herbicide x year interaction, it
was evaluated stability parameters for each
herbicide for grain yield of durum wheat with
relation to years (Table 4). It was calculated the

stability variances oi* and Si* of Shukla, the
ecovalence W; of Wricke and the stability
criterion Y'S; of Kang.
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Table 4. Stability parameters of some herbicides for grain yield with relation to years

Treatment stages Herbicides X o S Wi YS;
Control 3703 15067.7** -118.5 27676.3 -7
Palace 4180 6091.1%* 429.8 11613.1 8+
Axial 4547 14181.6%* 6179.8%* 26806.6 1
1% stem node  1raxos 3963 5026.1%* 9202.7%* 9707.2 10+
stage Topic 4637 6060.0%* 6617.9%* 7942.6 -4
Puma super 4570 2109.1* 2944.5* 4487.2 16+
Hussar max 4503 7473.8%** -107.4 14087.4 13+
Palace 4117 265.5 0.5 1286.3 -1
Axial 4157 23808.4*%*  48010.5%* 43317.6 -5
2"d stem n()de Traxos 4200 78273** 158181** 147020 -1
stage Topic 4157 -141.8 141.3 459.2 10+
Puma super 4470 1288.5 2827.0 3018.9 6+
Hussar max 3950 1478.6* 121.5 3359.1 13+
Palace 3787 2740.1%* -368.2 5616.4 0
Axial 4137 5176.5%* 12625.7%* 17134.0 -4
3" stem node  Traxos 4353 236.4 674.0 1136.2 5+
stage Topic 4487 8081.5%* 368.7 15175.4 5+
Puma super 4557 4711.2%* 686.2 9143.7 7+
Hussar max 4160 14865.0%* 13922.3%** 27313.5 11+
Mean 4278 4.2
LSD (p=0.05) 171

Stability variances (ci* and Si?) of Shukla,
which recorded respectively linear and
nonlinear interactions, unidirectional evaluate
the stability of the variants. These variants
which showed lower values are considered to
be more stable because they interact less with
the environmental conditions. Negative values
of the indicators oi* and S;? are considered 0. At
high values of either of the two parameters - ;>
and S;, the variant are regarded as unstable. At
the ecovalence W; of Wricke, the higher are the
values of the index, the more unstable is the
variant.

On this basis, using the first three parameters of
stability, it is found that by treatment during Ist
stem node stage, the six tested herbicides
exhibited high instability. Instability is mainly
due to the significant differences in grain yields
in these variants over the years of experience,
as the weather conditions are most affected. In
herbicides Axial, Traxos, Topic and Puma
super there is instability of linear and non-
linear type - proven values of o’ and S{. At
them, the values of stability variances o> and
S according to Shukla and of equivalence of
Wricke W;jare high and mathematically proven.
In herbicides Palace and Hussar max there is
only linear type instability - the value of o is
proven and the values of Si? are unproven.

223

By treatment during 2" stem node stage high
instability exhibits herbicides Axial, Traxos
and Hussar max. In herbicides Axial and
Traxos there is instability of linear and non-
linear type - proven values of o and S?. In
herbicide Hussar max there is only linear type
instability - the value of o is proven and the
values of S;? are unproven. Herbicides Palace,
Topic and Puma super are stable by treatment
during 2" stem node stage of durum wheat.

By treatment during 3rd stem node stage high
instability exhibits herbicides Palace, Axial,
Topic, Puma super and Hussar max. In
herbicides Axial and Hussar max there is
instability of linear and non-linear type -
proven values of o’ and Si. In herbicide
Palace, Topic and Puma super there is only
linear type instability - the value of i is
proven and the values of Si? are unproven.
Herbicide Traxos are stable by treatment during
3" stem node stage of durum wheat.

To evaluate the complete efficacy of each
herbicide should be considered as their effect
on grain yield of durum wheat and their
stability - the reaction of durum wheat to this
herbicide  during the years. Valuable
information about the value of technologic
value of the variant give the stability criterion
YS; of Kang for simultaneous assessment of



yield and stability, based on the reliability of
the differences in yield and variance of
interaction with the environment. The value of

this criterion is experienced that using
nonparametric  methods and  warranted
statistical differences we get a summary

assessment aligning variants in descending
order according to their economic value.
Generalized stability criterion YSi of Kang,
taking into accounts both the stability and value
of yields gives high assessments of herbicides
Puma super, Hussar max, Traxos and Palace,
applied during 1% stem node stage; of
herbicides Hussar max, Topic and Puma super,
applied during 2™ stem node stage and of
herbicides Hussar max, Puma super, Topic and
Traxos applied during 3™ stem node stage.
These variants are the most valuable from the
viewpoint of durum wheat cultivation
technology. They combine high values of grain
yield and relatively good stability of this
indicator in different years.

Negative assessments are given to the control,
herbicide Topic applied during 1% stem node
stage; herbicides Palace, Axial and Traxos
applied during 2" stem node stage and
herbicide Axial applied during 3™ stem node
stage. These variants combine lower values of
grain yield and low stability of this indicator in
different years.

CONCLUSIONS

The highest grain yield was obtained by
treatment of herbicide Topic during 1% stem
node stage of durum wheat, followed by
herbicides Puma super, Axial and Hussar max.
During 2™ stem node stage of durum wheat,
the highest grain yield was obtained by
treatment of herbicide Puma super, followed by
herbicides Traxos, Axial and Topic.

During 3™ stem node stage of durum wheat, the
highest grain yield was obtained by treatment
of herbicide Puma super, followed by
herbicides Topic and Traxos.

Technologically, the most valuable are
herbicides Puma super, Hussar max, Traxos
and Palace, applied during 1* stem node stage;
herbicides Hussar max, Topic and Puma super
applied during 2™ stem node stage and
herbicides Hussar max, Puma super, Topic and
Traxos applied during 3™ stem node stage.
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Abstract

Wheat plants are subject to the impact of a complex of pathogenic agents, which include over ten species of diverse
etiological and pathological nature, as key objects of economic importance, that annually cause serious damage, such
as: Ustilago tritici; Tilletia caries; T. foetida; Puccinia recondita; P. glumarum; P. graminis; Erysiphe graminis;
Fusarium graminearum; Septoria tritici, S. graminum; Helminthosporium tritici-repentis. The fungicidal remedies
Camporo 25 EC, Custodia 320 SC and Sizaro ES fungicides have been tested against the diseases detected in winter
wheat plantations. The efficiency of these new remedies with anti-fungal action was proved depending on the doses
applied and the severity of the disease, as compared with the standard control. Camporo 25 EC and Custodia 320 SC,
Sizaro ES fungicides are recommended as efficient chemical products in the integrated protection system of winter
wheat. The frequency and intensity of the attack of pathogens, in 2021-2022, ranged between 10 and 45%, depending
on environmental factors, and the biological efficiency of the new remedies tested on experimental plots as fungicides
was 90-93%, at the level of the standard variant, comparing the variants and doses applied.

Key words: wheat grain; fungicides; disease, integrated protection system, biological control.

INTRODUCTION plants, detected practically in all phenological
stages of growth and development (Moraru,
The exploration of  autumn cereal 2007; Starodub & Gheorghiev, 2008; Starodub
agroecosystems includes various objectives etal., 2013).
with indisputable value, to ensure the high Of particular importance in the cultivation of
productivity and quality of caryopses, winter wheat are the key diseases, which
cultivated in various agricultural production  appear consecutively throughout the growing
systems, on areas specialized for the cultivation season of plants caused by environmental
of field crops, which can be affected by the  conditions, some agrotechnological neglect and
instability of climatic conditions of the the sensitivity of wheat varieties and cultivars.
Republic of Moldova. Annually, various  Overall, the consequences of the severity of
damages, in terms of phytosanitary indices, and attack of pathogens causing different diseases
losses of biological and agricultural production  on the vegetative organs, seriously favour the
caused by the influence of the favourable  premature drying of the foliage, resulting in the

impact of weather conditions on the develop-  reduction of photosynthesis, the retardation of
ment of complexes of harmful organisms, as growth, the formation of tiny, underdeveloped
parasitic agents, are reported for these crops. caryopses, ultimately causing lower produc-

Special attention should be paid and detailed  tivity of the crop. Therefore, the foliage and the
research should be conducted on cereal crops in ~ generative organs of cereal plants are subject to
impact with pathogenic agents, which cause  the attack of a complex of pathogenic agents,
specific diseases, with various pathological which includes several dozen species of diverse
etiologies and serious consequences on wheat  etiological and pathological nature, noted as
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key invasive objects of economic importance
that cause great damage to various cereal crops
including and winter wheat, such as: Ustilago
tritici, Tilletia caries, T. contraversa, T. indica,
Puccinia recondita, P. glumarum, P. anomala,
Blumeria graminis f. sp. tritici and hordei,
Septoria tritici, Septoria  graminum  and
Septoria nodorum, Helminthosporium
gramineum, Helminthosporium teres etc. (Oroian
& Florian, 2006; Badarau, 2009; 2010).

The complex of protection measures for winter
wheat provides for the use of all the available
technological means to create unfavourable
conditions for the development of pathogenic
agents. Chemical treatments applied during the
growing season are also very important in
controlling the diseases that affect leaves and
ears of wheat. The correct use of approved
fungicides, by applying them at the optimal
time and in doses tested during a detailed
research, ensures a high effectiveness in
combating the mentioned diseases (Badarau et
al., 2013; Badarau & Nicolaesc, 2013).

Based on these facts, the purpose and
objectives of the research carried out in 2021-
2022 estimate the comparative studies on some
associations of pathogenic agents in the winter
wheat crop that trigger serious diseases in order
to develop and implement new chemical
treatments in the integrated plant protection
system. New phytosanitary products, with a
complex range of fungicidal action, were
researched and tested to establish the biological
efficiency of the products, as new remedies in
combating pathogens, such as: Erysiphe
graminis, Puccinia recondita, Septoria tritici,
Dreschlera tritici-repentis, Fusarium
graminearum and Cladosporium herbarum,
under the conditions of cereal agrocenoses on
productive sectors of the "Razagro-Prim"
Production Association, the central area of the
Republic of Moldova, Razeni commune,
Ialoveni district.

MATERIALS AND METHODS

The success of the chemical control of diseases
in autumn cereals, within the framework of
intensive cultivation technologies, calls for the
correct determination of the dates for applying
treatments by using highly effective fungicides,
the widening of the assortment of approved
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chemical preparations, which are harmless to
the environment. Since it is necessary to mini-
mize productivity losses, it becomes necessary
to develop effective crop protection measures
that would reduce the intensity of diseases and
the damage caused, using a minimum number
of chemical treatments and doses of remedies.
Thus, the testing of the biological efficiency of
some new phytosanitary products with fungi-
cidal action on the key diseases of winter wheat
were the reason behind the goal and the main
objective of the research carried out by us
(Gulii Pamujac, 1992; Badarau, 2010; Badarau
etal., 2013).

The research carried out as part of the State
Testing Program of Skway Xpro control-
standard preparations in comparison with the
new product Cezaro ES, Camporo 25 EC and
Custodia 320 SC on the pathogenic fungi,
Puccinia  recondita,  Erysiphe  graminis,
Septoria tritici, Dreschlera tritici-repentis,
Fusarium graminearum and Cladosporium
herbarum was conducted on the territory of
"Rézagro-Prim" Production Association,
[aloveni district, during the growing seasons of
2019-2021-2022. Territorially, this association
owns an area of over 720 ha of arable land.
According to the humidity and temperature
conditions, the territory of the "Razagro-Prim"
Agricultural Production Association is part of
the 2" agroclimatic district of the Republic of
Moldova and is characterized by a sum of
3200-3300°C, and the hydrothermal coefficient
is 0.7-0.9. The average monthly positive air
temperature is maintained during 9 months (03-
11). According to multiannual data, late frosts
may occur until the middle of May. Average
daytime temperatures higher than 10°C are
recorded over about 180 days. The amount of
precipitation is 340-440 mm, of which 70 mm
falls in June.

The results of the surveys carried out in several
years have proven that, on the territory of
"Razagro-Prim" P.A., the conditions are very
favourable both for the cultivation of winter
wheat and for the development of a complex of
pathogenic fungi with serious impact, such as:
loose smut - Ustilago tritici; bunt - Tilletia
caries, Tilletia foetida; brown rust - Puccinia
recondita; yellow rust - Puccinia glumarum;
black rust - Puccinia graminis; powdery mildew
- Erysiphe graminis; fusarium head blight -



Fusarium graminearum; blotch - Septoria tritici,
Septoria graminum; yellow spot - Drechslera

tritici-repentis and cladosporiosis -

Cladosporium herbarum.

Table 1. The scheme of the experiment for testing the biological efficiency
of the fungicide Sizaro EC in combating fungal diseases in winter wheat

Ne | Variants of the experiment Active ingredient Harmful organisms Method of
use
1. | Untreated (control) Treated with water 1. Erysiphe graminis; Two
2. | Standard Skway Xpro - 1.25 | tebuconazole, 100 g/l + 2. Puccinia recondite; treatments per
1/ha prothioconazole, 100 g/ + 3. Septoria tritici; growing
bixafen, 75 g/l 4. Pyrenophora tritici-repentis; season
3. | Sizaro - 0.8 I/ha prothioconazole, 125 g/l + 5. Fusarium graminearum;
4. | Sizaro - 1.0 I/ha tebuconazole, 125 g/l 6. Cladosporium herbarum.
5. | Standard Nativo Pro 325 Treated with water 1. Erysiphe graminis; Two
SC-0.7 I/ha 2. Puccinia recondita ; treatments per
6. | Custodia 320 SC - 0.6 I/ha prothioconazole, 175 g/ 3. Septoria tritici; growing
trifloxystrobin, 150 g/1 4. Pyrenophora tritici repentis. season
7. | Camporo 25 EC - 0.8 I/ha pyraclostrobin, 170 g/l +
prothioconazole, 170 g/l

> e e

Figure 1. The experimental area with separate plots for
testing the new fungicides, “Vatra-Razaseasca” P.A.,
Taloveni District, 2021-2022

Figure 2. Two treatments carried out consecutively in
various phenological stages on experimental plots
“Vatra-Razdseascd” P.A., 2021-2022

Figure 3. Phytosanitary surveys and collecting samples
for laboratory analyses, 2021-2022

Phytosanitary surveys in the areas planted with
winter wheat were carried out from the fall of
2019 to 2022, where we found that in the
investigated experimental sector of the
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"Rézagro-Prim" P.A., significant reserves of
infection were detected in the soil, for the
primary and secondary inoculation on plant
organs, and the environmental conditions had
favourable impact on them. For cereals planted
in autumn, including wheat, the treatments,
during the growing season, are applied
according to prognoses and warnings, but more
frequently they are used according to the
phenological criteria and the severity of attack
by pathogens and symptoms of the detected
diseases.

The experiments made in the framework of the
state testing of the fungicides Cezaro EC,
Camporo 25 EC and Custodia 320 SC were
carried out on the winter wheat cultivar
Odesscaia-269, which is vulnerable practically
to all the key diseases of cereal plants. The
experiment was started on 09.04.2021,
according to the Latin rectangle method (Figure
1). Each variant included four replications. Plot
sizes for each replication were 25 X 2m
(50 m?). The experimental plots were separated
by paths of 0.4 m width, to avoid overlapping
of the tested solution from one variant to
another. The numbers of variants and
replications were indicated with paint on
boards installed in front of each plot. The plants
were treated by spraying the solution with a
portable sprinkler at windless morning hours
(Table 1, Figures 1-3). On the experimental
sector, two treatments were successively
applied at an interval of one month (April 26-
May 25) in the stem elongation and heading



stages. The phenological observations and the
phytosanitary surveys of the development of
the diseases detected in the plants grown on the
experimental  sector, as well as the
determination of the biological efficiency of the
treatments, with the remedies mentioned in
Table 1, in different variants and recommended
doses, were carried out periodically according

to  the requirements indicated  by:
“Methodological ~ guidelines  for  testing
chemical and biological plant protection

products against pests, diseases and weeds in
the Republic of Moldova” (2002) and
“Methodological guidelines for state testing of
chemical and biological products for the
protection and growth stimulation of
agricultural and forestry plants in the Republic
of Moldova” (2012). The determination of
diseases was carried out by visual and
microscopic analysis, according to classic and
new guidelines. The surveys to determine the
severity of infection with powdery mildew,
brown rust, blotch, blight and reticulated leaf
spot were carried out according to unanimously
accepted methods (Badarau & Bivol, 2009;
Bédarau et al., 2013). Samples were taken 3
times during the growing season, collecting by
ten plants from each individual plot, gathering
them in labeled bundles, which were then
analyzed in the laboratory
(https://date.gov.md/ro/system/files/resources/2
014-06/Catalog_2021.pdf.)

To determine the severity of diseases by
variants and repetitions, plant samples were
collected and then analysed in the laboratory.
The phytopathological research revealed the
causes of the diseases, the frequency (F%) and
the intensity of development (I%). Disease
frequency (F%) represents the relative value of
the number of affected plants or organs (n) per
total number of analysed plants or organs (N)
and is determined according to the formula:

F%=nx 100
N
Disease intensity (I%), which indicates the
percentage to what extent a plant or organ was
affected. To calculate the qualitative index of
the disease intensity, the following formula was
used:

%= 1)+ (M. 2)+(n3.3)+ (n4 4),
Nx4
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where: n;, na, n3, ny - the number of plants or
organs affected at the respective grade; N - the
total number of examined plants or organs; 4 -
the maximum grade of the scale.

Different scales are used to render the intensity.
In our experiments, the scale with 4 grades was
used to denote the disease intensity, which
corresponds to certain intervals that express the
percentage of the affected area, namely: O -
visible symptoms are absent; 1 - the affected
area is up to 10% of the leaf blade; 2 - the
affected area is from 10 to 25%; 3 - the affected
surface is from 25 to 50%; 4 - more than 50%
of the surface of the organ is affected.

The biological efficiency of the tested
fungicides on leaf diseases of winter wheat was
calculated according to the formula:

I.d-le.
B.i% =— x 100

Ld.

where: B.i. - biological efficiency; I.d. - the
intensity of disease development in the control;
Le. - the intensity of disease development in
the experimental variants;

RESULTS AND DISCUSSIONS

The reduction of the damage caused by
diseases in winter wheat plantations is achieved
by applying a complex system of measures,
which involves the use of all possibilities to
prevent the attack of pathogens, starting with
crop rotation, the use of healthy seeds, the
correct application of soil cultivation
techniques, sowing at the recommended timing
and depth, the rational use of fertilizers, weed
control and phytosanitary treatments with
approved phytosanitary products, aimed at
reducing the degree of attack by numerous
pathogens, such as: Blumeria graminis f. sp.
tritici, Puccinia recondita, Pyrenophora tritici-
repentis, Septoria tritici, Septoria graminum,
Septoria nodorum, Cladosporium herbarum
Fusarium graminearum etc.

The agroclimatic conditions in the Central area
of the Republic of Moldova during the period
of research and active growth, 2020-2022, were
extremely favourable for the primary infection
and the active dynamic evolution of the
manifestation and expansion of powdery



mildew, blotch, rusts and helminthosporiosis
on the leaves and spikelets of wheat autumn
and other associated diseases, which seriously
affected the plants throughout the growing
season, under the favourable influence of
environmental factors.

The results of the preliminary and current
phytosanitary surveys carried out on the winter
wheat sectors indicated that, in the investigated
experimental sector of the "Razagro-Prim"
P.A., significant reserves of primary and
secondary inocula caused by fungal infections
were detected, which caused the development
of diseases throughout the growing season of
the wheat crop, and the respective diseases with
certain values of frequency and intensity of the
attack of phytopathogenic agents are reported
in Table 2, Figure 4. From the spectrum of
diseases detected according to the frequency
and intensity of the attack on wheat plants,
especially on the vegetative organs, powdery
mildew - Erysiphe graminis was the most
common, being followed by blotch - Seproria
tritici, Septoria graminum; rust - Puccinia
recondita, Puccinia anomala; yellow-spot -
Pyrenophora tritici-repentis; fusarium head
blight - Fusarium graminearum; cladosporiosis
- Cladosporium herbarum, mentioned in
consecutive descending order according to the
values of the impact indices reported during the
testing period. In this context, testing the
biological efficiency of the preparations Cezaro
EC, Camporo 25 EC and Custodia 320 SC,
with complex antifungal action against the
main diseases affecting winter wheat, was the
main goal and objective of the research carried
out by us, together with the preventive
determination of the phytosanitary status and of
the economic damage threshold. The
environmental conditions also contributed to a
faster growth of winter wheat as well as the
outbreak of the estimated specific diseases.
According to the research-testing program,
comparing variants and doses, individually for
each disease, treatments were applied by
spraying, at the same time intervals.

The comparative results of the experimental
values obtained regarding the testing of the
biological efficiency of the products Sizaro EC
Camporo 25 EC and Custodia 320 SC, as
fungicides against the pathogenic fungi
Erysiphe  graminis,  Puccinia  recondita,
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Septoria tritici, Dreschlera tritici-repentis,
Fusarium graminearum and Cladosporium
herbarum are estimated in Table 2 and Figure
4.

25

20

15
- 1l
0 [T Il i Dusns

Et.Skyway Sizaro, EC-0,8 Sizaro, EC-1,0
Xpro-1,25 I/ha I/ha I/ha
W Powdery mildew
Helminthosporiosis
M Fusarium blight

Untreated
control

W Brown rust
M Blotch

Figure 4. Comparative attack frequency by variants:
untreated control, standard variant and the new tested
fungicide Sizaro EC (as example)

Table 2. The results of the survey on the severity of
diseases in winter wheat, central area of R. Moldova

2021-2022
Disease Pathogen F% | I%
Powdery mildew Erysiphe graminis 44.1 | 285
Blotch Septoria tritici, 384 | 20.7
Brown rust Puccinia recondita 345 | 14.0
Yellow spot Dreschiera tritici- 264 | 147
repentis,

Fusarium blight Fusarium graminearum 224 | 122

Cladosporiosis Cladosporium
— black spot herbarum 201\ 10.7

Note: F% - frequency, 1% - intensity

The indices of the untreated control, where the
frequency of the pathogenic attack and the
intensity of the development of the diseases are
indicated individually, present the following
results: the frequency of the attack varied from
7.3% - fusarium blight to 22% - brown rust,
and the intensity of the development of the
diseases from 4.4% - fusarium blight up to
20.3% - brown rust, thus, all of them advanced
within the limits from 4% to 20%. Based on the
indices of the untreated control, in the treated
variants, the above-mentioned fungicides were
applied by spraying, as well as the standard
fungicide Skway Xpro - to evaluate
comparatively the biological efficiency in




winter wheat. Practically all the tested remedies
reached the same values as the standard variant
92.5% (Table 3, Figure 5).

As a result of the treatment of the experimental
plots with the fungicides Cezaro EC Camporo
25 EC and Custodia 320 SC, the intensity of
development of powdery mildew - Erysiphe
graminis decreased from 10.7% in the untreated

control to 1.0% after applying the first dose and
0.8% -after the second, and 0.7% after applying
the standard fungicide (Skway Xpro EC 275 -
1.25 1/ha), and the biological efficiency of
fungicides in combating the fungus Blumeria
graminis f. sp. tritici in winter wheat was
90.6-92.5%, in comparison with the standard -
93.5%.

Table 3. Establishing the comparative biological effectiveness of the fungicides Sizaro EC,
Camporo 25 EC and Custodia 320 SC, comparatively, by doses, in combating pathogenic fungi
on the experimental sector planted with winter wheat, “Vatra-Razaseasca” P.A., 2021-2022

(’;’ Variants of the experiment Frequency of attack, % Intensity of development | Biological
’ of diseases, % efficiency,
%
Powdery mildew - Erysiphe graminis
1 | Untreated control 19.4 10.7 0.0
2 | Et. Skway Xpro — 1.25 l/ha 4.4 0.7 93.5
3 | Sizaro EC — 0.8 I/ha 52 1.0 90.6
4 | Sizaro EC — 1.0 I//ha 4.7 0.8 92.5
5 | Camporo 25 EC — 1.0 I//ha 4.6 1.0 91.8
6 | Custodia 320 SC -1.0 I/ha 4.7 0.9 92.6
Brown rust - Puccinia recondita
1 | Untreated control 20.0 14.3 0.0
2 | Et. Skway Xpro — 1.25 l/ha 3.1 1.3 90.9
3 | Sizaro EC — 0.8 I/ha 4.0 1.6 88.8
4 | Sizaro EC — 1.0 I//ha 2.9 1.1 92.3
5 | Camporo 25 EC — 1.0 I//ha 32 1.2 90.6
6 | Custodia 320 SC — 1.0 I//ha 2.9 1.0 89.7
Helminthosporiosis - Pyrenophora tritici-repentis
1 | Untreated control 17.1 11.5 0.0
2 | Et. Skway Xpro — 1.25 l/ha 24 1.0 91.3
3 | Sizaro EC — 0.8 I/ha 33 1.3 88.7
4 | Sizaro EC — 1.0 I/ha 2.2 0.9 92.2
5 | Camporo 25 EC -\ 1.0 I//ha - 2.5 1.2 91.6
6 | Custodia 320 SC — 1.0 I//ha 2.3 1.1 90.8
Blotch - Septoria spp.
1 | Untreated control 16.8 9.1 0.0
2 | Et. Skway Xpro — 1.25 I/ha 2.1 0.8 91.2
3 | Sizaro EC - 0.8 I/ha 2.5 1.0 89.0
4 | Sizaro EC — 1.0 I/ha 2.0 0.7 92.3
5 | Camporo 25 EC — 1.0 //ha 2.2 1.1 90.8
6 | Custodia 320 SC — 1.0 I//ha 2.4 0.9 91.4
Fusarium blight - Fusarium graminearum
1 | Untreated control 7.3 4.4 0.0
2 | Et. Skway Xpro — 1.25 l/ha 2.0 0.6 86.4
3 | Sizaro EC — 0.8 I/ha 2.2 0.7 84.1
4 | Sizaro EC — 1.0 I//ha 1.9 0.5 88.6
5 | Camporo 25 EC — 1.0 I//ha 2.3 0.8 87.3
6 | Custodia 320 SC — 1.0 1//ha 22 0.7 86.6

As for the fungus Puccinia recondita the
highest values were recorded in the untreated
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control, with the frequency of the attack of
20.0%, and the intensity of development of the



disease of 14.3%. Among the treated variants,
the frequency of the attack of brown rust was
3.1% in the standard variant (Skway Xpro- 1.25
I/ha), 4.0% after applying the first dose and
2.9% - after the second. The biological
efficiency of the use of new preparations as
fungicides in combating the fungus Puccinia
recondite in winter wheat was 88.8% and
92.3%, respectively, and 90.9% if applying the
standard fungicide.

95

75 I I II I

Et.Skyway Xpro- Sizaro, EC-0,8 |/haSizaro, EC-1,0 I/ha
1,25 I/ha

0 0
o un

W Brown rust
M Blotch

B Powdery mildew
Helminthosporiosis
M Fusarium blight

Figure 5. The comparative biological efficiency
of the standard and the variant treated with the
fungicide Sizaro EC for all the detected diseases

In the treated variants, the frequency of attack
of helminthosporiosis was 2.4% in the standard
variant - 2.2% and 3.3% in the variants treated
with the new tested fungicides, and the
biological efficiency of the fungicidal
preparations against the fungus Dreschlera
tritici-repentis was high, representing 91.3% in
the standard variant, 88.7% and 92.2% in the
tested variants. As a result of the treatments
with the new remedies, the intensity of
development of blotch in winter wheat
decreased from 9.1% to 0.7%, as compared
with 0.8% in the standard variant, and the
biological efficiency of the treatments with
these preparations applied to combat blotch
was  high, constituting 89.0-92.3% in
comparison with the standard variant - 91.2%.
The values obtained regarding the biological
efficiency of the treatments with the tested
preparations against Fusarium graminearum
and Cladosporium herbarum indicated that in
2022, in the experimental sector, they
developed more poorly. In the absence of the
typical symptom of reddening and blackening
of the wheat ears, the basic survey was carried
out at the end of June (29.06.22) on the
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background of the semi-hidden development of
the disease, where the frequency of attack was
only 7.3%, at the intensity of disease
development was 4.4%. In the experimental
variants, the frequency of fusarium blight was
2.2% in the variants treated with the new
preparations, as compared with 2.0% in the
standard variant. The intensity of the
development of fusarium blight and the
blackening of the wheat ears was reduced by
the applied treatments, constituting 0.6% in the
standard variant and 0.5-0.7% in the variants
treated with the new preparations, and the
biological efficiency of the treatments against
the fungus Fusarium graminearum was 84.1%
and 88.6%, respectively, as compared with
86.4% in the standard variant (Skway Xpro EC
275 - 1.25 V/ha).

The statistical processing of the obtained
results shows that the biological efficiency of
the treatments with the tested preparations in
combating all the diseases detected in the
researched winter wheat plantation, was at the
level of the standard variant in both doses
tested and with high values of biological
efficiency, individually per disease and dose
applied.

CONCLUSIONS

1. The weather conditions in the autumn of
2020 and spring-summer in the growing season
of the years 2021-2022, with the exception of
May and the first days of June, were
unfavourable for the growth and development
of winter wheat, but favourable for the primary
infection and the later evolution of powdery
mildew - Erysiphe graminis, brown rust -
Puccinia recondita, blotch - Septoria tritici,
helminthosporiosis - Dreschlera tritici-repentis,
fusarium blight - Fusarium graminearum,
cladosporiosis -Cladosporium herbarum and
other infectious diseases detected in winter
wheat, cultivated in the central area of the
Republic of Moldova.

2. The comparative results of the research
conducted to establish the biological efficiency
of the treatments with the new remedies such
as: Cezaro EC, Camporo 25 EC and Custodia
320 SC as new fungicides used for winter
wheat, with a wide spectrum anti-fungal action,
indicate a high efficiency of 90-93%, analysed



comparatively by doses and variants, which
were at the level of the control variant -
applying a standard fungicide.

3. Based on the obtained experimental results,
it was proposed to include the tested
preparations: Sizaro EC, Camporo 25 EC and
Custodia 320 SC in the integrated protection
system for winter wheat and in the State
Register of phytosanitary products and
fertilizers, to be applied in doses of 0.8-1.0 1/ha,
two treatments per growing season, in the
critical phases of contamination, according to
the economic damage threshold.
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Abstract

The aim of the study was to determine the amount of crude protein yield and the yield of feed units in the fodder
biomass of six variants of two-component legume-grass mixtures (Lotus corniculatus - Festuca rubra; Trifolium repens
- Lolium perenne,; Trifolium repens - Poa pratensis; Trifolium pretense - Phleum pretense; Medicago sativa - Dactylis
glomerata; Trifolium pretense - Festuca pratensis) that would provide high-quality fodder in the conditions of the
Central Balkan Mountain. The highest crude protein yield is for the mixtures Tr. pratense L. + F. pratensis L. and Tr.
repens L. + P. pratensis L. The legume crop predominated in the regrowths of both variants during the entire
experimental period from 7.4% to 48.4%, respectively, and the ratio of legume:grass in the mixed grass stands was
47.7:40.3% (Tr. pratense L. - F. pratensis L.) and 62.3:13.9% (Tr. repens L.- P. pratensis L.). A proven difference in
crude protein yield was found between Tr. repens L. - P. pratensis L. and M. sativa L. - D. glomerata L. mixtures. The
highest yield of feed units for milk and growth was found in the forage mixture of Tr. pratense L. with Ph. pratense L.

Key words: crude protein; feed unit for milk; feed unit for growth; grass-legume mixtures.

INTRODUCTION

The plant development and the relationships
between species in fodder crops within mixed
crops are a significant factor in the composition
and quality of the grass mass, and the agro-
climatic conditions in the growing region affect
their productive capabilities (Das et al., 2016;
Gasiev et al., 2019). In this sense, the species
selection, the morphological and physiological
features, and the biochemical processes related
to them are essential for the nutritional value of
the obtained fodder (Pavlov, 1996).

Cultivation of perennial legume and grass crops
with high adaptive and productive potential
leads to a permanent increase (by 1.5-2.0 times
more) in the quality and quantity of obtained
fodder (Kurgak, 2010).

On the other hand, multicomponent mixed
grass stands use soil resources more efficiently
(Lipinska et al., 2018; Butenko et al., 2019;
Churkova and Churkova, 2020) through the
improved vertical arrangement of the root mass
in the soil horizons, which allows a more
complete assimilation of nutrients and
formation of longer lasting and highly
productive grass stands (Vasileva and Vasilev,
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2012; Luscher et al., 2014; Kusvuran et al.,
2014).

Perennial grass-legume and grass associations
are a source of environmentally friendly fodder
mass to meet animal food requirements (Chand
et al.,, 2022). The composition of the grass
stands, the digestibility of the crude protein, the
fat, the amount of the fiber fraction and the
nitrogen-free extractives are decisive for the
energy nutritional value of the dry fodder mass.
The inclusion of legume components in mixed
grass stands is an effective method to increase
the values of crude protein in dry matter (Ding
et al., 2014; Cordeau et al., 2017; Churkova
and Churkova, 2021; Naydenova et al., 2022)
which are involved in the equations for
predicting the energy nutritional value of
fodder. The precise establishment of energy
nutrition, which is the main criterion for
modern evaluation of the quality of fodder
determined by the fodder units for milk and
growth (Todorov, 2010) is essential in the
evaluation of fodder.

The aim of the study was to determine the
amount of crude protein yield and the yield of
feed units for milk and growth in the fodder
biomass of six variants of two-component



grass-legume mixtures that would provide
high-quality fodder in the conditions of the
Central Balkan Mountain (Bulgaria).

MATERIALS AND METHODS

The study was conducted at the Research
Institute of Mountain Stockbreeding and
Agriculture, Troyan (Bulgaria), in the period
2014-2016, on light gray, pseudopodzolic soils,
with pHkcL = 4.3.

In the first experimental year (2014), the
average precipitation amounts for the period of
March-October were significantly higher (1046
mm) than normal for the region (664 mm), and
in the third year (2016) by 10.4% lower. The
spring regrowths of the first and third
experimental years were well supplied with a
sufficient moisture amount. In the second
experimental year (2015), the growth of grass
and legume crops took place under
significantly drier conditions and at a higher
average monthly air temperature for the period
of March-October (15.9°C) compared to the
values of the indicator for the first and third
experimental year (14.8°C).

Experimental variants were:

1. Lotus corniculatus L. (cv. Leo) - Festuca
rubra L. (cv. Ryder);

2. Trifolium repens L. (cv. Huia) - Lolium
perenne L. (cv. Belida);

3. Trifolium repens L. (cv. Huia) - Poa
pratensis L. (cv. Sobra);

4. Trifolium pratense L. (cv. Altaswede) -
Phleum pratense L. (cv. Erecta);

5. Medicago sativa L. (local population) -
Dactylis glomerata L. (cv. Loke)

6. Trifolium pratense L. (cv. Altaswede) -
Festuca pratensis L. (cv. Laura).

The experiment was based on the block
method, in 4 replicates with a plot size of 5 m?.
Sowing was done manually, in a scattered way,
with a sowing rate consistent with that of the
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species in a pure crop at a ratio of 50: 50.
Cultivation of the mixtures was without
fertilizing under nonirrigated conditions. The
grass stands were mowed at the beginning of
the blossoming phase of legumes and
tasseling/ear formation for the grasses. In total,
six regrowths were harvested during the
experimental period.

The yield of crude protein (CP, kg/da) and the
yield of feed units (feed unit for milk - FUM
and feed unit for growth - FUG) were
established by the yield of dry matter (kg/da)
and the content of the indicators in 1 kg of dry
matter.

Statistical processing of the obtained results
was performed with ANOVA, LSD test for
statistical significance of differences, standard
deviation and coefficient according to the
variational statistical method (Lidanski, 1988).

RESULTS AND DISCUSSIONS

Competition among species is an essential
factor for the optimal performance of fodder
crops in the grass stand. In this case, the
mixture of Lotus corniculatus L. with Festuca
rubra L. gives a clear idea of a good balance
between the components, which is a
prerequisite for the formation of a highly
productive fodder mass (Figure 1).

Regarding the cenotic activity of the
components in the Medicago sativa L.-Dactylis
glomerata L. mixture, the grass crop prevailed
in the total yield by more than 75% compared
to the legume, which affected the nutritional
value of the grass mass.

According to Bozhanska (2017), the fodder
from the mixture has a low crude protein
content, a high concentration of fibrous
components in the cell walls and the lowest in
vitro digestibility of dry matter (from 0.3% to
13%) compared to the digestibility of the
remaining mixtures included in the experiment.
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Figure 1. Botanical composition (percentage of components
in the grass stand) of perennial grass-legume mixtures, over the years (%)

Lotus corniculatus L. and Trifolium repens L.
are legume crops of high fodder significance
for the Central Balkan Mountain region
(Mihovski and Goranova, 2006; Churkova,
2019), whereas Festuca rubra L. and Poa
pratensis L. are the main structure-determining
grass components in the composition of
mountain grass stands (Mitev and Goranova,
2008; Mitev et al., 2010).

The share of fodder crops in the composition of
perennial mixtures changes with increasing the
age of the grass stand, which affects the quality
and biochemical characteristics of fodder.

The mixed grass stands of Trifolium repens L.
and Trifolium pratense L. with Poa pratensis
L. and Festuca pratensis L., respectively, were
the only ones in which the legume component
predominated in all regrowths during the three-
year experimental period. The ratio of legume
and grass crops in the mixed grass stands of
Trifolium repens L. and Poa pratensis L. was
62.3: 13.9%, and in those of Trifolium pratense
L. and Festuca pratensis L., respectively - 47.7:
40.3%.

The development and composition of perennial
grasses and grass mixtures is related to a
complex of conditions (soil, climate,
agrotechnical, biological, etc.) that have an
impact on their bioproductivity and quality
characteristics. Grass-legume mixtures are

preferred over pure grass stands throughout the
world because they often increase the total
yields of fodder and protein and offer balanced
nutrition (Albayrak et al., 2011).

In the year of sowing, crude protein yield in the
mixed two-component grass stands ranged
from 86.72 kg/da (Trifolium pratense L. -
Festuca pratensis L.) to 114.13 kg/da (Lotus
corniculatus L. -Festuca rubra L.) (Table 1).
The excess in the values of the indicator
compared to the control is from 1.75% to
18.7%. In the second vegetation (2015), when
legume crops reached their maximum
development, mixtures of Trifolium pratense
L., as well as those of Trifolium repens L. with
Poa pratensis L., and Lotus corniculatus L.
with Festuca rubra L., registered from 1.2% to
20.3% higher yield of crude protein compared
to the average value of the indicator (71.65
kg/da). In the third vegetation, the highest yield
of crude protein was found in the mixed grass
stands of Trifolium repens L. with Poa
pratensis L. (139.47 kg/da) followed by Lotus
corniculatus L. with Festuca rubra L. (118.11
kg/da), Trifolium repens L. with Lolium
perenne L. (117.07 kg/da) and Trifolium
pratense L. with Festuca pratensis L. (115.02
kg/da). The excess in the values of the indicator
compared to the control is from 4.8% to 26.8%.
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Table 1. Yield of crude protein (CP) in the biomass of perennial two-component mixtures,
over the years and average for the period 2014-2016 (kg/da)

Variants 2014 2015 2016 2014-2016
Lotus corniculatus L.-Festuca rubra L. 114.13 72.53 118.11 102.97
Trifolium repens L.-Lolium perenne L. 97.83 56.20 117.07 88.71
Trifolium repens L.-Poa pratensis L. 94.75 82.48 139.47 105.30
Trifolium pratense L.-Phleum pratense L. 93.77 80.00 95.70 90.14
Medicago saivta L.-Dactylis glomerata L. 89.68 52.50 74.54 72.45
Trifolium pratense L.-Festuca pratensis L. 86.72 86.21 115.02 95.94
Average 96.15 71.65 109.99 92.59
Min 86.72 52.50 74.54 72.45
Max 114.13 86.21 139.47 105.30
cv 10.0 19.8 20.2 12.8
SD 9.64 14.18 22.23 11.89
LSDo.os 17.6

The highest average yield of crude protein, for
the experimental period, was found in the
mixtures - Trifolium repens L. - Poa pratensis
L. (105.30 kg/da), Lotus corniculatus L. -
Festuca rubra L. (102.97 kg/da) and Trifolium
pratense L. - Festuca pratensis L. (95.94
kg/da) (in the conditions of the Central Balkan
Mountain).

The excess in the values of the indicator
compared to the control is from 13.7%, 11.2%
and 3.6%. The lowest yield values for crude
protein in the second (52.50 kg/da) and third
(74.54 kg/da) experimental year, as well as the
average for the period (72.45 kg/da) was
registered in the mixture of Medicago sativa L.
with Dactylis glomerata L. The values of the
trait are lower by 20.8% compared to the
average for a three-year period (92.59 kg/da)
and by 31.2% compared to the highest average
value of the indicator.

A proven difference in the yield of crude
protein (P < 0.05) was found between the
Medicago saivta L. - Dactylis glomerata L.
mixture and all the other mixed grasses
included in the study (except for the Trifolium
repens L. - Lolium perenne L. mixture).

There is also a proven difference in the yield of
crude protein between the two-component
mixtures of Trifolium repens L.

The amount of the trait in the grass stand with
Poa pratensis L. (105.30 kg/da) is higher than
that in the mixtures with Lolium perenne L.
(88.71 kg/da) and is proportionally dependent
on the higher share of the bean component in
the volume of the grass mass.

The mixtures of Trifolium pratense L. have
close average values of the indicator for the
study period. With more distinct differences in

the yield of crude protein are the variants of the
legume crop in the third growing season. The
crude protein content of the biomass of
Trifolium pratense L. -Festuca pratensis L.
mixture was 20.2% higher compared to that of
Trifolium pratense L. - Phleum pratense L.
(95.70 kg/da).

The soil profile in the experimental area does
not meet the requirements of plants of the
Medicago saivta L species. This is one of the
main reasons for the unsustainable participation
of the leguminous component (a decrease in the
percentage share of the crop was registered by
year) in the mixed with Dactylis glomerata L.
and the formation of forage mass with the
lowest values of crude protein.

The energy value of the fodder mass, expressed
in terms of feed units for milk and growth, is
the main criterion for modern assessment of
fodder quality (Todorov, 1997).

In the first and second experimental years, as
well as on average over the study period, the
fodder mixture of Trifolium pratense L. with
Phleum pratense L. had the highest yield of
feed units for milk and growth (Table 2).
Values of the indicators exceeded the averages
respectively by:

e 8.27% (FUM) and 8.59% (FUG) - in the
first experimental year;

e 24.3% (FUM) and 25.9% (FUG) - in the
second experimental year;

e 9.5% (FUM) and 11.0% (FUG) - on average
for the period 2020-2022.

For the study period, the yield of fodder units
in the fodder mass of the two-component
mixtures - Lotus corniculatus L.- Festuca
rubra L., Trifolium pratense L.- Festuca
pratensis L. and Trifolium repens L.- Poa
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pratensis L. also exceeded the average values
of the indicator by 8.7%, 1.9% and 0.7% (for

FUM) and 8.1%, 1.2% and 0.2% (for FUQG),
respectively.

Table 2. Yield of feed units (FUM and FUG) in the biomass of perennial two-component mixtures,
over the years and average for the period 2014-2016 (MJ/da)

2014 2015 2016 2014-2016

Variants FUM FUG FUM FUG FUM FUG FUM FUG
L. corniculatus L.-F. rubra L. 469.80 | 428.30 | 402.90 | 368.90 | 673.20 | 613.80 | 517.10 | 472.10
Tr. repens L.-L. perenne L. 409.40 | 373.30 | 363.10 | 331.50 | 528.90 | 493.10 | 430.00 | 399.30
Tr. repens L.-P. pratensis L. 456.70 | 415.80 | 384.70 | 358.40 | 586.20 | 525.00 | 479.20 | 437.60
Tr. pratense L.-Ph. pratense L. 476.00 | 43520 | 519.70 | 483.10 | 576.90 | 529.50 | 521.20 | 484.50
M. saivta L.-D. glomerata L. 413.80 | 376.80 | 353.20 | 316.30 | 500.40 | 455.60 | 422.50 | 384.60
Tr. pratense L.-F. pratensis L. 412.10 | 37520 | 485.90 | 444.20 | 563.90 | 514.10 | 484.70 | 441.90
Average 439.63 | 400.77 | 418.25 | 383.73 | 571.58 | 521.85 | 475.78 | 436.67
Min 409.40 | 373.30 | 353.20 | 316.30 | 500.40 | 455.60 | 422.50 | 384.60
Max 476.00 | 435.20 | 519.70 | 483.10 | 673.20 | 613.80 | 521.20 | 484.50
cv 7.1 7.2 16.4 17.2 10.4 10.1 8.8 9.0
SD 31.19 28.82 68.56 65.83 59.19 52.53 41.94 39.19
LSDy.o5 57.5 52.8

In the first experimental year, higher content of
fodder units were registred in comparison with
the average values of the indicators in the dry
matter of the two-component mixtures of Lotus
corniculatus L. - Festuca rubra L. (469.80 -
FUM and 428.30 - FUG) and Trifolium repens
L. -Poa pratensis L. (456.70 - FUM and 415.80
- FUG). The careful and purposeful approach
among them 1is a prerequisite for better
distribution of components in  plant
communities and production of feed biomass
with high economic value (Vintu et al., 2011;
Fattahi and Ildoromi, 2011; Zziwa et al., 2012;
Iliev et al., 2022). In the second experimental
year, an excess in the values of the studied
indicators was registered in the mixed crops of
Trifolium pratense L. with Festuca pratensis L.
(485.90 - FUM and 444.20 - FUG), whereas in
the third experimental year, higher values were
found in the legume-grass grass stands of
Trifolium repens L. with Poa pratensis L.
(586.20 - FUM and 525.00 - FUG) and
Trifolium pratense L. with Phleum pratense L.
(576.90 - FUM and 529.50 - FUG).

A proven difference (P <0.05) was found in the
yield of feed unit for milk and growth between
the fodder mass of Trifolium pratense L. -
Phleum pratense L. and that of the two-
component mixtures - Medicago saivta L. -
Dactylis glomerata L. (with 23.4% for FUM
and 26.0% for FUG) and Trifolium repens L. -
Lolium perenne L. (with 21.2% for FUM and
21.3% for FUG).

Species diversity in the composition of grass
crops affects the quality and nutritional value of
the fodder mass (Belesky et al, 1999;
Sanderson et al., 2005; Foster et al., 2019). The
percentage share of legume and grass
components in grass mixtures is a significant
factor for the formation of highly productive
biomass to meet the needs of the livestock
sector (Vasylenko et al., 2020).

In the present study, the the ratio of species
(legume and grass meadow crops) in the mixed
grass stands accounted for a significant share
of the factorial variance in the studied traits
(Table 3).

Table 3. Degree and significance of the factorial influences on the yield of CP, FUM
and FUG in mixed grass stands of legume and grass meadow crops

Sources of Year and age Type
variation of grass stand of grass stand
Traits 1% (%) P 1 (%) P
CP Yield 24.38 ns 53.4 P <0.01
Yield of FUM 20.15 ns 64.3 P <0.001
Yield of FUG 21.16 ns 63.2 P <0.001

Significance of differences at P <0.05, P <0.01 and P <(0.001; ns - not significant; n? - correlation ratio of factorial to total variance
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The factor - type of grass stand had a
significant impact (P < 0.05 - P < 0.001) on
the values of the indicators: yield of crude
protein (n? - 53.4%), yield of feed units for
milk (? - 64.3%) and feed units for growth (1’
- 63.2%).

The analyzed data show also that the agro-
ecological characteristics (temperature and
precipitation in the area of the experiment) and
the age of the examined grass stands did not
significantly affect the values of the indicators -
CP, FUM and FUG.

CONCLUSIONS

Crude protein yield in the investigated mixed
grass stands exceeded the average value of the
indicator (92.59 kg/da) by 3.6% (Trifolium
pratense L. - Festuca pratensis L.) to 13.7%
(Trifolium repens L. - Poa pratensis L.). The
indicated variants are the only ones in which
the legume component prevailed in the
regrowth biomass throughout the experimental
period in a ratio of legume and grass crops of
47.7:40.3% respectively (for Trifolium pratense
L. - Festuca pratensis L.) and 62.3:13.9% (for
Trifolium repens L. - Poa pratensis L.). A
proven difference (P < 0.05) in crude protein
yield was found only between Trifolium repens
L. - Poa pratensis L. and Medicago sativa L. -
Dactylis glomerata L. mixtures.

The fodder mass of the mixture 7rifolium
pratense L. with Phleum pratense L. had the
highest yield of feed units for milk and growth.
The values of both indicators exceeded the
average (FUM - 475.78 MlJ/da and FUG -
436.67 MJ/da) respectively with 9.5% (FUM)
and 11.0% (FUG). There is a proven difference
(P < 0.05) in the yield of feed units for milk
and growth between the fodder mass of
Trifolium pratense L.-Phleum pratense L.
(FUM - 521.20 MJ/da and FUG - 484.50
MJ/da) and that of the two-component mixtures
- Medicago sativa L. - Dactylis glomerata L.
(FUM - 42250 MJ/da and FUG - 384.60
MlJ/da) and Trifolium repens L.-Lolium
perenne L. (FUM - 430.00 MJ/da and FUG -
399.30 MJ/da) .
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Abstract

1t was found that the dry mass of grasslands with organic fertilizing was by 2.0% higher in vitro digestibility of dry matter,
higher content of CP (by 0.1%), CFr (by 1.7%) and N (by 0.1%), and a lower concentration of cellulose (by 0.3%)
compared with of the mineral fertilizing variants, which led to a more in the concentration of NFE (by 1.2%), NDF (by
2.9%), hemicellulose (by 2.8%), Ca (by 0.3%) and P (0.2%). The energy nutritional value of fodder with of the mineral
fertilizing of exceeded that of control with 0.4-2.8% and at organic fertilizing with 0.5-0.8%. A high correlation was
found between the nitrogen content and CP (r = 1.0) of the grasslands with mineral fertilizing. The theoretical regression
line and the equation of the regression dependence between the values of the indicators showy = 7.2224x -0.4841 at a
high coefficient of determination (R?> = 0.9988). For the variants with manure, the concentration of CP registered proven
correlation (r = 1.0) and regression dependence with the nitrogen content:y = 6.9861x - 0.0815 at R*> = 0.9999 (P<0.05).

Key words: mineral fertilizing, natural grassland, chemical composition.

INTRODUCTION

Natural and semi-natural ecosystems are
integrated communities in which through
ecological continuity they lead to optimal
stability and development of plant species
(grasses, legumes, motley grasses). They are the
main source of food for farm animals in Bulgaria
and their condition significantly affects the
productivity and nutritional value of the formed
grassland.

Highly efficient agrotechnologies and systems
improve the biological diversity of meadow
phytocenoses and limit the spread of harmful
invasive species. Desired changes in the
individual groups and species of the botanical
composition of the pastures were observed (Iliev
et al., 2021). Changes in the botanical composi-
tion of grassland affect fodder yield and quality
(Oelmann et al., 2011; Melnyk, 2014; Veklenko
et al., 2015, Naydenova & Vasileva, 2019).
Mineral fertilizing provides a good nutritional
balance of plants and significantly affects the
dry matter yield in the composition of meadow
and pasture grasslands (Chintala et al., 2012;
Kacorzyk & Glab, 2017). Nitrogen and
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phosphorus fertilizing stimulates growth and
increases the percentage of legumes, and
potassium improves Dbiodiversity in the
composition of natural grasslands (Liebisch et
al., 2013). A high regression dependence (R* =
0.80-0.95) was found between the yield and the
applied nitrogen fertilizing in the natural
grasslands (Valkama et al., 2016). The
generalized multifactor analysis shows a
relatively high regression dependence (R? = 0.7-
0.8) between the productivity of natural biomass
with applied fertilizing and the climatic
conditions of the region (April - July are critical
for Bulgaria), which allows for an approximate
forecast of fodder yield (Iliev et al., 2020).
Annual fertilizing of natural meadows with the
combination N¢Ps leads to a proven increase in
the amount of crude protein, crude fat, minerals
and phosphorus in the dry matter of the
harvested grassland. The values of the indicators
exceed the untreated control by 52.3% (CP),
31.1% (CF), 3.1% (Ash) and 81.2% (P),
respectively (Iliev et al., 2019).

Replacing mineral fertilizers with
microbiological ones is one of the good
practices set in the European programs and



strategies for development in the field of
environment and agriculture. In mountain
regions, the use of organic fertilizers is an
economically driven practice (as a source of
nutrients in the soil) for the production of
organic products (Demyanchik, 2012; Kurgak,
2013; Vasileva, 2015; Hynes et al., 2018).
Fertilizing with organic fertilizer increases the
productivity of dry matter and positively affects
the Dbotanical composition (significantly
increases the share of grasses and motley
grasses, reduces that of legumes) in natural
grasslands (Iliev et al., 2017; Iliev, 2018). The
ecological balance and the rich floristic
composition of the natural grasslands contribute
to the formation of an above-ground mass with
higher nutritional value, rich in protein, energy,
minerals (P, K, Ca, Mg) and with high
digestibility of dry matter (Lemaire & Belanger,
2020; Churkova & Churkova, 2020; Churkova
& Churkova, 2021).

The aim of the present study is to establish the
impact of the annual mineral organic surface
fertilizing on the quality and nutritional value of
degraded natural grassland in the region of the
Central Balkan Mountain.

MATERIALS AND METHODS

The experiment was conducted at the Research
Institute of Mountain Stockbreeding and
Agriculture, Troyan (Bulgaria) in the period
2016-2019, on degraded grassland, in the
conditions of the Central Balkan Mountain. The
experiment was based on the block method, in 4
replications with the size of the harvest plot - 5
m?. Variants in the study were:

Mineral fertilizing

1. Control (untreated)

2. NgPg (annual combined fertilizing - from
March 20 to April 10);

3. NioPio. (annual combined fertilizing - from
March 20 to April 10);

4. NgPg (annual combined fertilizing - from
March 20 to April 10);

5. N7/I P7/1 P7/III/N7/IV (individual fertilizing
with N7 - first and fourth experimental years and
individual fertilizing with P7 - second and third
experimental years);

6. Pe/l Ng/ll Pe/ll/ Ne/IV (individual
fertilizing with Pg - first and third experimental
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years and individual fertilizing with Ne - second
and fourth experimental years).

For variants 5 and 6, fertilizing with double
superphosphate and ammonium nitrate was
performed once in autumn (September-October)
and spring (April).

*Legend: I -first experimental year; II - second
experimental year; III - third trial year and IV -
fourth trial year.

Fertilizing with manure
1. Control (untreated)

2. 10thal;
3. 20thal;
4. 30tha';
5. 40thal.

The manure treatment was applied annually and
once, every year, manually, by spraying, before
the onset of active vegetation in the grass cover.
The experimental areas were harvested in the
phenophase of tasseling/ear formation (for grass
species) until the beginning of the phenophase
of flowering.

Studied indicators

e Crude protein (CP,%) according to Kjeldahl
(according to BDS/ISO-5983); Crude fiber
(CFr, %); Crude fats (CF, %) (according to
BDS/ISO-6492) - by extraction in an extractor
type Soxhlet; Ash (%) - (according to BDS/ISO-
5984) decomposition of organic matter by
gradual combustion of the sample in a muffle
furnace at 550°C; Dry matter (DM, %) -
empirically calculated from % of moisture; NFE
(%, DM) = 100 - (CP, % + CFr, % + CF, % +
Ash, % + Moisture, %); Calcium (Ca,%) -
complexometrically and Phosphorus (P,%) -
with vanadate-molybdate reagent -
spectophotometer (Agilent 8453 UV - visible
Spectroscopy System), measuring in the range
425 nm.

e Neutral detergent fibers (NDF, %); Acid
detergent fibers (ADF, %) and Acid detergent
lignin (ADL, %) according to the detergent
analysis of Van Soest & Robertson (1979).

e [nvitro dry matter digestibility (IVDMD, %)
bythe two-stage pepsin-cellulase method of
Aufrere (1982), which includes two stages: I -
Pre-treatment with pepsin / 200 FIB-U g-1 /,
Merck 7190, in 1 N hydrochloric acid for 24
hours (for protein digestion) and II - Treatment
in acidic medium with the enzyme cellulase



"Onozuka R-10" isolated from Trihoderma
viride /Endo-1.4 -B-glucanase; 1.4- (1.3:1.4) - B-
D glucan-4-glucan hydrolase / with enzymatic
activity 1.2 U g-1, 1 g 1L in 0.05 M acetate
buffer pH 4.6 for 24 hours at 40°C (for cellulose
digestion ).

e Empirical calculation of: Hemicellulose (%)
= NDF - ADF and Cellulose (%) = ADF - ADL
and the degree of lignification (coefficient) -
percentage of ADL and ADF (Akin & Chesson,
1990).

The nutritional value of the fodder was
assessed by the Bulgarian system as Feed Unit
for Milk (FUM) and Feed Unit for Growth
(FUQG) and calculated on the basis of equations
according to the experimental values of CP, CF,
Cft and NFE, recalculated by the coefficients for
digestibility by Todorov (2010): Gross energy
(GE, MJ/kg) = 0.0242*CP + 0.0366*Cft +
0.0209*CF + 0.017*NFE — 0.0007*Zx and
Exchangeable energy (EE, MJ/kg) = 0.0152*DP
(Digestible protein) + 0.0342*Dft (Digestible
fat) + 0.0128*DF (Digestible fibers) -+
0.0159*DNFE  (Digestible  Nitrogen-free
extractable substances)-0.0007*Zx.

The results were analyzed by the method of
analyzing the variance of a single-factorial trial
(ANOVA) using the SPSS 4.5 software. The

RESULTS AND DISCUSSIONS

Quality and nutritional value of degraded
grass feed after applied mineral and organic
fertilization

Mineral fertilizing

Productivity and quality composition of
grassland in natural meadows and pastures are
related to environmental conditions, use regime,
type and norms of applied fertilizing (Kesting et
al., 2009; Pasho et al., 2011; Sirbu et al., 2012).
In the wvariants with mineral fertilizing
(exception is Pe¢/l Ne¢/ II Pe/IIl / Ne/IV) the
content of crude protein exceeds the control by
from 5.2% (N1oP10) to 28.4% (NgPg) (Table 1).
The annual import of the combination of N12P12
increased the highest concentrations of calcium
(3.2%) and phosphorus (0.5%). The excess in
the values of the indicators compared to the
untreated control was by 2.1% (Ca) and 0.3%
(P), respectively. The variants with alternative
alternation of nitrogen and phosphorus (N7/1
P7/11 P7/111 / N7/IV) registered the lowest content
of crude fiber (34.1%) and the highest
concentration of nitrogen-free extractable
substances (34.1%) in the dry matter. The
harvested biomass from the variant with Ni2P12
had a maximum content of dry matter (90.1%),

significance of differences in mean values of the ~ crude  fiber  (44.9%) and the lowest
treatments was tested by the LSD test. concentration of NFE (22.1%).
Table 1. Basic chemical composition (%) of dry matter of degraded mountain grassland,
after mineral and organic fertilizing
Variants DM CP CF CFr Ash NFE Ca P N
Mineral fertilizing
Control 90.0 11.6 3.1 373 6.9 31.1 1.1 0.2 1.7
Ni2Pi2 90.1 13.6 3.0 44.9 6.6 22.1 3.2 0.5 2.0
NioP1o 90.0 12.2 2.7 40.5 7.2 27.3 1.7 0.4 1.8
NsPsg 88.9 14.9 22 423 6.6 22.8 1.9 0.4 2.1
N7/1 P7/11P7/111/ N7/IV 89.9 134 1.8 34.1 6.7 34.1 1.8 0.3 1.9
Po/I Ne/1IPo/I11/ Ne/IV 90.0 11.6 1.9 42.0 6.7 27.8 1.8 0.3 1.7
Average 89.8 12.9 2.5 40.2 6.8 27.5 1.9 0.4 1.8
SD 0.5 1.3 0.6 3.9 0.2 4.6 0.7 0.1 0.2
LSDo.os 0.9 2.2 1.1 7.2 0.4 8.4 3.2 0.1 0.3
Organic fertilizing

Control 89.9 12.5 23 38.8 6.5 29.7 1.6 0.2 1.8
10t ha'! 90.1 12.0 2.4 42.8 6.8 26.0 1.8 0.2 1.7
20t ha'! 90.0 14.1 2.0 41.3 6.6 26.1 1.5 0.1 2.0
30t ha'! 90.2 12.0 1.4 44.4 7.0 25.5 1.6 0.1 1.7
40t ha! 90.0 14.4 2.3 42.0 7.2 24.1 1.6 0.1 2.1
Average 90.0 13.0 2.1 41.9 6.8 26.3 1.6 0.2 1.9
SD 0.1 1.1 0.4 2.0 0.3 2.1 0.1 0.1 0.2
LSDo.os 0.3 0.7 0.7 4.4 0.5 4.5 0.3 0.1 0.4
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Organic fertilizing

The dry matter content (90.0-90.2%) in the
stands with applied manure was higher by 0.1-
0.3% compared to the control. The annual
treatment of the natural mass with a dose of 40 t
ha! most significantly affects the content of:
crude protein (14.4%), minerals (7.2%) and
nitrogen (2.1%).

The values of the indicator exceeded the control
by 1.9% (CP), 0.7% (Ash) and 0.3% (N), res-
pectively. With the lowest concentration of the
protein fraction (12.0%) and respectively
the highest fiber are the grasslands in the
variants with imported 10 t ha"'(CFr - 42.8%)
and 30 t ha! (CFr - 44.4%) manure. The content
of the macroelement Ca in the treated grasses
varies from 1.5% (20 t ha') to 1.8% (10 t ha™).

On average for the period, the dry mass of stands
with organic fertilization has a higher content of
crude protein (13.0%), crude fiber (41.9%) and
nitrogen (1.9%) compared to those with mineral
fertilization. The excess in the average values of
the indicators by 0.1%, 1.7% and 0.1%, respect-
tively. Feeding the grassland with N and P
(annually combined and successively alterna-
ting) increased the concentration of carbohy-
drate components (to 27.8%) and the content of

macronutrients Ca (to 1.9%) and P (to 0.4%).
Compared to the variants with imported manure,
the excess in the average values of the traits is
respectively by 1.2%, 0.3% and 0.2%.

Floristic composition influences the assessment
of the nutritional value in the pastures. The
dynamics of development during the vegetation,
changes in the chemical composition and
digestibility of individual plant species are
indicators related to the uptake and assimilation
of feed by ruminants (Andueza et al., 2010; Dale
etal., 2012).

Grasslands with applied mineral fertilization are
characterized by a higher content of neutral and
acid-detergent fibers compared to the untreated
control (Table 2). The excess in the values of the
indicators varies from 3.1% to 7.2% (for NDF)
and from 0.4% to 3.4% (for ADF). The data
from the study show that the dry mass of the
variants with annual combined fertilization and
self-fertilization with N7 (first and fourth
experimental years) and P7 (second and third
experimental years) has a high concentration of
acid-detergent lignin. The excess over the
control was 1.2% (Ni2P12), 3.4% (NioP1o) and
10.5% (N7/1 P7/11 P7/II1 N7/1V).

Table 2. Main structural fiber components (%) of cell walls and in vitro digestibility
of dry matter of degraded mountain grassland, after applied mineral and organic fertilization

Variants NDF ADF ADL Hemicel Cellul IVDMD
Mineral fertilizing
Control 59.0 39.4 12.2 19.6 27.2 58.8
Ni2Pi2 66.2 42.8 13.4 23.4 29.4 433
NioP1o 62.8 39.8 15.6 22.9 243 58.7
NigPg 62.1 40.5 10.2 21.6 30.3 58.2
No/1P7/11P7/111/ N#/IV 62.7 41.4 22.7 213 18.7 57.8
Pg/1 No/I1IPo/I11/ No/IV 65.3 41.9 10.9 23.4 31.0 56.7
Average 63.0 41.0 14.2 22.0 26.8 55.6
SD 2.6 1.3 4.6 1.5 4.7 6.1
LSDo.0s 6.9 3.8 9.5 4.1 7.8 3.0
Organic fertilizing
Control 56.9 39.0 12.5 17.9 26.5 59.1
10t ha! 56.1 384 11.8 17.8 26.6 60.1
20t ha™! 56.7 343 10.1 244 242 63.2
30t ha'! 62.3 41.7 22.3 20.6 19.4 57.3
40t ha'! 68.5 53.0 25.9 15.5 27.1 48.5
Average 60.1 41.2 16.5 19.2 24.7 57.6
SD 5.1 7.1 7.1 34 3.2 5.5
LSDo.os 10.2 13.1 12.1 6.5 5.3 5.9

The values of the indicator are lower in the
variants treated with reduced doses of
macronutrients, imported in combination (NgPsg
-10.2%) and alone (Ps/I N¢/II Pe/III Ne¢/IV -

10.9%). The amount of fully digestible by farm
animals polioside - hemicellulose is higher in all
treated grasses compared to that of untreated.
The excess in the values of the attribute is from
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1.7% (N7/1 P7/11 P7/1II N+/IV) to 3.8% (N12P12
and Ps/I N¢/IT Pe/IIl Ne/IV) compared to that of
the control (19.6%). The dry matter of self-
fertilized stands of N7 (first and fourth years)
and P7 (second and third experimental years),
and those with self-fertilization of P¢ (first and
third years) and N¢ (second and fourth years) is
respectively with the most low (18.7%) and
highest (31.0%) cellulose content, at a control
(27.2%). The analyzed data show lower in vitro
digestibility (43.4-58.7%) of the stands formed
in the variants with mineral fertilization at a
standard control (58.8%).

The variants with lower doses of manure (10 and
20 t ha!) are characterized by reduced content
of neutral detergent fibers (by 0.2-0.8%), acid
detergent fibers (by 0.6-4.7%) and acid
detergent lignin (by 0.7-2.4%), which
determines the sufficiently high in vitro
digestibility of dry matter for obtaining quality
fodder for ruminants (60.1% and 63.2%). The
one-time application of manure (dose 20 and 30
t ha') before the onset of active vegetation for
the species in the natural grasslands had a
positive effect on the concentration of
hemicellulose in the dry matter. The excess in
the values of the indicator compared to the
control is from 2.7% to 6.5%. Grasslands treated
with higher doses of organic fertilizer (30 and 40

35

t ha'!) showed a higher fiber content of basic
structural fiber components (NDF, ADF and
ADL) in the cell walls and lower digestibility of
the dry matter. Empirically calculated values of
cellulose varied from 19.4% (30 tha')to27.1%
(40 t ha™!) in the control variant - 26.5%.

On average for the period, the grasslands of the
variants ~ with  organic fertilizing were
characterized by 2.0% higher in vitro
digestibility of the dry matter and 2.1% lower
concentration of cellulose (polyoside - partially
digestible by animals) compared to the variants
treated with different doses of N and P. The dry
mass of the variants with mineral fertilizing has
a higher content of neutral detergent fibers (by
0.7%) and hemicellulose (by 2.8%) compared to
that of the variants fertilized with manure.

The quality of plant matter is closely dependent
on the biological process of lignification - a
major factor limiting the nutritional value of
fodder and inhibiting digestibility (Casler &
Jung, 2006). The lignification coefficient in the
studied degraded mountain grassland, after
applied mineral fertilizing varied from 13.8
(N12P12) to 32.9 (N+/1 P#/11 P7/IIIN7/1V) (Figure
1). Variants with Ni2P12, NgPs and Ps/I Ne/II
Pe/III No/IV had a lower degree of lignification
compared to the control by 6.8%, 4.1% and
3.8%, respectively.

30

25

20

Control NI2 P12 NI10 P10

N8 P8 N7/1P7/ILP7/11I/ P6/I N6/II P6/111/
N71V N6/1V

Figure 1. Degree of lignification of degraded mountain grassland after mineral fertilizing (coefficient)

In the variants with organic fertilizing (10 and
20 tha!) the values of the lignin coefficient were
reduced by 0.9 to 4.7% (Figure 2). The
grasslands with higher doses (30 and 40 t ha™')
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of organic fertilizer register higher lignification
coefficient (35.8 and 37.8) compared to the
control (21.9).
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Figure 2. Degree of lignification of degraded mountain grassland after applied organic fertilizing (coefficient)

The biological value of fodder largely depends
on the energy nutritional value and some other
characteristics that affect the productivity of
animals. The diversity and changes in the
botanical composition of natural grasslands, as a
result of the agrotechnical events, affect the
amount of gross and metabolic energy, as well
as the number of forage units in the dry matter
of the grass matter treated with mineral and
organic fertilizers.

The total energy value of the plant matter from
the variants with annual combined fertilizing of
N and P exceeds that of the untreated control by
0.4% (N10P10), 2.1% (NgPs) and 2.8% (Ni2P12)
(Table 3).

Only the individual fertilizing with N7 (first and
fourth years) and P7 (second and third years)
registered higher values of exchange energy
(8.04 MJ/kg DM) and feed units (FUM - 0.74
pieces in DM and FUG - 0.67 pieces in DM)
compared to the control.

Table 3. Potential energy nutritional value of degraded mountain grassland,

after applied mineral and organic fertilizing

Variants GE EE FUM FUG
Mineral fertilizing
Control 18.91 7.86 0.72 0.64
Ni2Pi2 19.44 7.47 0.67 0.59
NioPio 18.98 7.63 0.69 0.61
NsPs 19.30 7.56 0.68 0.60
No/IP7/1IP/111/ N7/IV 18.67 8.04 0.74 0.67
Ps/1 No/1IP¢/111/ No/IV 18.90 7.56 0.69 0.61
Average 19.03 7.69 0.70 0.62
SD 0.28 0.22 0.02 0.03
Organic fertilizing
Control 18.96 7.79 0.71 0.63
10t ha'! 19.06 7.53 0.68 0.60
20t ha! 19.09 7.64 0.69 0.61
30t ha'! 18.86 7.38 0.67 0.58
40t ha’! 19.11 7.54 0.68 0.60
Average 19.02 7.58 0.69 0.61
SD 0.10 0.15 0.02 0.02

GE - Gross energy (MJ/kg DM); ME - Metabolizable energy (MJ/kg DM); FUM - Feed unit for milk (pieces in DM); FUG - Feed units for growth

(pieces in DM); (P<0.05)

In grasslands with organic fertilizing, a more
significant effect of the applied treatment was
observed on the amount of gross energy. The
values of the indicator exceed the untreated
control by 0.5% (10 t ha™'), 0.7% (20 t ha™!) and
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0.8% (40 t ha™), respectively. The effect of
manure does not lead to significant changes in
the empirically calculated content of metabolic
energy and feed units in the dry matter
composition.



Correlation and regression dependences
between basic qualitative indicators of
natural grasslands treated with mineral and
organic fertilizers

A high correlation dependence was found (Table
4) between the nitrogen content and the amount
of crude protein (r = 1.0) in the dry matter of the
grasslands with mineral fertilizing. The
theoretical regression line and the equation of
the regression dependence between the values of
the indicators are shown in Figure 3, where y =
7.2224x - 0.4841 at high coefficient of
determination - R? =0.9988 (P <0.05).

15 -
14 -
o 131
ar
© 12 y =7.2224x - 0.4841
R>=0.9988
11 -
10 ; ; ; ‘ ‘
1,5 1,7 1,9 2,1 2,3 2,5
N, %

Figure 3. Regression dependence between the amount of
nitrogen (%) and the content of crude protein (%)
in dry matter of degraded mountain grassland, after
applied mineral fertilizing

The effective utilization of natural grasslands
and their nutritional value are closely related to
the analysis of the basic chemical composition
and the composition of the components of the
cell walls. The amount of crude fiber is very well
correlated with the empirically calculated values
of hemicellulose (r=0.7) cellulose (r =0.9), and
the content of nitrogen-free extracts and acid-
detergent lignin with indicators characterizing
the energy nutritional value (r = 0.9 for EE,
FUM and FUG) of mountain grassland.
Correlation dependences of the above features
are completely opposite for the variants with
organic fertilizing (Table 5). The concentration
of the fiber fraction (CFr) strongly correlates
with the values of hemicellulose (r = -0.2),
cellulose (r = -0.7), gross energy (r = -0.9),
exchange energy, FUM and FUG (r=-1.0). This
tendency is maintained with regard to the
dependence of lignin with the energy indicators
of the dry fodder mass (r = from -0.6 to -0.3). In
the wvariants with imported manure, the
concentration of crude protein is in a very good
correlation (r = 1.0) and regression dependence
with the percentage of the macroelement
nitrogen at a high coefficient of determination
(R? 0.9999) and a statistically proven
equation: y = 6.9861x - 0.0815 (P <0.05)
(Figure 4).

Table 4. Correlation dependences among main qualitative indicators of natural grasslands,
treated with mineral fertilizers

DM cp CF___CFr_ NFE Ca P N NDF ADF ADL Hemi_Cellul GE EE FUM FUG
DM 1
Cp -0.8 1
CF 0.2 0.1 1
CFr -0.1 0.1 0.7 1
NFE 0.3 -04  -07  -09 1
Ca 0.2 0.3 0.6 0.6 -0.6 1
P 0.1 0.1 1.0* 0.7 -0.7 0.5 1
N -0.7  1.0* 0.1 0.1 -0.4 0.3 0.1 1
NDF 0.6 -0.4 0.4 0.6 -0.3 0.7 0.2 -0.4 1
ADF 0.4 -0.1 0.1 0.3 -0.2 0.8 -0.2 0.0 0.9% 1
ADL 0.4 -0.1 -0.3 -0.9 0.8 -02 04 0.0 -0.3 -0.1 1
Hemicellulose 0.6 -0.6 0.5 0.7 -0.4 0.4 0.5 -0.6 0.8 0.4 -0.5 1
Cellulose -0.3 0.1 0.3 0.9*  -0.8 0.3 0.3 0.0 0.5 0.3 -1.0 0.5 1
GE -0.3 0.5 0.7 0.9*  -1.0 0.7 0.7 0.5 0.3 0.3 -0.7 0.3 0.7 1
EE 0.1 0.0 06 -1.0  09* -05 -0.7 0.0 -0.5 -02 09* -07 09 -08 1
FUM 0.1 0.0 -0.7  -1.0  09* -05 -0.7 0.0 -0.5 -02 09* -07 09 -08 L0* 1
FUG 0.1 -0.1 -07  -10  09*%* -05 -0.7  -0.1 -0.5 -02 09 07 09 -09 1.0* 1.0% 1
(P<0.05)
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Table 5. Correlation dependences among main qualitative indicators
of natural grasslands, treated with organic fertilizers

DM CP CF CFr Ash NFE Ca P N NDF ADF ADL Hemi Cellu DMD GE EE FUM FUG
DM 1
Cp -0.9 1
CF 06 03 1
CFr LO* 08 06 1
Ash 00 02 01 03 1
NFE 03 -05 02 00 -09 1
Ca 03 -05 05 03 02 00 I
P 0.0 -05 06 00 -02 04 09% 1
N 209 10% 03 =08 02 -05 -05 -05 I
NDF 203 05 01 00 09% -0 -03 -06 05 1
ADF 202 04 02 01 10 -0 02 -03 04 09% 1
ADL 0.0 02 03 04 09% -09 00 -05 02 09% 09% 1
Hemicell 0.0 00 -05 -02 08 07 07 -03 00 -05 -08 -06 1
Cellulose -0.7 0.5 1.0* -07 02 -03 0.4 0.5 0.5 0.1 0.3 -0.1 0.5 1
DMD 02 -04 -02 -01 -10 LO* -02 03 04 -09 -10 -09 08 -03 1
GE -09 07 09* -09 -01 -02 0.1 0.2 0.7 0.0 0.1 03 -02 09*% -0.1 1
EE -09 0.7 0.6 -1.0 -04 0.2 -0.2 0.1 0.7 02 -03 -06 03 0.6 03 0.9% 1
FUM =09 07 06 -10 05 02 03 01 07 -02 03 -06 03 06 03 09% L0* 1
FUG -09 0.7 0.6 -1.0 05 0.2 -0.3 0.1 0.7 02 -03 -06 04 0.6 0.3 0.9* 1.0% 1.0* 1
(P<0.05)
CONCLUSIONS
15 -
On average for the period, the dry matter of the
grasslands with organic fertilizing had a lower
o 1357 concentration of cellulose (by 0.3%), higher
S
& content of CP (by 0.1%), CFr (by 1.7%), N (by
0.1%) and higher in vitro dry matter digestibility
| o . . .
12 § = 6.9861x- 0.0815 (by .2.. 0. %) compared to the variants with mlneral
R?=0.9999 fertilizing. Increase in the concentration of
carbohydrate components (by 1.2%), neutral
10,5 : : : : : detergent fibers (by 2.9%), hemicellulose (by
15 17 1.9 o 21 23 25 2.8%), Ca (by 0.3%) and P (0.2%) was observed
, %

Figure 4. Regression dependence between the amount of
nitrogen (%) and the content of crude protein (%)
in dry matter of degraded mountain grassland, after
applied organic fertilizing

A high correlation was found between the dry
matter content in the fodder (treated with
manure) and the amount of crude fiber (r = 1.0)
and strongly negative with the content of GE,
EE, FUM, FUG, crude protein and nitrogen (r =
-0.9).

The values of the indicators (GE, EE, FUM and
FUG) influencing the potential energy
nutritional value of the grass mass are in good
correlation (r = 0.7) with the concentration of
crude protein and nitrogen.

The amounts of fully digestible polyoside -
hemicellulose and partially digestible polyoside
- cellulose are positively correlated respectively
with the digestibility of the dry matter (r = 0.8)
and the total energy value (= 0.9) of the biomass
treated with bovine manure.

in the dry matter of the stands with annual
combined and alternating fertilizing with
nitrogen and phosphorus.

The energy nutritional value of the fodder, after
annual combined fertilizing with N and P,
exceeded that of the untreated control by 0.4%
(N1oP10), 2.1% (NsPg) and 2.8% (Ni2P12). The
organic fertilizing had a greater effect on the
amount of gross energy. The values of the
indicator exceeded the untreated control by
0.5% (10 t ha™), 0.7% (20 t ha™") and 0.8% (40 t
ha'!), respectively.

In the stands with mineral fertilization and
organic fertilization, the content of N and CP are
in proven high correlation (r = 1.0) and
regression (R =0.9988-0.9999) dependence.
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Abstract

The current scientific paper presents a review of essential oils with antifungal effect, the mechanism of action of the
main components of essential oils and the possible synergistic actions between them on pathogens. Essential oils of
oregano, cinnamon, fennel, mint and dill in various concentrations have demonstrated effects on ergosterol
biosynthesis, specifically reducing the amount of ergosterol. Thus, a significant change in ergosterol biosynthesis will
inhibit the growth of fungi and cause their death. An advantage of using essential oils over synthetic ones is the use of
small amounts of essential oils to achieve strong fungistatic and fungicidal effects. In conclusion, through this work we
tried to make: an enumeration / revision of volatile oils with bio pesticidal potential, highlighting the effects produced
on fungi from the Aspergillus, Fusarium and Penicillium families, but also on the mycotoxins biosynthesized by them.

Key words: agricultural products, antifungal effect, antimycotoxin effect, essential oil.

INTRODUCTION

Losses of agricultural products due to fungal
contamination create big problems in both
underdeveloped and developed countries. The
problems created by fungal contamination
occur throughout the food chain. These
problems resulting from the contamination are
of an economic nature (quantitative and
qualitative losses of the obtained products),
ecological (pollution of the environment with
toxic residues following the use of synthetic
fungicides) and sanitary one (biosynthesis of
numerous mycotoxins such as aflatoxins,
fumonisines, ochratoxins, zearalenones, etc.)
(El Khoury et al., 2016; Lai et al., 2021).

About 25-40% of the cereals consumed
worldwide are contaminated with mycotoxins.
Of the mycotoxins, the aflatoxins produced
mainly by Aspergillus flavus are the most
dangerous, and about 4.5 billion people in
underdeveloped countries are exposed to
aflatoxicosis (Strelkova et al., 2021).

Direct exposure of consumers to secondary
metabolites/mycotoxins leads to serious health
problems due to their carcinogenic,
immunosuppressive, nephrotoxic, teratogenic
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and mutagenic attributes; Aflatoxin B1, among
the most common mycotoxins, is classified in
group 1 carcinogen by the International Agency
for Research on Cancer. The major classes of
mycotoxins of the highest agro-economic
importance  are  aflatoxins, ochratoxins,
fumonisins, trichothecenes, fusarium emerging
mycotoxins, ennantines, ergot alkaloids,
alternaria toxins and patulin (Agriopoulou et
al., 2020; Bennett & Klich, 2003; Omotayo et
al., 2019; Ponzilacqua et al., 2018).

Due to its effectiveness and ease of application,
the main approach currently used to control
pathogenic fungi, harmful insects, etc., in
agriculture is the use of synthetic chemicals
(based on: carbamates and dithiocarbonates,
benzimidazoles, imidazole and triazoles,
morpholines, phenylpyrrole, etc.). They have
negative effects on the environment (soil, water
and air pollution) but also on consumers, due to
the chemical residues resulting from their use;
chemical residues that will bioaccumulate in
soil, water and in living organisms (organs,
muscle tissue, adipose tissue, milk) and that
cause toxic, carcinogenic, allergenic
efficiencies, negative effects on the endorin,
reproductive, gastrointestinal, respiratory and



neurological systems of consumers (Aimad et
al., 2022; Aktar et al., 2009; Li et al., 2022;
Nicolopoulou-Stamati et al., 2016; Regulation
(EC) No 1185/2009 of the European Parliament
and of the Council of 25 November 2009 on
statistics on pesticides, n.d.).

Annually, about 2 million tons of pesticides are
used worldwide. Of the 2 million tons of
pesticides, 17.5% are fungicides. China is the
largest contributing country, followed by the
USA, Argentina, Thailand, Brazil, Italy,
France, Canada, Japan and India. However, by
2020, global pesticide use has been estimated
to increase by up to 3.5 million tons per year
(Kumar et al., 2021; Sharma et al., 2019). The
share of global pesticide consumption from
2015 to 2018 was 52.2% for Asia, 32.4% for
the US, 11.8% for Europe and 2% for Asia
(Kumar et al., 2021). In Romania, between
2007 and 2020, the surfaces on which
chemicals were applied increased: by 42.9% in
the case of insecticides; by 52.2% in the case of
fungicides and by 31.1% in the case of
herbicides (Popescu et al., 2021).

Substances of natural origin, such as essential
oils, obtained from various medicinal plants
can represent, nowadays, an important
ecological reservoir. The use of volatile oils, as
biopesticides, in agriculture, especially in post-
harvest practices, can be a more sustainable
solution for protecting crops, the environment
and last but not least protecting the health of
people and animals/consumers. Many studies
demonstrate the antifungal and antimicrobial
properties of the main bioactive compounds of
essential oils. Biopesticides, such as volatile
oils, are highly effective in small quantities and
decompose quickly without leaving potentially
toxic residues in the environment (Achimon et
al., 2021; Agriopoulou et al., 2020; Bota et al.,
2022; El Khoury et al., 2016; Esper et al., 2014;
Gwiazdowska et al., 2022; Han et al., 2022;
Hua et al., 2014; Kalagatur et al., 2020; Kumar
et al., 2021; Oliveira et al., 2020; Ozcakmak et
al., 2017; Perczak et al., 2019; Stielkova et al.,
2021; Sumalan et al., 2013; Y. Wang et al,,
2018).

The purpose of this review is to present the
mode of action of essential oils with effects on
pathogenic fungi in agriculture. It also
highlights the necessity and importance of
using essential oils as future biopesticides on
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pathogenic fungi that cause economic,
ecological and sanitary damage in agriculture.

CHEMICAL COMPOSITION AND
PHYSICO-CHEMICAL PROPERTIES OF
ESSENTIAL OILS

Essential oils are mixtures of volatile
compounds (sometimes with over 300 different
compounds), which are secondary metabolites
of plants. These secondary metabolites,
together with the mineral elements, play an
important role in the defence system of higher
plants (Beicu et al., 2021; Dhifi et al., 2016;
Ebani & Mancianti, 2020; Imbrea et al., 2016;
Karpinski, 2020).

From a structural point of view, the chemical
constituents identified in the composition of
essential oils extracted from different parts of
plants or even the whole plant, can be classified
into four groups: terpenes, terpenoids,
phenylpropanoids and other constituents
(amino acids, lipids, sulphur derivatives, etc.
(Masyita et al., 2022).

Terpenes (isoprenesides) - are the major
constituents found in the composition of
essential oils. From the chemical point of view
terpenes are molecular structures that contain
2-methylbuta-1,3-diennial carbon skeletons
(isoprene units) that can be rearranged in cyclic
structures, depending on the number of
isoprene units that make up the terpenes, there
are: hemiterpenes - are formed by a unit of

isoprene (C5), monoterpenes (C10),
sesquiterpenes  (C15), diterpenes  (C20),
triterpenes  (C30) and tetraterpenes (C40)

(Agriopoulou et al., 2020; Aktar et al., 2009; El
Khoury et al., 2016; Lai et al., 2021; Li et al.,
2022; Ponzilacqua et al., 2018).

Terpenoids - these are another type of terpenes
that contain oxygen molecules. Terpenoids can
be divided into alcohols, aldehydes, esters,
ethers, epoxides, ketones and phenols.
Examples of terpenoids most often identified in
the composition of essential oils are: carvacrol,
citronellal, geraniol, linalool, linalool acetate,
piperitone, menthol and thymol. The
compounds listed above are those that provide
the important biological property of essential
oils (Beicu et al., 2021; Bhavaniramya et al.,
2019; Chouhan et al., 2017; Dhifi et al., 2016;
Masyita et al., 2022; Nazzaro et al., 2013;



Rassem et al., 2016; Sanchez-Gonzalez et al.,

2011).

In the group of phenylpropanoids there are
aromatic compounds such as: anethole,
cinnamaldehyde, eugenol, isoeugenol,

myristicin, safrole and vanillin. According to
recent research on these components, their
antibacterial, antitumor, antifungal,
antiproliferative, antidiabetic, analgesic, anti-
inflammatory, etc. effect has been highlighted
(Chouhan et al., 2017; Masyita et al., 2022;
Nazzaro et al., 2013; Sanchez-Gonzalez et al.,
2011). As a percentage, essential oils contain
85-99% volatile components and 1-15% non-
volatile components. Volatile constituents are a
mixture of terpenes, terpenoids and other
aromatic and aliphatic constituents (Ciobotaru
et al., 2017; Sadgrove et al., 2021; Sanchez-
Gonzalez et al., 2011).

In terms of solubility, essential oils are soluble
in alcohol, ether and other oils, but insoluble in
water (Bhavaniramya et al., 2019; Dhifi et al.,
2016; Rassem et al., 2016).

ESSENTIAL OILS’ ANTIFUNGAL AND
ANTIMICOTOXINIC MECHANISM OF
ACTION

The effect of essential oils on pathogenic fungi
can be observed both at the
macromorphological level (inhibition of the
mycelium) and at the cellular level. Some of
the macromorphological changes are: lack of
sporulation or pigmentation, change in the
number of conidia, increased branching of
hyphae or change in their size. These changes
are the consequence of the activities of the
components of oils on the enzymatic reaction
of the synthesis of the cell wall, which affects
the growth of mold and morphogenesis; also, as
a result of the pulling back of the cytoplasm
from the hyphae, the death of the mycelium
occurs (Carmo et al., 2008; Cotuna et al., 2016;

Kiraly et al.,, 2017, Matasarean et al., 2017,
Plavsic et al., 2017).

The actions of essential oils and their
components list the following effects at the
fungal cell level (Bennett & Klich, 2003;
Chouhan et al., 2017; Dhifi et al., 2016;
Karpinski, 2020; Maurya et al., 2021; Mothana,
2012; Nazzaro et al., 2013; Popescu et al.,
2021; Ramsey et al., n.d.; Rezende et al., 2021;
Tian et al., 2012; Y. Wang et al., 2018): cell
wall degradation; reduction of ergosterol
production, see Table 1; damage to cytoplasmic
membranes; impairment of membrane ionic
channels - > decreased pH - > apoptosis and
necrosis of fungal cells; deterioration and
disturbance of the activity of some cellular
organelles with a vital role for the cell-
mitochondria; coagulation of the cytoplasm;
changes in the amounts of membrane fatty
acids; accumulation in the fungal cell of free
radicals; decreases in membrane potential;
damage to membrane proteins; increasing the
permeability of the cell membrane that leads to
the outflow of the cellular content; decrease in
the synthesis of ATP; actions on enzymes such
as ATPase, histidine carboxylase, amylase and
protease; changes in the expression of genes
involved in mycotoxin biosynthesis, see Table
2. Given the effects produced by the synergistic
action of essential oil components on fungal
cells, but also on bacterial cells, there are
studies that evaluate the toxic potential of
essential oils (Bota et al., 2022; Gurita et al.,
n.d.). For example, the antifungal activity of
cinnamon oil at the concentration of 0.25 mg
L on Penicillium expansum (CGMDD3.3703)
caused a decrease in the germination rate of
P. expansum spores. After 12 hours of
treatment, the spores germination rate was
below 20% compared to the control, where the
spores germination rate was above 75% (Lai et
al., 2021).

Table 1. Essential oils that reduce ergosterol production

Essential oils Reduction of ergosterol to:

Percentage of reduction [%]: References:

Thymus vulgaris
Anethum graveolens

Aspergillus flavus

Oregano Fusarium graminearum
F. culmorum
Cinnamon F. graminearum
F. culmorum
Orange F. culmorum

Mixture of cinnamaldehyde and citral Penicillium expansum

- (Karpinski, 2020)
79.4%

99.97%
99.98%
99.89%
99.81%
68.13%
39.40%

(Perczak et al., 2019)
(Perczak et al., 2019)

(Perczak et al., 2019)
(Y. Wang et al., 2018)
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Table 2. Essential oils that modulate gene expression

Essential oils:

Effects on genes responsible for mycotoxin biosynthesis:

References:

Rosemary, Fennel, Anise,
Chamomile,

Cardamom, Celery carbonarius

Dose-dependent reduction of aflR transcription factor expression (5 days of treatment at 2, 4

Turmeric and 8 pl/ml)

The concentration of 1.0 pl/ml essential oil reduces the expression of genes: acOTApks,

lacA, acOTAnrps, acpks and veA involved in the biosynthesis of ochratoxin A in A.

(El Khoury et al.,
2016; Maurya et
al,, 2021)
(Maurya et al.,
2021)

Downregulates the relative expression of the genes: aflO, aflP, aflM, aflD and aflQ,

determining the inhibition of aflatoxin B1 production

Mixture of 3 essential oils
(cinnamon, oregano and
lemongrass in a ratio of

1:5:48)

flavus

At 0.6 pL/disc essential oil, it modulates the gene expression of the aflT, aflD, aflP, aflM

(Xiang et al., 2020)

and aflS genes, thus causing a disruption of aflatoxin biosynthesis in the case of Aspergillus

At 1.0 pL/disc (58.04%) there was a significant reduction of the aflR gene.

Table 3. Essential oils with antifungal effects on Penicillium spp.

Fungal species: Essential oil of: The major components of the essential oil: Result: References:
Penicillium Thymus vulgaris -vapor  thymol (58%), p-cymene (22%), and linalool (3%) MIC 62.5 uL/L (Stielkova et
ochrochloron Origanum vulgare - carvacrol (70%), followed by p-cymene (11%) and thymol ~ MIC 62.5 pL/L al., 2021)
vapor phase (3%)
Cymbopogon citratus- geranial (42%) and neral (28%), and in smaller quantities MIC 62.5 uL/L
vapor phase geraniol (5%) and geranyl acetate (4%)
Syzygium aromaticum - eugenol (80%), eugenol acetate (7%), and caryophyllene MIC 62.5 uL/L
vapor phase (7%)
Penicillium Salvia officinalis borneol (15.67%), 1,8 cineole (21.12%), tyranton MIC 65 pL/ml (Ozcakmak et
verucosum (13.30%) al., 2017)
Dierckx (D- Mentha x piperita menthol (42.55%), menthone (30.51%), neo-menthol MIC 65 pL/ml
99756) (13.19%)
Allium sativum allyl disulfide (60.23%), allyl sulfide (19.68%) MIC 65 pL/ml
Origanum onites carvacrol (78.10%), borneol (2.85%), cymene (7.2%) MIC 65 pL/ml
Penicillium Curcuma longa ar-turmerone (46.13%) and ar- curcumene (8.33%) MIC 1329 pl/ml (Kalagatur et
verrucosum MEC 1771 pl/ml al., 2020)
Ocimum basilicum eugenol (36.58%) and linalool (10.83%) MIC 1006 pl/ml
MEC 1512 pl/ml
Zingiber officinale geraniol isobutanoate (10.41%), geranyl acetone (11.05%),  MIC 1255 pl/ml
geranyl acetate (14.59%), geranyl proprionate (18.93%), MEC 1442 pl/ml
thymol (10.86%) and limonene (10.88%)
Cymbopogon martini terpinen-4-ol (11.52%) and geranyl acetate (14.88%) MIC 964 pl/ml
MEC 1221 pl/ml
Cinnamomum limonene (10.54%), (E)-cinamaldehyde MIC 837 pl/ml
zeylanicum (35.81%) and eugenol (12.41%) MFC 1441 pl/ml
Penicillium Origanum vulgare trans-caryophyllene 30.729%, sabinene-18.16%, MIC 0.5 mg-L"! (Rus et al.,
aurantiogriseum caryophyllene oxide-8.635% and germacrene-D-8.159% MFC 5 mg-L"! n.d.)

MIC- mimimum inhibitory concentration, MFC-minimal fungicital concentration

EFFECTS OF ESSENTIAL OILS ON
FUNGI AND THEIR MYCOTOXINS

According to reports in the specialized
literature, it seems that essential oils containing
monoterpenes: o-pinene, B-pinene, p-cimena, y-
terpinene, linalool and citral (neral and
geranial); compounds with phenolic
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characteristics (carvacrol and thymol); and
phenylpropanoids (eugenol) are considered by
some authors, the main compounds responsible
for the antifungal and antimycotoxinic actions
(see Table 3) of essential oils (Beicu et al.,
2021; Chouhan et al., 2017, Maurya et al.,
2021; Rezende et al., 2021; L. Wang et al.,
2019).



Citral (3,7-dimethyl-2-6-octadienal) is the
name given to a mixture of two geometric
isomers: geranial (trans-citral, citral A) and
neral (cis-citral, citral B). These unsaturated
monoterpene B-aldehydes are found naturally
in many citrus essential oils and other herbs or
spice (Leite et al., 2014). It has broad-spectrum
inhibitory effects against various pathogens
such as: Alternaria alternata, A. solani,
Penicillium italicum, P. expansum, A. flavus,
Fusarium moniliform, Candida albicas. The
main effects of citrate on fungi are: destroying
the integrity of the cell membrane, releasing
cellular components, inhibiting mycelium
growth through a mechanism of cell membrane
damage, compromising its integrity and
permeability,  negatively  affecting  the
germination of spores, inhibiting the formation
of pseudo hives and chlamydia, inducing
disruption of oxidative balance, resulting in
disruption of cell integrity. It also reduces the
expression of genes involved in the
biosynthesis of alternariol and its alternariol
derivative monomethyl ether, including pksl
and omtl (Leite et al., 2014; L. Wang et al.,
2019).

Phenolics, such as eugenol, chavicol and 4-
allyl-2-6-dimethoxyphenol, have higher
antifungal properties, compared to cinnamic
and hydro cinnamic acids; antifungal activity
decreases depending on the type of chemical
groups as follows: phenols— alcohols cinnamic
aldehydes— aldehydes —ketones — ethers —
hydrocarbs. Thus, the antifungal efficacy of
volatile oils extracted by different methods
from various plants is influenced by the
presence of various active constituents, such as:
monoterpenes, sesquiterpenes, phenols,
aldehydes and ketones. Constituents such as:
terpenoids, alcohols and phenolic terpenes in an
oxygenated form increase the antifungal
activity of volatile oils (Maurya et al., 2021,
Saad et al., 2013).

There are studies that have shown the
possibility of using essential oils in the form of

vapors, in various concentrations to control
the contamination of stored wheat with
deposit fungi and also the prevention of
contamination with mycotoxins such as
mycotoxin  deoxynivalenol, a secondary
metabolite of Fusarium, see Tables 3, 4, 5, 6
(Bota et al., 2022).

The essential oil extracted from the leaves of
Origanum compactum (oregano), composed
mainly of Carvacrol (38%) and Timol
(31.46%), has been tested on Aspergillus
flavus, A. niger and Fusarium oxysporum.
Inhibition of 4. niger at a minimum
concentration of 3,125 pg/ml was observed. In
the case of A. flavus and F. oxysporum,
concentrations of 6.25 and 12.5 pg/mL were
required for inhibition, respectively, compared
to the controls. Also in this study, a comparison
was made between the fungal cultures
subjected to the essential oil of oregano and
those subjected to fluconazole treatment. The
obtained results indicate lower values of the
minimum inhibitory concentration following
the application of the essential oil compared to
the tested fungal strains, compared to the
Fluconazole standard (Aimad et al., 2022).
Another study that aimed to highlight the
antifungal  potential,  antimicrobial and
phytotoxic effect of essential oils of: Origanum
vulgare, Thymus vulgaris and Coriandrum
sativum, confirmed that the treatment of cereals
with the 3 essential oils listed above, leads to a
significant decrease in mycotoxin levels,
namely the level of deoxynivalenol in wheat
samples, depending on the type of volatile oil,
concentration and time of fumigation. The
maximum inhibition percentage was obtained
21 days after the application of volatile oils in
the form of vapors at a concentration of 0.2%.
Inhibition of the development of mycotoxin
deoxynivalenol also occurred after 7 days of
application of the essential oils of Origanum
vulgare and Thymus vulgaris as vapors (Bota et
al., 2022).
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Tabel 4. Essential oils with antifungal effects on Fusarium spp.

Fungal species:

Essential oil of:

The major components of the essential oil:

Result:

References:

Fusarium
sporotrichioides
and  Fusarium

solani

Fusarium
graminearum
KZF-1

Fusarium

graminearum

Fusarium
verticillioides
M3125

Fusarium

avenaceum

Fusarium
oxysporum
(MTCC 9913)

Thymus vulgaris - vapor

Origanum vulgare - vapor

phase

Cymbopogon  citratus -
vapor phase

Syzygium aromaticum -
vapor phase

Cinnamomum zeylanicum

Cymbopogon martini
Thymus hiemalis
Coriandrum sativum
Thymus vulgaris
Origanum vulgare

A mixture of thyme and
oregano essential oil

A mixture of thyme and
coriander

A mixture of oregano and

coriander

A mixture of thyme,

oregano and coriander
Curcuma longa
Pimenta dioica
Syzygium aromaticum

Rosmarinus officinalis

Ammoides pusilla (lot 1)

Ammoides pusilla (lot 2)

Nigella sativa

thymol (58%), p-cymene (22%) and linalool

(3%)

carvacrol (70%), p-cymene (11%) and thymol

(3%).

geranial (42%) and neral (28%), geraniol (5%)

and geranyl acetate (4%)

eugenol (80%), eugenol acetate (7%), and

caryophyllene (7%)

cinnamic aldehyde < 70%, eugenol < 4.4%,
1.1%, benzyl

benzoate < 1.1%, benzaldehyde 0.5%, cinnamic

alcohol < 0.4%, and cuminaldehyde < 0.2%

geraniol 85%, linalool 2-3%, limonene 1% and

linalool < 2.6%, limonene <

citral 1%;

citral 42% and limonene 40%

linalool

thymol and o-cymene
carvacrol and o-cymene
o-cymene (33.25%), and
carvacrol (30.33%)

o-cymene (29.33%), P-linalool (28.87%)
thymol (26.18%)

o-cymene (24.35%), PB-linalool (28.22%)
carvacrol (33.72%)

o-cymene (14.59%), PB-linalool (21.68%)
thymol (17.22%)

o-turmerone (44.70%), B-turmerone (20.67%),
and Ar-turmerone (17.27%)

methyl eugenol (53.09%), eugenol (16.70%),
and B-myrcene (12.80%)

eugenol (88.70%), and B-caryophyllene (6.55%)

thymol (21.04%)

and

and

and

1,8-cineole (53.48%), a-pinene (15.65%), and
(—)-camphor (9.57%)

(34.70%), y-terpinen (27.03%), p-
cymene (19.89%) and thymol methyl ether
(9.18%)

Thymol

Thymol (53.55%), y-terpinen (16.82%), p-
cymene (14.59%) and thymol methyl ether
(8.07%)

O-cymene (37.82%), carvacrol (17.68%), o-
pinen (10.09%), trans-sabinene hydrat (9.90%)

and terpinen-4-ol (7.15%)

MIC 62.5 uL/L
MEFC 125 puL/L
MIC 62.5 uL/L
MEC 125 pL/L
MIC 62.5 uL/L
MEFC 125 pL/L
MIC 62.5 pL/L
MFC 125 pL/L
5% essential oil
concentration reduces

micelle growth by 90%

5% essential oil
concentration reduces
micelle growth by 1%

5% essential oil
concentration reduces
micelle growth by 68%
CMFs 0.5%

CMFs 0.1%

CMFg 0.6%

CMFs 0.06%

CMFg 0.2%

complete inhibition of the
micelle after 28 days
complete inhibition of the
micelle after 28 days
complete inhibition of the
micelle after 28 days
complete inhibition of the
micelle after 28 days

125 ppm, inhibition of
radial growth was 38.8%
125 ppm, inhibition of
radial growth was 20.8%

125 ppm, inhibition of
radial growth was 57.4%
125 ppm, inhibition of
radial growth was 13.3%
MIC 0.5 pL-mL™" produces
a 99.2% inhibition of fungal
growth after 7 days of
treatment

MIC 0.25 pL-mL""

MIC 2.69 pg/mL

(Stielkova et
al., 2021)

(Gwiazdowska
etal., 2022)

(Alexa et al.,
2022)

(Achimon et
al., 2021)

(Chakroun et
al., 2021)

(Zouirech et
al., 2022)

MIC- mimimum inhibitory concentration, MFC-minimal fungicital concentration, CMFs- minimum concentration with fungistatic effect
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Table 5. Essential oils with antifungal effects on Aspergillius spp.

Fungal species: Essential oil of: The major p ts of the essential oil: Result: References:
Aspergillus niger Thymus vulgaris- vapors thymol (58%), p-cymene (22%), and linalool MIC 62.5 uLL/L (Strelkova et
(3%) al., 2021)
Origanum vulgare- vapor  carvacrol (70%), p-cymene (11%) and thymol ~ MIC 62.5 pL/L
phase (3%).
Cymbopogon citratus-  geranial (42%), neral (28%), geraniol (5%) MIC 62.5 uL/L
vapor phase and geranyl acetate (4%)
Syzygium aromaticum-  eugenol (80%), eugenol acetate (7%), and MIC 62.5 pL/L
vapor phase caryophyllene (7%)
Origanum vulgare- vapor  carvacrol (70%), p-cimen (11%) si timol MIC 62.5 uL/L
phase (3%).
Origanum vulgare 4-terpineol (44.11%), 5.0 uL of essential oil (Esper et al.,
Linalool (15.22%), a-terpineol (5.96%) produces a 40.93% inhibition ~ 2014)
of fungal growth
Ageratum conyzoides Dimetoxi ageratocromene (96.53%) 5.0 uL of essential oil
produces a 88.37% inhibition
of fungal growth
Cymbopogon  citratus -  geranial (42%) and neral (28%), geraniol MIC 62.5 pL/L (El-Soud et
vapors (5%) and geranyl acetate (4%) al., 2012;
Syzygium aromaticum-  eugenol (80%), eugenol acetate (7%), and MIC 62.5 uL/L Stielkova et
vapors caryophyllene (7%) al., 2021;
Carum carvi carvone (70.1%); y -terpinene (12.6%); At 1000 ppm complete Zhao et al.,
limonene (5.1%) inhibition of fungal growth 2016)
Coriandrum sativum - terpinene (10.6%); linalool (40.9%); At 1000 ppm complete
geranyl acetate (12.8%) inhibition of fungal growth
Foeniculum vulgare estragole (50.1%); limonene (20.2%); At 1000 ppm, 50% inhibition
fenchone (10.6%) of fungal growth
Aspergillus flavus ~ Eugenia caryophyllata eugenol (82.52%) 0.1 and 0.25 L mL"! (Oliveira et
tulpina MC11 suppress mycelial growth by al., 2020)
75 and 85%, respectively
Rosmarinus officinalis  o-pinen (22.65%) 0.1 and 0.25 uL mL"' do not
chemotip camfor suppress mycelial growth
Aspergillus flavus Cinnamomum verum cinnamaldehyde (89.33%), (E)-2- 0.25pl/disc completely (Xiang et al.,
NRRL 3357 methoxycinnamaldehyde (4.66%) and carveol  inhibits fungal growth 2020)
(2.20%)
Origanum vulgare carvacrol (84.96%) and thymol (13.26%) 2.50 pl/disc completely
inhibits fungal growth
Cymbopogon citratus (Z)-citral (43.66%) and (E)-citral (43.55%) 6.00 pl/disc completely
inhibits fungal growth
Aspergillus Satureja montana borneol (36.18%), carvacrol (11.07%), MEC for A. ochraceus 3.91 (Rezende et
ochraceus camphene (5.35%), v -terpineol (12.66%) and  ul/ml, and for 4. flavus is 0.98  al., 2021)
(CCDCA 10506), p-cymene (9.57%) pl/ml
Aspergillus flavus Mpyristica fragrans limonene (10.15%), sabinene (49.23%), MEFC for A. ochraceus and A.
(CCDCA 10508) terpinen-4-ol (4.99%), a-pinene (13.81%) and  flavus is 15.62 pl/ml
B-pinene (10.75%)
Cymbopogon flexuosus geranial (59 .66%) and general (38.98%) MEFC for A. ochraceus and A.

Aspergillus
parasiticus tulpina
CECT 2682

Aspergillus
parasiticus tulpina
CGC34

(4p)

Aspergillus
ochraceus  tulpina
CcGCs87

(4o)

Lavandin Grosso

Lavandin Abrial

Origanum virens

chemotip linalool -Tymus
zygis - vapor

chemotip thymol -Tymus
vulgaris - vapor phase

Eucalyptus
vapor phase
Lavandula angustifolia -
vapor phase

Mentha piperita - vapori

globulus  —

Prunbus dulcis - vapor

Cinnamomum zeylanicum -
vapors
Litsea cubeba - vapor phase

linalool (31.65%), linalyl acetate (24.98%),
1,8-cineole (8.69%), camphor (6.96%), and
terpinen-4-ol (3.10%)

linalool (31.04%), linalyl acetate (19.57%),
1,8-cineole (10.46%), camphor (8.86%), and
(E)-B-ocimene (3.50%)

carvacrolul (28.71%), p-cimen (9.55%), Y-
terpinen (5.22%), a-terpinen (3.00%), mircen
(2.05%) and thymol (1.78%)

p—Cymen (39.10%), linalool (32%), thymol
(12.11%) and a—pinene (2.5%)

p—Cymen (18.36%), thymol (53.40%), y-
terpinene (6.44%), linalool (5.10%) si
carvacrol (2.56%)

Cineol (80.01%) a—pinene (2.88%), p-cimen
(6.30%), limonene (6%), y-terpinene (2.45%)
Linalool (40.59%), Linalyl anthranilate
(10.15%), cineol (12.01%), borneol (7.43%)
Menthol (41.84%), citronellal (22.09%),
borneol (8.40%), p-Cimen (6.3%), 2-
undecanone (5.72%) and p-cariofilene
(3.44%)

Benzaldehide (98.20%)

Cinnamaldehyde (65.30%), eugenol
(21.03%), B-cariofilene (4.16%)
Limonene (11.50%), p-citral (29.27%), a-
citral (37.15%)

flavus 0.98 pl/ml
MIC and MFC 3ul/ml
essential oil

MIC 3pml/ml essential oils,
MFC 5ul/ml

MIC and MFC 0.6 upl/ml
essential oil

Ap fungal inhibition: 47.78%
Ao fungal inhibition: 48.33%
Ap fungal inhibition: 48.33%
Ao fungal inhibition:37.22%

Ap fungal inhibition: 43.33%
Ao fungal inhibition: 33.33%
Ap fungal inhibition: 65.00%
Ao fungal inhibition: 37.78%
Ap fungal inhibition: 40.00%
Ao fungal inhibition: 26.67%

Ap fungal inhibition: 86.67%
Ao fungal inhibition: 88.33%
Ap fungal inhibition: 88.33%
Ao fungal inhibition:83.89%
Ap fungal inhibition: 88.89%
Ao fungal inhibition: 90.00%

(Loran et al.,
2022)

(Hlebova et
al., 2021)
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Table 5. Essential oils with antifungal effects on Aspergillius spp. - continuation

Fungal species: Essential oil of: The major p ts of the essential oil: Result: References:
Aspergillus Cympogon citrati - Limonene (14.50%), B-citral (33.37%), a-citral ~ Ap fungal inhibition: 87.78%  (Hlebova et
parasiticus vapor phase (39%) Ao fungal inhibition: 87.78%  al., 2021)
tulpina CGC34 Zingiber officinalis - Camphene (3.49%), limonene (3.76%), a- Ap fungal inhibition: 46.67%
Ap) vapor phase curcumene (14.20%), Zingiberen (44.36%), o- Ao fungal inhibition: 33.44%
Aspergillus farnesen (12.40%) and Sesquiphellandren
ochraceus tulpina (11.41%)
CGC87
(40)
Aspergillus Cinnamomum limonene (10.54 %), (E)-cinnamaldehyde MIC 1106 pl/ml (Kalagatur
ochraceus zeylanicum (35.81 %), and eugenol (12.41 %) MEFC 1430 pl/ml etal., 2020)
Curcuma longa ar-turmerone (46.13%) and ar- curcumene MIC 1608 pl/ml
(8.33%) MFC 2140 pl/ml
Cymbopogon martini terpinen-4-ol (11.52 %) and geranyl acetate MIC 1308 pl/ml
(14.88 %) MFC 1430 pl/ml
Zingiber officinale geraniol isobutanoate (10.41 %), geranyl MIC 1898 pl/ml
acetone (11.05 %), geranyl acetate (14.59 %), MEC 1756 pl/ml
geranyl proprionate (18.93 %), thymol (10.86
%), and limonene (10.88 %)
Ocimum basilicum eugenol (36.58%) and linalool (10.83%) MIC 1791 pl/ml and MFC
2255 pl/ml
MIC- mimimum inhibitory concentration, MFC-minimal fungicital concentration
Tabel 6. Essential oils with an effect on the biosynthesis of mycotoxins
Mycotoxins: The effects of essential oils: References:
Aflatoxin ~ Bl1, Carum carvi - completely suppresses the production of aflatoxin Bl at the concentration of 1000 ppm  (El-Soud et al.,
synthesized by essential oil; 2012; Esper et
Aspergillus Coriandrum sativum - completely suppresses the production of aflatoxin B1 at concentrations of 500, 750 and ~ al., 2014;
flavus 1000 ppm essential oil; Oliveira et al.,
Ageratum conyzoides - the volumes of 50, 30 and 15 pL of the essential oil inhibited the production of  2020; Xiang et
aflatoxin Bl in maize by 93.70, 34.15 and 15.45%, respectively, and in the case of soybeans, the same al., 2020)
volumes of oil essentially inhibited mycotoxin production over 75%;
Oreganum vulgare - volumes of 10, 50, 100 and 200 uL showed inhibitory effect on aflatoxin production in
soybeans at 54.4; 88.68; 86.94 and 88.16%;
Eugenia caryophyllata - after 7 days of incubation at a concentration of 0.5 pL mL™' essential oil, a 100%
inhibition of aflatoxin B1 was observed;
Rosmarinus officinalis camphor chemotype — produced an inhibition of 81.4% after 7 days of incubation at a
concentration of 5 pl ml-1 essential oil;
Mixture of essential oil of cinnamon, oregano and lemongrass in a ratio of 1:5:48 - at 0.6 ul/disc of essential
oil, a 67.53% inhibition of aflatoxin B1 is obtained, and at a concentration of 1.0 ul/disc 72.68%.
Aflatoxin B1 Litsea cubeba (vapors) significantly affected mycotoxin production at a concentration of 15.625 pl/l of air; (Hlebova et
and G1, Cympogon citrati (vapors) significantly affected mycotoxin production at a concentration of 15.625 pl/l of air;  al., 2021)
synthesized by
A. parasiticus
Aflatoxin B1 Satureja montana - very low level of aflatoxins at the concentration of 0.015 pl/ml essential oil, and at a  (Rezende et
and B2 higher concentration of essential oil the inhibition of aflatoxins is 100%; al., 2021)
synthesized by Myristica fragrans - very low level of aflatoxins at the concentration of 0.015 pl/ml essential oil, and at a
A. flavus higher concentration of essential oil the inhibition of aflatoxins is 100%;

(CCDCA 10508)

Aflatoxins B1,
B2, G1 and G2
synthesized by
Aspergillus
parasiticus
tulpina CECT
2682

Fumonisins
synthesized by
Fusarium spp.

Deoxynivalenol
(DON),
synthesized by
Fusarium spp.

Cymbopogon flexuosus - very low level of aflatoxins at a concentration of 0.015 ul/ml essential oil, and at a
higher concentration of essential oil the inhibition of aflatoxins is 100%;

Rosmarinus officinalis - almost completely inhibits aflatoxin production as follows: over 89% for AFG2 and
over 99% for the other aflatoxins (B1, B2 and G1);

Lavandin Grosso — significantly inhibited the synthesis of aflatoxins (B1, B2, G1 and G2) in a concentration-
dependent manner;

Origanum virens- significantly inhibited the synthesis of aflatoxins (B1, B2, G1 and G2) in a concentration-
dependent manner;

Lavandin Abrial — stimulated the production of aflatoxins B1 and G1 at concentrations of 0.8 pl/ml and 1pl/ml
essential oil, also at these concentrations it significantly reduced the percentage of aflatoxins B2 and G2;
Melissa officinalis - 2000ppm essential oil produced a 79.67% inhibition of the mycotoxin;

Salvia officinalis - 2000ppm essential oil produced a 96.6% inhibition of the mycotoxin;

Coriandrum sativum - 2000ppm essential oil produced a 94.64% inhibition of the mycotoxin;

Thymus vulgaris - 500ppm essential oil produced a 97.32% inhibition of the mycotoxin;

Mentha x piperita - 2000ppm essential oil produced a 95.77% inhibition of the mycotoxin;

Cinnamomum zeylanicum - 500 ppm essential oil produced a 97.32% inhibition of the mycotoxin;
Origanum vulgare (vapors) - at the concentration of 0.2% essential oil, after 28 days of treatment, DON was
inhibited by a percentage of 55.35%, and at a concentration of 0.4%, also under the same conditions, the
inhibition was at a percentage of 43.88%;

Thymus vulgaris (vapors) - at the concentration of 0.2% essential oil, after 28 days of treatment, DON was
inhibited by a percentage of 64.65%, and at a concentration of 0.4%, also under the same conditions, the
inhibition was at a percentage of 39.84%;

(Loran et al.,
2022)

(Sumalan et
al,, 2013)

(Botaetal.,
2022;
Gwiazdowska
etal., 2022;
Perczak et al.,
2019)
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Tabel 6. Essential oils with an effect on the biosynthesis of mycotoxins - continuation

Mycotoxins:

The effects of essential oils:

References:

Deoxynivalenol
(DON), synthesized
by Fusarium spp

Ochratoxin A
(OTA) synthesized
by Aspergillus

carbonarius S402

Ochratoxin (OTA)
synthesized by
Aspergillus

ochraceus

Ochratoxin A
synthesized by
Penicillium
verucosum
Zearalenone
(ZEA), synthesized

Coriandrum sativum (vapors) - at the concentration of 0.2% essential oil, after 28 days of treatment,
DON was inhibited in percentage of 44.03%, and at a concentration of 0.4%, after 14 days of
fumigation, the inhibition was in percentage of 57.05%;

Concentrations of 20% essential oil of: Cii

lani Orig vulgare, Cymbopogon
martini, Thymus hiemalis, Mentha viridis, Foeniculum vulgare dulce, Aniba rosaeodora and Citrus

aurantium produced over 99% inhibition of mycotoxin secretion in the process;

Concentrations of 1% essential oil of: Cii 2ylani Cymb, martini and Thymus

hiemalis, reduce mycotoxin levels by 100%;

Chamomile - OTA reduction by 67.5% at a concentration of 1ul/ml;

Celery- reduction of OTA by 68.5% at a concentration of 1ul/ml essential oil;
Rosemary- reduction of OTA by 57.3% at a concentration of 1ul/ml;

Anise- reduction of OTA by 76.6% at a concentration of 1pl/ml;

Cardamon- reduction of OTA by 74.2% at a concentration of 1ul/ml;

Fennel - reduction of OTA by 88.9% at a concentration of 5ul/ml essential oil;
Satureja montana- at the concentration of 0.015ul/ml essential oil, the mycotoxin was inhibited in a
percentage of 34.35%, and at the concentration of 0.24ul/ml essential oil, the complete inhibition of the
mycotoxin was obtained (100%);

Myristica fragrans- at the concentration of 0.015ul/ml essential oil, the mycotoxin was inhibited by a
percentage of 31.24%, and at the concentration of 0.24pl/ml essential oil, the complete inhibition of the
mycotoxin was obtained (100%);

Cymbopogon flexuosus- at the concentration of 0.015ul/ml essential oil, mycotoxin inhibition was
achieved in a percentage of 24.52%, and at the concentration of 0.24ul/ml essential oil, the inhibition
was achieved in a percentage of 93.72%;

Prunbus dulcis — vapors- at the concentration of 15.625ul/l of essential oil air, mycotoxin inhibition is
over 50%;

Salvia officinalis, Mentha x piperita- in the treatments with concentrations of 500, 250, 125 and 65
uL/ml essential oil, the mycotoxin level was reduced;

Allium sativum, Origanum onites - in treatments with concentrations of 250 and 500 pL/ml essential
oil, the mycotoxin was no longer detected;

Cil oyl Ori;

viridis, Foeniculum vulgare dulce and Aniba rosaeodora (20% essential oil concentration) reduces the

vulgare, Cymbopogon martini, Thymus hiemalis Mentha

(Bota et al., 2022;
Gwiazdowska et
al., 2022; Perczak
etal., 2019)

(El Khoury et al.,
2016)

(Hlebova et al.,
2021; Rezende et
al., 2021)

(Ozcakmak et al.,
2017)

(Gwiazdowska et
al., 2022; Perczak

by Fusarium amount of ZEA by 100%; etal., 2019)
graminearum Citrus aurantium (20% essential oil concentration) reduces the amount of ZEA by 99.99%;

Concentrations of 1% essential oil of Ci zeylanicum, Cymbopogon martini and Thymus

hiemalis reduce mycotoxin levels by over 84%;
Zearalenone, Cinnamomum zeylanicum, Orig vulgare, Cy ypogon martini, Thymus hiemalis, Mentha (Perczak et al.,
synthesized by viridis, Foeniculum vulgare dulce and Aniba rosaeodora (in a concentration of 20% essential oil) 2019)
Fusarium culmorum  reduce the amount of mycotoxin in a percentage between 99.08-99.99%;

Citrus aurantium (20% essential oil concentration) reduces the amount of mycotoxin by 68.33%
Ennantine (ENN) Ammoides pusilla (batch 1)-ENN accumulation was inhibited by 65.76 and 100% at concentrations of (Chakroun et al.,
synthesized by F. 0.1,0.25 and 0.5 LumL™" essential oil, respectively, and Ammoides pusilla (batch 2) - causes a 92% 2021)
avenaceum reduction of ENN at the concentration of 0.15 L umL ~'.
CONCLUSIONS importantly the risk of poisoning and other

The use of essential oils in agriculture as
biopesticides can be a sustainable alternative to
protecting stored crops, agricultural products,
including the environment and the health of the
consumer. In addition to the biopesticide
wheel, volatile oils can be used to reduce the
level of mycotoxins of cereals in the deposits,
so these natural products reduce the economic
losses caused by contamination and most
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pathologies resulting from the consumption of
contaminated products. Also, volatile oils, due
to the synergistic mode of action between the
components, can successfully replace the
synthetic preservatives used in the preservation
of vegetables and fruits. The preservative effect
of oils extracted from plants is due to chemical
compounds that have proven antibacterial,
antifungal and antioxidant effects.



Most of the pathogens of agricultural crops
become resistant to the chemical treatments
used. Thus, most of the times, the dose of
chemicals is used to be increased in order to
succeed in combating them. The increase in the
quantity of synthetic substances leads to a
direct proportional increase in the negative
effects created by the substances used and their
residues on the environment but also on the
health of consumers, be they of human or
animal nature.

The replacement of synthetic substances with
eco-friendly substances, such as essential oils
extracted from various plants, can be a durable
solution in combating the resistance of
phytopathogens, due to their vast chemical
composition and synergistic effects between the
main constituents.

A plus of the use of essential oils at the expense
of synthetic substances is the use of small
amounts of ethereal oils to achieve strong
fungistatic and fungicidal effects. They also
decomposes quickly without leaving toxic
residues in the environment.

In conclusion, through this scientific research
we tried to make: an enumeration of volatile
oils with the potential of biopesticides, a
highlighting of the effects and the antifungal
mode of action of the major components
identified in their composition, on pathogenic
fungi and biosynthesized mycotoxins.
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Abstract

The main objective of this study was to evaluate under field conditions potato genotypes derived from true seeds, that
showed tolerance to in vitro induced water stress. The biological material was represented by 3 genotypes: GIL19-03-
07, ZIL19-02-43 and GIL19-03-29, for which tuber number, yield and culinary quality were determined. The genotype
GIL19-03-07 obtained the best results in terms of total number of tubers (647.20 thousand/ha), surpassing the variety
Cosiana (control). In a dry growing year, in terms of total tuber production, the results obtained point to the genotype
ZIL19-02-43 which obta