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ABSTRACT

Vegetable cropping systems are high-input and generally require large quantities of fertilization, protection,
frequent irrigation, and repeated tillage operations. Consequently, an increase in vegetable production may
have serious impact on soil health and functions. The aim of the study was to assess microbiological, chemi-
cal and physical indicators of soil fatigue in two of the most intensive vegetable crops in Poland: onions and
peppers, to identify which cultivation practices are most responsible for the adverse changes. The results
have shown, that the most reliable indices in cultivation of these vegetables occurred dehydrogenase activ-
ity, organic matter content and soil physical properties. The other studied parameters such as pH, nutrients
availability and microbial abundance seem to be less sensitive factors. In all soils, where the onion and pep-
per were produced, the dehydrogenase activity was significantly lower as compared to non-cultivated soil.
It corresponded with reduced content of organic matter. In onion production numerous runs by agricultural
machinery during field operations lead to soil compaction, breakdown of its structure and organic matter
reduction. Moreover, poor crop rotation and low surface coverage with vegetation accelerate these effects and
deteriorate the biological functioning of the soil. In turn, in pepper cultivation, monoculture with high mineral
fertilization, cause soil acidification and adverse effect on microorganisms, decreasing their activity, but in-
creasing the proportion of fungi in microbial community. Intense mineral input, resulting in high concentration
of nutrients in soil, may be a reason of reduced organic carbon content, despite application of organic manures.
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INTRODUCTION

Soil is a natural, non-renewable resource, which
has fundamental functions to our existence as a source
of food and energy. Decomposition of organic matter
and circulation of nutrients, essential for the continu-
ity of life, take place in the soil. It also plays an im-
portant role in climate regulation e.g. through carbon
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sequestration and water retention. However, in the
21st century, the progressive degradation of soils is
a serious problem. Intensive agriculture cause a strong
pressure on soil environment and negatively affects its
functioning. In consequence, soil is subject to accel-
erated erosion, compaction, acidification, salinization,
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decline in organic matter and depletion of organic
carbon reserves, elemental imbalance and loss of nu-
trients, loss of biodiversity and accumulation of soil-
borne pathogens [Lal 2015, Bonanomi et al. 2016,
Bayata 2024]. According to global estimates, about
38% of'soils have been degraded, including those used
for agricultural purposes [Gozdziewicz-Biechonska
2018], and at least 60—-70% of soils in the European
Union [Midler 2022, European Environment Agency
2024]. Changes to cropping systems are required to
prevent these adverse trends. In order to do this, how-
ever, it is necessary to know which factors have a de-
cisive impact on soil health in specific crops.

In the food supply chain vegetables play very im-
portant role. Sales of fresh produce — vegetables and
fruits, has increased dramatically (by 30%) in the past
few decades [Stea et al. 2020], as their consumption
is intensively promoted worldwide to prevent many
civilisation’s diseases. However, growing vegetables
is demanding in terms of nutrition, protection and irri-
gation. In spite of improved varieties, the pressure of
pathogens and pests requires systematic control, and
achieving satisfactory yields encourages farmers to
use intensive fertilization and agro-technical practices
with heavy equipment. This intensification of produc-
tion leads to environmental pollution, residual toxicity
towards microorganisms and humans, development
of plant pathogen resistance and biodiversity loss
[De Corato 2020], which results in serious crop prob-
lems and losses that farmers face for years. In Poland,
vegetable producers complain that they have to apply
more and more fertilizers and pesticides to achieve
satisfactory yields, which exacerbates the detrimental
processes in the soil.

Onion and pepper are the crops, which produc-
tion is very intensive, with high input of chemicals
and limited crop rotation. Onion occupies the first
place in Poland in terms of the area of vegetable cul-
tivation. The annual production in 2024 was around
700,000 tonnes. After the Netherlands and Spain, Po-
land is the third producer of onion in the EU, and the
share of our country in the EU production of onion is
about 10% [Statistics Poland 2024]. Pepper in Poland
is the third vegetable grown under cover after toma-
toes and cucumbers. The specificity of this crop lies in
the fact, that the peppers are grown in plastic tunnels,
in the soil, on the same site for up to a dozen years.

In both cases, the production is associated with many
difficulties, and growing conditions are getting worse.
In order to try to solve these problems, it is necessary
to know which soil parameters have been most severe-
ly altered by these crops.

Numerous chemical, physical, microbiological and
biochemical indicators are used to asses soils condi-
tion [Bastida et al. 2008]. Among them pH, nutrients
availability, soil organic matter (SOM) content and
soil physical indices such as bulk density, soil porosity
and field water capacity are considered as important
for soil function [Chaudhry et al. 2024, Kahsay et al.
2025]. Of great importance are also microbial indi-
ces [Raiesi and Behesthi 2015]. Soil microorganisms
plays an important role in organic matter decomposi-
tion and govern the balance of carbon cycling between
SOM and atmospheric C pool, and microbial biomass
contributes to SOM [Anthony et al. 2020]. Microor-
ganisms are also responsible for nutrient cycling, soil
structure building, promotion of plant growth and sup-
pression of pathogens [Jacobsen and Hjelmseo 2014,
Wolinska et al. 2018, Mayer et al. 2019]. The diversity
of their metabolic activities makes them participate in
practically all processes and stages of nutrient trans-
formations in the soil [Bonanomi et al. 2016, Ma-
hala et al. 2020]. According to Trivedi et al. [2016],
changes in microbial populations and activity can
precede detectable changes in soil physico-chemi-
cal properties, providing an early sign of soil deg-
radation. Populations of bacteria, actinomycetes,
fungi and soil enzyme activities are still the most
commonly studied indicators in order to assess the
performance of various soil management techniques
[Tian et al. 2015, Wolinska et al. 2018]. Essential
microbial function of processing and acquisition of
nutrients from organic matter, requires the activity
of extracellular enzymes [Raiesi and Behesthi 2015,
Qu et al. 2020]. Among the soil enzymes, the activ-
ity of dehydrogenases (DHA) provides information
about the biologically active microbial population in
the soil [Gil-Sotres et al. 2005].

The aim of this study was to assess the condition
of soils in intensive production of onion and pepper,
as an attempt to try to solve the problems with soil
degradation in cultivation of these vegetables. The
evaluation was based on microbiological, chemical
and physical indices of soil condition.
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MATERIALS AND METHODS

Origin and sampling of soil

Soil samples were collected from Polish farms sit-
uated mainly in central Poland, where intensive, long-
term vegetable cultivation is carried out. The farms for
sampling were selected based on crop history, where
in many cases the vegetables were grown in monocul-
ture over several years. The best example is the culti-
vation of pepper in the soil, in PE film tunnels, on the
same site for several years (even for 20 years). The
crops were treated with intensive mineral fertilization,
chemical plant protectants and mechanical cultivation
using heavy equipment (except for peppers in tunnels).
Soil samples were taken in the middle of vegetation
period for crop plants. At the same time, comparative
samples were taken from fallow soils in close proxim-
ity to the agricultural soils. Four combined soil sam-
ples were taken for each site. One combined sample,
comprising approx. 2 kg of soil, was collecting from
a randomly selected area of 25 m? (square 5 x 5 m).
The sub-samples were taken with a Egner’s tool from
a depth of about 0-20 cm. These samples were tak-
en for microbiological, chemical and biochemical
analyses. From the same areas, the soil samples were
collected to evaluate physical soil parameters using
four stainless cylinders (diameter 5 cm, height 5 cm),
closed on both sides with a tightly fitting plastic caps.

In total, arable and fallow soil samples (in four
replicates) were taken from 28 farms: 18 from onion
crops, 10 from pepper crops. During the farms visits,
the farmers were asked to fill a questionnaire, in which
the information about fertilization practices (the type
of fertilizers used and time of their application) and on
the crop rotation systems were collected.

Microbiological analyses

All combined soil samples were thoroughly mixed
and sieved to remove stones and big particles. Then,
10 g subsamples were added to 100 ml 0.85% NaCl
water solution and mixed on a rotary shaker for
20 min. The soil dilution plating method on selective
media was used to quantify the population of select-
ed groups of microorganisms. Total bacteria, includ-
ing actinomycetes, were determined on soil extract
medium [Dhingra and Sinclair 1995]. The number of
fluorescent Pseudomonas was determined on the S1
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medium under UV light [Gould et al. 1985]. Rose
Bengal medium [Martin 1950] was used to enumerate
fungi and yeasts. The number of spore-forming bacte-
ria was determined on 10% trypticase soy agar medi-
um (TSA), after pre-heating of the soil suspension for
10 minutes at 80 °C. Copiotrophs and oligotrophs
were evaluated according to Hattori and Hattori meth-
od [1980]. The number of microorganisms was ex-
pressed as a log,, of colony forming units (cfu) g' of
soil dry weight.

Enzyme dehydrogenases activity

Dehydrogenases activity (DHA) was measured ac-
cording to Cassidy procedure described by Alef and
Nannipieri [1995] and Brzezinska and Wtodarczyk
[2005]. Briefly, 3 g of sieved soil was placed in the
15 ml dark tube to restrict light, and added successive-
ly with: 1.8 ml of sterile deionized water, 600 pl of
1% glucose suspension and 600 pl of 3% water solu-
tion of 2,3,5-triphenyltetrazolium chloride (TTC). The
mixture was incubated for 24 hours at 30 °C in the
darkness. During incubation TTC was reduced en-
zymatically to water-insoluble TPF (1,3,5-triphenyl-
formazane). The reaction was stopped by addition
12 ml of 96% ethanol, and the mixture was agitated for
next hour in dark. Then, the samples were centrifuged
(12 000 rpm/min.) for 8 minutes, at 4 °C. The super-
natant was used for spectrophotometric measurements
of TPF concentration at A = 485 nm, with the use of
spectrophotometer (UVLINE 9600). The obtained
values were related to the standard curve (with known
TPF concentration). Finally, the mean dehydrogenas-
es activity was expressed in units of dehydrogenases
activity, as the amount of TPF produced by 1 gram of
soil during 24 hours (pug TPF/g s.d.w. 24 h) [Casida et
al. 1964].

Chemical analyses of the soil

Sieved soil samples were subjected to chemical
analysis. Total nitrogen was determined through min-
eralization in concentrated sulfuric acid [Walinga et
al. 1995]. A Kjeldahl digestion kit and unit (Vapodest,
Gerhardt GmbH, Konigswinter, Germany) were used
to determine total nitrogen (N) content by titration.
Macro- and micronutrients (P, K, Ca, Mg, Na, S, Fe,
Mn, Cu, Zn, B) were isolated by the microwave diges-
tion in the concentrated nitric acid, in a closed system
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[Ostrowska et al. 1991]. Qualitative and quantitative
analyses of the above elements were done by the plas-
ma spectrometry, atomic absorption spectroscopy and
colorimetric methods called “segment flow system”
[Antweiler et al. 1996]. The pH was measured in 1 N
KCl in air-dried soil, using a 1 : 5 v/v soil suspension.

Soil physical properties measurements

The physical properties of the soils were deter-
mined according to the method adopted by the Euro-
pean Union [PN-EN 13041: 2002]. Designations were
made in the cylinders with a diameter of 5 cm and
a height of 5 cm. The water-air capacity was deter-
mined with the ‘Eijkelkamp’ sand apparatus at a vac-
uum corresponding to a negative pressure of —3.2 cm
H,O. Water holding capacity, bulk density and poros-
ity were calculated in accordance with PN-EN 13041
[2002]. The organic matter content was determined
after sample incinerating in accordance with PN-EN
13039 [2002].

Statistical analysis

Data concerning statistical differences between
intensively cultivated and fallow soil were tested by
means of the Student two tailed test separately for
each crop. If the homogeneity criterion of the variance
tested by the Lavene’a method was not met, a modi-
fied generalisation of the test, the so-called Welch test,
was used. The calculation were done using Statistica
package v. 13.1 (Dell Inc. 2016).

RESULTS

Microorganisms and microbial activity in soils

Analyses of microbial groups in soil samples
showed small differences between studied microor-
ganisms, determined in intensively cultivated and fal-
low soils. The greatest differences were found in the
case of onion cultivation, where the total number of
fungi, bacteria and actinomycetes were significantly
lower in the soil samples from under cultivation than
in the fallow soils (Tab. 1). For other groups of stud-
ied microorganisms there were no differences between
arable and fallow soils. In contrast, many years of in-
tensive pepper cultivation had no effect on the total
abundance of culturable microbial groups compared
to the neighboring uncultivated soils. However, it was
observed that “pepper’s” soils indicated tendency to
reduced number of overall bacteria, and especially flu-
orescent Pseudomonas, compared to soils from onion
cultivation.

The studies of dehydrogenases showed a reduction
in the activity of microorganisms in the soils with on-
ion and pepper crops compared to the adjacent fallow
land (Fig. 1). The highest difference was observed for
onion cultivation, where DHA was determined on av-
erage at the level of 17.74 and 89.89 pug TFP g!' of
soil dry weight for intensive cultivated soil and fal-
low respectively. In the case of both types of the soils
sampled in pepper production, the differences were
not significant (34.81 and 46.29 ug TFP g'). Howev-

Table 1. The number of microorganisms in soils used for intensive vegetable cropping (intensive) and not cultured soils

(fallow) presented as logo cfu g! £ SE

Onion Pepper
Microorganisms
intensive fallow intensive fallow
Total fungi 5.1+£03b 53+04a 53+03a 54404 a
Bacteria 74+04b 7.6 +0.3 a 7.2+04 a 72402 a
Actinomycetes 6.6 0.4 b 6.9+0.3 a 6.6 0.3 a 6.7+0.3 a
Copiotrophs 10.1£0.5a 10.0£0.5a 10.4+0.7 a 103+0.5a
Oligotrophs 9.3+09a 9.1+09a 9.3+0.7a 9.440.6 a
Spore-forming bacteria 6.4+04a 6.4+0.3a 6.1 £0.5a 6.2+0.5a
Fluorescent Pseudomonas 42+04a 44+03a 38+£1.2a 3.8+09a

Means for cropping and fallow soils indicated by the same letter do not differ significantly according to Student test at p = 0.05

https://czasopisma.up.lublin.pl/index.php/asphc



Szczech, M., Kowalska, B., Nowak, J., Kunka, M., Maciorowski, R. (2025). Microbial and physico-chemical responses of the soil to
intensive onion and pepper cropping. Acta Sci. Pol. Hortorum Cultus, online irst, 1-12. https://doi.org/10.24326/asphc.2025.5553

Dehydrogenase activity

100

90

80

70

60

50

ug TPF g1 24 hrt

40

30

20

10

@ INTENSIVE FALLOW

ONION

PEPPER

Fig. 1. Enzyme dehydrogenase activity in soils cropped with onion or pepper compared to the fallow
land adjacent to these crops. Different letters above the bars indicated significant differences
between means according to Welch test at p = 0.05, separately for each crop

er, the tendency to increased dehydrogenase activity
in not cultivated soil, taken in the neighbourhood of
growing tunnels, was observed. It was also noticed,
that enzymes activity in pepper producing farms was
markedly lower than in not cultivated soils adjacent to
the fields of onion.

Chemical parameters of the soils

Soil management had no significant effect on pH
(Tab. 2). However, there were differences between
fields of onion and soils sampled in pepper production,
which had distinctly lower pH (pH 6.4). In general,
chemical parameters of soils from this type of produce
(in tunnels) were different comparing to field cultiva-
tion of onion. The soil sampled in pepper tunnels char-
acterized high salinity (EC 0.75 mS cm™), i.e. signifi-
cantly higher than in control fallows and in the other
examined soils (EC range 0.29-0.47 mS cm™). Similar
effect was observed for nitrogen and phosphorus con-
tents. Concentrations of N-NO, was in average 99.7 mg
dm of soil, while for onion this was 75.0 mg dm=. In
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the case of P the values were: 212.6 and 122.7 mg dm™
for pepper and onion cultivated soils respectively. The
opposite effect was observed for calcium whose con-
tents were lower in pepper crops (1419 mg dm) than
in field crops of onion (1813 mg dm™).

Comparing nutrients concentrations between ara-
ble soils and fallows in studied crops, the most signif-
icant differences were again in the case of pepper fol-
lowed by onion. The soils, where pepper was cultivat-
ed, contained significantly more N-NO,, P, Ca, Cu and
Zn than adjacent fallows, but less Fe. In onion culti-
vation salinity and nitrogen content were significantly
higher, but K and Mg were lower than in not cultured
soils. According to micronutrients the differences be-
tween cultivated soils and fallows were not significant.

Physical properties of the soils

The differences in the physical properties between
arable soil and fallow were established for the cultiva-
tion of onions (Tab. 3). Cultured soil characterized sig-
nificantly higher bulk density 1.4 g cm™ and lower soil
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porosity about 46%, compared to fallow, where soil bulk
density was 1.1 g cm™ and soil porosity ranged 55-56%.
In the pepper producing farms there were no significant
differences between cropped soil and soils in the vicinity
of the tunnels. It was observed, that soil in the tunnels
was less compact than in field vegetable production.
Whereas fallow soil, taken in the vicinity of the tunnels,
was more compacted — opposite to other fallows. In the
case of water holding capacity, there were not significant
differences between both types of soil use.

It was found that fallow soils characterized sig-
nificantly higher organic matter content (SOM ranged
3.78-3.80%) than in soils used for vegetable cultiva-

tion (SOM ranged 2.24-2.82%) — as in Figure 2. The
higher differences were determined for onion. In the
case of pepper, the difference in SOM content between
not cultivated soil and “tunnel” soil was not that much
bigger, but still relevant.

Fertilization practices and crop rotation

On the basis of the surveys carried out in the visit-
ed farms, it was found that in field production of onion
mineral fertilization prevailed (Fig. 3). In opposite, in
pepper production combined mineral-organic fertil-
ization was mainly used (in 60% of monitored farms).
In the case of organic fertilizers cattle manure was the

Table 2. Concentration of nutrients (means in mg dm= of soil £ SE) in soils under intensive vegetable production and in

fallow soils

Onion Pepper
Nutrients
intensive fallow intensive fallow

pH 6.8t12a 72+10a 6.4+0.7 a 6.3+0.8a
EC (mS cm) 0.47+0.24 a 0.36 £0.24 b 0.75+0.43 a 0.29+0.22 b
N-NO; 75.0+76.3 a 40.4+32.4Db 99.7+87.0 a 29.6+154b
P 122.7+75.1 a 116.6 £65.6 a 212.6 £115.5a 73.4+509b
K 139.8 £74.8 b 1849 +123.4a 120.6 +82.6 a 119.8 £75.8 a

Ca 1813 +1467 a 2449 £1731 a 1419 +862 a 839 +£519b
Mg 128.5+48.5b 177.5482.8 a 131.8 +52.7 a 90.4+£31.6 b
Fe 103.4+79.9 a 91.9+83.5a 106.8 +49.8 b 145.9 £68.2 a

Mn 20.8+£24.2 a 114+119a 9.0+3.6a 8.0+4.7a

Cu 25+l.6a 2.6+2.6a 1.8+0.6 a 1.3+040b

Zn 41+26a 1244304 a 9.844.7a 6.4+3.0b

B 0.7+03 a 0.9+0.6 a 1.0+0.6 a 0.8+04a

Means for cropping and fallow soils indicated by the same letter do not differ significantly according to Student or Welch test at p = 0.05

Table 3. Physical properties of studied soils (means + SE)

Onion Pepper
Parameter
intensive fallow intensive fallow
Soil bulk density (g cm™) 1.4140.15a 1.13+£0.20 b 1.3340.10 a 1.2540.19 a
Soil porosity (%) 45.6+5.8b 56.0+7.9a 48.7+£39 a 51.0+7.1a
Water holding capacity (%) 41.6+4.2 a 443482 a 457429 a 46.6 +3.6 a

Means for cropping and fallow soils indicated by the same letter do not differ significantly according to Student test at p = 0.05
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Fig. 2. Organic matter content (% vol.) in soils cropped with onion, cabbage or pepper compared to
the fallow land adjacent to these crops. Different letters above bars indicated significant differences
between means according to Student test at p = 0.05, separately for each crop
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Fig. 3. Comparison of the rate of mineral and mineral-organic fertilization in production

of onion and pepper

most frequently used. However, in pepper cultivation
chicken dung applied in autumn, after harvest was also
applied.

Analysis of the farmers’ data has shown that rota-
tion studied crops was very simplified. Onion in most
cases was grown in monoculture or in rotation with
potato and carrot, and occasionally with celery, lettuce
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or wheat. The most simplified rotation was in the cul-
tivation of pepper. In eight out of ten visited farms, the
crop was grown in a monoculture that lasts for several
years or more (in one case it was 22 years). In one
farm pepper was rotated with cucurbits and bean, and
in second with barley. In two sites pepper was inter-
cropped with radish or dill and lupine as green manure.
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DISCUSSION

The investigations performed in this work show
the effects of intensive onion and pepper cultivation
on soil’s biotic and abiotic characters, and indicate
which of studied parameters are the most sensitive
to practices employed in both crops production. The
research showed significant functional degradation
of cultivated soils expressed by reduced enzymatic
microbial activity and organic matter content. Soil
physical properties deteriorated the most in the field
cultivation of onions. These factors may be consid-
ered as reliable indicators of soil health in vegetable
production. The other studied parameters such as pH,
nutrients availability and microbial abundance seems
to be less sensitive. However, the evaluation of their
values supported the hypotheses about the reasons for
soil degradation in each of the crops studied.

Although soil quality deteriorated in both crop
types, the causes were different. The most adverse soil
conditions were found in onion cultivation. The stud-
ies have shown, that commonly applied agrotechnical
system for this vegetable production has a strong neg-
ative impact on the biological status of the soils, as
indicated by the low activity of dehydrogenases DHA
and decreased organic matter contents in contrast to
fallows. Moreover, these soils characterized the high-
est bulk density and the lowest porosity, and water
holding capacity compared to non-cultivated soils, but
also to the soil in the tunnels with pepper.

The activity of dehydrogenases, as a group of en-
zymes acting intracellularly, informs about the biolog-
ically active microbial population in soil [Wolinska
and Stepniewska 2012, Blonska et al. 2017]. There-
fore, measurements of the activity of these enzymes
are used to assess soil quality and the impact of soil
use and degradation/regeneration rates, and their high-
er activity indicates higher functional diversity and
soil fertility [Gil-Sotres 2005, Raiesi and Behesthi
2015]. There are several factors that may have impact
on soil dehydrogenases activity. Among them the most
important are SOM content, soil moisture, soil aera-
tion [Wolinska et al. 2015].

The amount of organic matter is one of the most
important indicators of soil fertility [Scotti et al. 2015,
Bashir et al. 2023]. A high content of OM is a factor
stabilising the structure, reducing the susceptibility of

soil to compaction, erosion and degradation. The re-
lationship between DHA and SOM and worsened soil
physical soil properties are also clearly visible in our
research. The highest DHA and SOM content were in
the soil collected form fallows. These values strongly
decreased in cultured soils. Organic matter enhances
soil physical and chemical properties and promotes
biological activity [Chakraborty et al. 2011], affecting
the supply of energy for microbial growth and enzyme
production [Fontaine et al. 2003]. As dehydrogenase
activity reflects metabolic activity of the soil [Moham-
madi et al. 2011], it may be considered to be propor-
tional to the biomass of the microorganisms [Woliniska
et al. 2015]. In our studies, in onion production, the
number of fungi bacteria and actinomycetes in cul-
tivated soils was significantly lower than in fallows.
Similarly, Bonanomi et al. [2011] compared the bio-
logical characteristics of soils collected from different
agricultural farms and found a drastic reduction of soil
microbial biomass and enzymatic activities in soils
having small organic C content and under intensive
agriculture, without use of organic amendments. In
turn Lu et al. [2021] concluded that excessive appli-
cation of mineral fertilizers in vegetable production
has led to the substantial soil enrichment of P, K, Ca
and Mg and soil acidification at 0-60 cm depths, and
resulted in rapid decrease of SOC content, followed by
decline in soil physical and biological properties. In
our case over-fertilisation was not observed in onion
cultivation. The concentrations of nutrients in culti-
vated soils and in fallows were comparable, and soil
acidification did not occur. It suggests, that the farmers
fertilized the crops according to plant requirements,
recommended by the local extension services. How-
ever, it was reported that low humus reserves in Pol-
ish soils are also related to its intensive mineraliza-
tion, removal of organic residues, while limiting the
supply of organic material to the soil [Jonczyk et al.
2008, Smreczak and Jadczyszyn 2017]. Onion is one
of such crops, where organic residues are minor and
mostly transferred from the field. Moreover, the soil
in onion production for the most time is not covered
with vegetation. Weeds are intensively controlled
with herbicides, because onion is very sensitive for
competition with other plants. Intensive control of
weeds, pests and pathogens, split-dose fertilisers ap-
plication [Jarecka-Boncela et al. 2017] and growing
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need for irrigation require numerous passes by heavy
equipment. This led to soil compaction, its structure
degradation, and in consequence to increase organic
matter mineralization and lower carbon sequestration
[Jakab et al. 2023]. This is repeated year after year,
especially that such production is often practised in
monoculture.

In pepper cultivation, despite of less “invasive”
tillage (the use of heavy equipment is not possible un-
der tunnels) and more frequent application of organic
manures (Fig. 3), the situation was not much better
compared to onion production. Soil compaction in
tunnels was less severe, but SOM content was compa-
rable to soils from onion production. Moreover, exces-
sive application of mineral fertilizers caused high con-
centration of macro-elements resulting in high salinity
and acidification of the soil. Conditions in tunnels are
favorable for pests and diseases. Therefore, inten-
sive pepper monoculture leads to an accumulation of
pathogens and pests, and the resulting increased use
of pesticides. Microbial communities are also strongly
affected by fumigants and pesticides usage [Jacobsen
and Hjelmse 2014]. Ciarkowska and Solek-Podwika
[2012] reported that long-term growing of vegetables
in monoculture, in foil tunnels reduces urease activity
in soil reflecting the changes in soil environment, and
have pointed out the hampering effect of frequently
used pesticides. Intensive mineral fertilization and
pesticide management are also listed as a factors in-
hibiting dehydrogenase activity [Chang et al. 2007,
Luo et al. 2015], what was observed in our studies.

Mar Guerrero et al. [2014] have found, that soil fa-
tigue caused by continuous cropping of pepper plants
at the same site is highly specific towards this crop,
and does not apply to other plant species cultivated
in this soil. Whereas, according to Liang et al. [2013]
intensive re-cropping of the same vegetables may neg-
atively affect soil organisms communities changing
their metabolism. They showed that repetitive crop-
ping of cucumbers enhanced population of fungi in
the soil. In presented studies, the number of fungi in
pepper tunnels did not differ compared to other soil
samples. However, markedly lower abundance of bac-
teria was observed. Thus, the proportions of fungi in
the microbial community increased in these soils. This
could be effect of long-term, repeated mineral fertil-
izers application, especially nitrogen inputs, which
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lead to acidification and suppress soil microorgan-
isms [Tian et al. 2015], causing adverse changes in
microbial communities, favoring fungi and increasing
fungal biomass in relation to bacterial biomass. The
soil from pepper production contained also the low-
est abundance of Pseudomonas bacteria, recognised
as beneficial to plants [Mehmood et al. 2023]. These
results suggest that, although, generally no significant
changes in total microbial abundance were observed
in studied soils, the adverse alterations may have oc-
curred in microbiota composition and biodiversity.
However, it needs more detailed studies with the use
of culture-independent molecular techniques such as
next generation sequencing (NGS) to characterize the
differences in soil microbiome’s composition.

CONCLUSIONS

The results showed that intensive cultivation of
economically important vegetables grown in Poland
such as onion and pepper, has detrimental effect on
soil environment. Despite of each crop management
affect the soil via different factors, the most signifi-
cant adverse effects were reduction of DHA and SOM
content. Both of them may be considered as reliable
indicators of soil health condition in vegetable produc-
tion. However, in order to understand the causes of
the phenomena, other soil parameters also need to be
thoroughly investigated.

In onion production, multiple operations with the
use of agricultural equipment lead to a breakdown of
soil structure. This effect is exacerbated by the poor
surface coverage with vegetation related to intensive
weeds control with herbicides, and minor supply of or-
ganic material to soil. Despite the use of rational min-
eral fertilization, these factors led to soil compaction,
reduced water infiltration, surface erosion, decrease of
soil organic matter, suppression of the biological func-
tioning, and in consequence degradation of the soil.
The situation is worsened by onion re-cropping for
several years. Therefore reduction of tillage practices,
intercrops implementation and regular crop rotation
should be recommended in onion production.

In turn, in pepper cultivation, frequent cropping of
the same plant for years on the same site, chemical
soil disinfection frequently applied against soil-borne
pathogens, with high mineral fertilizer application
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rates causes soil acidification and adverse effect on
soil microorganisms, increasing the proportion of fun-
gi in microbial community. Even substantial applica-
tion of organic manuring in pepper monoculture did
not reduce this detrimental effect. High mineral input
in pepper production may cause an increase of soil or-
ganic matter mineralization. Therefore, more precise
and reasonable application of fertilizers and disinfec-
tants should be recommended. One of the solution
could be also to break pepper monoculture by rotation
with other crops, which can be cultivated under cover.
The results indicate that future sustainable vegetable
cropping systems should include a more efficient crop
rotation, with fewer tillage operations and the imple-
mentation of practices leading to an increase in organ-
ic matter resources
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