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Abstract. This study examines the impact of pesticide treatments on soil properties at two growth stages
of rapeseed (rosette and flowering). Results show a significant reduction in organic carbon content in
treated plots, primarily due to increased mineralization of organic matter. An increase in assimilable
phosphorus was observed, linked to pesticide-induced nutrient mineralization. Soil acidification was
noted, particularly in treated soils, likely due to organic acid release and root exudation. At the flowering
stage, a decrease in phosphorus was observed, suggesting increased uptake by plants. The statistical study
showed that during both growth periods, the German variety SY GLORIETTA exhibited greater
resistance to pesticide treatments. The study highlights the complex interactions between pesticides, soil
nutrients, and plant growth, with significant effects on soil fertility and pH dynamics.
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Introduction

Soil is one of nature’s most crucial resources, acting as a reservoir of nutrients and
moisture essential for plant growth (Saikia et al., 2023). It is also a dynamic ecosystem
that harbors approximately 25% of the world’s biological diversity (Decaéns et al.,
2006) and provides vital services such as biomass production, biogeochemical cycling,
and regulation of water flow and climate (Chen et al., 2020).

However, despite these critical ecosystem services, modern agriculture increasingly
relies on the use of phytosanitary products. This growing dependence on chemicals is
progressively intensifying the pressure on soil health and its ability to maintain these
essential functions (Tudi et al., 2021). The use of pesticides per hectare of cultivated
land has risen from 1.8 kg/ha to 2.7 kg/ha. In 2019, global pesticide use totaled
approximately 4.2 million tons, with 53% being herbicides, 22% fungicides and
bactericides, 17% insecticides, and 8% other types of pesticides (FAO, 2020).

Excessive pesticide use can significantly alter the physical and chemical properties of
soil, undermining its fertility and essential ecological functions. These chemicals can
affect the soil’s pH, making it either more acidic or more alkaline, which disrupts
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plants’ ability to absorb nutrients effectively. Moreover, repeated pesticide applications
can damage soil structure by disturbing vital organisms such as earthworms and
microorganisms, which are crucial for maintaining soil stability. This disruption can
lead to soil compaction and reduced drainage capacity (Agnihotri, 2023; Liu et al.,
2018). Additionally, pesticides can interfere with decomposition processes, decreasing
the organic matter content and further reducing the soil’s ability to retain water. As a
result, the soil becomes more vulnerable to erosion and drought (Sim et al., 2022).

To address soil fertility challenges, sustainable agricultural practices must be adopted,
focusing on crops that benefit soil health. Winter oilseed rape (Brassica napus L.) is vital
for both economic and environmental reasons. It is a key source of edible oil and an
important ingredient in biodiesel, aiding the shift to renewable energy. Additionally,
rapeseed offers high-quality animal feed and various by-products, making it a versatile
crop (Zhao et al., 2013). In this context, this study aims to assess the effects of three
pesticides (Colzor Trio, Callisto, and Toprex) on soil properties cultivated with seven
varieties of Brassica napus (rapeseed) from three different origins.

Materials and methods
Study area

This study was conducted at the Technical Institute of Field Crops of Guelma province,
located in the northeastern part of Algeria, as showen in (Fig.1). During the year 2022.

Tectmical Intitut of Ficld Crops
CUTUWA

Figure 1. Geographical location of the study area

Plant growth stages

This study was carried out during two vegetative developmental stages of rapeseed:

Rosette stage (BBCH scale code-30_39): February 20, 2022.

Flowering stage (BBCH scale code-60_69): March 27, 2022.

The rosette and flowering stages of Brassica napus are pivotal for determining both
crop yield and quality:

e Rosette stage: This is a key vegetative growth phase in which the plant
accumulates essential nutrients, and its roots and foliage develop. Optimal
growth at this stage enhances the plant’s resilience to low temperatures and
competition from weeds. It lays a solid foundation for successful reproductive
development by ensuring robust vegetative health (Campos et al., 2012).
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e Flowering stage: Representing the reproductive phase, this stage involves
floral development, pollination, and fertilization, all of which directly affect
seed set and final yield. It is highly sensitive to abiotic stresses like drought and
heat, as well as biotic factors such as disease pressures. Environmental
conditions during this period significantly influence seed quality and oil
composition (Helal et al., 2021; Xu et al., 2021).

The two stages are closely linked, with the success of the flowering phase being
strongly influenced by the plant’s development during the rosette stage.

Plant material: seven varieties of rapeseed (Brassica napus L.)
The seeds are originating from the mentioned countries in Table 1.

Table 1. Seed varieties characteristics: suppliers, origins, and thousand kernel weight
(TKW)

Supplier Origin Varieties TKW(g)
TICG Control (regular seed) LINEAGE 3.6
RGT MUZZICAL 4
SARL SRID France RGT GINFIZZ 4.9
RGT CUZZCO 6.2
SY MATTEOQO 5
SYNGENTA Germany SY HARNAS 5
SY GLORIETTA 5

TICG: Technical Institute of Field Crops of Guelma; TKW: Thousand-kernel weight

Sowing density: 50 seeds/m?2.

The experimental field covers a total area of 3036.80 m?, divided into seven plots.
Each plot measures 50 m in length and 7.2 m in width, with an inter-block space of 1 m
and a 1-m trial border.

Pesticide treatment is applied to only 1/5 of the surface area of each plot. The
remaining area, outlined in red, serves as the untreated control (Fig. 2).

Figure 2 presents the experimental protocol used in the study, detailing the
distribution of the different rapessed varieties tested.

Pesticides

During this experiment, we used two herbicides and one fungicide approved for use
on rapeseed.

(a) COLZOR TRIO

Colzor Trio is an herbicide approved for winter rapeseed in pre-emergence
application. It offers:
e A broad spectrum of efficacy, targeting dicotyledons such as cornflower,
shepherd’s purse, poppy, cleavers, mayweed, and speedwell, as well as annual
grasses like ryegrass and brome
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A perfectly balanced combination of three complementary active ingredients
enhancing its overall performance

CLOMAZONE (C12H14CLNO2) 30 g/l

DIMETHACHLOR (C13H18CLNO?2) 187.5 ¢/l

NAPROPAMIDE (C17H21NO2) 187.5 g/l

This formulation ensures optimal crop protection from the earliest growth stages.
Dose: 4 I/ha.
Formulation: EC (emulsifiable concentrate).
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Figure 2. Experimental protocol and distribution of the different rapeseed varieties used.
P: plot

(b) CALLISTO

Callisto is a systemic herbicide with a broad spectrum of effectiveness against
grasses and broadleaf weeds containing a single active ingredient Mesotrione
(C14H13NO7S) 100 g/l. It acts on sensitive weeds through both foliar and root
absorption, while also providing a pre-emergence effect.

Dose: 0, 15 I/ha.

Formulation: SC (Suspension concentrates).

(c) TOPREX

TOPREX provides growth regulation by limiting the development of aerial plant
parts while offering protection against fungal.

Is the combination of two active substances, paclobutrazol and difenoconazole,
allowing obtaining both a regulatory effect by paclobutrazol (C15H20CIN30) 125 g/l
and fungicide by difenoconazole (C19H17CI2N303) 250 g/I.

Dose: 0, 3 I/ha.

Formulation: SC (suspension concentrates).

Pesticide application

The weeding process for the trial is executed in two phases:
1. Post-sowing and pre-emergence: The first intervention is performed 2 to 3
days after sowing using a broad-spectrum herbicide (COLZOR Trio).
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2. Post-emergence: The second intervention begins at the 2-leaf stage and can
continue until the rosette stage. It generally involves herbicides with a more
targeted action, such as CALLISTO, applied at the 6-leaf stage of the rapeseed.
At this same stage, the fungicide TOPREX is then applied for optimal
protection.

Soil sampling and laboratory analysis :

Soil samples were collected using a manual auger at a depth of 30 cm from the center
of each plot, avoiding the edges, and stored in 20 x 30 cm paper bags. Each bag was
labelled and marked to ensure proper identification of each sample.

The samples were air-dried, then sieved through a 2 mm mesh to separate the fine
fraction from the coarse fraction. A series of physicochemical analyses were
performed for each sample in triplicate to ensure precision and reproducibility of the
results.

e The pH was measured by a pH-meter (Baise and Girard, 1995) after mixing
soil with distilled water (1:2.5 w/v)

e Phosphorus (P, mol/L) was determined colorimetrically following the Murphy
and Riley method (1962)

e The organic carbon was determined using the method described by Walkley
and Black (1934)

e Hygroscopic humidity: determined by oven drying at 105°C for 24 h (Delcour,
1981)

e Porosity: real density: Measured using a pycnometer (Delcour, 1981)

e Apparent density: Measured using the paraffin-coated method (Baize, 2000)

Statistical analysis

Statistical analyses were performed using R software version 4.3.1. The results are
presented as the mean + standard deviation (SD), and differences among the mean
values of the physicochemical parameters of the studied soils were assessed using the
Student’s t-test. The significance level was set at p < 0.05.

The additional statistical analyses are presented in the Appendix, where we used the
Scheirer-Ray-Hare test.

Results

Tables presents the analyses of various soil parameters across seven plots (P1 to P7)
containing seven different varieties of rapeseed. Two types of treatments are compared:
“Treated” (treated with pesticides) and “Control” (untreated). The impact of the
treatment is assessed by analyzing the significance of differences between
measurements, Treatments with the same letter for each parameter in each column with
the same letter are not significantly different using T-test at 0.05.

We assign the higher mean letter (a) and the lower mean letter (b).

Table 2 illustrates the variations in soil physico-chemical parameters during the
rosette stage of rapeseed.

Regarding Organic Carbon, the impact of the treatment varies across the sampling
points (P1 to P7). A significant decrease in organic carbon content is observed in the P1
and P4 plots compared to the control, while a significant increase is noted in the P2, P5,
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and P7 plots. In contrast, no statistically significant differences between the treated and
control plots are observed for P3 and P6.

As for Phosphorus, the results show an increase in available phosphorus in all treated
soils compared to the controls. This difference is significant for the P2, P4, and P7 plots,
while no notable variation is recorded in the remaining plots.

Concerning pH (pHKCI), the values are generally similar between treated and
control soils. The pH ranges from 6.65 to 7.16 in the treated plots and from 6.85 to 7.33
in the control plots. No significant differences in pH are found between the treated and
control groups in most plots, with the exception of a small significant difference
observed between P4 and P6.

The water pH follows a similar trend, with slightly lower values in treated soil plots.
When comparing the two plot types, it is evident that the control plots have higher and
more stable pH values (ranging from 7.62 to 8.16), while the treated plots exhibit lower
pH values (ranging from 7.55 to 7.82). The difference is significant in most plots,
except for P1 and P7.

Regarding hygroscopic humidity and porosity, the values are very similar between
treated and control plots, with no significant differences. This indicates that the
treatment does not have a notable effect on these parameters. the results of the
additional trials (Appendix) confirm these .

Table 2. Analysis of soil parameters during the rosette stage of rapeseed

pp | P2 | P | P4 | ps | Ps P7
Mean + standard deviation

Organic | Treated| 0.17°+0.01 | 0.97°+0.01 | 0.72°+0.01 | 0.21°+0.01 | 0.83%+0.01 | 0.45°+0.01 | 0.97°+0.01

carbon  |Control| 0.98°+0.01 | 0.71°+0.01 | 0.762+0.01 | 0.632+0.01 | 0.39°+0.01 | 0.45%+0.01 | 0.48°+0.01

Assimilable |Treated| 0.232+0.15 | 042+0 12401 | 1.26°+0.05 | 1.332+0.15 | 0.932+0.05 | 1.762+0.15
phosphorus |Control| 0.162+0.05 | 0.2°+0 | 0.86°+0.05 | 1.03°+0.05 | 1.13°+0.05 | 0.8%+0.1 1240

Treated| 7.162+0.15 | 7.082+0.01 | 7.12+0.01 | 7.1*+£0.1 | 6.65*+0.01 | 7.11¢+0.01 | 6.982+0.01

H KCI
P Control| 7.33+0.01 | 7.05%+0.01 | 6.922+0.01 | 6.72°+0.01 | 6.66%+0.01 | 6.58°+0.01 | 6.85%+0.01

Treated| 7.72°+0.11 | 7.55°+0.03 | 7.76°+0.01 | 7.64°+0.01 | 7.82°+0.01 | 7.72°+0.01 | 7.77%+0.03
Control| 7.9%+0.01 | 8.16%+0.01 | 7.85*+0.01 | 7.75%*+0.01 | 7.85%+0.01 | 7.82*+0.01 | 7.62*+0.01

pH water

Hygroscopic |Treated| 8%+1 72£0 62x1 533241 82x1 10.8°+1 118+1
humidity |Control| 7.6°+1 7840 6.67%+1 62+0 8241 11°+1 10°+1

Treated | 86.00%+0.58 | 81.00* + 0.58 | 81.00* = 0.58 | 64.67%+0.88 | 77.67° + 0.88 | 71.00°+ 0.88 | 77.67°+ 0.88
Control | 77.00°+0.58 | 70.6"+0.33 | 84.00*+ 0.58 | 65.00* = 0.58 | 88.00? = 0.58 | 73.00° + 0.58 | 88.00° + 0.58

Porosity

Table 3 quantifies the variations in soil physico-chemical parameters during the
flowering stage of rapeseed.

The organic carbon content in the treated plots is generally lower than that observed
in the control plots, with significant differences noted across all sampling points.
Furthermore, an increase in carbon values was observed at this stage compared to the
values recorded at the previous stage, both for the treated and control plots.

The values of assimilable phosphorus in the treated plots range from 0.13 to 1.3,
while those in the control plots range from 0.1 to 0.97. The treated plots exhibit higher
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values of assimilable phosphorus at most sampling points. These differences are
statistically significant for all plots, except for P1 and P6.

A decrease in phosphorus values was noted at this stage compared to the rosette
stage.

Concerning pH (pHKCI), the control plots exhibit slightly higher values, ranging
from 5.15 to 5.42, while the treated plots show values between 5.03 and 5.27. Although
the differences in pH between the treated and control groups are relatively small, they
are statistically significant in most plots.

For pH water, the treated plots show greater variability in pH values, with peaks
reaching up to 5.96 (P5) and lower values such as 5.13 (P6). The control plots exhibit
more stable values, ranging from 5.43 to 5.73, except for P7, which has a value of 5.13.
The difference was significant only for P2, P4, and P7.

Both hygroscopic humidity and porosity values are very similar between the treated
and control plots, showing no significant differences.

Table 3. Analysis soil parameters during the flowering stage of rapeseed

P1 | P2 P3 P4 P5 P6 P7
Mean + Standard deviation
Organic | Treated | 1.15°+0.01 | 1.35°+0.01 | 0.98°+0.01 | 0.46°+0.01 | 0.73°+0.01 | 0.56°+0.02 | 0.93°+0.01
carbon | Control | 1.472+0.01 | 1.612+0.01 | 2.04°+0.02 | 0.862+=0.01 | 0.912+0.05 | 1.152+0.01 | 1.13°+0.01
Assimilable | Treated | 0.132+0.05 | 0.16°+0.05 | 0.862+0.05 | 1.03°+0.05 | 1.162+0.05 | 0.16°+0.05 | 1.32+0.1
phosphorus | Control| 0.12+0.01 | 0.13°+0.05 | 0.57°+0.11 | 0.23°+0.15 | 0.97°+0.05 | 0.13+0.01 | 0.97°+0.05
HKCl Treated | 5.16°+0.01 | 5277+ 0.01 | 5.03*+0.01 | 5.16°+0.01 | 5.17°+0.01 | 5.18+0.01 | 5.07°+0.01
P Control | 5.33+0.01 |5.422+0.005 | 5.172+0.01 | 5.22°+0.01 | 5.322+0.01 | 5.262+0.01 |5.15%+0.005
H et Treated | 5.722+0.06 | 5.62°+0.02 | 5.632+0.02 | 5.54°+0.02 | 5.96°+0.01 | 5.13°+0.06 | 5.95%+ 0.01
water
P Control| 5.43°+0.2 | 5.672+=0.02 | 5.662+0.04 | 5.73°+0.01 | 5.16°+0.01 | 5.152+0.01 | 5.13°+0.01
Hygroscopic |Treated| 8%+1 8a+1 82+0 7332405 8a+1 7.332+0.58 | 7.33%+0.58
humidity | Control 8a+1 78+1 82+0 7.333£15 8a+1 7.339+0.58 7240
Porosit Treated| 802+1 81241 68+ 1 78°+1 |65.112+0.84|72.672+0.58 | 72.332+0.58
orosi
Y. [Control| 80°+1 81241 682+ 1 782+1 | 64.33%+£15 | 73°%1 72841
Discussion

This study assessed the impact of pesticides on the physico-chemical properties of
the soil in rapeseed (Brassica napus) fields at the rosette and flowering stages. The
results reveal significant changes in soil properties that influence its fertility, plant
development, and the sustainability of agricultural systems.

A notable reduction in organic carbon content was recorded in the treated plots
compared to the control plots, with a generally significant difference (p < 0.05) at both
study stages. This decrease can be attributed to increased mineralization of organic
matter, stimulated by microbial activity or chemical reactions associated with the
applied treatments (Brookes et al., 2008; Marzi et al., 2020). The soil exhibited low
organic carbon concentration, and similar studies (Amirhassan et al., 2020; Temple et
al., 2024; Safiétou et al., 2024) have shown that rapid mineralization of organic matter
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contributes to this low carbon content in soils. At the flowering stage, an increase in
organic carbon was observed, which can be explained by enhanced photosynthetic
activity supporting flower and pod growth, as well as the development of a denser root
system. Root exudates, rich in organic compounds, enrich the soil with carbon and
stimulate microbial activity, contributing to better soil fertility and health (Villarino et
al., 2021; Pausch, 2018).

An increase in assimilable phosphorus was noted in the treated soils at both the
rosette and flowering stages, suggesting that pesticides may interact with nutrient
mineralization. This increase is primarily attributed to the mineralization of organic
matter, where microorganisms break down organic residues and release phosphorus in a
form accessible to plants (Saeid, 2018; Park et al., 2022). Additionally, the release of H*
ions during biological processes, such as root activity and organic matter
decomposition, promotes the dissolution of phosphate minerals, increasing phosphorus
availability (Safiétou et al., 2024; Zhang et al., 2021). Compost or manure applications
further improve soil biological conditions, stimulating microbial activity and
contributing to the recycling of phosphorus (Torri et al., 2017). However, a decrease in
phosphorus content was observed at the flowering stage, suggesting increased
phosphorus uptake by plants. This decrease could also be due to phosphorus fixation on
the clay-humic complex or through calcium bridges, or on iron and aluminum
hydroxides, as also reported by Ketif (2016) and Guardado et al. (2007).

At the rosette stage, a slight acidification was observed in the treated soils, likely due
to the release of organic acids during the degradation of organic matter (Macias-Benitez
et al., 2020; Ketif et al., 2015). At the flowering stage, although pH values did not show
major changes, a moderate decrease was noted compared to the previous stage. This
phenomenon may be attributed to biological processes or complex interactions in the
soil, where the increased nutrient demand at the flowering stage intensifies root exudate
release, mobilizing nutrients such as phosphorus. These exudates release H* ions into
the rhizosphere, contributing to local soil acidification. Additionally, the degradation of
applied pesticides releases organic acids or H' ions, further reinforcing pH reduction in
the rhizosphere (Adeleke et al., 2017).

Previous studies have shown that plant variety can influence pH reduction depending
on its root exudate profile and interactions with the environment. Hoffland et al. (1989)
demonstrated that rapeseed (Brassica napus) caused a significant pH drop in the
rhizosphere from 6.5 to 4.1 due to organic acid release.

Changes in humidity and porosity were minimal during the two study stages, with no
significant differences for most of the plots. This absence of noticeable change may be
due to the relatively short duration of the study. In the short term, pesticides may not
alter microbial activity or soil structure enough to measurably affect these parameters.
However, more significant effects could be observed in the long term, particularly if
active substances accumulate, leading to deeper alterations in soil porosity and humidity
(Yargholi et al., 2014; Kalia et al., 2011; Ammeri et al., 2020).

The observed differences between plots highlight the variability in rapeseed variety
responses to applied treatments. Specifically, the SY GLORIETTA variety cultivated in
plot P7 appears to be the most resistant to the applied treatments, showing better
retention of organic carbon, optimal phosphorus assimilation, and pH stability.
Additionally, the combination of high porosity and stable hygroscopicity indicates
superior adaptation of this variety to the conditions modified by the treatments. To
ensure sustainable management, it would be essential to complement these observations
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with long-term analyses and adopt agroecological practices, such as organic matter
addition, to compensate for the observed reduction in organic carbon.

Conclusion

Soil physico-chemical analysis is an essential method that provides crucial
information for optimizing management practices and improving soil quality. This study
evaluated the impact of pesticides on the physico-chemical properties of soil at different
stages of rapeseed development (rosette and flowering). The results indicate that
pesticides alter several key soil parameters, disrupting its chemical and physical
balance. Specifically, a decrease in organic carbon was observed in the treated soils,
particularly at the rosette stage, suggesting a disruption in microbial activity. In parallel,
the treated plots exhibited higher concentrations of assimilable phosphorus, indicating
an interaction between pesticides and nutrient mineralization. A progressive
acidification of the soil was also noted, especially in the treated soils, which was
attributed to nutrient absorption, pesticide degradation, and microbial activity.

The SY GLORIETTA variety showed better resistance to pesticide -effects,
maintaining more favorable growth conditions compared to the other varieties.

In conclusion, the application of pesticides influences nutrient dynamics and the
physico-chemical properties of the soil, with more pronounced effects at the early
rapeseed growth stage (rosette) and a gradual attenuation at the flowering stage. This
variability underscores the importance of a rational pesticide management approach to
mitigate their negative impacts on soil fertility and ensure sustainable production.
Further research is needed to explore the long-term effects, particularly by assessing the
impact on microbial biodiversity and the soil’s capacity to recover after multiple crop
cycles under pesticide treatments.

Acknowledgments. Authors are thankful to the Researchers Supporting Project, Badji Mokhtar Annaba
University, Algeria.

Funding. No external funding was received.
Conflict of interests. All the authors declare no conflict of interest.

Availability of data and materials. All data generated in this research work has been included in this
manuscript.

REFERENCES

[1]  Agnihotri, N. (2023): Understanding the physicochemical behavior of pesticides in soil
and water. — Agriculture Archives. https://doi.org/10.51470/agri.2023.2.2.22.

[2] Amirhassan, A., Mehdi, B., Nahid, V. (2020): Effective extraction of organophosphorus
pesticides using sol-gel based coated stainless steel mesh as novel solid-phase extraction
sorbent. — Journal of Chromatography A 1620: 461020.

[3] Ammeri, R., Hidri, Y., Abdenaceur, H. (2020): Effect of PCP Pesticide Contamination on
Soil Quality. — In: Larramendy, M. L., Soloneski, S. (eds.) Soil Contamination—Threats
and Sustainable Solutions. IntechOpen, London.
https://doi.org/10.5772/INTECHOPEN.93714.

[4] Baise, D., Girard, M. (1995): Pedological Reference. — INRA, Paris.

[5] Baize, D. (2000): Guide to Soil Analysis. — Second revised and enlarged edition. INRA,
Paris.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):3525-3539.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2302_35253539
© 2025, ALOKI Kft., Budapest, Hungary



Merouani et al.: Effect of pesticide molecules on the physico-chemical properties of soil cultivated by Brassica napus rapeseed

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(flowering stage and rosette stage)
- 3534 -

Brookes, P., Cayuela, M., Contin, M., De Nobili, M., Kemmitt, S., Mondini, C. (2008):
The mineralisation of fresh and humified soil organic matter by the soil microbial
biomass. - Waste Management 28(4): 716-22.
https://doi.org/10.1016/J.WASMAN.2007.09.015.

Campos, S., Youn, J., Farina, R., Jaenicke, S., Jinemann, S., Szczepanowski, R.,
Beneduzi, A., Vargas, L., Goesmann, A., Wendisch, V., Passaglia, L. (2012): Changes in
root bacterial communities associated to two different development stages of canola
(Brassica napus L. var oleifera) Evaluated through next-generation sequencing
technology. — Microbial Ecology 65: 593-601. https://doi.org/10.1007/s00248-012-0132-
9.

Chen, X. D., Dunfield, K. E., Fraser, T. D., Wakelin, S. A., Richardson, A. E., Condron,
L. M. (2020): Soil biodiversity and biogeochemical function in managed ecosystems. —
Soil Research 58: 1-20. DOI: 10.1071/SR19067.

Decaéns, T., Jiménez, J. J., Gioia, C., Measey, G. J., Lavelle, P. (2006): The values of soil
animals for conservation biology. — European Journal of Soil Biology 42: S23-S38. DOI:
10.1016/j.ejsobi.2006.07.001.

Delcour, F. (1981): Introduction to Soil Science. — Fac, Sc, Agron. Gembloux.

FAO (2020): Global and Regional Trends 1990-2018. — Food and Agriculture
Organization of the United Nations, Rome.

Guardado, 1., Urrutia, O., Garcia-Mina, J. (2007): Size distribution, complexing capacity,
and stability of phosphate-metal-humic complexes. — Journal of Agricultural and Food
Chemistry 55(2): 408-13. https://doi.org/10.1021/JF062894Y.

Helal, M., Gill, R., Tang, M., Yang, L., Hu, M., Yang, L., Xie, M., Zhao, C., Cheng, X.,
Zhang, Y., Zhang, X., Liu, S. (2021): SNP- and haplotype-based GWAS of flowering-
related traits in Brassica napus. — Plants 10. https://doi.org/10.3390/plants10112475.
Hoffland, E., Findenegg, G. R., Nelemans, J. A. (1989): Solubilization of rock phosphate
by rape. 1l Local root exudation of organic acids as a response to P-starvation. — Plant
Soil 113: 161-165.

Kalia, A., Gosal, S. (2011): Effect of pesticide application on soil microorganisms. —
Archives of Agronomy and Soil Science 57: 569-596.
https://doi.org/10.1080/03650341003787582.

Ketif, A., Djamai, R., Abdenour, C., Seridi, S. (2015): Combined effect of three
pesticides (Zoom, Topik and Ortiva) and phosphorus fertilization on some
physicochemical parameters of soil. — Journal of Agricultural Sciences 1(1): 42-58.

Ketif, A., Djamai, R., Terfaya, M., Abdenour, C., Seridi, S. (2016): Characterization of
agricultural land treated with superphosphate and three molecules of pesticides (Zoom,
Topik and Ortiva) before sowing and after harvest of Triticum durum. — Sylwan 160(3):
245-270.

Liu, Y., Lonappan, L., Brar, S., Yang, S. (2018): Impact of biochar amendment in
agricultural soils on the sorption, desorption, and degradation of pesticides: a review. —
The Science of the Total Environment 64(5): 60-70.
https://doi.org/10.1016/j.scitotenv.2018.07.099.

Macias-Benitez, S., Garcia-Martinez, A. M., Caballero Jimenez, P., Gonzalez, J. M.,
Tejada Moral, T., Parrado Rubio, J. (2020): Rhizospheric organic acids as biostimulants:
monitoring feedbacks on soil microorganisms and biochemical properties. — Front. Plant
Sci. 11: 633. DOI: 10.3389/fpls.2020.00633.

Marzi, M., Shahbazi, K., Kharazi, N., Rezaei, M. (2020): The influence of organic
amendment source on carbon and nitrogen mineralization in different soils. — Journal of
Soil Science and Plant Nutrition 20: 177-191. https://doi.org/10.1007/s42729-019-00116-
W.

Murphy, J., Riley, J. P. (1962): A modified single solution method for the determination
of phosphate in natural waters. — Analytica Chimica Acta 27: 31-36.
https://doi.org/10.1016/S0003-2670 (00)88444-5.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):3525-3539.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2302_35253539
© 2025, ALOKI Kft., Budapest, Hungary



Merouani et al.: Effect of pesticide molecules on the physico-chemical properties of soil cultivated by Brassica napus rapeseed

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(flowering stage and rosette stage)
- 3535 -

Park, Y., Solhtalab, M., Thongsomboon, W., Aristilde, L. (2022): Strategies of organic
phosphorus recycling by soil bacteria: acquisition, metabolism, and regulation. —
Environmental Microbiology Reports 14: 3-24. https://doi.org/10.1111/1758-2229.13040.
Pausch, J., Kuzyakov, Y. (2018): Carbon input by roots into the soil: quantification of
rhizodeposition from root to ecosystem scale. — Global Change Biology 24: 1-12.
https://doi.org/10.1111/gcb.13850.

Saeid, A., Prochownik, E., Dobrowolska-Iwanek, J. (2018): Phosphorus solubilization by
bacillus species. — Molecules 23. https://doi.org/10.3390/molecules23112897.

Safiétou, M., Jean, F., Damien, B., Cisse, H. A. (2024): Stakeholders, production
technology and obstacles related to the use of phytosanitary products in integrated fish
farming and agriculture operations in Senegal. — Afrique Science 24(4): 14-26.

Saikia, T., Bora, J., Gogoi, C. (2023): Impact of crude oil contamination on soil
physicochemical properties around the Sildubi oil spill, Borhola, Assam. — International
Journal of Plant & Soil Science 35(22): 241-253.

Sim, J., Drigo, B., Doolette, C., Vasileiadis, S., Karpouzas, D., Lombi, E. (2022): Impact
of twenty pesticides on soil carbon microbial functions and community composition. —
Chemosphere 135820. https://doi.org/10.2139/ssrn.4124958.

Temple, L., Lan, F., Palpacuer, F., Pache, G. (2024): Updating the concept of filimer in
agriculture and agri-food. — Published in Economies and Sociétés, Series “Agri-food

Systems” AG n°33.
Torri, S., Corréa, R., Renella, G. (2017): Biosolid application to agricultural land—a
contribution to global phosphorus recycle: a review. — Pedosphere 27: 1-16.

https://doi.org/10.1016/S1002-0160 (15)60106-0.

Tudi, M., Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell, D., Chu, C., Phung, D. (2021):
Agriculture development, pesticide application and its impact on the environment. —
International Journal of Environmental Research and Public Health 18.
https://doi.org/10.3390/ijerph18031112.

Villarino, S., Pinto, P., Jackson, R., Pificiro, G. (2021): Plant rhizodeposition: a key factor
for soil organic matter formation in stable fractions. — Science Advances 7.
https://doi.org/10.1126/sciadv.abd3176.

Walkley, A., Black, I. A. (1934): An examination of the Degtjareff method for
determining soil organic matter, and a proposed modification of the chromic acid titration
method. — Soil Science 37: 29-38. https://doi.org/10.1097/00010694-193401000-00003.
Xu, Y., Zhang, B., N., Liu, X,, Qin, M., Zhang, Y., Wang, K., Guo, N., Zuo, K., Liu, X.,
Zhang, M., Huang, Z., Xu, A. (2021): Quantitative trait locus mapping and identification
of candidate genes controlling flowering time in Brassica napus L. — Frontiers in Plant
Science 11. https://doi.org/10.3389/fpls.2020.626205.

Yargholi, B., Azarneshan, S. (2014): Long-term effects of pesticides and chemical
fertilizers usage on some soil properties and accumulation of heavy metals in the soil
(case study of Moghan plain’s (Iran) irrigation and drainage network). — International
Journal of Agriculture and Crop Sciences 7: 518-523.

Zhang, J., Tang, L., Geng, Y. J,, Yang, H., Huo, Z., Li, Z. (2021): Microbial regulation of
dissolution, adsorption and precipitation of phosphates influenced by various carbon
sources. - Chemical Geology 560: 120021.
https://doi.org/10.1016/j.chemge0.2020.120021.

Zhao, G., Brett, A., Darran, K., Zhongkui, L., Enli, W., Qiang, Y. (2013):Impact of
agricultural management practices on soil organic carbon : stimulation of Australian
wheat systems. — Global Change Biology 19, 1585-1597.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):3525-3539.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2302_35253539
© 2025, ALOKI Kft., Budapest, Hungary



Merouani et al.: Effect of pesticide molecules on the physico-chemical properties of soil cultivated by Brassica napus rapeseed
(flowering stage and rosette stage)

APPENDIX

Variation of the physico-chemical parameters of the studied soil during the two
development stages of rapeseed, analyzed using the two-factor analysis of variance
method, the Scheirer-Ray-Hare test.
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Figure Al. Variation of organic C during the rosette stage
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Figure A2. Variation of organic C during the flowering stage
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Figure A3. Variation of assimilable phosphorus during the rosette stage
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Figure A4. Variation of assimilable phosphorus during the flowering stage
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Figure A5. Variation of KCI pH during the rosette stage
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Figure A6. Variation of KCI pH during the flowering stage
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Figure A7. Variation of water pH during the rosette stage
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Figure A8. Variation of water pH during the flowering stage
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Figure A9. Variation of humidity during the rosette stage
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Figure A10. Variation of humidity during the flowering stage
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Figure All. Variation of porosity during the rosette stage
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Figure A12. Variation of porosity during the flowering stage
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