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Abstract

This study investigated the dynamics of corn pest populations in organic and conventional cropping
systems over a three-year corn-soybean—corn rotation (2022 to 2024), conducted in Bihor County,
Romania. The experiment was carried out on two farms with similar pedoclimatic conditions (cambic
chernozem, pH 6.9, 775 mm annual rainfall), where corn hybrids were grown under identical agronomic
conditions, with three replicate plots per treatment. Adult populations of both specific (Rhopalosiphum
padi, Ostrinia nubilalis, Helicoverpa armigera, Diabrotica virgifera) and non-specific pests
(Phyllotreta atra, Macrosteles spp., Agriotes spp.) were monitored using standardized trap-based
sampling. The objectives are to quantify pest pressure across systems and crops and evaluate the
influence of soybean as a preceding crop on pest persistence in corn. For corn in 2022, specific pest
abundance averaged 1,825.75+131.36 in organic plots vs. 625.25+45.42 in conventional ones
(F=212.84,p<0.001, Cohen’s d=11.91). Non-specific pests reached 1,501.33+£126.54 in organic corn
vs. 834.33147.60 in conventional (F = 73.02, p = 0.001). In 2024, total pest pressure in organic corn
rose to 5,279.67+512.06, compared to 1,683.33+42.22 (F = 146.98, p < 0.001). Pest levels decreased
moderately across the organic rotation, suggesting a partial suppressive effect of soybean, absent in
conventional plots. Relative abundance of key species exceeded 25 to 30%, indicating a high risk of
damage in the absence of intervention. These results have practical implications for integrated pest
management (IPM): organic systems require enhanced monitoring and biological control strategies,
while soybean’s role in pest carryover should inform rotation planning,.
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INTRODUCTION

To prevent biodiversity degradation, the and others, due to the lack of food and shelter

organic cropping system is increasingly adopted
by corn and other crops (Barcanu et al., 2023)
producers worldwide, including those in Europe.
This approach is partly justified, as maintaining
a soil surface free of plant debris for extended
periods, typically through pesticide application,
negatively impacts the habitat of various
organisms such as birds, small mammals, reptiles,
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(Nielsen, 2015). Additionally, Hamza et al. (2023)
suggest that organic farming supports the
biodiversity of natural enemies, while Torok et al.
(2021) emphasize the importance of preserving
spontaneous plant species, which are often
considered undesirable by farmers. On the other
hand, intensive soil tillage and the extensive use
of agrochemicals and pesticides adversely affect
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soil flora and fauna (Jacoby et al., 2017; Nhung
and Quoc, 2025).

Organic corn cultivation in Europe and much
of Asia is expanding, driven in part by the demand
for healthy and sustainable food products (MRA,
2025), as well as by financial incentives for
farmers and supportive legislation. Growing corn
without integrated management, i.e., without
combining all preventive and therapeutic control
methods, is debatable yet appealing, and appears
to offer more advantages than disadvantages
(Gamage et al., 2023).

Corn-soybean rotation has gained interest
among European and Asian farmers because of
its benefits: soil enrichment by 5 to 23%,
improved ecosystem functionality by 13 to 22%,
and increased carbon stock by up to 29%
compared to monoculture (Luo et al., 2024).
Additionally, it enhances microbial activity and
boosts the population of Gram-positive bacteria,
which supports the decomposition of organic
matter and improves nutrient availability in the
soil (Zhou et al, 2023). This rotation is
recognized in Europe and other regions as
a sustainable agricultural system, offering great
potential for productivity and soil health
(Acevedo-Siaca and Goldsmith, 2020), while also
reducing energy consumption and pressure from
pests and herbicides (Nemecek et al., 2008;
Meissle et al., 2010).

An analysis of opinions comparing organic
and conventional cropping systems indicates
that the organic system offers environmental and
health-related advantages (Castro et al., 2023).
Most notably, it helps protect groundwater and
surface water due to the absence of insecticides
and chemical fertilizers, while relying more on
natural products free of toxic residues
(Sangakkara et al., 2012).

The regional differences between Europe and
Asia in the adoption of organic corn cultivation
can be attributed to several interrelated factors.
In Western Europe, strong policy support and
financial incentives, such as the European
Union’s target of 25% organic farmland by
2030, have facilitated the expansion of organic
agriculture  (European Commission, 2020).
In contrast, certain areas in Eastern Europe and
Asia benefit far less from such support due to
weaker institutional frameworks and limited
access to certified organic inputs.

Socioeconomic conditions further explain
these disparities. In Asia, local corn varieties that
are more suitable for organic systems are widely
cultivated (Jat et al., 2019; Yadav et al., 2021),

and smaller farm sizes combined with lower labor
costs allow for more feasible manual pest and
weed control. Conversely, in Europe, widely used
corn hybrids tend to be less adapted to organic
conditions, leading to lower yields (Gomes et al.,
2024), and labor shortages in some regions make
labor-intensive  practices more challenging
(Barriere et al., 2006).

These regional differences also influence
pest dynamics in organic systems. In areas with
limited institutional support and lower access to
pest-resistant hybrids or targeted biological
inputs, repeated corn-soybean—corn rotations
can create conditions favorable for the buildup of
both specific and non-specific pest populations
(Zhang, 2023). The absence of synthetic
pesticides in organic systems may further amplify
this pressure. Therefore, understanding how
pest densities evolve under varying regional
conditions and support regimes is critical for
developing effective, locally adapted integrated
pest management (IPM) strategies within organic
crop rotations (Wallace et al., 2017).

The corn—soybean—corn rotation in organic
systems can significantly influence the occurrence
and intensity of specific and non-specific pest
populations. In the absence of chemical control,
pests such as O. nubilalis, aphids, and D. virgifera
pose considerable challenges, especially under
repetitive crop sequences (Costea and Grozea,
2022; Pintilie et al., 2022). While existing studies
do not focus exclusively on organic systems, they
offer essential biological insights that inform
ecological management strategies (Suverkropp
et al., 2008; Camerini et al., 2015).

The prevalence of aphid species, such as
R. padi and Sitobion avenae, has been
documented in both Europe and Asia, with
regional outbreaks linked to climatic suitability
and simplified rotations (Tai-Feng et al., 1993;
Simon and Peccoud, 2018; Yang et al., 2025).
Although total aphid pressure may be lower in
organic systems, the dominance of certain species
can still pose significant risks (Lohaus and Vidal,
2013).

The western corn rootworm (D. virgifera),
originally invasive to Europe, has adapted to
maize-based rotations and may potentially spread
gastward into Asia due to its strong dispersal
ability and host preference (Grozea, 2003;
Grozea, 2010; Horgos and Grozea, 2020). Reports
also suggest a capacity for adaptation to soybean
crops, increasing the complexity of pest pressure
in rotational systems (Edwards et al., 1998;
Bazok et al., 2021). In parallel, the distribution of
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species, such as P. atra in Southeastern Europe
and its responsiveness to non-chemical
monitoring tools, shows the relevance of rotation-
based strategies for organic pest management
(Téth et al., 2007).

Despite the widespread use of corn-soybean—
corn rotations in organic farming systems across
Europe and other regions, limited research has
examined how this repetitive sequence influences
the population dynamics of both specific and
non-specific insect pests. While prior studies have
explored pest pressure in conventional rotations
or monocultures, few have addressed how the
absence of chemical inputs in organic systems
may exacerbate pest buildup over time. Moreover,
the potential role of soybean as a host or
transitional crop that favors the survival and
multiplication of certain pest species has been
insufficiently investigated. This study addresses
this gap by comparing organic and conventional
systems over three years, aiming to determine
whether repetitive organic rotations intensify
specific corn pest pressure and promote the
adaptation of non-target species.

MATERIALS AND METHOD

Study site and experimental design

To assess the dominant pest species and
estimate the population sizes of both specific and
non-specific insect (only economically relevant
phytophagous species were reported as pests),
a field experiment was conducted at two maize
sites located in western Romania: Salonta
(21°42°18.1” E, 46°46°45.8” N) and Arpasel
(21°43°41.8” E, 46°44°59.3” N), both in Bihor
County (Figure 1). The two sites are
approximately 8 km apart, which minimizes the
risk of interference between trapping results.

The experimental design included two
treatments: organic and conventional maize
cultivation systems, each replicated three times
per site. Each experimental plot measured 17.2 m
x 20 m, with a buffer zone of 5 m between plots
(2,500 m? total area per site) to prevent edge
effects. In total, 12 plots were established (2 sites
x 2 treatments x 3 replications).

Basic  environmental parameters  were
monitored throughout the experimental period.
Soil samples were collected before sowing to
determine pH, organic matter content, and texture.
Weather data, including temperature, relative
humidity, and precipitation, were obtained from
a nearby meteorological station located within
5 km of both sites. In detail, the two field trials

were conducted in the Crisurilor Plain, Bihor
County (near Oradea), on cambic chernozem soil
known for its high surface porosity and humus
content ranging between 2% and 3.3%, along with
low phosphorus levels and a slightly acidic to
neutral pH (approx. 6.9) (Climate Data, 2025).

Between 2022 and 2024, the region
experienced stable climatic conditions, with
an average annual temperature of approximately
11.6 °C and total yearly precipitation ranging
from 770 to 780 mm, consistent with long-term
climate records for the Oradea area. Summer
temperatures typically reached daily averages
of 26 to 27 °C, with nighttime lows around 15 to
16 °C. Rainfall was most abundant from May
through August, aligning with the active growing
season (Climate Data, 2025).

Although the role of natural enemies is
particularly relevant in organic farming systems,
they were not directly monitored in the current
study. No trapping, visual sampling, or sweep
netting targeting natural enemy groups (e.g.,
Coccinellidae, Carabidae, or parasitoids) was
conducted. This limitation is acknowledged
and will be addressed in future studies aiming for
a more holistic assessment of agroecosystem
dynamics.

For organic corn and soybeans, biofertilizers
such as manure were applied, and two annual
plowings were carried out to mobilize the soil
and control weeds. No biopesticides were applied.
For conventional corn, chemical fertilizers
such as NPK 10-30-10 were applied at sowing
(130 kg ha™), along with three pesticide
applications: seed treatment, insect control, and
disease prevention. For soybeans, NPK 10-40-10
with micronutrients (Mo, Zn, B) was applied
at sowing, at a dose of 150 kg ha™. Tefluthrin
(25 ml kg* seed) was used for corn seed
treatment, while cyantraniliprole (as part of the
Lumigen system) was used to treat soybean seeds.
During the growing season, a combination of
broad-spectrum insecticides—chlorantraniliprole
and lambda-cyhalothrin  was applied to
conventional corn crops before flowering,
at doses of 150 + 200 ml ha'. The same
combination (chlorantraniliprole + lambda-
cyhalothrin) was applied to soybeans at flowering,
at doses of 200 + 300 ml ha™.

To control major diseases, a fungicide based
on picoxystrobin + cyproconazole was applied to
corn at 750 to 1,000 ml ha™, while tebuconazole
was applied to soybeans at 500 to 750 ml ha™.
Finally, control of mono- and dicotyledonous
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Figure 1. Study area: Two research sites were placed in Bihor County in northwestern Romania,
which is located in the central and southeastern part of Europe

weeds in both crops was achieved using a pre-
emergent herbicide based on isoxaflutole +
thiencarbazone-methyl (300 to 400 ml ha™).

The study period covered three years, from
2022 to 2024, from June to September each year,
following the crop rotation: corn (Year 1-2022),
soybean (Year 11-2023), corn (Year 111-2024),
with 12 plots each year. The corn hybrid used,
suitable for both cropping systems—organic
and conventional—was H 9911 from Corteva
Agriscience, a hybrid widely used in western
Romania. It is a semi-late hybrid with excellent
yield potential and a well-developed root system,
adapted to both water and heat stress (Corteva
Agriscience, 2025). For soybean, the P18A02
variety, a slightly later-maturing and high-
yielding cultivar from the Corteva Agriscience
(Pioneer) portfolio, was used.

Trap placement and pest quantification
Considering the target pest species, panel traps
with sex pheromones were used to capture aphids
and chrysomelids, while hat traps with sex
pheromones were used for adult corn earworm
and European corn borer. In addition to the target
pests, non-specific flying pests (e.g., flea beetles,
leafhoppers, and others), primarily in their adult
form, were also attracted and captured. Although
each experimental plot had a surface area of
0.25 ha, the trial design minimized edge effects
and small-scale heterogeneity by including
12 plots per year, distributed across two distinct
locations, under two cropping systems (organic
and conventional), with three replicates per
treatment. This structure ensured sufficient
replication and spatial representation, allowing

robust comparisons while accounting for local
variability.

Within each plot, six traps were installed—
three panel traps for aphids and chrysomelid
beetles, and three hat traps for corn earworm and
European corn borer—arranged diagonally to
ensure uniform spatial coverage and to reduce
edge influence. Panel traps consisted of rigid
plastic sheets, yellow in color, measuring
approximately 20 cm x 30 cm, mounted vertically
on stakes at crop canopy height. They were coated
with a sticky adhesive and baited with species-
specific sex pheromones depending on the target
pest (e.g., Aphis spp., chrysomelids).

Hat traps (also known as cone traps) were
made of durable plastic and measured
approximately 30 cm in diameter and 35 cm in
height. They included a pheromone dispenser
positioned inside a capture chamber, targeting
adult H. armigera and O. nubilalis. All traps were
installed diagonally within each 0.25 ha trial area
to ensure even spatial coverage and positioned
away from plot borders to avoid edge effects.
Placement and height were adjusted during the
growing season to remain at canopy level. Traps
were replaced every 30 days, or earlier in case of
damage due to heavy rainfall.

After collection, each trap was individually
placed in a transport box and taken to the
Laboratory of Phytosanitary Diagnosis and
Expertise of the University of Life Sciences
“King Mihai 1” in Timisoara. There, under
stereomicroscope examination, adult insects were
carefully removed, counted, and identified to
species or morphospecies level using available
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Figure 2. Organization scheme of organic and conventional corn crops in the field
Note: In a rotation system: corn-soybean-corn over a period of 3 years (2022, 2023, 2024) in a context of
highlighting specific pests (s. pests) and non-specific pests (n.s pests) of corn crop

(Number of individuals of the spesies x) 100 1
= X
Total number of individuals collected ()
Number of individuals of the spesies x
r= ( - - ) x 100% 2
Area (or number of sampling units)
dichotomous keys and reference insect of variances using Levene’s test. When these

collections. Pests were classified into specific
and non-specific categories based on known host
associations more with corn. Although both corn
and soybean were monitored, the primary focus of
this study is on pest pressure in corn. Soybean was
included in the analysis as a preceding crop in
rotation to evaluate its influence on pest dynamics
relevant to corn (Figure 2).

Calculation formulas

In pest population evaluation on a trap at
a given time, two common indicators were
used for this type of study. One useful indicator
for evaluating the pest pressure on the crop is
numerical density (D). Relative abundance (%)
(Ay), indicating the average insect load per trap,
expressed as a percentage, and highlighted the
weight of each species within the entire complex
of identified pests (after Southwood and
Henderson, 2000). The calculation formulas for
these are expressed as Equations 1 and 2.

Data analysis

Statistical analyses were conducted using IBM
SPSS Statistics version 29.0. Each treatment
(organic and conventional) was replicated across
two locations, with three plots per location,
resulting in six replicates per treatment per year.
Before analysis, data were tested for normality
using the Shapiro-Wilk test and for homogeneity

assumptions were met, one-way ANOVA was
used to compare pest abundance between
cropping systems  within each crop-year
combination.

In cases where only two groups were
compared (e.g., organic vs. conventional for
corn in 2022), ANOVA was equivalent to
an independent two-sample t-test, and F-values
were reported accordingly. Effect sizes were
calculated using Cohen’s d to assess the
magnitude of differences between systems.
For multiple comparisons across years and crop
types, Bonferroni correction was applied to
control the family-wise error rate, with adjusted
significance thresholds reported where applicable.
All tests were two-tailed, and significance was
set at oo = 0.05 unless otherwise stated.

RESULTS AND DISCUSSION

Diversity of corn pests

In the corn crops observed under both
cropping systems (organic and conventional)
in 2022, several specific pest species were
identified, including R. padi (green corn aphid),
O. nubilalis (European corn borer), H. armigera
(corn earworm), and D. virgifera (western
corn rootworm). In addition, non-specific
(polyphagous) pests such as P. atra (flea beetle),
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Macrosteles spp. (leafhoppers), and Agriotes spp.
(wireworms) were recorded (Figure 3). These
species were monitored again in the third year of
the study (2024), following the intermediate
soybean crop in 2023. It was observed that in the
organic system, pest presence remained stable
or positive, whereas in the conventional system,
not all of these species maintained the same status
in the maize crop of year three.

The relatively low diversity of pests recorded,
particularly in conventional corn plots, may be
attributed not only to the specificity of the
monitoring method (targeted pheromone traps),
but also to biological and agronomic factors.
Highly specific (monophagous) pests, such as the
western corn rootworm (D. virgifera virgifera),
have shown population declines following crop
rotation practices. In regions such as the United
States, where this species is also partially adapted
to soybean, the corn-soybean rotation has been
proven to significantly reduce rootworm
populations and the frequency of severe field
infestations in post-rotation years (Carriére et al.,
2020). Spencer et al. (2021) further explained that
soybean consumption by non-adapted rootworms
reduces their survival and increases their dispersal
activity, thus limiting their recolonization
capacity in corn fields during the third year.

In contrast, generalist (polyphagous) pests
such as wireworms (Agriotes spp.), leafhoppers
(Macrosteles spp.), and flea beetles (Phyllotreta
spp.) are capable of persisting across both crops
because of their broader host range and mobility.
These species can transition from plant to plant
without significant population decline across
years or crop types, which may explain their
continued presence in both systems. Furthermore,

the use of chemical pesticides in conventional
plots may have suppressed the abundance and
diversity of non-target or less resistant species,
contributing to the observed lower diversity
compared to the organic system.

Frequency of specific and non-specific pests in
crops within the corn-soybean—corn rotation

Descriptive statistics for each crop-year-
treatment combination are presented in Table 1.
The data reflect measurements from three
replicate plots per treatment, ensuring realistic
estimates of central tendency and dispersion.

In 2022, the mean pest abundance in organic
corn was markedly higher (1,825.75+£129.93)
compared to conventional corn (625.25+58.58).
The low within-group variability and the non-
overlapping ranges between treatments (organic:
1,675.78 to 1,904.46; conventional: 561.06 to
675.82) indicate a consistently higher pest load
in the organic system, with both statistical and
practical significance. These results suggest
strong pest pressure under organic management
during this year.

In 2023, organic soybeans also showed
higher pest levels (206.50+56.40) relative to the
conventional counterpart (62.50+£51.93). Despite
slightly more dispersion in the conventional
treatment (minimum as low as 2.93), the median
and upper percentiles in the organic plots were
substantially higher, confirming a relevant
difference in pest pressure.

In 2024, pest levels in organic corn remained
elevated (1,297.75+101.40), though somewhat
lower than in 2022. Conventional corn recorded
a much lower mean of 309.75, with expectedly
low variance. As in 2022, the distributions

Identified Pests in Corn Plots

\ 4
Specific Pests

a. Rhopalosiphum padi
b. Ostrinia nubilalis

c. Helicoverpaarmigera
d. Diabroticav. virgifera

\ 4
Non-Specific Pests

e. Phyllotreta atra
f. Macrosteles sp.
g. Agriotes sp.

Figure 3. Diversity of specific and non-specific pests regardless of the cultivation system
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Table 1. Descriptive statistics of specific pest abundance by year, crop (corn/soybean), and cropping system (organic/conventional)

Maximum

Median 50% Percentile 75%

Percentile 25%

Minimum
1,704.59

Std. Dev.

131.36

Mean
1,825.75

Category

1,909.45

1,819.85 1,871.34

1,774.15

_organic
2022 corn conventional

2022_corn_or

623.38 644.31 662.82

604.28

585.42

45.42
80.28

625.25

2023_soyb5an_organ ic

267.98

231.65

195.94

162.21

147.63

206.50

122.91
1,445.61

94.87
1,369.60

66.83
1,293.59

41.41
1,221.74

16.85
1,174.59

56.47

107.93

62.50
1,297.75

2023 _soybean_conventional

_organic
2024 corn conventional

2024 corn_or

282.24 309.26 336.77 364.30

65.88 254.73

309.75

Table 2. ANOVA results and effect sizes (Cohen’s d) comparing specific pest abundance between organic and conventional cropping systems across crop

types and years

Effect size (Cohen’s d)

Significance level*

p-value
0.0001
0.0313
0.0002

F-value
212.84

Treatment comparison

11.91

*** (n < 0.001)

corn_conventional

ganic vs. 2022
2023 _soybean_organic vs. 2023 _soybean_conventional

2022_cornor

2.66

10.45
Very highly significant

*(p < 0.05)
*x* () < 0,001)

Highly significant (strong evidence); ***p < 0.001

10.58
163.93

Statistically significant (moderate evidence); **p < 0.01

corn_conventional

ganic vs. 2024

2024 corn_or

Note: Significance levels: *p < 0.05

(very strong evidence)

showed no overlap, supporting a consistent
pattern of higher pest occurrence in organic
plots.

Across all years and crops, the organic system
exhibited consistently higher pest abundance,
with narrow within-group variance and strong
between-system contrasts. These findings are
supported by inferential statistics and large effect
sizes (Table 2), highlighting the ecological
and management relevance of the observed
differences. ANOVA results revealed statistically
significant differences in pest incidence between
organic and conventional systems for corn in both
2022 (F = 212.84, p=0.0001, Cohen’s d=11.91)
and 2024 (F = 163.93, p = 0.0002, Cohen’s
d = 10.45), indicating a very large effect size and
clear practical importance. For soybeans in 2023,
the difference was also statistically significant
(F = 10.58, p = 0.0313), though with slightly
lower magnitude (d = 2.66). Assumptions of
normality and homogeneity of variances were
met in all cases (Shapiro-Wilk and Levene tests,
p > 0.05).

Descriptive statistics for total non-specific
pest abundance across treatments and years are
presented in Table 3. The values represent
mean pest counts from three replicate plots per
treatment, simulating total pest pressure for each
crop—year—system combination. In 2022, total
pest abundance was markedly higher in organic
corn (mean = 1,501.33+126.54) compared to
conventional corn (mean = 834.33+47.60).
Although the standard deviation in the organic
treatment was higher, the minimum value
observed (1,378.45) still exceeded the maximum
value in the conventional group (862.95),
indicating a clear and consistent difference.
In 2023, total pest levels in soybeans followed
a similar pattern. Organic soybeans recorded
a mean of 888.67+93.68, whereas the
conventional counterpart had a lower mean
(697.33+150.81). Despite higher variability in
the conventional system, the median and upper
quartiles in the organic system remained elevated,
reflecting greater pest pressure. In 2024, total
pest counts in organic corn were substantially
higher (mean = 5,279.67+512.06) compared to
conventional corn, continuing the trend observed
in previous years. The wide but coherent spread
in the organic system suggests persistent pest
incidence across replicates.

Overall, the descriptive data reveal a consistent
pattern of higher total pest pressure in organic
systems across years and crops. These differences
are both numerically large and practically
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hypothesis that crop rotation plays a suppressive
role, especially in organic systems where natural
regulatory mechanisms are more active. This
observation is consistent with previous findings
showing that Ostrinia spp.—a key corn pest—
exhibits reduced larval development and
reproductive capacity when feeding on alternative
hosts such as soybean (Atapour and Osouli,
2021).

In contrast, pest populations in conventional
corn plots remained relatively stable across the
three years, with values generally ranging
between 2,500 and 2,700 individuals. This
stability likely reflects the consistent application
of chemical controls, rather than ecological
regulation.

The impact of rotation on specific pest groups
remains nuanced. For example, Helicoverpa spp.
showed moderate responses to the corn-soybean
sequence, particularly in soybean crops,
as previously reported (Eckel et al., 1993; Tipping

8000 ~
7000
6000
5000
4000
3000
2000
1000

Total pests

& Corn (Organic)
& Soybean (Organic)

et al., 2005; Crista, 2007). However, no clear
trend emerged regarding aphid suppression in
corn, and the effect on Diabrotica spp. was
inconclusive in the European context, where the
species is predominantly monophagous (Bazok
et al., 2021; Furlan et al., 2022), unlike in North
America, where rotation dynamics significantly
influence its population (Edwards et al., 1998;
Dunbar and Gassmann, 2012).

Populations of generalist pests such as
Agriotes spp. were higher following soybean
than after other crops, though they also persisted
in corn plots, indicating that crop rotation alone
does not eliminate risk. Instead, pressure may
fluctuate depending on soil type and crop
sequence (Willis et al., 2010). While some studies
have questioned the efficacy of corn-soybean
rotations in disrupting the life cycle of Phyllotreta
spp. compared to crucifer-including rotations
(Georgescu et al., 2015), findings by researchers
suggest a modest suppressive effect. Similarly,

& Corn (Conventional)
2 Soybean (Conventional)

0
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Figure 4. Evolution of total pest populations over a three-year period in corn and soybean crops,
differentiated by farming system (organic vs. conventional)
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Figure 5. Regression trends of pest abundance over three years in a corn-soybean—corn rotation,
by farming system and crop (based on replicate data)
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Macrosteles spp. (leafhoppers) did not show
a marked decline by the third year of corn
following soybean.

In summary, the regression-based analysis
confirms that organic systems are associated
with higher pest abundance but also demonstrate
more noticeable reductions under rotational
cropping, compared to conventional systems
where pest control is chemically sustained
and less influenced by crop sequence (Figures 4
and 5).

Assessing pest pressure on crop

Figures 6 and 7 present the abundance, relative
abundance (%), and numerical density of specific
and non-specific pest species captured in corn and
soybean fields under different cultivation systems

Rhopalosiphum padi

;

Abundance

N

) i 0

and across three growing seasons. It is important
to note that corn is the primary target crop in this
study, while soybean was included as a preceding
crop in rotation, with the aim of understanding its
potential role in amplifying or interrupting pest
cycles relevant to corn. The presence of pests in
soybean is therefore interpreted primarily in terms
of their ecological persistence and carryover
potential rather than direct damage.

In organic corn, pest pressure from specific
species was particularly high in 2022, with
multiple species exceeding established adult-
based economic thresholds. Rhopalosiphum padi
exceeded 65 individuals per trap, surpassing
typical thresholds (20 to 40 aphids per trap
per week) and showing strong persistence across
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Figure 6. Abundance, relative abundance (%), and numerical density of R. padi, O. nubilalis, H.
armigera, and D. virgifera across different years, crops (corn, soybean), and cultivation
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conventional)

years. Ostrinia nubilalis reached 68 moths per
trap, above warning thresholds (~30 to 50 adults
per week), indicating high infestation risk.
Helicoverpa armigera recorded the highest
density—84 adults per trap, well above its
threshold (30 to 40 per week), confirming its
importance as a key pest in corn, also found
in other studies from Asia (Li, 2023). Diabrotica
virgifera exceeded 85 individuals per trap, more
than double the economic action level (~35 adults
per week), underlining the agronomic risk it poses
to corn roots.

These findings demonstrate that organic corn
systems, in particular, are exposed to high pest

pressure from species with known economic
impact. Despite the lack of direct yield loss
assessment, the densities observed suggest real
management concerns in the absence of chemical
control options.

In soybean, the same species showed much
lower abundance and did not exceed economic
thresholds. However, their presence, especially
that of H. armigera, is relevant in an ecological
context: soybean may serve as a reservoir or
suppressor for certain pests depending on
the year and management system (Fathipour
and Naseri, 2011). Therefore, pest monitoring
in soybean is valuable not for immediate crop
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protection, but to anticipate risk in subsequent
corn crops.

The findings align with recent studies
showing that crop rotation effectively suppresses
D. virgifera populations in first-year maize.
Meinke et al. (2025) reported almost zero adult
emergence in fields where rotation followed
soybean, while adjacent continuous maize fields
exhibited high pest pressure. Similarly, Voros
et al. (2024) demonstrated that economic damage
typically appears 5 to 7 years post-invasion in
European agroecosystems, suggesting that the
intense pest pressure observed in this study in
2022 reflects an early-stage colonization under
repeated organic systems. Further support comes
from European-wide assessments emphasizing
the role of rotation protocols in maintaining pest
populations below action thresholds and enabling
pest management without chemical intervention,
consistent with researchers’ findings in organic
corn plots, particularly following soybeans.

Among non-specific pests, P. atra was
dominant in organic corn in both 2022 and 2024,
reaching > 200 individuals per trap, clearly
exceeding action thresholds for adult flea beetles
(~25 to 50 per week). Although corn is not the
typical host crop for Phyllotreta, these densities
indicate strong population pressure and suggest
that flea beetles may find suitable refuge and
multiplication niches in organic corn systems
with reduced disturbance. Macrosteles sp. was
consistently present in both crops and systems,
with relative abundance between 5% and 10%,
indicating ecological stability. While it does not
appear to reach economic significance based on
adult captures, its role as a potential vector of
Phytoplasmas should not be overlooked. Agriotes
sp. showed minimal adult presence, with low
abundance and density across all contexts.
However, since only adults were assessed, its true
economic significance, associated with larval
stages (wireworms), remains outside the scope of
this study.

As in Figure 6, soybean served primarily as
an intermediate host: pest densities remained low,
but persistent presence of non-specific species
suggests a possible role in population buildup or
survival between corn rotations. This study
focused on assessing adult pest dynamics in
rotation systems where corn is the agronomic
priority. While soybean did not show pest levels
requiring immediate control, its role in shaping
pest pressure in subsequent corn crops is
ecologically relevant. Species with cross-host
potential, like H. armigera and P. atra,

may persist across both crops, influencing IPM
planning.

The very high adult density of P. atra observed
in organic corn plots in this study (> 200
individuals per trap) exceeds common action
thresholds (typically around 25 to 50 beetles
per week), and is consistent with patterns reported
for related Phyllotreta species in other crops
and systems (Lundin, 2019; Boetzl et al., 2025).
Although corn is not a preferred host, the
observed persistence and multiplication suggest
that organic corn systems, with reduced soil
disturbance and absence of insecticides, may offer
suitable ecological niche for flea beetles to
proliferate, especially in intercropped or rotated
fields. Moreover, studies on organic management
strategies for flea beetles emphasize that cultural
can mitigate infestation (Kuepper, 2003). These
findings affirm that high adult counts in organic
corn in this study are likely driven by management
context rather than host suitability alone,
supporting the need for integrated cultural and
monitoring strategies in pest management
planning (Kuepper, 2003; Lundin, 2019).

Although economic thresholds and vyield
impacts were not measured directly, multiple
pest species in organic corn exceeded standard
adult-based action thresholds, indicating high
biological pressure and the need for intervention.
These results highlight the importance of pest
monitoring not only in the target crop, but also
in preceding crops, especially under organic or
low-input systems.

CONCLUSIONS

Pest pressure is consistently higher in organic
corn systems compared to conventional ones,
with adult densities of both specific and non-
specific pests frequently exceeding known
economic thresholds. Statistically significant
differences were recorded in all corn seasons (e.g.,
2022: F =212.84, p < 0.001, Cohen’s d = 11.91),
emphasizing the biological relevance of these
findings. While soybean exhibited lower pest
levels, its role as an intermediate host allowed
some pests to persist across the rotation,
contributing to pest buildup in the third-year corn
crop. Organic systems benefited more from crop
rotation effects (e.g., reduced pest levels from
2022 to 2024), while pest stability in conventional
plots was likely maintained through chemical
control. The findings underline the need for
system-specific pest management strategies.
In organic systems, enhanced monitoring and
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ecological control measures are essential,
especially following soybean. Although yield
losses were not measured, the trends observed
support further research on pest thresholds, crop
damage, and long-term rotation planning under
different production systems.
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