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Organic management of cherry orchards favours most
natural enemies and some phytophages
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Abstract Arthropods were sampled in organic
and conventional cherry orchards over two growing
seasons using pitfall traps, yellow sticky traps, and
branch shaking. The data obtained from both pro-
duction systems were compared using linear mixed
effects models and principal response curves (PRCs).
The diversity of families and the total abundance of
arthropods captured by the three sampling methods
were significantly greater in the organic orchards.
Phytophagous and predatory arthropods in cherry tree
canopies, soil-dwelling predators and parasitoids cap-
tured in yellow sticky traps were significantly more
abundant in organic orchards. Although no significant
differences in the total abundance of Coccinellidae
between crop managements were recorded, species
richness and abundance, excluding that of Stethorus
pusillus (Herbst) (Coleoptera: Coccinellidae), were
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significantly greater in the organic plots. According to
the PRC analyses, the taxa most favoured by organic
management were the predatory families Anthocori-
dae, Lycosidae, Staphylinidae, Gnaphosidae, Philo-
dromidae, Hybotidae, Nabidae, Carabidae and Thom-
isidae; the parasitoids belonging to Pteromalidae,
Mymaridae, Braconidae, Bethylidae, Platygastridae
and Aphelinidae; and the phytophagous Monosteira
unicostata (Mulsant & Rey) (Hemiptera: Tingidae)
(poplar lace bug) and aphids. The predatory coccinel-
lid species most favoured by organic cropping were
Adalia decempunctata (L.) (Coleoptera: Coccinel-
lidae), Adalia bipunctata (L.) (Coleoptera: Coccinel-
lidae) and Scymnus interruptus (Goeze) (Coleoptera:
Coccinellidae). In contrast, some groups of arthro-
pods were more abundant in conventionally managed
orchards, among which spider mites and their preda-
tory species S. pusillus (Herbst) stood out. Therefore,
this study revealed a great benefit of organic cherry
cultivation for most groups of predators and parasi-
toids although some phytophagous species were also
favoured.

Keywords Conservation biological control - Cherry

tree - Organic farming - Predators - Parasitoids -
Coccinellidae
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Introduction

Arthropods are key organisms in agroecosystems,
playing multiple roles at different trophic levels of
food webs (Turney and Buddle 2016). Most species
have positive effects, such as pollinators, natural ene-
mies of pests, and decomposers of organic matter, but
others can damage crops, become pests and require
the development and application of control measures.
On the other hand, it is important to protect carnivo-
rous species (parasitoids and predators) present in
crops as they can help protect crops by carrying out
biological pest control. Therefore, it is essential to
study the effects of each agricultural technique, espe-
cially phytosanitary measures, on these beneficial
arthropods to maximize their contribution (Barbosa
1998; Tooker et al. 2020).

Organic farming continues to grow through-
out the world in terms of both cultivated area and
market volume. According to the latest surveys
(Willer et al. 2025), the area of organic produc-
tion increased by 103% over the decade from 2014
to 2023, reaching almost 90 million ha worldwide,
2.1% of the total agricultural area. On the other
hand, the global market for organic foods reached
136 billion euros in 2023, an increase of more than
120 billion over 2000. The increasing demand for
organic fruits by consumers in Europe and North
America has resulted in important increases in the
area and production of organic fruits globally. The
area of temperate fruit trees under organic cultiva-
tion increased by 50.1% between 2014 and 2023
(Willer et al. 2025). Almost half of the world’s
organic growing area for temperate fruits is in
Europe (134,000 ha), with cherry (Prunus avium
L.) being the second most important organic fruit
crop (17,627 ha), after apples (Willer et al. 2025).
Because of these increases in the organic fruit mar-
ket and acreage, there is also a growing demand for
research to develop pest control strategies compati-
ble with this production system. Producing certified
organic fruit requires the adoption of ecologically
sound practices specified in organic production
regulations (IFOAM 2019; EC 2023; USDA 2025).
Crop protection in organic agriculture is based on
preventive strategies (well-adapted varieties, bal-
anced fertility, rotations, companion planting, green
manures, functional biodiversity, habitat manage-
ment, beneficial organisms), and the application of
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insecticides is restricted to products of mineral or
vegetable origin and those based on microorgan-
isms or any metabolism compounds included in
the standards, that are used as a last option when
prevention has failed (Wyss et al. 2005; Zehnder
et al. 2007). Owing to its environmental benefits,
biological control should play a key role in the
prevention and management of crop pests and dis-
eases, especially in organic production (Baker et al.
2020). Among biological control types, “conserva-
tion biological control” (managing agricultural or
natural ecosystems to protect and promote popula-
tions of resident natural enemies of crop pests) is
the most accessible and the most desirable because
of its lower risk. Increasing biodiversity and mini-
mizing the effects of pesticides on natural enemies
are key components of conservation biological con-
trol (Landis et al. 2000), which are also promoted
by organic farming (Baker et al. 2020).

Most studies comparing organic and conventional
management have found positive effects of organic
farming on arthropod abundance and diversity in a
wide range of crops (Hole et al. 2005; Baker et al.
2020; Stein-Bachinger et al. 2021). The most rel-
evant factors identified in this regard are greater
plant diversity and the prohibition of pesticides
and fertilizers harmful to arthropods. This positive
effect of organic management has also been found
in most studies specifically on natural enemies of
pests in many crops, including fruit trees (Zehnder
et al. 2007). However, these positive effects have
not been observed in all cases, leading to the con-
clusion that other factors may play a significant role
(Bengtsson et al. 2005; Galloway et al. 2021). In
the case of herbivorous/pest arthropods, the results
provided by these studies are much more variable
(Bengtsson et al. 2005; Muneret et al. 2018). No
previous studies of this type have been found for
cherry cultivation. Therefore, the objective of this
field study was to evaluate the effects of organic
vs. conventional management in cherry orchards
on arthropod populations, especially parasitoids,
predators and phytophages. Several species of Coc-
cinellidae are cited as key natural control agents
of aphid and mite populations, particularly impor-
tant pests in the cherry orchards of the study area.
Therefore, this study also delves into the effects of
organic vs. conventional management on predatory
coccinellids.
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Materials and methods
Sampled cherry orchards

Throughout 2016 and 2017, arthropod populations
were sampled in conventional and organic cherry
orchards in the Jerte Valley (Extremadura), one of
the main cherries producing areas in Spain. For this
purpose, four pairs of cherry orchards were chosen
in four different locations, with the two orchards of
each pair being very close to each other (with simi-
lar cultivars, topography, climate and soil), but differ-
ing in crop management (organic vs. conventional).
In the selected plots, as is usual in this cherry grow-
ing area, mixed cherry trees of different varieties are
grown, the most common being Ambrunés, Burlat,
Early, Lory and Lapins. Trees of very different sizes
and ages also coexist in the same orchard but always
with the typical “Vase” training system. The location,
dimensions, crop management and cultivars of each
orchard are detailed in Table 1. The crop protection
practices carried out in the sampled orchards (weed,
arthropod pest and disease management) are listed in
Table 2.

Assessment of arthropod populations

Arthropod communities were sampled by three dif-
ferent survey techniques: pitfall traps for ground-
dwelling arthropods, yellow sticky traps for flying
insects, and branch shaking for cherry tree canopy
arthropods. Each pitfall trap consisted of a 300 ml
plastic container half filled with two parts propylene
glycol and one part water, inside a plastic cup with
the opening flush with the soil surface and perforated

at the bottom (to allow drainage of rain and irri-
gation water) and a 12 cm diameter plastic funnel
placed inside the top edge of the outer cup. In this
way, those insects walking on the ground fall through
the funnel and are collected in the inner container.
In each orchard, four pitfall traps were placed, each
at the midpoint between consecutive trees in a cen-
tral row. Additionally, four 30X 28 cm yellow sticky
traps impregnated with adhesive on one side were
hung on four consecutive cherry trees, in the central
area of each orchard. In each sampling, both the pit-
fall traps and the yellow sticky traps remained active
for one week, and monthly sampling was carried out
from April to November (eight samplings per year).
The “branch shaking” method consists of vigorously
shaking cherry tree branches and collecting fallen
arthropods through a 47 cm diameter plastic funnel
into a plastic bag. Each sample was obtained by shak-
ing a branch of each of the four cherry trees chosen
in the central zone of each orchard, with each branch
having a different orientation (north, south, east and
west). The bags containing the captured arthropods
were placed in a portable refrigerator, and then, in the
laboratory, they were stored in the freezer until their
study. In this case, monthly sampling was carried out
from April to October in 2016 (seven samplings) and
from April to November in 2017 (eight samplings).
The arthropods captured by the three sampling meth-
ods were classified into families, with the exception
of the predators of the Coccinellidae family and some
phytophagous pests of the cherry crop that were iden-
tified at the species level. Since this study focuses on
arthropod groups of interest from the perspective of
crop protection, in addition to the total abundance and
diversity of arthropods, the abundance and diversity

Table 1 Locations and cultivars of the cherry orchards selected for arthropod sampling

Orchards Management Geographical coordinates Altitude (m) Cultivars

El Tumba O Organic 40° 10" 44" N, 5° 49" 17" W 537 Van/Burlat

El Tumba C Conventional 40° 10"42" N, 5°49" 17" W 548 Van/Burlat

Los Jorges O Organic 40°9'30" N, 5°49'51" W 747 California

Los Jorges C Conventional 40°9'31" N, 5°49'49" W 757 California

Barrera del Soto O Organic 40°9'53" N, 5°50" 12" W 615 Van/Burlat/Lapins
Barrera del Soto C Conventional 40° 950" N, 5° 50" 14" W 609 Van/Burlat/Lapins
Castafiarén O Organic 40°10"3" N, 5° 50" 18" W 519 228/Lapins/Ambrunés
Castaflarén C Conventional 40°10"2" N, 5° 50" 22" W 515 228/Lapins/Ambrunés

All orchards are located in the Jerte Valley, Spain
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Table 2 Crop protection tools applied in the sampled cherry orchards

Orchards?* Weed management/soil Arthropod pests management Fungal diseases management
maintenance
El Tumba O Natural grass cover Summer oil Calcium polysulfide
Natural pyrethrins Copper
Silica
Sticky bands
El Tumba C Glyphosate Imidacloprid Copper oxychloride
Tebuconazole
Dodine
Fluopyram
Los Jorges O Natural grass cover Paraffin oil Calcium polysulfide
Natural pyrethrins Copper oxychloride
Silica Bordeaux mixture
Sticky bands
Los Jorges C Glyphosate Imidacloprid Copper oxychloride
Tebuconazole
Dodine
Fluopyram
Barrera del Soto O Natural grass cover Calcium polysulfide
Barrera del Soto C Glyphosate Imidacloprid Copper oxychloride
Tebuconazole
Dodine
Fluopyram
Castafiarén O Natural grass cover Insecticidal soap Calcium polysulfide

Castafiarén C Glyphosate

Imidacloprid

Copper oxychloride
Tebuconazole
Dodine

Fluopyram

All orchards are located in the Jerte Valley, Spain

0: organic, C: conventional

of phytophagous arthropods and natural enemies
were also recorded and analysed separately. Taxa with
other feeding habits, such as detritivores or decom-
posers and others, were not considered to be studied
in depth in this research.

Data analysis

The effects of crop management (organic vs. conven-
tional) on arthropod abundance and diversity (meas-
ured by the number of families and Shannon diversity
index; Magurran 2004) in the canopy of cherry trees
and captured in pitfall and yellow sticky traps were
analysed by linear mixed-effects models (LMMs)
(Littell et al. 1998; Wang and Goonewardene 2004).
The type of management and year were considered
fixed factors, with block as a random factor and sam-
pling date as a repeated measures factor. The inter-
action between the fixed factors was also considered
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in the models. The best covariance structure for the
repeated measures (date) factor was selected accord-
ing to the lowest value of the Akaike and Schwarz
Bayesian information criteria fit statistics. The mod-
els were fitted using a restricted maximum likeli-
hood estimation method. If convergence was not
achieved or the final Hessian matrix was not positive
definite, the random factor was removed from the
model because it was identified as a redundant vari-
able. When necessary, the data were previously trans-
formed by log(x+ 1) for normality. The significance
level was always p<0.05. Statistical tests were per-
formed using the SPSS 17.0 statistical program.
Principal response curve (PRC) analyses were also
performed to investigate changes in taxa composition
and abundance. The significance of the deviations
from the line representing conventional management
(y=0) due to organic management was tested using
an F-type permutation test (Monte Carlo simulation)
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with 499 permutations. When PRCs were signifi-
cant, “taxa weights” were also considered to deter-
mine the effects of management on different taxa.
The responses of taxa with positive weights follow
the PRC patterns, so that the higher the weight, the
more likely it is that the species’ actual response pat-
tern will follow that of the PRC. On the contrary,
taxa with negative weights show the opposite pat-
tern to that displayed by the PRC. Taxa with weights
between — 0.5 and 0.5 show either a weak response or
a response that is unrelated to that shown in the PRC.
Data on the number of captures of each taxon were
transformed to log(x+ 1) before analysis. PRC anal-
yses were performed using the program CANOCO
4.51 (van den Brink and Ter Braak 1999; Leps and
Smilauer 2003).

Results
Abundance and diversity of arthropods

The total number of arthropods captured by the
three sampling methods together was higher in the
organic orchards on almost all the sampling dates,
with an average number of captures 50% higher for
the entire two-year sampling period and also a high
statistical significance (F; ,44,3=6.609, p=0.017)

(Table 3). The diversity of arthropods, measured by
the number of families, was always greater in the
organic orchards than in the conventional ones, with
significant differences for the entire period studied
(F1,4.413=28,747, p=0.004) (Table 3). In contrast, no
differences due to management were observed in the
values of the Shannon index of families in that same
period (F; 5 ¢g6=1.520, p=0.266) (Table 3).

Phytophagous arthropod community

The abundance of phytophagous arthropods in the
cherry tree canopies, throughout the entire sam-
pling period, obtained from branch shake sam-
pling data, was almost six times higher in organic
orchards (F; ¢03,=28.324, p=0.002) (Table 3).
Additionally, according to the PRCs (Fig. 1), cherry
tree phytophages were also significantly more abun-
dant in organic orchards in 2016, but the difference
was not significant in 2017 (F=11.833, p=0.03 and
F=12.087, p=0.088 respectively, Monte Carlo per-
mutation tests), with the phytophages most favoured
by organic management (with higher weights) being
the poplar lace bug (Monosteira unicostata (Mulsant
& Rey) (Hemiptera: Tingidae)) and aphids (Hemip-
tera: Aphididae). In contrast, spider mites (Acari: Tet-
ranychidae) were more abundant in orchards under
conventional management (weight < — 0.5).

Table 3 Abundance and diversity of total arthropods and abundance of phytophagous, parasitoid and predatory arthropods in sam-
ples from organic and conventional cherry orchards along two years sampling period

Parameter Organic? Conventional?

Total arthropod abundance® 23,365.80+548.63 a 15,454.00+809.43 b
Total arthropod family richness® 72754095 a 67.50+1.70 b

Total arthropod Shannon index* 3.39+0.12a 325+0.11a
Phytophages in the canopies® 874.25+209.80 a 146.50+38.95b
Predators in the canopies® 64.00+3.72 a 35.50+5.07b
Parasitoids in the canopies® 28.75+10.50 a 10.50+2.40 a
Predators in yellow sticky traps 2025.50+£293.46 a 1476.00+£167.02 a
Parasitoids in yellow sticky traps 4106.75+511.12 a 1771.75+143.22 b
Soil-dwelling predators® 1134.25+76.69 a 792.75+74.66 b

The average data per orchard are shown with their corresponding SE

aTotal specimens captured by the three sampling methods: branch shaking, yellow sticky traps and pitfall traps

Specimens captured by branch shaking

“Specimens captured by pitfall traps

dFor each parameter, data followed by a different letter are significantly different (organic vs. conventional management, LMMs,

a=0.05)
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Fig. 1 Principal response curve (PRC) diagrams and weights
for phytophagous a and natural enemy arthropods b in the
canopies of cherry trees of organic and conventional orchards,
obtained with the data of captures by the branch shaking
method from April to November in the years 2016 and 2017.
Weights are only shown for the year in which the significance

Natural enemy arthropod communities

According to the data obtained by the branch shak-
ing method (Table 3), predatory arthropods were sig-
nificantly more abundant in the canopies of organic
cherry trees throughout the entire sampling period
(F1, 5084=20.330, p=0.004), with almost twice as
many specimens captured. In contrast, the differences
in parasitoids captured by this sampling method, in
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test (Monte Carlo, 499 permutations) detected significant dif-
ferences (p<0.05). Taxa with positive weights followed the
PRC patterns (favoured by organic management), while those
with negative weights showed the opposite pattern. Families
of natural enemy arthropods with a weak response (weights
between — 0.5 and +0.5) are not shown

organic or conventional orchards, were not signifi-
cant for the entire sampling period (F; ¢33=2.901,
p=0.139). According to PRC analysis, natural ene-
mies (predators + parasitoids) were significantly more
abundant in the canopies of organic cherry trees in
2016 (F=4.111, p=0.027, Monte Carlo permutation
tests), with Anthocoridae, Philodromidae, Eulophi-
dae, Thomisidae, Oxyopidae, Liniphidae, Theridi-
dae and Coccinellidae being the families favoured
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by organic farming (weight>0.5), whereas Saltici-
dae were more frequently captured from the cano-
pies of conventional cherry trees (weight<— 0.5)
(Fig. 1). In 2017, the differences in the number of
natural enemies in the cherry tree canopies between
the two managements were not significant (F=3.275,
p=0.073, Monte Carlo permutation tests).

Captures of parasitoids in yellow sticky traps
(Table 3) were 128% higher in organic cherry
orchards throughout the entire sampling period, this
difference being highly significant (F; ¢90=13.361,
p=0.011). In contrast, the differences in the num-
ber of predators captured in these traps (Table 3),
due to organic or conventional management, were
not significant throughout the entire sampling period
(F1. 6033=1.218, p=0.312). On the other hand, the
PRC curves (Fig. 2) show more captures of natu-
ral enemy arthropods (predators + parasitoids) in the
yellow sticky traps placed in the organic orchards
in almost all sampling dates, with significant differ-
ences for each of the two years (F=8.024, p=0.001,
in 2016; F=6.595, p=0.001, in 2017; Monte Carlo
permutation tests). According to the PRC analysis, in
2016, natural enemies from 27 families captured in
yellow sticky traps (nine predatory and 18 parasitoid)
were favoured by organic farming (weight> 0.5), with
the highest weights for Anthocoridae, Mymaridae,
Bethylidae, Hybotidae and Pteromalidae, whereas
only Malachidae were favoured by conventional farm-
ing (weight<— 0.5). Similarly, in 2017, according
to captures in yellow sticky traps, natural enemies
belonging to 27 families (nine predatory and 18 para-
sitoid) were favoured by organic management, with
Pteromalidae, Braconidae, Platygastridae, Hybotidae
and Aphelinidae being the families with the high-
est weight values, whereas Coniopterygidae was
the only family favoured by conventional cropping
(weight < — 0.5) (Fig. 2).

The abundance of soil-dwelling predatory arthro-
pods (captured by pitfall traps) (Table 3) was also sig-
nificantly greater in organic cherry orchards, through-
out the entire sampling period (F; ,4094=10.186,
p=0.004). The PRC curves reveal significant differ-
ences only in 2017 (F=3.226, p=0.094, in 2016;
F=3.946, p=0.024, in 2017; Monte Carlo permuta-
tion tests), with soil-dwelling predators from 17 fami-
lies favoured by organic management (weight>0.5),
being Lycosidae, Staphylinidae, Gnaphosidae,
Nabidae, Carabidae, Thomisidae and Phytoseiidae

the families with the highest weight values. On the
contrary, soil-dwelling predators of only five fami-
lies were favoured by conventional management
(weight< — 0.5), with Agelenidae and Bdellidae hav-
ing the lowest weight values (Fig. 3).

Table 4 shows the species of predatory coccinel-
lids (Coleoptera: Coccinellidae) captured both by yel-
low sticky traps and the branch shaking method, in
organic and conventional cherry orchards. Stethorus
pusillus (Herbst) was by far the most captured species
in the orchards under both managements and in the
two years of sampling. The next most captured species
were Adalia decempunctata (L.), Scymnus interruptus
(Goeze), Scymnus impexus Mulsant, Platynaspis lute-
orubra (Goeze), Coccinella septempunctata L. and
Adalia bipunctata (L.), with these species being much
more frequently caught in organic orchards. Accord-
ing to the statistical analysis of these data (Table 5),
the abundances of total predatory coccinellids and
the species S. pusillus were not significantly different
under conventional and organic management, across
the two years of sampling (F; 5,,=1.466, p=0.279
and F; 563=0.183, p=0.681, respectively). In
contrast, both total catches and species richness of
predatory coccinellids, excluding those of S. pusil-
lus, were significantly higher in organic orchards
(Fy, 45260=13.697, p=0.001 and F; 5g99=12.983,
p=0.011, respectively). The PRC curves (Fig. 4)
revealed significantly greater abundance of predatory
Coccinellidae in organic orchards in 2017 (F=4.467,
p=0.138, in 2016; F=16.709, p=0.020, in 2017,
Monte Carlo permutation tests). According to this
analysis, A. decempunctata, A. bipunctata, S. inter-
ruptus, S. impexus and C. septempunctata were the
species of Coccinellidae most favoured by organic
cropping, whereas S. pusillus was more abundant in
conventional cherry orchards.

Discussion

In this study, we observed significantly greater diver-
sity of families and total arthropod abundances in
organic cherry orchards than in conventionally man-
aged ones. Several reviews and meta-analyses have
also shown the positive effects of organic farm-
ing on the richness and abundance of arthropods.
Thus, Stein-Bachinger et al. (2021), analysing the
results of 474 pairwise comparisons of organic and
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Mymaridae 3.42  Encyrtidae 0.96
Bethylidae 3.30 Eulophidae 0.87
Hybotidae 2.91 Diapriidae 0.79
Pteromalidae 2.31  Chrysididae 0.76
Miridae 1.62 Pompilidae 0.76
Aphelinidae 1.49 Tachinidae 0.74
Ceraphronidae 1.38 Evaniidae 0.70
Ichneumonidae 1.29 Proctotrupidae 0.70
Platygastridae  1.23  Stratiomiidae 0.64
Braconidae 1.14  Rhinophoridae 0.63
Chalcididae 1.03 Crabronidae 0.62
Scelionidae 1.02 Dolichopodidae  0.56
Vespidae 1.00 49 families (-0.5,0.5)
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Fig. 2 Principal response curve (PRC) diagrams and weights
of predatory and parasitoid arthropods captured by yellow
sticky traps in organic and conventional cherry orchards from
April to November in the years 2016 and 2017. Weights are
shown when the significance test (Monte Carlo, 499 per-

conventional farming systems, reported averages
of 22% and 36% greater species richness and abun-
dance of insects, respectively, in organic farming.
For spiders, the corresponding values were 15%
and 55%, respectively. It is generally assumed that
organic farming promotes arthropod diversity indi-
rectly through increased plant diversity (cover crops,
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F = 6.595

A-17 M-17 J-17 J-17 A-17 S-17 O17 N-17
Date

Organic
Weights 2017

Pteromalidae  4.21 Eulophidae 0.91
Braconidae 2.58 Proctotrupidae 0.91
Platygastridae  2.51 Coccinellidae 0.89
Hybotidae 2.16 Tachinidae 0.78
Aphelinidae 2.03 Miridae 0.68
Ichneumonidae 1.95 Eupelmidae 0.67
Cantharidae 1.90 Bethylidae 0.67
Figitidae 1.83 Rhinophoridae 0.64
Mymaridae 1.71 Therevidae 0.62
Aeolothripidae 1.46 Chalcididae 0.61
Scelionidae 1.35 Chrysopidae 0.55
Eucolidae 1.22 Megaspilidae 0.55
Anthocoridae  1.16 Raphidioptera 0.53
Stratiomiidae 1.12 Dolichopodidae 0.52
Diapriidae 1.07 42 families (-0.5,0.5)

Coniopterygidae  -0.94

mutations) detected significant differences (p<0.05). Taxa
with positive weights followed the PRC patterns (favoured
by organic management), while those with negative weights
showed the opposite pattern. Families with a weak response
(weights between — 0.5 and +0.5) are not shown

avoidance of herbicides, rotations, etc.) and directly,
through the absence of synthetic pesticides and ferti-
lizers harmful to arthropods (Hole et al. 2005; Baker
et al. 2020). However, this positive effect has not been
observed in all cases, leading to the conclusion that
other factors may play important roles in the abun-
dance and diversity of arthropods in agroecosystems.
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Weights 2017
04 - Lycosidae 3.40

Staphylinidae 2.89

Gnaphosidae 2.86

Nabidae 2.67

] 0.3 Carabidae 1.82
o Thomisidae 1.79
) Phytoseiidae 1.68
E 02 - Reduvidae 1.58
8 Salticidae 1.33
° Coccinellidae 1.10
© 0.1 Dysderidae 1.09
0o Erythraeidae 1.06
g Anystidae 0.97
g 0 . . . ; . . o . . . . . . . Trombidiidae 0.78
Lithobidae 0.78

© F=3.226 F=3.946 Miridae 0.69
o1 P =0.094 ‘ ‘ ‘ ‘ P = 0.024 Zorospidae 0.53

o 37 families  (-0.5,0.5)
M-16 A-16 M-16 J-16 J-16 A-16 S-16 0-16 N-16 A-17 M-17 J17 J17 A7 S-17 017 N-17  Cantharidee  -0.54

Date Nemesidae -0.59

Ctenizidae -0.67

Bdellidae -0.70

—o=— Conventional Organic Agelenidae -0.80
Fig. 3 Principal response curve (PRC) diagrams and weights nificant differences (p<0.05). Taxa with positive weights fol-
of ground-dwelling predatory families in organic and conven- lowed the PRC patterns (favoured by organic management),
tional cherry orchards, obtained with the data of captures by while those with negative weights showed the opposite pat-
pitfall traps, from April to November in the years 2016 and tern. Families with a weak response (weights between — 0.5

2017. Weights are only shown for the year in which the sig- and+0.5) are not shown

nificance test (Monte Carlo, 499 permutations) detected sig-

Table 4 Numbers of

R Taxa® Yellow sticky traps Branch shaking  Total

predatory Coccinellidae

(listed alphabetically) Org Con Org Con Org Con

captured by yellow sticky

traps and branch shaking Adalia bipunctata (L.) 17 1 0 0 17 1

in organic ((])rg) and . Adalia decempunctata (L.) 161 8 0 0 161 8

comeonl Con s, D A
Coccinella septempunctata L 15 4 1 2 16 6
Hippodamia variegata Goeze 1 2 0 0 1 2
Nephus ludyi (Weise) 0 0 0 1 0
Oenopia conglobata (L.) 2 1 0 0 2 1
Platynaspis luteorubra (Goeze) 21 2 0 0 21 2
Propylea quatuordecimpunctata (L.) 4 2 0 0 4 2
Psyllobora vigintiduopunctata (L.) 1 0 0 0 1 0
Rhyzobius chrysomeloides (Herbst) 0 0 0 1 0
Scymnus apetzoides Capra & Fursch 5 5 1 0 6 5
Scymnus impexus Mulsant 33 12 1 0 34 12
Scymnus interruptus (Goeze) 47 21 1 0 48 21
Scymnus marinus Mulsant 8 4 1 0 9 4
Scymnus subvillosus (Goeze) 1 0 0 4 1
Scymnus ND 8 3 0 0 8 3

AND: Specimens not Stethorus pusillus (Herbst) 692 937 19 14 711 951

determined to species level Coccinellidae ND 2 4 3 0 5 4

due to being incomplete or Total 1024 1007 30 16 1054 1023

in poor condition
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Table 5 Abundance and diversity of predatory Coccinellidae in yellow sticky traps and branch shaking samples from organic and
conventional cherry orchards

d

Parameter Organic Conventional®

Total Coccinellidae® 263.50+25.06 a 255.75+33.97 a

Stethorus pusillus® 177.75+1.70 a 237.75+30.53 a

Total Coccinellidae without S.  85.75+25.32 a 18.00+3.67 b
pusillus®

Species richness® 12.25+1.80 a 875+1.11b

Shannon diversity index® 1.09+0.19 a 0.37+0.03 b

The average data per orchard from the sum of specimens captured by the two sampling methods, during 2016 and 2017, are shown

with their corresponding SE
*Number of specimens captured per orchard (mean + SE)

"Number of species captured per orchard (mean + SE)

“Shannon diversity index calculated from the specimens captured in each orchard (mean + SE)

dFor each parameter, data followed by a different letter are significantly different (organic vs. conventional management, LMMs,

a=0.05)
0.8
Weights 2017

06 Adalia decempunctata 3.33
- ' Adalia bipunctata 1.42
[=
.g Scymnus interruptus 0.92
% 0.4 - Coccinella septempunctata 0.55
o
° 11 species (-0.5, 0.5)
[+']
o i -
2 02 Stethorus pusillus 1.22
o
c
©
(&)

0 1o O O O :\' O O o) e O O ,\\ O O C<> -~
F = 4.467 F=16.709
P=0.138 P =0.020
02 | , \ | |

T t t h trrrrrrrrrr e b frrrrrer t t t
M-16 A-16 M-16 J-16 J-16 A-16 S-16 0O-16 N-16 A-17 M-17 J-17 J-17 A-17 S-17 0O-17 N-17 D-17
Date

—o=— Conventional

Fig. 4 Principal response curves (PRC) diagrams and weights
of predatory species of Coccinellidae, obtained with the
data of captures by yellow sticky traps and branch shaking,
in organic and conventional cherry orchards, from April to
November in the years 2016 and 2017. Weights are only shown
for the year in which the significance test (Monte Carlo, 499

Landscape complexity (the presence of uncultivated
patches, hedgerows, edges, crop diversity, etc.) is
often highlighted in this regard, since, owing to
their mobility, many arthropods can change loca-
tions and adapt to agricultural practices and other
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Organic

permutations) detected significant differences (p <0.05). Spe-
cies with positive weights followed the PRC patterns (favoured
by organic management), while those with negative weights
showed the opposite pattern. Species with a weak response
(weights between — 0.5 and +0.5) are not shown

disruptive changes in agroecosystems (Gabriel et al.
2010; Wingvist et al. 2012; Tuck et al. 2014; Landis
2017). The area where the sampled orchards in our
study are located is characterized by an extraordinar-
ily diverse and complex landscape, with small cherry
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orchards mixed with patches of natural vegetation
and surrounded by forest. Even so, we observed sig-
nificant differences between organic and conventional
orchards in terms of the abundance and species rich-
ness of arthropods, indicating a strong effect of man-
agement (conventional/organic), which would pre-
dominate over landscape factors.

With respect to phytophagous arthropods, in this
study, we observed that they were significantly more
abundant in the cherry canopies of organically man-
aged orchards. Poplar lace bugs and aphids were
the most favoured in organic management, whereas
the opposite was observed for spider mites. Studies
comparing arthropod populations between organic
and conventional fruit orchards vary in terms of
herbivorous arthropod abundance. Bengtsson et al.
(2005), using a meta-analysis of literature published
before December 2002, found that pest insects did
not respond positively to organic farming. Similarly,
Muneret et al. (2018), using two meta-analyses,
based on 43 and 134 comparative studies, reported
comparable levels of animal pests in organic and
conventional systems. In the present study, imida-
cloprid sprays appear to have effectively controlled
the cherry aphid (Myzus cerasi (F) (Hemiptera:
Aphididae)) and poplar lace bug populations in con-
ventionally managed cherry orchards, whereas the
strategies applied in organic orchards (summer oil,
natural pyrethrin, silica, sticky bands on the trunks
and insecticidal soap) did not seem to be as effec-
tive. However, organic farmers did not report us any
decrease in cherry production due to the cherry aphid.
On the other hand, the aphid samples included, along
with specimens of M. cerasi, other species associated
with ground cover or natural patches, which are not
harmful to the crop and, on the contrary, would have
a positive effect on attracting and maintaining the
natural enemies of pests. On the other hand, although
M. unicostata can feed on many fruit tree species and
is known to cause severe damage to almond trees
(Sanchez-Ramos et al. 2014), it is not a pest of spe-
cial concern for cherry trees. The high populations of
this insect found in cherry trees in this study appear
to be due to the exceptionally high and prolonged
summer temperatures in the area during the sam-
pling years, conditions to which it is well adapted
(Sanchez-Ramos et al. 2017). Furthermore, there
are tools compatible with organic farming, such as
kaolin and potassium soap with thyme essential oil,

which have proven effective in controlling this pest
(Marcotegui et al. 2015). The increased abundance
of spider mites in the canopies of conventionally
managed cherry trees may be explained by the nega-
tive effects of insecticide treatments on their natural
enemies. Thus, there is abundant literature concern-
ing this relationship between spider mite outbreaks
and pesticide treatments (Dutcher 2007), especially in
the specific case of the insecticide imidacloprid (Szc-
zepaniec et al. 2011). In addition to the known impact
of imidacloprid on natural enemies, a direct positive
effect of this insecticide on the fecundity of twospot-
ted spider mite (Zetranychus urticae Koch (Acari:
Tetranychidae)) has been also reported in laboratory
tests (James and Price 2002).

The positive effect of organic management on
natural enemy communities found in this study is
especially remarkable. Thus, both parasitoids (cap-
tured in yellow sticky traps) and predators (those in
the soil or cherry tree canopies) were significantly
more abundant in organically managed orchards.
Many studies have investigated the effects of crop
management on these beneficial insects. We have
not found any such studies on cherry crops, but
there are numerous studies on other fruit crops. The
results of most of these studies support this positive
effect of organic management on the natural enemies
of pests compared with conventional management
(Zehnder et al. 2007). Thus, in the aforementioned
meta-analysis by Bengtsson et al. (2005), preda-
tory insects responded positively to organic farming
whereas non-predatory insects did not. On the other
hand, Galloway et al. 2021) reported, in South Afri-
can citrus orchards, that organic farming favoured
predatory arthropods but only in the absence of nat-
ural vegetation. In the present study, as previously
mentioned, cherry orchards were chosen in pairs of
both management types, which were located very
close together, and the natural vegetation surrounding
them was equally abundant. Despite this, the positive
effect on predatory arthropods was very noticeable.
Therefore, aspects related to organic management
have been more relevant for these beneficial arthro-
pods. Soil maintenance is one of the main differences
between the cherry orchards sampled: bare soil with
herbicide treatments in conventional plots vs. natural
grass cover in organic plots. As highlighted in numer-
ous studies, ground cover generally has a positive
effect on the abundance and diversity of predators
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and parasitoids in tree crops and is therefore a key
tool for conservation biological control (Altieri and
Schmidt 1985; Bugg and Waddington 1994; Landis
et al. 2000; Boller et al. 2004; Judt et al. 2023). In tart
cherry, Sirrine et al. (2008) reported increased abun-
dance, species richness and diversity of predators as
well as greater species richness and diversity of para-
sitoids in mulched orchards, despite intensive pesti-
cide application. This finding supports the hypothesis
that ground cover could play a main role in the higher
population levels of natural enemies in the organic
cherry orchards in this study. Furthermore, sprays of
the insecticide imidacloprid, applied to conventional
orchards and whose risk to natural enemy populations
is well known (Goulson 2013), would also be another
cause of their lower abundance and diversity in con-
ventional plots. Imidacloprid was, for a long time, one
of the most widely used insecticides in fruit crops,
including cherries, primarily for the control of aphids
and leaf miners. Since its ban in Spain and most
European countries in 2018, imidacloprid has been
replaced for these uses by other insecticides, the most
common being pyrethroids and acetamiprid (another
neonicotinoid insecticide). According to a study by
Gonzalez-Nuiiez et al. (2022), these changes have not
resulted in a significant improvement for non-target
arthropod populations in cherry orchards, as these
insecticides are not selective either. Therefore, that
study proposes including preventive practices in IPM
programs for cherries, such as sticky barrier on trunks
against aphids and mass trapping against the cherry
fly (Rhagoletis cerasi (L.) (Diptera: Tephritidae))
and the spotted wing drosophila (Drosophila suzukii
(Matsumura) (Diptera: Drosophilidae)), as well as the
introduction of insecticides with a better selectivity
profile, such as sulfoxaflor (Bacci et al. 2018).

The abundance of predators of the family Coc-
cinellidae as a whole did not significantly differ
between organic and conventional management sys-
tems. However, greater diversity (in terms of both
species richness and Shannon index) was observed
in the organic plots. This can be explained by the
overall dominance of the species S. pusillus in the
conventional plots (93% of the total coccinellid
specimens captured). In fact, when the data of cap-
tures excluding specimens of S. pusillus were ana-
lysed, a significantly greater abundance of coccinel-
lid predators was observed in the organic orchards.
The exceptional abundance and dominance of S.
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pusillus in conventional orchards is most likely
a consequence of the spider mite outbreaks also
observed in these orchards, since adults and larvae
of Stethorus species are specialized predators of
spider mites (Biddinger et al. 2009). This finding
would indicate that, after the spider mite outbreaks,
colonization and a population increase in S. pusillus
occurred, which was probably favoured by the com-
plexity of the surrounding landscape, as has already
been observed with many natural enemies and crops
(Bianchi et al. 2006).

This study concludes that organic management
of cherry orchards in areas with highly complex
landscapes generally has a very positive effect on
natural enemy populations. On the other hand, the
negative effects of conventional insecticides on ben-
eficial arthropods can also be significant, even when
a complex landscape surrounding the crop favours
their mitigation. This has been demonstrated in
this study in the case of imidacloprid treatments
and spider mite outbreaks in conventional cherry
orchards. Therefore, although more in-depth stud-
ies are needed, organic pest management in fruit
trees, based on prevention, plant diversity (vegeta-
tion cover), and the avoidance of pesticides that are
harmful to natural enemies, significantly favours
conservation biological control.

Acknowledgements This study was funded by Instituto
Nacional de Investigaciéon y Tecnologia Agraria y Alimen-
taria (INIA-CSIC) through the agreement with the Junta de
Extremadura: “Agronomic improvements for the cultivation of
cherry trees in the northern area of Céceres (CC13-047)”. We
are grateful for the collaboration of the farmers who provided
their cherry orchards for the study, especially Manuel Martin,
Francisco Acera and Jesis Carlos Manjon. We also appreciate
the important contribution of Guillermo Cobos in the imple-
mentation of the study.

Funding Open Access funding provided thanks to the
CRUE-CSIC agreement with Springer Nature. This work was
funded by Instituto Nacional de Investigacién y Tecnologia
Agraria y Alimentaria (INIA-CSIC), CC13-047, Manuel
Gonzélez-Nuiez.

Declarations

Conflict of interest The authors declare no conflicts of inter-
est.

Research involving human and animal participants The
present research does not involve any experimentation with
human participants and/or other animals.



Organic management of cherry orchards favours...

Informed consent The research was always carried out fol-
lowing informed consent procedures.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Altieri MA, Schmidt LL (1985) Cover crop manipulation in
northern California orchards and vineyards: effects on
arthropod communities. Biol Agric Hortic 3:1-24

Bacci L, Convertini S, Rossaro B (2018) A review of sulfoxa-
flor, a derivative of biological acting substances as a class
of insecticides with a broad range of action against many
insect pests. J Entomol Acarol Res 50:7836

Baker BP, Green TA, Loker AJ (2020) Biological control and
integrated pest management in organic and conventional
systems. Biol Control 140:104095

Barbosa PA (1998) Conservation biological control. Academic
Press, San Diego

Bengtsson J, Ahnstrom J, Weibull AC (2005) The effects of
organic agriculture on biodiversity and abundance: a
meta-analysis. J Appl Ecol 42:26-69

Bianchi FJ, Booij CJH, Tscharntke T (2006) Sustainable pest
regulation in agricultural landscapes: a review on land-
scape composition, biodiversity and natural pest control.
Proc R Soc B Biol Sci 273(1595):1715-1727

Biddinger DJ, Weber DC, Hull LA (2009) Coccinellidae as
predators of mites: Stethorini in biological control. Biol
Control 51(2):268-283

Boller EF, Héni F, Poehling H-M (2004) Ecological infrastruc-
tures: ideabook on functional biodiversity at the farm
level. Temperate zones of Europe. Swiss Centre for Agri-
cultural Extension and Rural Development, Switzerland

Bugg RL, Waddington C (1994) Using cover crops to manage
arthropod pests of orchards: a review. Agric Ecosyst Envi-
ron 50:11-28

Dutcher JD (2007) A review of resurgence and replacement
causing pest outbreaks. In: Ciancio A, Mukerji KG (eds)
IPM. General concepts in integrated pest and disease
management. Springer, Dordrecht, pp 27-43

EC (European Commission) (2023) Commission Implementing
Regulation (EU) 2021/1165 of 15 July 2021 authorising
certain products and substances for use in organic produc-
tion and establishing their lists (Consolidated text). https://

eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX %
3A02021R1165-20231115. Accessed 29 Aug 2025

Gabriel D, Sait SM, Hodgson JA, Schmutz U, Kunin WE, Ben-
ton TG (2010) Scale matters: the impact of organic farm-
ing on biodiversity at different spatial scales. Ecol Lett
13:858-869

Galloway A, Seymour C, Gaigher R, Pryke J (2021) Organic
farming promotes arthropod predators, but this depends
on neighbouring patches of natural vegetation. Agric Eco-
syst Environ 310:107295

Gonzalez-Nuafiez M, Sandin-Espafia P, Mateos-Miranda M,
Cobos G, De Cal A, Sanchez-Ramos I, Alonso-Prados JL,
Larena I (2022) Development of a disease and pest man-
agement program to reduce the use of pesticides in sweet-
cherry orchards. Agronomy 12(9):1986

Goulson D (2013) Review: an overview of the environmental
risks posed by neonicotinoid insecticides. J Appl Ecol
50:977-987

Hole DG, Perkins AJ, Wilson JD, Alexander IH, Grice PV,
Evans AD (2005) Does organic farming benefit biodiver-
sity? Biol Conserv 122:113-130

IFOAM (2019) The IFOAM norms for organic production
and processing. IFOAM-Organics International. Ger-
many. https://www.ifoam.bio/en/ifoam-norms. Accessed
10 Aug 2025

James DG, Price TS (2002) Fecundity of twospotted spider
mite (Acari: Tetranychidae) is increased by direct and
systemic exposure to imidacloprid. J Econ Entomol
27:151-156

Judt C, Kordnyi D, Zaller JG, Batary P (2023) Floral
resources and ground covers promote natural enemies
but not pest insects in apple orchards: a global meta-
analysis. Sci Total Environ 903:166139

Landis DA (2017) Designing agricultural landscapes for
biodiversity-based ecosystem services. Basic Appl Ecol
18:1-12

Landis DA, Wratten SD, Gurr GM (2000) Habitat manage-
ment to conserve natural enemies of arthropod pests in
agriculture. Annu Rev Entomol 45:175-201

Leps J, Smilauer P (2003) Multivariate analysis of ecologi-
cal data using CANOCO. Cambridge University Press,
Cambridge

Littell RC, Henry PR, Ammerman CB (1998) Statistical
analysis of repeated measures data using SAS proce-
dures. J Anim Sci 76:1216-1231

Magurran AE (2004) Measuring biological diversity. Black-
well, Oxford

Marcotegui A, Sanchez-Ramos I, Pascual S, Fernandez CE,
Cobos G, Armendariz I, Cobo A, Gonzalez-Nuafiez M
(2015) Kaolin and potassium soap with thyme essential
oil to control Monosteira unicostata and other phytopha-
gous arthropods of almond trees in organic orchards. J
Pest Sci 88:753-765

Muneret L, Mitchell M, Seufert V, Aviron S, Djoudi EA,
Pétillon J, Plantegenest M, Thiéry D, Rusch A (2018)
Evidence that organic farming promotes pest control.
Nat Sustain 1(7):361-368

Sanchez-Ramos I, Pascual S, Marcotegui A, Fernandez
CE, Gonzélez-Nunez M (2014) Laboratory evaluation
of alternative control methods against the false tiger,

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021R1165-20231115
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021R1165-20231115
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02021R1165-20231115
https://www.ifoam.bio/en/ifoam-norms

M. Gonzalez-Nuifiez et al.

Monosteira unicostata (Hemiptera: Tingidae). Pest
Manag Sci 70(3):454-461

Sanchez-Ramos I, Pascual S, Fernandez CE, Gonzilez-
Nafiez M (2017) Reproduction, longevity and life
table parameters of Monosteira unicostata (Hemiptera:
Tingidae) at constant temperatures. Span J Agric Res
15(4):e1012

Sirrine JR, Letourneau DK, Shennan C, Sirrine D, Fouch R,
Jackson L, Mages A (2008) Impacts of groundcover
managementsystems on yield, leaf nutrients, weeds, and
arthropods of tart cherry in Michigan, USA. Agric Eco-
syst Environ 125 (1-4):239-245

Stein-Bachinger K, Gottwald F, Haub A, Schmidt E (2021) To
what extent does organic farming promote species rich-
ness and abundance in temperate climates? A review. Org
Agric 11:1-12

Szczepaniec A, Creary SF, Laskowski KL, Nyrop JP, Raupp
MJ (2011) Neonicotinoid insecticide imidacloprid causes
outbreaks of spider mites on elm trees in urban land-
scapes. PLoS ONE 6(5):e20018

Tooker JF, O’Neal ME, Rodriguez-Saona C (2020) Bal-
ancing disturbance and conservation in agroecosys-
tems to improve biological control. Annu Rev Entomol
65(1):81-100

Tuck SL, Winqvist C, Mota F, Ahnstrom J, Turnbull LA,
Bengtsson J (2014) Land-use intensity and the effects of
organic farming on biodiversity: a hierarchical meta-anal-
ysis. J Appl Ecol 51:746-755

Turney S, Buddle CM (2016) Pyramids of species richness: the
determinants and distribution of species diversity across
trophic levels. Oikos 125:1224-1232

USDA (2025) USDA organic regulations. National Organic
Program. https://www.ams.usda.gov/rules-regulations/
organic Accessed 10 Aug 2025

van den Brink PJ, Ter Braak CJF (1999) Principal response
curves: analysis of time-dependent multivariate responses
of biological community to stress. Environ Toxicol Chem
18:138-148

Wang Z, Goonewardene LA (2004) The use of MIXED models
in the analysis of animal experiments with repeated meas-
ures data. Can J Anim Sci 84:1-11

Willer H, Travnicek J, Meier C, Schlatter B (2025) The world
of organic agriculture. Statistics and emerging trends
2025. Research institute of Organic Agriculture FiBL, and
IFOAM —Organic International, Bonn

Wingvist C, Ahnstrom J, Bengtsson J (2012) Effects of organic
farming on biodiversity and ecosystem services: taking
landscape complexity into account. Ann N Y Acad Sci
1249:191-203

Wyss E, Luka H, Pfiffner L, Schlatter C, Uehlinger G, Daniel
C (2005) Approaches to pest management in organic agri-
culture: a case study in European apple orchards. CAB
International

Zehnder G, Gurr GM, Kiihne S, Wade MR, Wratten SD, Wyss
E (2007) Arthropod pest management in organic crops.
Annu Rev Entomol 52:57-80

@ Springer

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Manuel Gonzalez-Nufiez is an agricultural engineer and
holds a doctorate from the Polytechnic University of Madrid,
Spain. Since 2001, he has worked as a senior researcher in
the Plant Protection Department of the INIA (CSIC), Spain,
where he investigates on tools for sustainable pest control,
such as biological control, mass trapping, physical methods,
semiochemicals, and botanical insecticides. He also expands
his research to the effects of pest control strategies on natural
enemies and pollinators and the effect of environmental factors
on the biology of pest and beneficial arthropods.

César Pail is an agricultural technical engineer working
at INIA (CSIC), Spain, since 2017, as a research assistant in
agricultural entomology and as an agricultural technician in the
evaluation of oilseed crop varieties.

Helen Mamani is an agronomist engineer from the Uni-
versidad Mayor de San Andrés, Bolivia, and obtained a mas-
ter degree in Agro-environmental Technology for Sustainable
Agriculture from the Polytechnic University of Madrid, Spain.
Her master thesis, developed at INIA (CSIC), Spain, focused
on predatory coccinellids in organic and conventional crops.
She has teaching and research experience in Bolivian public,
private, and academic institutions and has participated in pro-
jects for sustainable agricultural and rural development.

Cristina Elvira Ferndndez holds a degree in pharmacy
from the Complutense University of Madrid, Spain, and has
worked as a specialist technician in the Plant Protection depart-
ment of INIA (CSIC) since 2005. Her main areas of expertise
are environmental radioactivity, plant breeding and agricultural
and forestry entomology.

Ismael Sanchez-Ramos obtained his PhD from the Com-
plutense University of Madrid, Spain with a thesis on the
biology and control methods of mites in stored food products.
Since 2008, he is a tenured scientist in the Department of Plant
Protection at INIA. His main areas of research have focused on
determining the effect of environmental factors on the biology
of arthropods of agricultural interest, evaluating alternative
control methods to conventional pesticides that are safer from
both a health and environmental perspective, and assessing the
impact of control methods on beneficial arthropods, including
both natural enemies and pollinators.


https://www.ams.usda.gov/rules-regulations/organic
https://www.ams.usda.gov/rules-regulations/organic

	Organic management of cherry orchards favours most natural enemies and some phytophages
	Abstract 
	Introduction
	Materials and methods
	Sampled cherry orchards
	Assessment of arthropod populations
	Data analysis

	Results
	Abundance and diversity of arthropods
	Phytophagous arthropod community
	Natural enemy arthropod communities

	Discussion
	Acknowledgements 
	References


