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Abstract

The experiment was carried out in the conventional and organic experimental fields of the
Institute of Agriculture - Karnobat, in the period 2019 - 2022. The aim of the experiment was to study
the influence of weed infestation and cropping system of pea (Pisum sativum (Linn.)) on the beneficial
and harmful entomofauna. Six and seven species of insects from seven families and three orders were
found to damage pea in organic and conventional farming, respectively. Their density was higher in
conventional farming. The most economically important and the most widespread pest in both types of
cropping was the aphid Acyrthosiphon pisum (Harris, 1776). Of the beneficial insects, thirteen species
were found in pea in organic and eleven in conventional farming, from eight families and five orders.
Greater species diversity and higher numbers were observed in organically grown pea during all four
years of the study. The absence of herbicide treatment in organic farming and the presence of more
blooming vegetation stimulate the multiplication of beneficial entomofauna, regulating the population
density of the aphids in pea. The correlations between the blooming vegetation and the beneficial
entomofauna and between the beneficial and harmful entomofauna have been demonstrated.
Keywords: pea, beneficial and harmful entomofauna, weeds, organic and conventional farming

INTRODUCTION

The introduction of intensive agricultural
practices in Europe has led to the implication of
agricultural scapes and an increased use of
fertilizers and pesticides (Robinson, Sutherland,
2002). Despite the increase in yields, many side
effects occur, such as environmental pollution
and human health risks (Baldi et. al., 2013;
Devine et. al., 2007; Krebs et. al., 1999), which
necessitate a transition to more sustainable food
systems (Hatt et. al., 2016). Due to the excessive
use of insecticides in recent years, pest
resistance has further developed (Foster et. al.,
2007). Increasingly stringent regulations on the
pesticide use are being adopted in the European
Union (Skevas et. al., 2013), encouraging the
development of non-chemical practices.

In organic farming of leguminous crops
(winter pea), the biggest challenge is to create a
sustainable crop, with good competitive ability
against available weeds. Since the use of
pesticides is prohibited, the research is focused
on agrotechnical, mechanical and ecological
methods, helping to create a good and strong pea
crop that can compete with weeds. In the survey
of 119 conventional and 64 organic fields, a
total of 76 weed species were recorded, with the
average number of weed species per field being
10 in conventional cultivation and 18 in organic
farming. The most common weed species in
both farming practices were Chenopodium
album, Stellaria media and Viola arvensis
(Salnen, Terho, 2005). Plowing depth and
seeding depth (Gronle et al, 2015), field pea
seeding rates (Bailey-Elkin et al., 2022),
comparison of pea genotypes and cultivars
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(Collner, et al, 2019; Ntatsi et al, 2019), pure
and mixed crops (Kristo et al., 2022).

The cropping system plays an essential
role in controlling the numbers of harmful and
beneficial entomofauna. The organic farming
system excludes the use of chemical agents,
which significantly affects the preservation of
beneficial insects and the self-regulation in
agrocenoses. It has been established that the
reduction or exclusion of chemical agents in
cultivation technologies contributes to the
multiplication of beneficial entomofauna
(Kornijchuk, 2013, 2017; Borzykh, Tkalenko,
2018; Sabluk et.al., 2021).

The principle of self-regulation of insect
groups in agrocenoses is the basis of this
process, that is, due to the optimization or
exclusion of chemical plant protection
measures, the beneficial insects that feed on
phytophages or parasitize on them are preserved
and thus maintain their numbers at a certain
level (Stankevych et. al., 2016; Sabluk et. al.,
2018, 2021; Vorozhko et. al., 2017). Many
studies confirm that the chemical agents used in
the cropping technologies in a conventional
farming system reduce the population of
beneficial insects in agrocenoses or destroy
them. This, in turn, leads to breaking the natural
connections between living organisms in
agrocenoses, and also conditions are created for
the mass accumulation of certain types of
phytophages, and there is an urgent need to
control their numbers, mainly with the help of
the same chemical means, and this is repeated
year after  year (Pysarenkoet. al., 2002;
Stankevych et. al., 2016; Vorozhko et. al., 2017,
Sabluk et. al., 2021).

Numerous studies highlight the potential
of habitat diversity to improve the conservation
biological control (CBC), most notably showing
that the increased landscape complexity
contributes to increased numbers of natural
enemies and reduced pests (Balzan et. al., 2016,
Martin et. al.,, 2016, Rusch et. al., 2016).
Wildflower strips (WFS) sown along field
borders (Tschumi et. al., 2016) or within fields

(Hatt et. al., 2017) and hedgerows (Morandin et.
al.,2014) are used as well as forests (Bianchi et.
al., 2008) adjacent to the fields can also improve
CBC (Tscharntke et. al., 2016).

Aphids (Hemiptera: Aphididae) are a
major crop pest in temperate regions (Van
Emden et. al., 2007). They harm by sucking
plant sap from plants, producing honeydew and
transmitting viral diseases. Their natural
enemies are predators and parasitoids (Katis et.
al., 2007).

The aim of the present study is to
investigate the influence of weed infestation and
the pea (Pisum sativum (Linn.)) cropping
system on the beneficial and harmful
entomofauna.

MATERIALS AND METHODS

The experiment was conducted on
conventional and organic experimental field of
the Institute of Agriculture - Karnobat, in the
period 2019 - 2022. Under the conditions of a
conventional (CF) and an organic farming (OF)
system, the pea variety Mir was grown, used for
silage and harvested in the flowering phase. The
trial was based on anareaof 0.1 ha—0.5haina
conventional and 0.5 ha in an organic field. The
predecessor of the pea in both types of farming
systems were cereal crops. The pre-sowing soil
treatment was cultivation, and the sowing rate
of pea was 100 - 140 seeds per square meter.
Sowing was done as soon as possible after
October. No pesticides were applied in the
organic field. In the conventional — when the
weed density was above the economic threshold
(20-30 pcs/m2 depending on the species), they
were treated with foliar herbicides with the
active substance bentazoneand/orhyzalofop-P-
ethyl in the recommended doses. The
technological solutions were in line with the
"FarmtoFork" strategy — one of the main pillars
of the European Green Pact, which aims to
reduce the use and risk of chemical and more
dangerous pesticides in the EU by 50% by 2030.
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The entomological observations in pea
were carried out in the period from germination
to flowering and harvesting of peas for silage in
this phase, in both types of farming. The surveys
were carried out by mowing with a standard
entomological sweeping net. The samples were
collected in bags and processed in the plant
protection laboratory of the Institute of
Agriculture - Karnobat.

Weed species were counted in the phase
appearance of third triple leaf (103) -
appearance of the first branch (201) and in the
phase 4 branches with whiskers - beginning of
flowering (501) according to the quantitative -
weight method - number/m?, fresh and air-
drybiomass (g/m?), in 4 plots of 0.25 m2. Weed
species were determined according to
Delipavlov et al. (2003).

The mathematical processing of the
results was performed with the Statistics
program.

In southeastern Bulgaria, the climate is
transitional-continental with an average annual
precipitation of 549 mm. Winter is relatively
warm, spring is short and cool, summer is hot
and dry, autumn is long and warm. Weather

conditions during the study period differed
significantly. In the first year, they are very
suitable for growing the crop. Pea thrives under
conditions of sufficient rainfall and suitable
temperatures. Visually, there are no differences
in the habit, stemness and density of the
conventional and organic crops. In the second
year of the study, drought began in the winter
period and continued in the spring. This had an
adverse effect on the culture - the plants were
small and suffered from a lack of moisture. In
the third and fourth years - the conditions again
were not very optimal for cultivation. Pea has
grown in conditions of insufficient rainfall.
Visually, there were no differences in the habit,
stemness and density of crops grown in the two
farming systems (Figure 1).

RESULTS AND DISCUSSION

As a result of the observations on pea,
seven species of insects in the conventional and
six in the organic farming, from seven families
and three orders, were found to be harmful.
(Table 1).
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Figure 1. Agrometeorological conditions during the study period
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Table 1. Species composition of pests on pea grown in two types of cropping

Order Family / Species 1C:)rga_n|c Con\(entlonal
arming farming
Coleoptera Bruchldae_ .
Bruchus pisorum (Linnaeus, 1758) + +
Aphididae
Hemiptera A_cyrthogiphon pisum (Harris, 1776) + +
(suborder Cicadellidae N
Homoptera) Empoasca pterldls (Dahlbom 1850) + +
Aphrophoridae
Philaenus spumarius (Linnaeus, 1758) + +
Nymphalidae
Vanessa (Pyrameis) - +
cardui(Linnaeus,1758)
Lepidoptera Noctuidae
Autographa gamma (Linnaeus, 1758) + +
Crambidae
Loxostege sticticalis (Linnaeus, 1761) + +

The species Acyrthosiphon  pisum
(Harris, 1776) reached the highest number of
pests in both types of farming (Figures 2a, 2b,
2c, 2d). It is also of the greatest economic
importance. The thesis of Van Emden et al.
(2007) referred to the aphids (Hemiptera:
Aphididae) as the major crop pest in temperate
regions. At the beginning of the reporting in
2019 the species were in a higher density in
organic farming. Later, their number
dramatically increased in conventional farming
(Figure 2a) due to the greater number of natural
regulators of pest in organic farming (Figure
3a), as reported by researchers who studied
pests in organic and conventional farming
(Kornijchuk et. al., 2017; Pysarenko et. al.,
2002; Stankevych et. al., 2016), emphasizing
that it is not the use of pesticides in organic
farming that contributes to the multiplication of
beneficial entomofauna. The  naturally
occurring interactions between living organisms
in agrocenoses are restored and self-regulation
of insect groups takes place, i.e. all types of
insects are maintained at a certain level without
destroying each other.

Towards the end of May, the numbers of
Acyrthosiphon pisum (Harris, 1776) in both

types of pea cropping decreased, probably due
to the rainfall that fell at the end of the month
(Figures 1, 2a). Stacey & Fellowes (2002)
investigated how climate affects Acyrthosiphon
pisum (Harris, 1776) and its attack by
parasitoids, finding that a temperature
difference of 5 degrees had no effect (from 18
to 23°C). The same authors found that ladybugs
are not directly affected by temperature, but by
the reproduction of aphids. However, there were
significant  interactions  between  louse
abundance and temperature. Therefore, smaller
changes in temperature do not significantly alter
the pea aphid—natural enemy interactions.

The tendency for a higher number of
pests in conventional farming was preserved in
the following years (figures 2a, 2b, 2c, 2d). In
2022, due to unfavorable weather conditions
and the later sowing, peas developed later and at
the beginning of May no pests were observed.
Acyrthosiphon pisum (Harris, 1776) again
predominated in later reports, with its
abundance being higher in conventional
farming (Figure 2d). Other species found in pea,
in both types of farming, had a very low density
and when harvesting pea for silage (for green
mass) they were not of economic importance.
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Figure 2a. Dynamics of pests on pea grown in two types of cropping systems
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Of the beneficial insects, thirteen species
in organic and eleven in conventional farming,
from eight families and five orders, were found
on pea (Table 2). A greater species diversity and
higher numbers were observed in organically
grown pea in all four years of the study (Figures
3a, 3b, 3c, 3d). Alignieretal (2014) compared
how different natural habitats (i.e. forests,
grasslands, hedgerows) affect aphids, syrphid
flies (Diptera: Syrphidae) and parasitism at
different spatial scales in fields with different

crops. He found that fields bordering forests
were colonized early by syrphid fly larvae,
suggesting that they used the forests for
overwintering. In this case, our organic field is
also surrounded by a forest belt and confirms
this theory. The same author found out that the
overwintering syrphid flies are attracted by the
presence of flowering vegetation, which was
also confirmed in our field. The effect of the two
different habitats surrounding the same field on
CBC improvement is confirmed.

Table 2. Species composition of the beneficial entomofauna in pea grown in two types of cropping

systems
Order Family / Species Orga.nlc Con\{entlonal
farming farming

Cantharidae
Cantharis sp. + +

Coleoptera Coccinellidae
Coccinella septempunctata (Linnaeus, + +
1758)

: Anthocoridae

Hemiptera .

(nonpaspex Orlu.s sp. + +

(Heteroptera) Nab!dae
Nabis sp. + +
Braconidae
Apanteles sp. + +
Aphidius sp. + +

Hymenoptera Bracon sp. + -
Opius sp. + -
Apidae
Apis mellifica Linnaeus, 1761 + +
Syrphidae

Diptera Scaeva pyrastri (Linnaeus, 1758) + +
Sphaerophoria scripta (Linnaeus, 1758) + +
Syrphus ribesii (Linnaeus, 1758) + +
Chrysopidae

Neuroptera Dichochrysa prasina (Burmeister, 1839) + +

10
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When taking into account the species
diversity and the density of weeds, the tendency
for greater species diversity in organic farming
(from 8 to 12 species depending on the years)

compared to conventional farming (from 5 to 10
species) is clearly visible (Tables 3 and 4), in
confirmation to the studies of Salnen and Terho
(2005) and Arlauskienéetal (2021).

Table 3.Species composition, number and mass of weeds per m? in organic pea crop

= = N N X S N N
Weeds S S S S S S S S

S 8 3 8 8 8 8 3

s & 9 & = & S g
AmaranthusretroflexusL. - 2 1 3 - -
AnthemisarvensisL. - 2 5 5 1 2 2 3
Anagalisarvensis L. - 5 - 4 3 3 1 2
Avenafatua L. - 1 2 2 - - 1 1
Chenopodium album L. 14 1 3 6 - 1 3 -
Cirsiumarvense (L.) Scop. 1 - - - 1 - 2 2
Convolvulus arvensisL. 2 2 1 1 1 - 2 3
Papaverphoeas L. - - 5 5 - - - 1
Polygonim convolvulus L. 58 8 1 1 2 2 12 5
Polygonumaviculare L. 7 1 3 5 2 2 - 1
Setaria spp. - - 7 15 42 22 18 12
Sinapisarvensis L. 1 1 3 3 0 1 2 3
Torilisarvensis L. - - - - - - 1 2
Veronica hederifolia L. 4 2 - - - - -
Viola tricolor L. - 2 5 5 1 - 1 2
Total weeds, (nb/m?) 87 23 91 54 54 36 44 35
Fresh mass weeds, (g/ m?) 162.94 158.01 72.79 84.9
Air-dry mass weeds, (g/ m?) 32.61 45.50 18.19 24.2

The weeds in both systems were very
well suppressed by the culture, especially
Polygonim  convolvulus L., Polygonum
aviculare L., Chenopodium album L. There
were also several types of weeds that
germinated and developed during the spring
growing season — Anagalis arvensis L. and
Veronica hederifolia L., but they were found in
the second layers of the crop and did not play a
significant role. In organically grown pea, in the
period April - May, a greater number of
blooming weed vegetation was reported — both
as species and as density per m? (Tables 3 and

13

4). These were the species — Anthemis arvensis
L., Cirsium arvense (L.) Scop., Convolvulus
arvensis L., Papaver phoeas L., Sinapis
arvensis L. and Torilis arvensis L. Figure 4
shows the weed infestation as nb/m? in organic
and conventional farming of winter pea. In both
types of systems, at the first reading the density
was higher compared to the second. In the case
of organic farming this is explained by the good
competitive ability of the crop, and in the case
of conventional farming, the harp decrease in
density was the result of treatment with
herbicides.
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Table 4. Species composition, number and mass of weeds per m? in conventional pea crop

Weeds o o o o — - o~ o~
—i o AN (o] (o] (o] (o] (o]
o o o o o o o o
N N N N N N N N
< Lo < Lo Lo Lo Lo Lo
Q < Q Q Q Q Q Q
o N o o o [e0)] o [e0)]
o N i N i N i N
AmaranthusretroflexusL. - - - 3 14 5 -
AnthemisarvensisL. - - - - - - 1 -
Anagalisarvensis L. - - 1 1 - - -
Avenafatua L. - 1 5 1 - - -
Chenopodium album L. 9 5 2 8 - 1 2 5
Cirsiumarvense (L.) Scop. 1 2 - - - - 2 2
Convolvulus arvensisL. 1 1 2 2 - 2 2 2
Papaverphoeas L. - - - - - - 1 -
Polygonim convolvulus L. 43 11 5 1 5 5 15 2
Polygonumaviculare L. - - 5 1 - - 2 3
Setaria spp. - - 7 13 5 - 12 2
Sinapisarvensis L. 1 1 8 1 - 5 4 -
Torilisarvensis L. - - - - - - - -
Veronica hederifolia L. 1 - 2 - - - - -
Viola tricolor L. - - 5 2 1 - 1 -
Total weeds (nb/m?) 56 21 42 31 25 18 42 16
Fresh mass weeds (g/ m?) 123.95 26.32 57.48 64.2
Air-dry mass weeds, (g/ m?) 24.08 8.24 14.37 14.8

The relationship between blooming
weeds and beneficial entomofauna in
organically and conventionally grown pea was
investigated (Figures 5, 6, Table 5).
Correlations were proven at p < 0.05. The theory
of the predominance of beneficial entomofauna
in the presence of more flowering vegetation is
confirmed (Hattet. al., 2017a), and parasitoids
and syrphid flies are mainly affected by the
flowering vegetation (Hattet. al., 2017a).

The relationship between harmful and
beneficial entomofauna was also traced (Figures
7, 8, Table 5). Correlations were proven at p <
0.05. Snyder & Ives (2003) found that the
multiplication of parasitoids does not

14

immediately lead to a sharp decrease in the
aphid population, but at a later stage when the
parasitoid develops. In contrast, predators cause
a rapid decline in aphid populations, but their
populations continue to increase. Only when
predators and parasitoids work together, the pest
population control is achieved. Stacey &
Fellowes (2002) established a relationship
between aphid reproduction and species of the
Coccinellidae family. This may explain the
correlations between the beneficial and harmful
entomofauna in both types of cropping. It is
confirmed that the abundance of pests can be a
significant prerequisite for the spread of natural
enemies in the fields (Schellhornet. al., 2014).
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Figure 4. Total weeds per m? by years in pea crops
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Figure 5. Relationship between the blooming weeds (VAR 1) and the beneficial entomofauna (VAR
2) in organically grown pea
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Figure 6. Relationship between the blooming weeds (VAR 1) and the beneficial entomofauna (VAR
2) in conventionally grown pea
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Figure 7. Relationship between the beneficial (VAR 2) and harmful (VAR 1) entomofauna in
organically grown pea

Table 5. Total number of reported insects and blooming weeds in organic (OF) and conventional (CF)
types of pea farming

Harmful Beneficial Blooming Harmful Beneficial Blooming
entomofauna entomofauna weeds entomofauna entomofauna weeds
- OF - OF - OF -CF -CF -CF
2019 779 53 18 918 24 6
2020 969 72 43 2076 35 21
2021 339 52 24 957 23 14
2022 76 36 18 354 13 10
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VARL1 vs. VAR2 (Casewise MD deletion)
VAR2 =10.603 +.01222 * VAR1
Correlation: r =.97938
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Figure 8. Relationship between the beneficial (VAR 2) and harmful (VAR 1) entomofauna in

conventionally grown pea

CONCLUSION

Six and seven species of insects from
seven families and three orders were found to
harm pea in organic and conventional farming,
respectively as their density is higher in
conventional farming. The most economically
important and the most widespread pest in both
types of cropping is the aphid —Acyrthosiphon
pisum (Harris, 1776).

Of the beneficial insects, thirteen species
were found in pea in organic and eleven in
conventional farming, from eight families and
five orders. A greater species diversity and
higher numbers were observed in organically
grown pea during all four years of the study.

A greater species diversity of weeds was
found in organic farming (from eight to twelve
species depending on the conditions over the
years) compared to conventional farming (from
five to ten species depending on the conditions
over the years).

The non-treatment with herbicides in
organic farming and the presence of more
blooming vegetation stimulates the
multiplication of beneficial entomofauna,
regulating the number of aphids in peas.
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The correlation between the blooming
vegetation and the beneficial entomofauna and
the correlation between beneficial and harmful
entomofauna has been demonstrated in the

paper.
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