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Abstract. Biopriming, or treatment of seeds with useful mi-
croorganisms such as benefi cial fungi, can be a promising strat-
egy in agricultural cultivation. The results obtained indicate that 
the treatment of bean seeds with the entomopathogenic fungus 
Metarhizium robertsii J.F. Bisch., S.A. Rehner et Humber, 2009 
improved the phytosanitary situation of the sowing of the crops. 
However, the eff ects of such treatment on non-target organisms 
living in the soil and on plants have not been suffi  ciently studied, 
and it is not known very well whether such treatment would 
alter invertebrate communities. Here, we addressed the eff ect 
of treating broad bean seeds (Vicia faba L.) with the conidia of 
entomopathogenic ascomycete M. robertsii on the diversity and 
abundance of invertebrate communities in the agroecosystem 
in the south part of West Siberia in 2019 and 2020. We have 
analyzed the eff ect both on the general invertebrate communities 
as well as on the main pests of beans. In the case of bean pests, 
we assessed the rate of plant infestation by aphids (Hemiptera: 
Aphididae) and the degree of leaf damage by leafminer fl ies 

Liriomyza bryoniae (Kaltenbach, 1858) (Diptera: Agromyzidae). 
In most cases, the treatment did not lead to signifi cant changes 
in the total abundance of the soil invertebrates and herbivores 
or the abundance of predominant taxa (Coleoptera: Carabidae, 
Staphylinidae, Elateridae, Scarabaeidae, Curculionidae; He-
miptera: Miridae, Cicadellidae, Aphididae; larvae of Diptera). 
A positive eff ect of treatment on population density of the soil 
macrofauna was noted for Diptera larvae in June 2019. Regard-
ing aphids and leafminer fl ies, no signifi cant eff ect was observed 
in terms of the proportion of plants with aphids and the density of 
aphid colonies on individual plants throughout the season, and no 
signifi cant infl uence was found on the proportion of plant leaves 
damaged by leafminer fl y larvae. In summary, in Western Sibe-
ria, the treatment of broad bean seeds with M. robertsii (having 
a positive eff ect on the phytosanitary state and development of 
plants) did not signifi cantly aff ect non-target arthropods com-
mon for bean fi elds as well as the main pests of beans, namely 
aphids and miner fl ies. 
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Резюме. Биопрайминг, или обработка семян полезными 
микроорганизмами, такими как энтомопатогенные грибы, 
может быть многообещающей стратегией в сельском хо-
зяйстве. Полученные результаты свидетельствуют о том, 
что обработка семян фасоли энтомопатогенным грибом 
Metarhizium robertsii J.F. Bisch., S.A. Rehner et Humber, 2009  
улучшила фитосанитарную обстановку посевов культуры. 
Однако влияние такой обработки на нецелевые организмы, 
обитающие в почве, и на растения недостаточно изучено, 
и не очень хорошо известно, изменит ли такая обработка 
сообщества беспозвоночных. В настоящей работе мы 
рассмотрели влияние обработки семян фасоли (Vicia 
faba L.) конидиями энтомопатогенного гриба аскомицета 
M. robertsii на разнообразие и численность сообществ бес-
позвоночных в агроэкосистеме на юге Западной Сибири 
в 2019 и 2020 гг. Анализировали влияние как на общие 
особенности сообщества беспозвоночных, так и на ос-
новных вредителей фасоли. В случае вредителей фасоли 
оценивали степень заражения растений тлями (Hemiptera: 
Aphididae) и степень поражения листьев минирующей 
мухой Liriomyza bryoniae (Kaltenbach, 1858) (Diptera: 
Agromyzidae). В большинстве случаев обработка не приво-
дила к существенным изменениям ни общей численности 
почвенных беспозвоночных и хортобионтных фитофагов, 
ни численности преобладающих таксонов (жестококры-
лые: Carabidae, Staphylinidae, Elateridae, Scarabaeidae, 
Curculionidae; полужесткокрылые: Miridae, Cicadellidae, 
Aphididae; почвенные личинки двукрылых). Положи-
тельное влияние обработки на численность почвенной 
макрофауны было отмечено для личинок двукрылых в 
июне 2019 г. В отношении тлей и минирующих мух до-
стоверного влияния на долю растений с тлями и плотность 
колоний тлей на отдельных растениях не наблюдалось в 
течение всего сезона, и не было обнаружено существен-
ного влияния на долю листьев растений, повреждённых 
личинками минирующей мухи. Таким образом, в Запад-
ной Сибири обработка семян фасоли энтомопатогенным 
грибом M. robertsii, улучшая фитосанитарную ситуацию 
на поле и способствуя развитию растений, не оказывала 
существенного влияния на почвенную фауну и хортобион-
тов, обычных для фасолевых полей, а также на основных 
вредителей фасоли — тлей и минирующих мух. 

Introduction
Entomopathogenic ascomycetes Metarhizium So-

rokin, 1879 are common soil fungi. They develop on 
host insects and interact with diff erent plants as unspe-
cialized rhizosphere colonizers and endophytes [Vega, 
2018; Stone, Bidochka, 2020]. It is a well-known fact 
that biopriming using fungi may lead to many desirable 
eff ects on plants, such as the promotion of growth, nitro-
gen and phosphorus delivery, modulation of immunity, 
increased defense against phytopathogenes and pest 
insects [Moonjely et al., 2016; Cardarelli et al., 2022; 
Metwally et al., 2022]. Moreover, plant colonization by 
the entomopathogenic fungi may lead to changes in the 
abundance of herbivore arthropods through a variety of 
factors, such as direct contacts with fungal propagules, 
an infl uence of fungal toxins on arthropods when they 
are feeding on fungi-colonized plants, biochemical 
changes in colonized plants, infl uence on plant biomass 
and terms of their development etc. Negative eff ects on 

arthropods are mainly manifested as disturbances in ar-
thropods feeding, decrease in larval weight and survival, 
drop in fecundity, changes in host choice and decrease 
in abundance [Gange et al., 2019]. It is well-known that 
treatment of plants with entomopathogenic fungi (for ex-
ample by inoculation of seeds) leads to their subsequent 
dispersal in the root system and rhizosphere soil [Keyser 
et al., 2014]. Therefore, an increase in abundance of 
fungi may infl uence non-target arthropods in the soil.

Previous studies on the treatment of plants with ento-
mopathogenic fungi have shown inconsistent eff ects on 
phytophages [Vidal, Jaber, 2015; Bamisile et al., 2018; 
Vega, 2018]. This can be explained by diff erences in 
environmental conditions and experimental methods in 
these studies. For example, investigations in systems 
«entomopathogenic fungi– plants– insects» were mostly 
conducted in laboratory and greenhouse conditions, with 
only a few fi eld experiments [Vega, 2018]. Inconsistent 
eff ects may also be caused by diff erences in trophic 
relationship between arthropods, plants and endophytic 
fungi. The fungal community in plants and in the soil of 
the rhizosphere is always represented by a wide range 
of non-entomopathogenic fungi, mainly phytopathogens 
and saprotrophs [Stuart et al., 2018; Barelli et al., 2020; 
Tyurin et al., 2021]. In a recent meta-analysis, Gange 
et al. [2019] showed that entomopathogenic (and non-
entomopathogenic) endophytes have negative eff ects on 
insects from various orders, with the most pronounced 
eff ects on sucking insects Hemiptera, Thysanoptera and 
Hymenoptera. It should also be noted that the eff ect of 
entomopathogenic fungi on non-target arthropods was 
studied mainly under the conditions of direct contacts of 
the invertebrates with fungal propagules (direct inocu-
lation or inoculation of the environment with fungi) as 
well as of feeding with fungal metabolites [Flexner et 
al., 1986; Roy Pell 2000; Jaronski, 2007; Zimmermann, 
2007]. Little is known about the eff ects on rhizosphere or 
endophytic colonization of plants by entomopathogenic 
fungi on non-herbivore invertebrates.

Regarding the colonization of broad beans, Vicia 
faba L., with entomopathogenic/endophytic fungi and its 
infl uence on insects, several assays have been performed 
in laboratory conditions using sterile substrates. Spe-
cifi cally, Jaber and Enkerli [2017] registered successful 
systemic colonization of V. faba after soaking the seeds 
in the suspension with both Beauveria bassiana (Bals.-
Criv.) Vuill. (1912) and M. brunneum and subsequently 
growing them on sterile substrates, however, the eff ect 
on arthropods was not assessed. Akello and Sikora 
[2012] investigated endophytic colonization of V. faba 
with B. bassiana and M. anisopliae on sterile soil and 
showed negative eff ects on aphids Acyrthosiphon pisum 
(Harris, 1776) and Aphis fabae Scopoli, 1763. Akutse et 
al. [2013] used sterile manure mixture and demonstrated 
a negative eff ect of V. faba colonization with B. bassiana 
on leafminer Liriomyza huidobrensis (Blanchard, 1926) 
(Diptera) and its parasitoids Phaedrotoma scabriven-
tris (Nixon 1955) and Diglypus isaea (Walker, 1838) 
(Hymenoptera). However, to our knowledge, there are 
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no studies on inoculation of V. faba with entomopatho-
genic fungi that would assess its eff ects on target and 
non-target invertebrates in fi eld conditions. In addition, 
even though many studies have focused on assessing the 
eff ects found after treatment of plants with entomopatho-
genic fungi [Jensen et al., 2019, 2020], the eff ects of seed 
treatment with entomopathogenic fungi on the structure 
of invertebrate communities are still insuffi  ciently 
studied, and the degree of possible negative impact on 
non-target invertebrates may be underestimated.

This work is a part of a comprehensive study of the 
eff ect of endophytes on the entire agricultural system of 
the broad bean fi eld, including agricultural plants, fungi 
and invertebrates, both pests and accompanying species. 
The characteristics of the colonization of plant tissues 
and rhizosphere soil by the fungus M. robertsii, as well 
as the eff ects on plants, are detailed in our previous work 
[Ashmarina et al., 2022]. We found that soaking broad 
bean seeds with M. robertsii conidia before planting led 
to signifi cant decrease in the intensity of plant diseases 
(root rot, powdery mildew, spotting) even at a relatively 
low level of plant colonization by the fungus. In addition, 
this treatment stimulated the formation of active nodules 
on the roots, increased plant biomass and the yield of 
beans in agroecosystems in Western Siberia. The results 
obtained indicate that the treatment of bean seeds with 
the entomopathogenic fungus M. robertsii improved the 
phytosanitary situation of the sowing of the crop, and 
in the future, this technique can be used in agricultural 
practice [Ashmarina et al., 2022].

The eff ect of the treatment of broad bean seeds with 
the entomopathogenic fungus Metarhizium robertsii, on 
the abundance and structure of soil microarthropod com-
munities in the rhizosphere was assessed [Novgorodova 
et al., 2022] simultaneously with the current investiga-
tion. Compared with the control, no adverse eff ect was 
revealed on both the abundance of soil microarthropods, 
including mites (Mesostigmata, Oribatida, Astigmata, 
Prostigmata) and springtails (Collembola), and the struc-
ture of microarthropod communities. Therefore, dressing 
seeds with a conidial suspension for plant inoculation, 
with entomopathogenic fungi (at least M. robertsii), can 
be assumed as a potentially safe method of plant protec-
tion for soil microarthropods [Novgorodova et al., 2022].

The aim of this work was to investigate the eff ect of 
treatment of broad bean seeds with M. robertsii conidia 
on the composition and structure of invertebrate mac-
rofauna communities in the agroecosystem. The goals 
of this study were as follows: (1) to assess the impact 
of processing on the soil macrofauna (inhabitants of the 
soil and its surface), as well as insects — dwellers of 
the grass stand (herbivores); (2) to assess the impact of 
treatment on the main pests of beans, namely, the level 
of plant infestation by aphids, and the extent of leaf 
damage by miner fl ies.

Materials and methods

Pඅൺඇඍ ൺඇൽ ൿඎඇ඀ൺඅ ආൺඍൾඋංൺඅ

Broad beans (Vicia faba L.) of breed «Sibirskii» were 
chosen as a model plant culture. Metarhizium robertsii 
(strain P-72, Genbank #KP172147) from the collection 
of microorganisms of the ISEA SB RAS was used in 
the study. Fungal conidia were cultivated on autoclaved 
millet as previously described [Ashmarina et al., 2022]. 
Concentrations of conidia were determined using a 
Neubauer hemocytometer. The viability of conidia was 
checked by plating of suspensions on Sabouraud dex-
trose agar. Germination percentage was 95 %. 

Lඈർൺඍංඈඇ ൺඇൽ ൾඑඉൾඋංආൾඇඍൺඅ ඌൾඍඎඉ

Field trials were carried out over two summer 
seasons in 2019 and 2020 in the forest-steppe zone of 
Western Siberia in the vicinity of Novosibirsk (Kras-
noobsk settlement; 54˚55'30" N, 82˚57'30" E) at the 
fi eld station of the Siberian Federal Scientifi c Centre 
of Agro-BioTechnologies of the Russian Academy of 
Sciences (SFSCA RAS). The soil of the experimental 
site consists of leached chernozem, medium-thick, 
medium-loamy. Experimental plots (10x3.9 m2 for each 
plot) were established, where the eff ect of treating beans 
seeds with the entomopathogenic fungus Metarhizium 
robertsii on invertebrate communities was assessed in 
comparison with the control. In 2019, the experiment 
was carried out in four replicates (a total of 8 plots were 
established), and in 2020 the experiment was carried out 
in fi ve replicates (a total of 10 plots).

Sൾൾൽ ඍඋൾൺඍආൾඇඍ, ඉඅൺඇඍංඇ඀ ൺඇൽ ආൺංඇ ൾൿൿൾർඍඌ 
ඈඇ ඉඅൺඇඍඌ

The treatment of plants was carried out by soaking 
the seeds according to the previously described method 
[Tomilova et al., 2019; Ashmarina et al., 2022]. Conidia 
were suspended in a water-tween solution (Tween-20, 
0.04 %) with a fi nal concentration of 5 × 107 conidia/ml. 
The seeds of the broad beans were treated with the 
suspension (2.5 liters per 20 kg of the broad beans) and 
dried overnight before planting. The control was treated 
with a conidia-free water-tween solution. The planting of 
beans was carried out on May 16thin 2019, and on May 
19th in 2020, when the soil temperature at a depth of 
6–8 cm reached 8–10 °C. The beans were planted using 
an Optima seeder (Kverneland Group Soest, GmbH) 
in one tier. The seeding depth was 6–8 cm, the width 
between the rows was 70 cm, with a seeding rate of 
400 thousand germinable beans per hectare. Harvesting 
took place on October 10th in 2019 and September 18th 

in 2020.
In 2019, the level of colonization on the plots treated 

with M. robertsii did not diff er from the control. But in 
2020, fungi treatment resulted in a 2-fold increase in the 
number of CFU (colony-forming units) of M. robertsii in 
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the rhizosphere soil in June-July (p < 0.05). In June, the 
colonization of internal tissues of stems and root surfaces 
reached 18 % and 36 %, respectively, compared to 4 % 
of Metarhizium-positive plants in the control. In the fol-
lowing months (July–August), the level of colonization 
decreased to the control values [Ashmarina et al., 2022].

Cඈඅඅൾർඍංඇ඀ ඈൿ ංඇඏൾඋඍൾൻඋൺඍൾඌ

Soil macrofauna and herbivores. To investigate the 
taxonomic composition and abundance of invertebrates, 
counting of invertebrates using a modifi ed method of 
soil sampling [ Byzova et al., 1987; Tropical Soil Biol-
ogy …, 1993] was carried out twice during the season 
(in 2019, on June 20th and 25th and on August 14th and 
16th; in 2020 on June 22nd and 23rd, and on August 12th 
and 13th). Soil samples with the size of 25x25x10 cm3 
with bean plants (from 3 to 5, usually 4) on them were 
packed in ventilated bags made of synthetic fabric, and 
then the contents were disassembled by hand, while 
examining both the soil and the plants. This technique 
makes it possible to take into account the number of both 
soil inhabitants and the population of the aboveground 
parts of plants. In order to reduce the infl uence of the 
uneven distribution of invertebrates, three samples were 
taken from each plot in each of the counts. Thus, the 
total number of soil samples was 48 in 2019 and 60 in 
2020. (Fig. 1).

The collected invertebrates were placed in 70 % 
ethanol solution and then classifi ed in the laboratory up 
to large taxa (orders in the case of annelids, arachnids, 
millipedes, insects other than Coleoptera; or families in 
the case of Coleoptera). Several sources were used to 

identify the material [Mamaev et al., 1976; International 
standards …, 2022].

Aphids. Aphids were counted three times per season 
during diff erent periods of plant vegetation: the branch-
ing phase (on June 11th, 2019, and on June 3rd, 2020; 
hereinafter referred to as «June»), the budding phase 
(on July 23rd, 2019, and on July 15th, 2020; hereinafter 
referred to as «July») and the seed maturation phase (on 
August 30th, 2019, and on August 17th, 2020; hereinafter 
referred to as «August»). At each site, 10 randomly se-
lected plants were examined. The number of aphids per 
plant and the proportion of plants infested with aphids 
were counted. Insects were collected into the 70 % al-
cohol solution for further species identifi cation. In total, 
during the study, 540 plants were examined (240 in 2019 
and 300 in 2020), 1575 aphids were collected (217 in 
2019 and 885 in 2020). Analysis of the material and 
further identifi cation of aphids was carried out using 
Stemi 2000-C and Zeiss Axiostar Plus microscopes. 
Aphid slide mounts were made using the Faure-Berlese 
mounting medium. When identifying aphids, an Internet 
resource was used based on the works of Blackman and 
Eastop [1994, 2000, 2008, 2020] which includes current 
information on aphids [ Blackman, 2020]. Synonymy 
was given according to Favret [2022]. All materials were 
transferred and are currently stored at the ISEA SB RAS 
(Novosibirsk, Russia).

Miner fl ies. To determine the level and dynamics of 
plant infestation with miner fl ies, the damaged foliage 
was counted twice per season in 2019 and three times 
in 2020, during diff erent periods of plant vegetation: the 
branching phase (on June 3rd, 2020), the budding phase 
(on July 23rd, 2019, and on July 15th, 2020) and the seed 

Fig 1. General view of the experimental broad bean field. Soil sampling, August 14th, 2020. Foto: I.I. Lyubechanskii.
Ðèñ. 1. Îáùèé âèä îïûòíîãî áîáîâîãî ïîëÿ. Îòáîð îáðàçöîâ, 14 àâãóñòà 2020 ã. Ôîòî: È.È. Ëþáå÷àíñêèé.



Biopriming of seeds with Metarhizium robertsii does not aff ect invertebrate communities

maturation phase (on August 30th, 2019, and on August 
17th, 2020). At each site, 10 randomly selected plants 
were examined. The leaf blades were examined for the 
presence of characteristic damage (mines). Both mines 
with larvae and those that were empty at the time of the 
survey were taken into account.

In order to assess the level of infestation of bean 
plants at diff erent stages of development, the number 
of mines on each infected leaf was counted, and the 
proportion of infected leaves of a certain zone of the 
plant was assessed, specifi cally, up to the peduncles 
(hereinafter «the lower part of the plant») in July 2019 
and June 2020, the part of the plant with peduncles 
(hereinafter «the middle part») in July 2019 and 2020, 
and above the peduncles (hereinafter «the upper part of 
the plant») in August 2019 and 2020. Due to the impos-
sibility of assessment in June 2019, the lower and middle 
parts of the plant were examined simultaneously during 
the investigation in July 2019. In total, 160 plants were 
examined in 2019, and 300 plants in 2020. To determine 
the species of miners, at each stage of plant examination, 
leaves with relatively fresh lesions characteristic for each 
species of miner fl ies were selected and placed in plastic 
containers for hatching adult fl ies (Figs 2–4).

The larvae were grown in the laboratory at room 
temperature (20–24 °C), natural light and regular 
moisture (60–70 %). In 2019, 24 larvae pupated, out 
of which 6 adult fl ies and 11 parasitoids developed, 
while 7 puparia died. In 2020, 23 larvae pupated, from 
which 6 adult fl ies and 10 parasitoids developed, while 
7 puparia died. Identifi cation of adult fl ies was carried 
out by examining external appearance using an Altami 
PSO745-T stereomicroscope. Preparations of male 
genitalia were made according to generally accepted 
techniques for Diptera.

Dൺඍൺ ൺඇൺඅඒඌංඌ

For the soil macrofauna and the herbivores, the 
analysis of the infl uence of the type of treatment on 
the number of invertebrates was carried out using the 
examples of the most numerous taxa, from 7 to 9 at 
diff erent times. The larvae and imagoes of Coleoptera 
and Neuroptera (lacewings) were counted and analyzed 
separately. Groups of invertebrates, in which the total 
number for all experimental sites did not exceed 10 
specimens per count, were taken into account only in 
the comparative analysis of the number of taxa and the 
total number of invertebrates at the plots with diff erent 
types of seed treatment. The variants of the invertebrate 
populations at each experimental site were ordered 
using multidimensional scaling after calculating the 
Euclidean distance. For the comparative analysis of 
the structure of invertebrate communities formed on 
plots with diff erent treatments, the Shannon informa-
tion index, the Simpson and Berger-Parker diversity 
indices [Magurran, 1988], and the evenness of the spe-
cies structure [Buzas, Hayek, 2005] were calculated. 
The signifi cance of the diff erence was assessed using 
a permutation test (n = 9999).

The distribution of the studied parameters diff ered 
from normal (Shapiro-Wilk criterion, p < 0.05), therefore, 
the Mann-Whitney test was used to estimate the eff ect of 
seed treatment on the composition (number of taxa) and 
abundance of soil macrofauna and herbivores (both in 
total and for individual groups), as well as on the number 
of aphids on plants, the proportion of plants infested 
by aphids, and the level of plant infection by miner 
fl y larvae (proportion of leaves damaged by mines) 
at diff erent phases of development. Analyses were 
performed using Statistica v.8.0.725, Past 4 [Hammer 
et al., 2001], and Microsoft Excel.

Results

Sඉൺඍංൺඅ ඁൾඍൾඋඈ඀ൾඇൾංඍඒ ඈൿ ඍඁൾ ඉඈඉඎඅൺඍංඈඇ 
ൺඇൽ ඉඈඉඎඅൺඍංඈඇ ൽൾඇඌංඍඒ ඈൿ ඌඈංඅ ආൺർඋඈൿൺඎඇൺ 
ൺඇൽ ඁൾඋൻංඏඈඋൾඌ ංඇ ඍඋൾൺඍൾൽ ൺඇൽ ർඈඇඍඋඈඅ ඉඅඈඍඌ

The distribution of the number of arthropod speci-
mens per sample diff ered from normal (Shapiro-Wilk 
criterion, p < 0.05). Soil invertebrates were predomi-
nantly represented by larvae and adults of Coleoptera 

Figs 2–4. Leafminer fly Liriomyza bryoniae image and caused 
damage. 2 — adult, lateral view; 3 — open pupa; 4 — mines on 
the leaves of beans. Photo: V.S. Sorokina.

Ðèñ. 2–4.  Ìèíèðóþùàÿ ìóõà Liriomyza bryoniae è íàíîñèìîå 
åé ïîâðåæäåíèå. 2 — èìàãî; 3 — âñêðûòûé ïóïàðèé; 4 — ìèíû 
íà ëèñòüÿõ áîáîâ. Ôîòî: Â.Ñ. Ñîðîêèíà.
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  Table 1. Relative proportions of invertebrates of different taxonomic and functional groups at the plots with seeds 
treated with the entomopathogenic fungus Metarhizium robertsii (Mr) and in the control plots (C). The order 
of the groups corresponds to the total abundance of the group for the entire duration of the experiment

Òàáëèöà 1. Îòíîñèòåëüíûå äîëè áåñïîçâîíî÷íûõ æèâîòíûõ ðàçíûõ òàêñîíîìè÷åñêèõ è ôóíêöèîíàëüíûõ ãðóïï íà 
ïëîùàäêàõ ñ îáðàáîòêîé ñåìÿí ýíòîìîïàòîãåííûìè ãðèáàìè Metarhizium robertsii (Mr) è â êîíòðîëå 
(Ñ). Ïîðÿäîê ãðóïï ñîîòâåòñòâóåò îáùåé ÷èñëåííîñòè ãðóïïû çà âñå âðåìÿ ýêñïåðèìåíòà

families Carabidae, Staphylinidae, Elateridae, and 
Scarabaeidae, as well as by Diptera larvae. Among 
herbivores, Coleoptera (Curculionidae) and Hemiptera 
(Aphididae, Heteroptera, mainly from Miridae family, 
Cicadellidae) were prevalent. In June, at all plots, regard-
less of the year, specialized phytophages of legumes 
of the genus Sitona Germar, 1817 (Curculionidae) and 
ground beetles (Carabidae) were prevalent. The latter 
were mainly represented by two species, Bembidion 
quadrimaculatum (Linnaeus, 1761) and B. properans 
(Stephens, 1828), which are usual inhabitants of arable 
land in agrocenoses.

During the experiments in both 2019 and 2020, a 
total of 29 groups of soil invertebrates were identifi ed 
in the samples. Among soil macrofauna, Coleoptera 
imagoes and larvae (Carabidae, Staphylinidae, Scara-

baeidae, Elateridae) and Diptera larvae were prevalent. 
Coleoptera (Curculionidae) and Hemiptera (Aphididae, 
Heteroptera (Miridae), Cicadellidae) were prevalent 
among herbage inhabitants (Table 1). Representatives 
of other invertebrate taxa occurred sporadically in the 
samples and, cumulatively for all of the experimental 
sites, constituted from 1 % to 16 % of the total number 
of invertebrates in each count. The number of the soil 
macrofauna invertebrates and herbivores identifi ed in 
the experimental plots during the study, in most cases, 
did not depend on the type of treatment. A decrease in 
the total number of specimens in the plots treated with 
M. robertsii was noted only in August 2020 at the level of 
marginal signifi cance (p = 0.06, Table 2). Using the ex-
amples of the most numerous taxa found in 2019 (June/
August — 7 out of 8 groups), and 2020 (June/August — 

N Taxa Month
2019 2020

С Mr С Mr

1 Hemiptera, Aphididae
June <0.01 <0.01 0.03 0.11

August 0.43 0.44 0.28 0.35

2 Coleoptera, Curculionidae
June 0.39 0.42 0.24 0.20

August 0.04 0.05 0.02 <0.01

3 Coleoptera, Carabidae
June 0.26 0.25 0.15 0.08

August 0.06 0.03 0.13 0.06

4 Hemiptera, Heteroptera
June 0.01 0.01 0.01 0.03

August 0.16 0.10 0.12 0.10

5 Arachnida: Araneae
June 0.04 0.01 0.02 0.05

August 0.03 0.01 0.11 0.16

6 Coleoptera, Carabidae (larvae)
June 0.03 0.05 0.02 0.03

August 0.02 0.09 0.03 0.03

7 Other Coleoptera
June 0.02 0.02 0.03 0.02

August 0.08 0.06 0.05 0.02

8 Hemiptera, Cicadellidae
June 0 0 0 0.01

August 0.02 0.03 0.08 0.07

9 Coleoptera, Staphylinidae
June 0.07 0.02 0.02 0.01

August 0.04 0.05 0.04 <0.01

10 Coleoptera, Scarabaeidae (larvae)
June 0.01 0.01 0 0

August 0.07 0.07 0.02 0.05

11 Coleoptera, Elateridae (larvae)
June 0.11 0.10 0.02 0.02

August 0 0.02 0 0

12 Diptera (larvae)
June 0.02 0.11 0.03 0.01

August 0 <0.01 <0.01 0

13 Non-Formicidae Hymenoptera
June 0 0 <0.01 0.01

August 0 0 0.01 0.02

14 Other Coleoptera (larvae)
June 0 0 0 0

August 0 0 0.01 0.03

15 Coleoptera, Coccinellidae (larvae)
June 0 0 0 0

August 0.01 <0.01 0.02 0.01

16 Coleoptera, Coccinellidae
June 0.01 0.01 0 0

August 0 <0.01 0.02 0.01

17 Annelida: Enchytraeidae
June 0 0 <0.01 0.02

August 0 <0.01 0.01 0

18 Coleoptera, Anthicidae
June 0 0 0 0
August 0 0 0.01 0.02

19 Lepidoptera (larvae)
June 0 0 0.01 0.01
August 0.01 0.01 0 <0.01

20 Coleoptera, Curculionidae (larvae) June 0 0 0 <0.01
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 Table 1. (continuations)
Òàáëèöà 1 (ïðîäîëæåíèå)

 Table 2. The abundance of invertebrates (overall and key taxa, per m2) and the overall number of taxa (per one 
soil sample) at the plots with seed treatment with entomopathogenic fungi Metarhizium robertsii (Mr) and 
at the control plots (C) in June and August 2019 and 2020 (mean ± standard error; Mann-Whitney test; 
n = 4 in 2019 and 5 in 2020). Significant differences are highlighted in bold

Òàáëèöà 2. Îáùåå îáèëèå è îáèëèå êëþ÷åâûõ òàêñîíîâ áåñïîçâîíî÷íûõ æèâîòíûõ (íà ì2), îáùåå ÷èñëî òàêñîíîâ 
(íà îäíó ïî÷âåííóþ ïðîáó) íà ïëîùàäêàõ ñ îáðàáîòêîé ñåìÿí ýíòîìîïàòîãåííûìè ãðèáàìè Metarhizium 
robertsii (Mr) è â êîíòðîëå (Ñ) â èþíå è àâãóñòå 2019 è 2020 (ñðåäíåå ± ñðåäíåêâàäðàòè÷åñêàÿ îøèáêà; 
òåñò Ìàííà-Óèòíè; n = 4 â 2019 ã. è 5 â 2020 ã.). Æèðíûì øðèôòîì âûäåëåíû çíà÷èìûå îòëè÷èÿ

Group (taxa) Month
2019

p
2020

p
С Mr С Mr

Araneae
June 4.00 ± 1.72 0.67± 0.67 0.16 1.60± 1.07 4.26± 1.07 0.13

August 4.00± 0.77 10.67± 9.80 0.45 18.13± 3.52 18.13± 2.29 1.00

Heteroptera (Miridae)
June 1.33± 1.33 0.67± 0.67 1.00 1.07± 0.65 3.20± 1.00 0.15

August 21.34± 9.80 14.00± 2.75 0.88 20.27± 4.35 11.74± 4.51 0.20

Aphididae
June 0 0 - 2.13± 1.31 10.13± 2.59 0.03

August 56.00± 16.73 64.00± 20.34 0.88 48.53± 16.03 41.07± 5.17 1.00

Cicadellidae
June 0 0 - 0 0.53± 0.53 0.42

August 2.67± 1.89 2.00± 1.28 1.00 13.33± 4.54 8.00± 1.19 0.46

Carabidae
June 26.00± 3.51 28.67± 6.38 0.56 11.73± 5.76 7.47± 1.56 1.00

August 8.00± 6.25 7.33± 2.75 0.77 22.40± 7.66 7.47± 1.56 0.20

Carabidae (larvae)
June 3.34± 1.68 5.33± 1.09 0.37 1.60± 0.65 2.67± 1.19 0.58

August 2.00± 1.28 1.34± 0.77 0.87 5.33± 3.04 3.20± 1.55 0.83

Staphylinidae
June 6.67± 2.31 2.67± 1.54 0.28 6.94± 4.96 0.53± 0.53 0.08

August 4.67± 1.28 13.33± 9.86 0.88 7.47± 1.96 0.53± 0.53 0.04

Elateridae (larvae)
June 10.67± 2.88 11.33± 4.67 1.00 1.60± 0.65 1.60± 1.07 0.91

August 0 4.67± 1.68 0.07 0 0 -

Curculionidae
June 38.67± 8.88 48.67± 7.49 0.47 19.20± 5.02 18.67± 2.80 0.75

August 5.33± 1.09 6.67± 2.31 0.46 3.73± 2.00 0.53± 0.53 0.19

Scarabaeidae (larvae)
June 1.34± 0.77 0.67± 0.67 0.61 0 0 -

August 9.34± 8.47 4.67± 2.96 0.88 3.20± 2.58 5.33± 3.68 0.91

Diptera (larvae)
June 2.00± 0.67 12.67± 3.98 0.03 2.13± 1.00 0.53± 0.53 0.23

August 0 0.67± 0.67 0.45 0.53± 0.53 3.73± 2.47 0.23

Number of specimens
June 94.00± 12.34 116.67± 20.58 0.66 51.20± 8.06 56.53± 8.02 0.60

August 168.67± 45.86 145.33± 35.52 0.67 170.67± 20.43 116.80± 11.60 0.06

Number of groups 
(taxa)

June 7.00± 0.71 6.00± 0.58 0.45 6.60± 0.68 8.20± 0.80 0.17

August 11.00± 0.71 10.75± 1.31 0.88 14.20± 0.80 11.60± 1.25 0.23

N Taxa
Month

2019 2020

С Mr С Mr

August 0 <0.01 <0.01 0.03

21 Neuroptera (larvae)
June 0 0 0 0

August 0.02 0.01 0.01 0

22 Chilopoda: Geophilidae
June 0.01 <0.01 0 0.01

August 0.01 0 0 0.01

23 Hymenoptera, Formicidae
June 0 0 0 0

August 0.01 <0.01 0.02 0

24 Coleoptera: Elateridae
June 0.01 0.01 0 0.01

August 0.01 0 0 0

25 Acari, Trombidiformes
June 0 0 0 <0.01

August 0.01 0 <0.01 0.01

26 Diptera
June 0 0 <0.01 0.01

August 0 0 <0.01 0

27 Neuroptera
June 0 0 0 0

August 0 0 <0.01 0.01

28 Coleoptera, Histeridae
June 0.01 <0.01 0 0

August 0 0 0 0

29 Non-Trombidiformes  Acari
June 0 0 0 0

August 0 0 <0.01 0

Total number of groups
June 15 15 14 19

August 17 19 24 20
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7 out of 9 groups), we show that, in the overwhelming 
majority of cases, the treatment with M. robertsii did 
not have a signifi cant eff ect on the abundance of soil 
invertebrates (Figs 5–12; Table 2). 

Signifi cant positive eff ects of treatment were noted 
for two groups. In June 2019, the abundance of fl y 
(Diptera) larvae was signifi cantly higher in the plots 
with seed treatment with M. robertsii compared to the 

control (Table 2). In June 2020, a signifi cant increase 
in the number of aphids in samples collected from the 
plots with treated seed was noted (Figs 5–12; Table 2).

Community diversity. Soil fauna communities at 
plots with diff erent treatment types included 14 to 24 
invertebrate groups (Table 1), with no signifi cant eff ect 
of treatment on the number of taxa in both 2019 and 2020 
(Table 2). In most cases (with the notable exception of 

Figs 5–12. Abundance of representatives of key groups of the soil macrofauna and herbivores (specimens / sample) at the plots 
with seed treatment with the entomopathogenic fungus Metarhizium robertsii (Mr) and at the control plots (C) in June and August 
2019, and 2020. Taxonomic groups: 5, 6 — Carabidae; 7, 8 — Staphilinidae; 9, 10 — Curculionidae; 11, 12 — Aphididae. Mann-Whitney 
test: * p — < 0.05; ns — p > 0.05; ns — no significance.

Ðèñ. 5–12. Îáèëèå ïðåäñòàâèòåëåé êëþ÷åâûõ ãðóïï ïî÷âåííîé ìåçîôàóíû è êîìïëåêñà õîðòîáèîíòîâ (ýêç./ïðîáà) íà ïëîùàä-
êàõ ñ îáðàáîòêîé ñåìÿí ýíòîìîïàòîãåííûì ãðèáîì Metarhizium robertsii (Mr) è â êîíòðîëå (C) â èþíå è â àâãóñòå 2019 è 2020. 
Òàêñîíîìè÷åñêèå ãðóïïû: 1, 2 — Carabidae; 3, 4 — Staphilinidae; 5, 6 — Curculionidae; 7, 8 — Aphididae. Êðèòåðèé Ìàííà-Óèòíè: 
* — p < 0,05; ns — p > 0,05; ns — íèæå óðîâíÿ çíà÷èìîñòè.
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Indices Month
2019 2020

С Mr С Mr

Shannon index
June 1.791a 1.682a 1.801a 2.164b

August 1.964a 2.045a 2.421a 2.268a

Simpson index
June 0.759a 0.741a 0.747a 0.827b

August 0.769a 0.772a 0.863a 0.827a

Buzas-Gibson Evenness
June 0.461a 0.448a 0.505a 0.484a

August 0.413a 0.407a 0.450a 0.460a

Berger-Parker index
June 0.389a 0.417a 0.419a 0.330a

August 0.429a 0.440a 0.284a 0.352 a

 Table 3. Diversity indices in invertebrate communities at the experimental plots with seed treatment with ento-
mopathogenic fungus Metarhizium robertsii (Mr) and at the control plots (C) in different years. Different 
letters in the lines indicate significant differences for individual years (permutation criterion: p < 0.05)

Òàáëèöà 3. Ïîêàçàòåëè ðàçíîîáðàçèÿ ãðóïï áåñïîçâîíî÷íûõ íà ýêñïåðèìåíòàëüíûõ ïëîùàäêàõ ñ îáðàáîòêîé ñåìÿí 
ýíòîìîïàòîãåííûìè ãðèáàìè Metarhizium robertsii (Mr) è â êîíòðîëå (C) â ðàçíûå ãîäû. Ðàçíûìè áóêâàìè 
â ñòðî÷êàõ îáîçíà÷åíû çíà÷èìûå ðàçëè÷èÿ äëÿ îòäåëüíûõ ãîäîâ (ïåðìóòàöèîííûé êðèòåðèé: p <0 .05)

June 2020), treatment had no signifi cant eff ect on the 
species diversity and species evenness in the invertebrate 
communities at the experimental sites (Table 3).

At the end of June 2020, the species diversity and 
abundance of invertebrates were signifi cantly higher at 
the plots with M. robertsii treatment: the values of the 
Shannon and Simpson indices on treated plots were 

Figs 13–16. Ordination (Euclidean distance, multidimensional scaling) of variants of the invertebrate communities at the experimental 
plots. 13 — June 2019; 14 — June 2020; 15 — August 2019; 16 — August 2020. Control plots are marked with white icons, while 
the treated plots with Metarhizium robertsii are marked with black icons.

Ðèñ. 13–16. Îðäèíàöèÿ (åâêëèäîâî ðàññòîÿíèå, ìíîãîìåðíîå øêàëèðîâàíèå) âàðèàíòîâ íàñåëåíèÿ áåñïîçâîíî÷íûõ íà ýêñïå-
ðèìåíòàëüíûõ ïëîùàäêàõ. 13 — â èþíå 2019 ã.; 14 — â èþíå 2020 ã.; 15 — â àâãóñòå 2019 ã.; 16 — â àâãóñòå 2020 ã. Êîíòðîëüíûå 
ïëîùàäêè îáîçíà÷åíû áåëûìè çíà÷êàìè, îáðàáîòàííûå ãðèáîì Metarhizium robertsii — ÷¸ðíûìè.

signifi cantly higher than in the control (Table 3). 
The distributions of variants of the invertebrate popu-

lation along the ordination plane in the experimental and 
control plots were similar in June, August 2019, and June 
2020, forming symmetrical clouds around the origin of 
coordinates (Figs 13–15). In August 2020, the distribu-
tion of points formed by the experimental sites was much 
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Colonies of aphids Megoura viciae were rare and 
few. Single aphids Aphis fabae and A. spiraecola were 
observed at the experimental plots only in August.

In the fi rst ten days of June (plant branching phase), 
aphids were not found on the examined plants in 2019 
or in 2020. In July (budding phase), aphids of two 
species (A. pisum, M. viciae), with absolute prevalence 
of A. pisum, were detected at the experimental plots 
(Table 5). The ratio of A. pisum to the total number of 
aphids collected during this period was 100 % in 2019 
and 99.19 % in 2020 (Table 5). There were no signifi cant 
diff erences between the treated and the control plots in 
terms of the proportion of plants infested with aphids 
(Mann-Whitney test: 2019, U = 7.00, p = 0.88; 2020, U = 
7.50, p = 0.35; Figs 17–18) and in terms of the overall 
number of aphids on individual plants (Mann-Whitney 
criterion: 2019: U = 5.00, p = 0.47; 2020: U = 9.00, 
p = 0.53; Figs 19–20).

A similar situation was observed at the end of the 
season. In August (seed maturation phase), aphids of 4 
species with the prevalence of A. pisum were observed 
at the experimental plots (Table 4). The ratio of A. 
pisum to the total number of aphids collected during this 
period in 2019 and in 2020 was 89.57 % and 93.24 %, 
respectively. During this period, aphids of 2 to 3 species 
were encountered at the plots with diff erent types of 
treatment. There were also no signifi cant diff erences 
between the plots treated with M. robertsii and the control 
plots, both in the proportion of plants infested with aphids 
(Mann-Whitney test: 2019: U = 7.5, p = 1; 2020: U = 11.0, 
p = 0.83; Figs 17–18), and in terms of the number of 
aphids on plants (Mann-Whitney criterion: 2019: U = 796, 
p = 0.969; 2020: U = 4.5, p = 0.12; Figs 19–20).

In summary, according to the results of this two-year 
experiment, treatment of seeds of Vicia faba L. beans 
with the entomopathogenic fungus M. robertsii did not 
signifi cantly alter the proportion of plants with aphids 
or the density of aphid colonies on individual plants.

denser, even though the centers of the distributions in the 
experiment and control were the same (Fig. 16). This may 
indicate greater uniformity in the invertebrate community 
structure at the experimental sites.

Aਐਈਉ਄ਓ
Aphids (Hemiptera: Aphididae) of four species from 

three genera were detected on the beans: Acyrthosiphon 
pisum (Harris, 1776), Megoura viciae Buckton, 1876, Aphis 
fabae Scopoli, 1763 and Aphis spiraecola Patch, 1914. 
A. pisum were prevalent both in 2019 and 2020 (Table 4).

Figs 17–18. Proportion of Vicia faba L. plants with aphid 
colonies from plots with beans treated with the entomopathogenic 
fungus Metarhizium robertsii (Mr) and from the control plots (C). 
17 — in July and August 2019; 18 — in July and August 2020. 
Mann-Whitney test: ns — p > 0.05.

Ðèñ. 17–18. Äîëÿ ðàñòåíèé Vicia faba L. ñ êîëîíèÿìè òëåé 
íà ïëîùàäêàõ ñ îáðàáîòêîé ñåìÿí áîáîâ ýíòîìîïàòîãåííûì 
ãðèáîì Metarhizium robertsii (Mr) è â êîíòðîëå (C). 17 — â èþëå 
è àâãóñòå 2019; 18 — â èþëå è àâãóñòå 2020. Êðèòåðèé Ìàííà-
Óèòíè: ns — p > 0,05.

Aphids Month
2019 2020

C Mr C Mr

Acyrthosiphon pisum (Harris, 1776)

June 0 0 0 0

July 20 34 419 312

August 100 46 45 93

Megoura viciae Buckton, 1876

June 0 0 0 0

July 0 0 5 1

August 1 13 8 0

Aphis fabae Scopoli, 1763

June 0 0 0 0

July 0 0 0 0

August 1 0 0 1

Aphis spiraecola Patch, 1914

June 0 0 0 0

July 0 0 0 0

August 0 2 0 1

Total

June 0 0 0 0

July 20 34 424 313

August 102 61 53 95

 Table 4. The number of aphids collected at the experimental sites with seed treatment with the entomopathogenic 
fungus Metarhizium robertsii (Mr) and at the control sites (C) in different years

Òàáëèöà 4. ×èñëî ýêçåìïëÿðîâ òëåé, ñîáðàííûõ íà ýêñïåðèìåíòàëüíûõ ïëîùàäêàõ ñ îáðàáîòêîé ñåìÿí ýíòîìîïà-
òîãåííûì ãðèáîì Metarhizium robertsii (Mr) è â êîíòðîëå (C) â ðàçíûå ãîäû
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Figs 19–20. The number of aphids on the Vicia faba L. plants 
with the beans during seed treatment with the entomopathogenic 
fungus Metarhizium robertsii (Mr) and the control (C). 19 — in 
July and August 2019; 20 — in July and August 2020. Mann-
Whitney test: ns — no significance, p > 0.05.

Ðèñ. 19–20. ×èñëåííîñòü òëåé íà ðàñòåíèÿõ áîáîâ Vicia faba L. 
ïðè îáðàáîòêå ñåìÿí ýíòîìîïàòîãåííûì ãðèáîì Metarhizium 
robertsii (Mr) è â êîíòðîëå (C). 19 — â èþëå è â àâãóñòå 2019;  
20 — â èþëå è â àâãóñòå 2020. Êðèòåðèé Ìàííà-Óèòíè: ns — 
ðàçëè÷èÿ íå çíà÷èìû, p > 0,05.

Lਅਁਆ ਍ਉ਎ਅ਒ ਆ਌ਉਅਓ
At all stages of the experiment in 2019 and 2020 the 

leaves of the beans Vicia faba L. were damaged by the 
leaf miner fl y Liriomyza bryoniae (Kaltenbach, 1858) 
(Agromyzidae). According to the data on the imago 
hatching from pupae, the rate of infection of larvae 
with parasitoids at the experimental plots was quite high 
both in 2019 and in 2020, namely, 64.7 % and 62.5 %, 
respectively.

Treatment of bean seeds with the entomopathogenic 
fungus M. robertsii did not signifi cantly aff ect the rate 
of infestation of plant leaves with miners in most cases, 
with the exception of August 2020 (Figs 21–22). During 
this period, the proportion of infected leaves in treated 
plants was signifi cantly higher than in control (Mann-
Whitney test: U = 0.00, p = 0.009).

The degree of leaf blades damaged by the miner 
at the experimental plots (and, in general, at all plots, 
regardless of the treatment) in diff erent years was quite 
low and ranged from 1 to 3 mines per leaf.

The percentage of infected leaves in the middle 
part of the plant did not diff er signifi cantly in diff erent 
years (Mann-Whitney test: 2019: 8.83 [7.24; 14.24]; 
2020: 13.21 [10.26; 15.16]; U = 27.0, p = 0.27). The 
percentage of leaf infestation in the upper part of the 
plant was signifi cantly higher in August 2019 compared 
to 2020 (Mann-Whitney test: 2019: 30.63 [29.05; 40.55]; 

Figs 21–22. The proportion of Vicia faba leaves damaged by the leaf miner Liriomyza bryoniae at different stages of plant development 
when bean seeds were treated with the entomopathogenic fungus Metarhizium robertsii (Mr) and in control (C). 21 — in 2019; 22 — 
in 2020 (B). Bottom — the lower part of the plant (to the flower stalks); Medium — the middle part of the plant (with flower stalks); 
Top — the upper part of the plant (above the flower stalks). Mann-Whitney test: * p < 0.05; ns — p > 0.05.

Ðèñ. 21–22. Äîëÿ ïîâðåæä¸ííûõ ëèñòüåâ Vicia faba ìèí¸ðîì Liriomyza bryoniae íà ðàçíûõ ýòàïàõ ðàçâèòèÿ ðàñòåíèé ïðè 
îáðàáîòêå ñåìÿí áîáîâ ýíòîìîïàòîãåííûì ãðèáîì Metarhizium robertsii (Mr) è â êîíòðîëå (C). 21 — â 2019; 22 — 2020. Bottom — 
íèæíÿÿ ÷àñòü ðàñòåíèÿ (äî öâåòîíîñîâ); Medium — ñðåäíÿÿ ÷àñòü ðàñòåíèÿ (ñ öâåòîíîñàìè); Top — âåðõíÿÿ ÷àñòü ðàñòåíèÿ (âûøå 
öâåòîíîñîâ). Êðèòåðèé Ìàííà-Óèòíè: * — p < 0,05; ns — p > 0,05.
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2020: 8.24 [7.54; 15.31]; U = 0.0, p = 0.0004). Due to 
the registration of infestation of the lower leaves in 2019 
in July instead of June, a comparative analysis for the 
lower part in this case was not carried out.

Discussion
Sඈංඅ ආൺർඋඈൿൺඎඇൺ ൺඇൽ ඁൾඋൻංඏඈඋൾඌ

The presence of common soil fungi, such as ento-
mopathogenic ascomycetes Metarhizium robertsii, in 
the soil in the case of agricultural cultivation may lead 
to desirable eff ects on plants. In our previous investiga-
tion [Ashmarina et al., 2022] we established that soak-
ing broad bean seeds with M. robertsii conidia before 
planting improve the phytosanitary situation on the 
fi eld. However, the colonization of plants by the fungi 
can aff ect the composition and structure of invertebrate 
communities. The eff ect of entomopathogenic fungi on 
non-target arthropods has not been suffi  ciently studied, 
with studies being limited to laboratory conditions 
or direct-contact conditions of the invertebrates with 
fungal propagules. This work aimed to close this gap 
in knowledge by analyzing the eff ect of colonization 
of broad been seeds on invertebrate communities in the 
fi eld conditions, as would be used in agriculture.

Our two-year analysis showed that inoculation of 
beans with the conidia of entomopathogenic fungus 
M. robertsii does not lead to signifi cant alterations in 
the invertebrate community. Nevertheless, we detected 
some short-term signifi cant changes in the abundance of 
species and the number of phytophages and saprophages, 
as well as an increased abundance of arthropods. 
The composition of soil invertebrates found at the 
experimental site was typical for agricultural fi elds of 
chernozems of the South-West Siberia [Lyubechanskii 
et al., 2023]. 

The treatment of broad beans with the M. robert-
sii did not signifi cantly aff ect the composition or the 
abundance of the soil dwellers and herbivores in most 
cases. Most invertebrates rarely have contact with the 
rhizosphere soil (grass and soil surface inhabitants) and 
therefore did not have contact with fungal propagules. 
Many of them have a very low abundance which is 
insuffi  cient for the entomopathogenic eff ect to be re-
vealed by the assay. However, this assumption requires 
careful verifi cation. At the same time, in June 2019, a 
positive eff ect of fungal treatment on the abundance of 
soil dipteran saprophage larvae was noted. This may be 
due to the tendency of fl y larvae to form aggregations 
in places with an abundance of food, one of which, due 
to random reasons, existed on plots with M. robertsii. In 
addition, the positive eff ect of the treatment was revealed 
at the end of June 2020 for aphids. This could be due to 
the accelerated growth and development of plants after 
seed treatment with the fungus, which makes plants 
more attractive to winged migrants during their disper-
sal in June. Similarly, the higher species abundance of 
arthropods at the sites treated with M. robertsii in June 
2020 could be explained by the faster development of 

plants after seed treatment with the fungus [Ashmarina 
et al., 2022].

Aඉඁංൽඌ

All aphid species we found at the experimental plots 
(Acyrthosiphon pisum, Megoura viciae, Aphis fabae, 
and A. spiraecola) are widespread and common both 
for natural habitats and for agroecosystems [Blackman, 
2020]. Aphids of both species of the genus Aphis 
are found on a wide range of secondary host plants, 
including many agricultural plants.  Acyrthosiphon 
pisum and Megoura viciae prefer plants from the 
Fabaceae family, while A. pisum belongs to dangerous 
pests of agricultural crops. A. pisum was prevalent at 
the experimental plots at all stages of the experiment.

The absence of aphids on the surveyed plants at 
the fi rst ten days of June 2019 and 2020 could be 
explained by regional specifi cs. During this period, 
winged migrants which did not yet manage to colonize 
experimental plants dispersed. At the experimental 
sites during this period, there were only a few winged 
specimens. Two weeks later, at the end of June, a low 
abundance of aphids was observed, and a positive eff ect 
of seed treatment on the number of aphids during the 
dispersal of winged migrants was revealed. However, 
later these diff erences disappeared later.

In July and August, aphids were common on bean 
plants. The number of aphids in individual colonies 
reached up to 70 specimens both on treated and control 
plots. It is known that seed treatment and subsequent 
colonization of plants with entomopathogenic fungi 
can lead to a signifi cant decrease in density of aphids on 
plants [Castillo Lopez et al., 2014]. However, according 
to our two-year fi eld experiment, the treatment of Vicia 
faba beans with M. robertsii did not show a signifi cant 
eff ect on the proportion of plants with aphids and on 
the density of aphid colonies on individual plants both 
in the middle (plant budding phase) and end of the fi eld 
season (bean ripening phase). This could be due to the 
low level of colonization of internal plant tissues by the 
fungus. Earlier it was shown that when treating cotton 
seeds with fungi Purpureocillium lilacinum and Beau-
veria bassiana, with the level of colonization of about 
50 %, signifi cant diff erences were established only in a 
comparative analysis of colonized and non-colonized 
plants, while when analyzing the general eff ect of treat-
ment, signifi cant diff erences could not be detected. In our 
case, we could not assess the eff ect of colonization due 
to the low proportion of plants inhabited by the fungus 
[Ashmarina et al., 2022].

Lൾൺൿ ආංඇൾඋ ൿඅංൾඌ

The tomato leafminer Liriomyza bryoniae (Kalten-
bach, 1858) is included in the list of quarantine species 
of the International Plant Protection Convention [Inter-
national standards …, 2022]. L. bryoniae is a polyphage 
[Spencer, 1990]. Our data indicate a low level of infec-
tion of plants with L. bryoniae larvae at the experimental 
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site, and, most likely, the absence of a signifi cant eff ect 
of this species on the yield of beans. With a fairly low 
degree of damage to leaf blades (1–3 mines per leaf), 
the proportion of infected leaves at diff erent stages of 
plant development varied from 4.55 % to 87.43 % in 
2019 and from 0 % to 21.64 % in 2020. 

The low level of infestation of broad beans with L. 
bryoniae in this case may be due to the high (more than 
60 %) level of infestation of fl y larvae with hymenopter-
an parasitoids, which can have a substantial impact 
on the population of L. bryoniae in natural conditions 
[Minkenberg, 1986]. It is known that entomopathogenic 
fungi can lead to signifi cant negative eff ect on the popu-
lation of mining fl ies [Migiro et al., 2010; Noujeim et 
al., 2015]. Under the conditions of our experiment, the 
treatment of beans with M. robertsii fungi did not cause 
changes in the degree of infestation of plant leaves. 
Moreover, in August 2020, the infestation of the upper 
leaves upon treatment with M. robertsii was signifi cantly 
higher compared to control. This probably occurred due 
to the low level of plant colonization with the fungus 
under natural conditions. Laboratory experiments have 
shown that mortality rate of fl ies depends both on the 
isolate and the degree of plant colonization by the fungus 
[Akello, Sikora, 2012; Akutse et al., 2013]. It is also pos-
sible that plants with higher plant biomass were more 
attractive to miners.

Conclusions
1. Treatment of Vicia faba beans with the entomo-

pathogenic fungus M. robertsii in most cases did not 
cause signifi cant changes neither on the total abundance 
of soil dwellers and grass stand inhabitants, nor on the 
abundance of the most abundant taxa (Coleoptera: Ca-
rabidae, Staphylinidae, Elateridae, Scarabaeidae, Curcu-
lionidae; Hemiptera: Miridae, Cicadellidae, Aphididae). 
The eff ects revealed for certain groups were slight. A 
positive eff ect of treatment on population density was 
registered only for soil saprophagous Diptera larvae in 
June 2019.

2. Among aphids, Acyrthosiphon pisum, Megoura 
viciae, Aphis fabae, and Aphis spiraecola were regis-
tered with a predominance of A. pisum. Seed treatment 
with the entomopathogenic fungus M. robertsii did not 
signifi cantly aff ect the proportion of plants inhabited 
by aphids or the density of aphid colonies on individual 
plants throughout the season.

3. At all stages of the experiment, the bean leaves 
were damaged by the mining fl ies Liriomyza bryoniae 
and high level of infestation with Hymenoptera was 
observed (more than 60 %). With a fairly low degree of 
damage to leaf blades (1–3 mines per leaf), the propor-
tion of infected leaves varied from 4.55 % to 87.43 % 
in 2019 and from 0 % to 21.64 % in 2020. Bean seed 
treatment with M. robertsii did not signifi cantly aff ect 
the degree of infestation of plant leaves by larvae of the 
L. bryoniae.

In summary, the treatment of broad beans seeds with 
the entomopathogenic fungus M. robertsii in agroeco-

systems of West Siberia (having a positive eff ect on the 
phytosanitary state and development of plants) did not 
signifi cantly aff ect the non-target groups of soil arthro-
pods typical for bean fi eld, or the main pests of beans 
(aphids and miner fl ies).
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