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Aim. To isolate, identify, and evaluate in vitro the predacious ability of nematophagous fungi strains, to determine their
eligibility for mass production under submerged cultivation; to select the most efficient isolates of predacious nematopha-
gous fungi as promising producers of the biopreparation to control plant-parasitic nematodes. Methods. Microbiological,
microscopical, cultural-morphological, statistical. Results. The screening to determine the presence of predacious nema-
tophagous fungi in different soils from different regions has been conducted for the first time in Ukraine. Out of 75 soil
samples, isolated in Kyiv, Chernihiv, Dnipropetrovsk, Volyn and Odesaregions, 88 isolates of predacious nematophagous
fungi were obtained which belong to 11 genera by their cultural-morphological characteristics: Arthrobotrys oligospo-
ra—39 isolates, A. musiformis — 25, A. conoides — 11, Drechslerella dactyloides — 3, A. artrobotryoides -2, A. superba —
2, A. megalospora — 2, A. sphaeroides —1, A. flagrans — 1, A. amerospora — 1, A. thaumasia — 1. High nematophagous
activity in vitro (90-100 % trapping) regarding free-living nematodes (Rhabditis spp). was demonstrated by 4 isolates
of A. oligospora, 18 isolates of A. musiformis, 5 isolates of 4. conoides, 3 isolates of D. dactyloides, and one isolate
of A. megalospora. Among the 47 most active isolates, 4 isolates of predacious fungi formed chlamydospores under
submerged cultivation on two types of liquid media — wort medium and corn-molasses medium: A. musiformis-711,
A. musiformis-911, A. conoides-90, D. dactyloides-19. It was found that isolate A. musiformis-911 and 4. conoides-90
could form conidia in the submerged culture. Further experiments in determining the character of development for two
latter isolates in different types of media under submerged cultivation established that the largest number of chlamydo-
spores and conidia were formed by the isolates of A. conoides 90 and A. musiformis 911 on potato dextrose medium,
7.6-10° and 6.5-10° spores/ml respectively. In the wort medium, the productivity of spore formation for the isolate of
A. conoides 90 was 35 times lower, amounting to 2.2-10* spores/ml, and in peptone-glucose medium — 90 times lower
(8.5-10% spores/ml). The isolate of A. musiformis 911 in the wort medium produced 325 times fewer spores (2.0%
%103 spores/ml) than in potato-dextrose medium, while no chlamydospores and conidia were formed in the peptone-
glucose medium. More detailed study of the ratio between isolates-producers and different sources of nutrition as the
basis for the optimization of liquid media is required. Conclusions. According to the results of determining nematoph-
agous activity regarding free-living nematodes, isolated from different soils in Ukraine and evaluating the character of
development under submerged cultivation, two isolates of predacious fungi were selected — Arthrobotrys conoides-90
and A. musiformis-911, which are promising producers of a biological preparation eventually to be used in the biocon-
trol of plant-parasitic nematodes. Conidia formation of the two isolates in liquid culture under mass production condi-
tions was observed for the first time and could also contribute to their suitability for mass production and biocontrol.
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INTRODUCTION crops — are among the most pathogenic plant-related

organisms. Globally losses caused by plant-parasit-

Plant-parasitic nematodes — obligate parasites caus-  ic nematodes, average 10-20 %, but may amount to
ing considerable losses to the cultivation of agricultural — over 50 % due to their high spreading, which caused a
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global annual loss of about USD 358 billion according
to the calculations for 2010-2013 (Abd-Elgawad MM,
Askary TH, 2015).

Root-knot nematodes from the genus Meloidogyne
are among the most dangerous pests of vegetables in
covered soil. The accumulation of root-knot nematodes
in covered soil may cause 30-90 % harvest losses of
vegetables, and even a complete loss in so-me cases.
Losses, caused by root-knot nematodes of the ge-
nus Meloidogyne in the European countries and the
USA, were estimated as at least USD 30 billion annu-
ally (Borzykh OI et al, 2017). The infection of root-
knot nematodes leads to the lost quality of vegetables
and reduced resistance to many other stress factors
(drought, other diseases), and can promote infections
of other phytopathogens, including fungi, bacteria, and
viruses (Borah B et al, 2018; Kepenekci I et al, 2018).
In Ukraine, root-knot nematodes have infected up to
85 % of the greenhouse farms (Borzykh Ol et al, 2017).

In Europe, chemical nematicides, are designated as
highly toxic preparations and have only very restricted
application The number of registered nematicides in
the world has decreased globally in the last 25 years
due to concerns about their non-specific mechanisms
of action, and thus about their potential toxicity and
probability of harming the environment (Degenkolb
T and Vilcinskas A, 2016).The application of methyl
bromide for example was prohibited in 2005 (Singh A
etal, 2019).

Even if all the technological regulations are followed,
the application of chemical nematicides is very danger-
ous for human health and environment. Another draw-
back of chemical nematicides is their stability in the
environment, promoting the development of nematode
resistance which leads to the use of more toxic sub-
stances (Singh R et al, 2013).

Thus, there is a need to search for alternative controls
of the number of plant-parasitic nematodes (Moosavi
MR and Zare R, 2015).

Predacious nematophagous fungi from the safe group
of microorganisms are among natural regulators of the
number of nematodes. The fungi of this unique ecologi-
cal group can change their lifestyle from saprophytic to
predacious stage in the presence of nematodes, creat-
ing specialized means to catch, constrict, and consume
nematodes.

The intense study of this unique group of fungi was
launched after a series of publications of the American
mycologist, C. Drechsler, (Drechsler C, 1933a, 1933b,
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1934, 1937) on morphology and systematics of preda-
cious fungi in the 1930s.

Since then, predacious nematophagous fungi started
attracting attention of researchers as the agents of bio-
logical control of plant-parasitic nematodes.

In particular, a reason of constant interest to these
fungi lies in their potential as biocontrol agents
against plant- and animal-parasitizing nematodes
(Askary TH, 2015).

Asexual hyphomycetes, trapping nematodes, are lo-
cated within the family Orbiliaceae (Orbiliales, Or-
biliomycetes), based on morphological and molecular
studies which includes 96 species, at present related
to asexual genera Arthrobotrys (53 species), Dactylel-
lina (28 species) and Drechslerella (14 species) (Yu Z
et al, 2014).

Numerous studies on nematophagous fungi have
proven that they are present globally, even in Antartica
and in all types of climate and habitats (Zhang Y et al,
2014, Gray NF and Smith RL, 1984, Dasgupta MK
and Khan MR, 2015). There are reports about their iso-
lation from agricultural, horticultural, and forest soils,
and they are especially abundant in soils, enriched with
organic materials (Nordbring-Hertz B et al, 2001; Hyde
K et al, 2014; Gray NF, 1985). Arthrobotrys oligos-
pora Fres. 1852 is the most frequently isolated and un-
doubtedly most predacious fungus in the environment
(Jaffee BA and Strong DR, 2005; Niu XM and Zhang
KQ, 2011). No isolation studies on nematophagous
fungi in different soils and regions have previously
been conducted in Ukraine.

Considering active trapping of nematodes by preda-
cious fungi, their ability to exist in soil, the possibility
of cultivating large quantities in artificial media, pre-
dacious nematophagous fungi may become efficient
means in the biological control of nematodes.

However, there is comparatively little success in
elaborating commercially acceptable formulations of
nematophagous fungi. In most cases, fungi are mas-
sively produced on solid media, such as cereal grain or
chaff, and the colonized substrate is applied to the soil
(Moosavi MR and Askary TH, 2015; Cayrol JC, 1988;
Kumar D et al, 2005). There are much fewer studies,
substantiating the obtaining of preparations under sub-
merged technology in liquid media (Gardner K et al,
2000; Lee et al, 2004; Teplyakova TV, 2019).

The elaboration of new bioproducts based on fungi
depends on the availability of proper isolates. There-
fore, a maximal possible number of isolates should
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be studied during screening programs. Sometimes it
takes the study of hundreds or thousands of isolates
to determine a few with the relevant combination of
characteristics for the biocontrol. Only a small share
of candidate isolates (under 1 %) may be producers of
biocontrol agents (Moosavi R and Askary TH, 2015).

The aim of the study was as follows: to isolate,
identify, and evaluate in vitro the predacious ability
of nematophagous fungi strains, to select the most ef-
ficient isolates of predacious nematophagous fungi as
promising producers of the biopreparation to control
plant-parasitic nematodes.

MATERIALS AND METHODS OF STUDIES

Soil samples were selected from different biotopes
(agricultural land, greenhouses, uncultivated soil from
the banks of water bodies, forests, city parks, building
surrounding grounds, roadside ditches, etc.) predomi-
nantly in Kyiv (Forest-Steppe zone) region, as well as
in Chernihiv, Volyn (Polissia zone), Odesa, Dniprop-
etrovsk (Steppe zone) regions. In total 75 soil samples
(150-300 g each) were taken from a depth of 5-15 cm.

Free-living nematodes (Rhabditis spp.), used as test-
objects, were extracted from partially rotten apples, ly-
ing on the ground, by the flotation method. Nematodes
were identified using specialized taxonomic keys (Tar-
jan A, 1977), and grown at room temperature on damp
oat-flakes in Petri dishes. To support the population,
every 10-15 days the nematodes, which moved from
the substrate to the lids of Petri dishes, were washed
with water and transferred into the fresh medium
(Heintz CE, 1978).

The soil sprinkling technique was used to find preda-
cious nematophagous fungi (Drechsler C, 1941a; Dud-
dington CL, 1955; Eren J and Pramer D, 1965; Gray
NF, 1984). Soil (and plant residues, if present in the
samples), were dispersed along the surface of sterile
water agar (agar — 2 %, water — 1000 ml), leaving clean
areas of agar to facilitate the direct study, into 7—10 Pe-
tri dishes per soil sample (1 g per one dish on average)
with immediate subsequent addition of several drops of
the suspension with free-living nematodes (100-200)
to stimulate the development of predacious fungi. The
dishes were incubated at 20-25 °C. The time of the
appearance of nematophagous fungi varied consider-
ably, thus, regular daily examination of the dishes with
solid medium was done for 1015 days. The presence
of nematophagous fungi was determined with further
identification during direct observation, finding fungi
by searching for nematodes, trapped by fungi, and
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the availability of remarkable conidiophores directly
above the surface of agar, using the stereomicroscope
MBI-9 at a magnification of 20x—40x. When the conid-
iophores of predacious fungi appeared, the latter were
isolated into pure culture using micromanipulations
with conidia with a thin sterile needle.

The identification was conducted using the material,
infected with nematodes, as the features of these fungi
were more constant in the presence of nematodes than
in a pure culture (Cooke RC and Godfrey BES, 1964).

The fungi were identified by morphological and mor-
phometric characteristics based on specialized taxo-
nomic keys (Yu et al, 2014).

The determination of micromorphological proper-
ties of the extracted isolates, their identification and
microphotography were conducted using Zeiss Primo
Star microscope at 400x magnification and Axio Vi-
sion software.

The cultural-morphological and biological properties
were studied in the following media: wort agar (beer
wort — 25 %, agar — 2 %), potato dextrose agar (PDA),
agar with the extract of cornmeal (CMA, (20 g of corn-
meal in 1000 ml of water was heated at 70 °C for 1 h,
then filtered through cotton wool and agar was added
(Duddington CL, 1955a).

The experiments on determining nematophagous ac-
tivity were conducted in Petri dishes with the diameter
of 4 cm. Agar blocks with the diameter of 5 mm from
the colonies of 7-day-old fungi media on PDA, cut out
with a forstner drill bit, were placed in the center of the
dish on the surface of water agar, and a few drops of
the suspension with free-living nematodes (about 300
specimen) were added. The dishes with nematodes,
not inoculated with fungi, served as control. The ex-
periments were done in three repeats. The mortality of
nematodes was determined on Day 5 and calculated us-
ing Abbott’s formula:

X control — X treatment
X control

% mortality = %100,
where X control — the average number of live nema-
todes in the control group, X freatment — the average
number of live nematodes in the variants of the inocu-
lation with fungi.

The isolates, which trapped over 90 % nematodes in
vitro, were estimated as highly active, 50-89 % — as
having medium activity, under 50 % — poorly active.

The submerged cultivation of the extracted isolates
was done in Erlenmeyer flasks of 300 ml with 50 ml
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of the medium on the orbital shaker PSU-20i (Biosan,
Latvia) at 200 rpm and the temperature of 25-26 °C
for 72 h. The following media were used for submerged
cultivation: wort (25 % beer wort), corn-molasses
(corn extract — 1 %, molasses — 4 %, KH,PO, — 0.5%,
MgSO,-7H,0 — 0.05 %), peptone-glucose (peptone —
2 %, glucose — 2 %, KH,PO, — 0.5 %, MgSO,-7H,O —
0.05 %). The flasks with media were sterilized in an
autoclave at 0.1 MPa for 30 min and inoculated with
suspensions of spore-mycelium mass, washed with 5
ml of sterile water from the tubes with 7-day-old media
of fungi on PDA, 1 ml suspension per flask. The ex-
periments were done in three repeats.

To determine the biomass of fungi under submerged
cultivation, 10 ml of liquid medium were filtered
through previously dried and weighed paper filters
(“white stripe”, pore diameter of 8—12 um), washed
with distilled water, dried at +110 °C for 1 h and
weighed using the assay balance.

The productivity of spore formation was done by count-
ing spores in the hemocytometer (Gorjaev’s chamber).

The data on nematode-trapping activity of isolates
and productivity in submerged cultivation were sub-
jected to dispersion analysis (One-way ANOVA).

RESULTS OF INVESTIGATIONS

Some 88 isolates of predacious nematophagous fun-
gi, related to 11 genera, were extracted out of 75 select-
ed soil samples: Arthrobotrys oligospora — 39 isolates,
A. musiformis — 25, A. conoides — 11, Drechslerella
dactyloides — 3, A. artrobotryoides -2, A. superba — 2,
A. megalospora — 2, A. sphaeroides —1, A. flagrans — 1,
A. amerospora — 1, A. thaumasia — 1. Predacious fungi
were found in all but 3 soil samples.

In terms of the mechanism of trapping nematodes,
there was prevalence of species, forming three-dimen-
sional adhesive networks and only isolates of D. dacty-
loides formed single trapping constricting rings.

The results of the search demonstrate wide spread
occurrence in Ukrainian soils of this ecological group
of fungi. Predacious fungi were found in most samples
of different types of soil, including the ones, poor in
organic substances (sandy and sandy loam soils). How-
ever, their number in soil was insignificant. In the dif-
ferent soil samples, there were 0.02—5 colony-forming
units (CFU) in 1 gor 1 CFU in 0.5-20 g of soil.

Nematophagous fungi were observed in all types of
habitats, but no correlation was found between the spe-
cies of fungi and habitats.

6

The main aim of the studies was to select the most
efficient isolates, which would be promising produc-
ers of the biopreparation eventually to be used in the
biocontrol of plant-parasitic nematodes. The evaluation
criteria for such isolates were nematophagous activity
regarding test-objects, character and rate of growth of
agar media and in submerged culture, intensity and
type of spore-formation (chlamydospores and conidia),
formation of spontaneous trapping devices (without the
presence of nematodes).

A remarkable specificity of D. dactyloides isolates
is the formation of a great number of spontancous
constricting rings both on agar media and under sub-
merged cultivation. This ability was preserved after
multiple subculturing. As for the remaining defined
species of predacious fungi, the formation of sponta-
neous traps was observed only for several isolates of
A. musiformis (in 7 out of 25 extracted ones) immedi-
ately after the extraction into a pure culture and in a
much smaller quantity as compared with D. dactyloi-
des, and this ability was gradually lost after 1-2 times
of subculturing.

Contrary to species with adhesive properties, D. dac-
tyloides isolates were characterized by slow growth
both on agar media and in the submerged culture. For
instance, the diameter of D. dactyloides colonies on
wort agar at 25 °C was 2-2.5 cm on Day 12, 4-4.5 cm
on Day 20, 7-9 cm on Day 30, whereas the colonies
of fast-growing species with adhesive network were
spreading along the whole Petri dish on Day 8-10.

The results of evaluating the nematophagous activity
of the extracted isolates of predacious fungi are pre-
sented in Table 1.

Out of 39 investigated isolates of A. oligospora,
high activity was shown for 4 (the mortality of nema-
todes — 95-100 %), 24 demonstrated medium activity
(the mortality of nematodes — 52—-88 %), 11 had poor
activity (the mortality of nematodes — 1545 %).

High nematophagous activity was found for A. mu-
siformis isolates (Fig. 1). 18 out of 25 isolates dem-
onstrated high nematophagous activity (90-100 %),
medium activity was registered for 7 isolates (the mor-
tality of nematodes — 49-89 %).

Out of 11 A. conoides isolates, 5 had high activity
(the mortality of nematodes — 91-100 %), 5 — medium
activity (58-82 %), and one had poor activity (the mor-
tality of nematodes — 20 %).

High activity was determined for all three isolates
from the genus D. dactyloides — 97-100 %.
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Table 1. The nematophagous activity of the extracted isolates of predacious nematophagous fungi isolated from different

Ukrainian soils

Species and number
of isolates

The reduction in the number
of nematodes as compared
with the control, %, on Day 5

Species and number
of isolates

The reduction in the number
of nematodes as compared

with the control, %, on Day 5

. oligospora-1

. oligospora-4

. oligospora-512
. oligospora-6

. oligospora-7151
. oligospora-9

. oligospora-10
. oligospora-12
. oligospora-132
. oligospora-21

. oligospora-252
. oligospora-262
. oligospora-27
. oligospora-292
. oligospora-352
. oligospora-392
. oligospora-40
. oligospora-432
. oligospora-61

. oligospora-63
. oligospora-66
. oligospora-67
. oligospora-70
. oligospora-71

. oligospora-700
. oligospora-712
. oligospora-721
. oligospora-732
. oligospora-742
. oligospora-743
. oligospora-752
. oligospora-79
. oligospora-801
. oligospora-81

. oligospora-842
. oligospora-843
. oligospora-912
. oligospora-92

. oligospora-93

. musiformis-52
. musiformis-61
. musiformis-7

. musiformis-81
. musiformis-131

o NN QU N QU SN QU< NUUNc SN« Qe N Qe SN QNN NI NN« SO NN QU SN SN« QI SQEN« Qe NQUNc QI SOUNc SIS« QIS SN« SO NN SO NQUNc S U SO SO SO SO O SO N NI NS

26+3.0
42+4.4
25+5.0
37+ 6.6
69+ 6.0
70 +10.0
44 + 6.6
62+39
38+3.3
45+5.0
83 +6.6
70+ 5.0
81+6.6
70+ 5.0
75+5.0
99 + 0.6
95+ 1.2
70+ 5.0
45+5.0
45+33
15+£5.0
75+ 6.6
60+ 10.0
35+5.0
53+33
88 +3.3
60 £ 6.6
80+ 6.6
81+3.3
80+3.5
80+2.9
73+ 6.6
100+ 0.0
65+5.0
99 + 0.6
88+2.9
85+3.3
77+ 6.6
75+ 5.0
65+5.0
50+3.3
65+33
55+3.5
95+1.5

. musiformis-251
. musiformis-261
. musiformis-293
. musiformis-34

. musiformis-351
. musiformis-231
. musiformis-391
. musiformis-431
. musiformis-62

. musiformis-64

. musiformis-65

. musiformis-68

. musiformis-69

. musiformis-711
. musiformis-731
. musiformis-741
. musiformis-802
. musiformis-831
. musiformis-861
. musiformis-911
. conoides-82

. conoides-232

. conoides-24

. conoides-372

. conoides-41

. conoides-722

. conoides-733

. conoides-78

. conoides-841

. conoides-90

. conoides-913

. artrobotryoides-21
. artrobotryoides-83
. superba-18

. superba-19

. megalospora-27
. megalospora-42
. sphaeroides-213
. flagrans-371

. amerospora 751
. thaumasia-89

. dactyloides-201
. dactyloides-30

. dactyloides-19

[T o S SR N NG+ NG« NG« SR« N NGy« NG« SR« SR NG NG+ Ny« SO« SR NQUe NG NG« SO« S Qe NG NG« NG« SR SO NG N« SO SO SO N N O O SO QN N

95+2.5
89+3.5
91+0.3
94+29
97+ 0.6
97+ 1.7
100+ 0.0
99 + 0.6
75+£5.0
95+ 1.5
100+ 0.0
60 £10.0
95+2.5
99+ 0.6
99+ 0.6
98+ 1.0
100+ 0.0
100+ 0.0
95+ 1.0
100 £ 0.0
58+ 6.6
69 +3.8
70+ 5.0
98+ 1.0
20+5.0
73+ 6.6
82+ 6.6
97+ 1.0
100 £ 0.0
100+ 0.0
95+2.5
70+ 5.0
38+ 6.6
55+5.0
73+ 6.6
20+3.5
90+2.5
15+£29
15+£29
10£29
60+43
100 £ 0.0
97+1.5
100+ 0.0

Note. The data are presented as mean values + standard deviation.
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Fig. 1. A Rhabditis nematode in the adhesive hyphae of Arthrobotrys musiformis-911 on water agar). Bar: 100 um

Out of two isolates of A. megalospora, one was
highly active, causing the mortality of nematodes at the
level of 90 % and one had poor activity (20 %).

The isolate of the genus A. thaumasia demonstrated
medium nematophagous activity (60 %). The isolates
of the genera A. sphaeroides, A. flagrans, A. ameros-
pora had poor activity (the mortality of nematodes —
10-15 %).

The suitability of 47 most active isolates of 5 genera
of predacious fungi to submerged cultivation condi-
tions using two nutrient media was studied (Table 2).

The isolates belonging to species with reticulate trap-
ping networks, grew well in the submerged culture. All
the isolates of A. musiformis formed more than 10.1—
14.8 g/l of biomass in both media. Out of 18 tested iso-
lates of A. oligospora, 12 formed the amount of bio-
mass over 10 g/l.

Out of 6 isolates of 4. conoides, the most productive
isolate was the one of A. conoides-90 (13.1-13.5 g/l).

In the submerged culture, the isolates of D. dacty-
loides were also considerably inferior to the isolates
with reticulate networks by their indices of growth
intensity and biomass accumulation. For instance, af-
ter 96 h of submerged cultivation, the biomass yield
on wort and corn-molasses media was 3.5-4.1 g/I. All
three isolates of this genus formed spontaneous con-
stricting rings both in the submerged culture and on
agar media.

Only the isolates of 4. musiformis-711, A. musifor-
mis-911, A. conoides-90, D. dactyloides-19 were char-
acterized by the ability to produce chlamydospores in
the submerged culture. In addition to chlamydospores,
the isolates of 4. conoides-90 and A. musiformis-911
also formed submerged conidia, and 4. musiformis-911
formed single spontaneous traps as well (Fig. 2). The
isolates of D. dactyloides formed a great number of
spontaneous constricting rings in the submerged cul-
ture, as well as on agar media. The remaining isolates
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from different species formed only mycelium in the
submerged culture.

The ability of the investigated isolates to form conidia
and chlamydospores in the submerged culture (spores
of vegetative reproduction), which are the forms in
the cycle of fungus development, most resistant to the
impact of unfavorable environmental factors, ensur-
ing their survival in soil, is the prerequisite for their
application as producers of the biological preparation
against plant-parasitic nematodes.

The isolates of A. conoides 90 and A. musiformis
911 were characterized with intense spore-formation
on agar media and the formation of chlamydospores in
aging cultures. The submerged conidia of A. conoides
90 measured 12-28 (20.7) x 8-17 (11.7) um and were
formed on short conidiophores (Fig. 3).

In the next stage of the research, the character of
development was determined for A. conoides 90 and
A. musiformis 911 on different types of liquid nutrient
media — wort, potato dextrose, peptone-glucose media
(Table 3).

The largest number of chlamydospores and conidia
was formed by the isolates of 4. conoides 90 and A.
musiformis 911 on potato dextrose medium — 7.6-10°
and 6.5-10° spores/ml, respectively. In the wort medi-
um, the productivity of spore formation for the isolate
of A. conoides 90 was 35 times lower, amounting to
2.2-10* spores/ml, and in peptone-glucose medium —
90 times lower (8.5-10° spores/ml). The isolate of A.
musiformis 911 in the wort culture produced 325 times
fewer spores (2.0-10° spores/ml) than in potato-dex-
trose medium, while no chlamydospores and conidia
were formed in the peptone-glucose medium.

The results of the studies demonstrate the need for
more detailed investigation on the ratio between iso-
lates-producers and different nutrition sources as the
basis for the optimization of liquid media. Further stud-
ies will also include the determination of the biocon-
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Table 2. The technological properties of the isolates of predacious nematophagous fungi under submerged cultivation (in 72 h)

Species and number Biomass yield, g/l, in media The character of fungus development
of the isolate in the submerged culture
wort corn-molasses
A. oligospora-252 10.1£0.7 10.8£0.5 mycelium
A. oligospora-27 9.8+0.7 99+1.1 mycelium
A. oligospora-392 122+0.3 124+0.3 mycelium
A. oligospora-40 10.1+0.5 9.8+£0.6 mycelium
A. oligospora-63 12.2+0.8 124+ 0.5 mycelium
A. oligospora-70 8.0+1.0 82=+0.5 mycelium
A. oligospora-712 6.7+0.6 6.5+0.3 mycelium
A. oligospora-721 8.1+0.2 9.5+0.5 mycelium
A. oligospora-732 13.1+£0.6 12.8+£0.3 mycelium
A. oligospora-742 74+0.3 8.1+£0.7 mycelium
A. oligospora-743 11.2+£0.7 124+0.2 mycelium
A. oligospora-752 9.8+0.3 10.1£0.3 mycelium
A. oligospora-79 85+0.5 9.1+0.6 mycelium
A. oligospora-801 114+1.2 12.0+0.2 mycelium
A. oligospora-842 10.7+ 0.7 104+0.4 mycelium
A. oligospora-843 12.6 £ 0.8 13.1+0.5 mycelium
A. oligospora-912 120+ 1.0 12.6 £ 0.6 mycelium
A. oligospora-93 11.1+1.2 11.5+£0.8 mycelium
A. musiformis-131 12.5+0.6 13.5+0.2 mycelium
A. musiformis-251 11.2+0.3 11.5+07 mycelium
A. musiformis-261 12.5+£0.6 120+1.0 mycelium
A. musiformis-293 10.4+£0.8 11.2+04 mycelium
A. musiformis-34 11.8+0.3 12.1£0.7 mycelium
A. musiformis-351 10.1+£0.6 10.9+0.3 mycelium
A. musiformis-231 12.3+0.3 13.0+0.3 mycelium
A. musiformis-391 13.1+£0.3 13.4+0.1 mycelium
A. musiformis-431 10.5+0.7 10.8+0.5 mycelium
A. musiformis-64 13.8+0.5 128+0.4 mycelium
A. musiformis-65 145+0.1 13.2+0.3 mycelium
A. musiformis-69 13.0+0.6 13.6+0.2 mycelium
A. musiformis-711 11.1+£0.3 11.5+0.6 mycelium, chlamydospores
A. musiformis-731 13.8+0.3 13.2+0.3 mycelium
A. musiformis-741 13.7+£0.2 13.0£0.1 mycelium
A. musiformis-802 11.4+0.5 11.7+0.6 mycelium
A. musiformis-831 122+£0.6 128+0.4 mycelium
A. musiformis-861 11.2+ 0.6 11.6 +£0.8 mycelium
A. musiformis-911 12.4+0.5 13.1£0.2 mycelium, chlamydospores, conidia, traps
A. conoides-372 94+0.3 10.1+0.3 mycelium
A. conoides-733 10.0£0.6 11.2+0.7 mycelium
A. conoides-78 8.7+0.3 8.8+0.3 mycelium
A. conoides-841 10.5+£0.6 11.2+0.6 mycelium
A. conoides-90 13.1+0.3 13.5+0.2 mycelium, conidia, chlamydospores
A. conoides-913 9.8+0.2 10.4+0.5 mycelium
A. megalospora-42 10.1£0.6 10.5+£0.5 mycelium
D. dactyloides-201 35+03 3.8+£0.2 mycelium, constricting rings
D. dactyloides-30 3.6+0.2 39+03 mycelium, constricting rings
D. dactyloides-19 39+0.3 41403 mycelium, chlamydospores, constricting rings

Note. The data are presented as mean values + standard deviation.
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Fig. 2. The formation of submerged conidia and traps by A. musiformis 911 strain in the submerged culture (corn-molasses
media). a — conidia formation (24 hours); b — conidia (72 hours); ¢ — traps (72 hours). Bar: 10 pm

trol effect on plant parasitic nematodes of the two most
promising strains.

DISCUSSION

We conducted the first screening of predacious
nematophagous fungi in different sols and regions of
Ukraine.

We did not intend to study the flora of predacious
nematophagous fungi in detail, as the main aim was
to conduct the screening of the most efficient iso-
lates which would be promising biocontrol agents
for plant-parasitic nematodes. The evaluation criteria
were as follows: the nematophagous activity in vitro,
the character and rate of growth on agar media and
in the submerged culture, the intensity and type of
spore-formation.

Our studies demonstrated that predacious nematoph-
agous fungi are widespread in soils of different eco-
logic origin — both agricultural and uncultivated land.
The most frequently isolated species was A4. oligospora
(44 %).

No predacious fungi were found only in 3 soil sam-
ples. About 37 % soil samples contained more than one
species of predacious fungi, 2 species were found in 24
soil samples, and 4 samples contained 3 species each
which demonstrates that different species of predacious
fungi may take similar ecologic niches.

In addition to the mentioned species, 4 soil samples
had predacious fungi which did not form traps, but
nematodes were caught by adhesion directly to myceli-
um. Fungi with adhesive hyphae are likely to belong to
the genus Stylopage (Drechsler C, 1941, b). However,
it was found impossible to isolate these species into a
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pure culture and identity them due to the absence of
spore formation therein.

Five samples were also positive for the development
of predacious fungi Arthrobotrys spp., but due to the
presence of mites — microbophages which got to the
dishes from soil we did not succeed in isolating these
fungi into a pure culture.

The studies on nematophagous activity in vitro using
free-living Rhabditis spp. as test object demonstrated
that this activity was considerably different for differ-
ent fungal isolates belonging to species with reticulate
adhesive networks and varied from 10 to 100 %.

The highest activity in trapping nematodes was noted
for D. dactyloides with constricting rings. All three iso-
lates of this species were active nematophagous at a
level of 97-100 % and formed many trapping rings in
a pure culture on different agar media (wort agar, PDA,
CMA) and in the submerged culture spontaneously,
without the presence of nematodes. The formation of
spontaneous rings in D. dactyloides was also observed
by Cooke RC, 1963; Lawton JR, 1957; Gray NF, 1985.

However, the isolates of D. dactyloides grew rather
slowly on agar media and in the submerged culture. A
low rate of the growth of the species with constricting
rings as compared with Arthrobotrys spp., which have
adhesive networks, was also noted by other researchers
(Duddington CL, 1955(b); Cooke RC, 1963; Kumar D
et al, 2005; Lee GJ et al, 2008; Swe A et al, 2009). It
was observed that slowly growing species may form
their organs of trapping without any stimulation, whe-
reas the ones, demonstrating faster saprotrophic growth,
mainly Arthrobotrys spp., require external stimuli to
cause the formation of a trap (Cooke RC, 1963; 1964,

AGRICULTURAL SCIENCE AND PRACTICE Vol. 8 No.2 2021
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Fig. 3. A. conoides 90: chlamydospores and conidia in the submerged culture. @, b, ¢ — conidia formation (24 hours); e — co-
nidia (72 hours); d — chlamydospores (72 hours) on corn-molasses medium; f— submerged conidia germinated at once, form-
ing the chains of chlamydospores (glutamic acid was used as the only source of nitrogen, 72 hours). Bar: 10 pm

1968). The species with constricting rings are less com-
petitive in soil as compared with the network-forming
species (Cooke RC, 1963; Kumar D et al, 2015).

The suitability of 47 most active isolates of 5 species
of predacious fungi was evaluated for the conditions
of submerged cultivation on two media — wort and
corn-molasses. Submerged cultivation has many ad-
vantages over surface cultivation, including a shorter
cultivation period and the automation possibility for
many operations. As not all the fungi can form spores
in the submerged culture, the selection of a relevant
strain is extremely important. Under submerged cul-
tivation on both media, only 4 isolates — A. musifor-
mis-711, A. musiformis-911, A. conoides-90, D. dac-
tyloides-19 — formed chlamydospores. In addition, the
isolates of 4. musiformis-911 and A. conoides-90 can
form conidia in the submerged culture. The formation
conidia by Arthrobotrys spp. fungi under submerged

AGRICULTURAL SCIENCE AND PRACTICE Vol.8 No.2 2021

cultivation was, as far as could be determined, not
previously reported.

Our study demonstrated again the important role
of chlamydospores in the cycle of the development
of predacious fungi, as they are the most promising
propagules for the production of biological prepara-
tions under submerged technology due to their ability
to survive in soil for a long time, faster germination
in soil and weaker sensitivity to soil fungistasis, sta-
bility to drying and low temperatures and continuous
conservation, which, in its turn, facilitates processing,
storing, and transporting (Teplyakova, 2019; Castillo-
Saldarriaga C et al, 2020; Federica SM et al, 2013; Li
et al, 2016).

Thus, according to the results of our primary labora-
tory evaluation, the strains 4. musiformis-911and A.
conoides-90 were selected for further studies, as they
are most promising producers of the microbiological
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Table 3. The development of A. conoides 90 and A. musiformis
91-1 isolates on different types of media in submerged culture

Productivity
. . of conidia and
Medium Biomass, g/l chlamydospores/
ml
A. conoides 90
Wort 10.2+0.3 2.2-10¢
Potato dextrose 10.8£0.2 7.6:10°
Peptone-glucose 87+0.2 8.5:10°
A. musiformis 91-1

Wort 10.1£0.6 2.0-103
Potato dextrose 7.8+0.1 6.5-105
Peptone-glucose 8.7+0.3 0

Note. The data are presented as mean values + standard de-
viation

preparation due to their nematophagous activity and
technological traits under submerged cultivation. Al-
though the isolates of D. dactyloides manifested high
nematophagous activity, we consider them potential
biocontrol agents of little promise due to their low
growth rate.

Our studies demonstrated also that the intensity of
the formation for chlamydospores and conidia of these
two isolates depends considerably on the type of the
nutrient medium. One further experiment of investigat-
ing the impact of sources of nitrogen and carbon nutri-
tion on the growth of 4. conoides-90 in the submerged
culture (the data are not presented) demonstrated that
depending on different sources of nitrogen and carbon,
the isolate could produce predominantly either conidia
or chlamydospores. Moreover, when glutamic acid was
used as the only source of nitrogen, submerged conidia
germinated at once, forming the chains of chlamydo-
spores, and chlamydospores were formed directly out
of conidia (Fig. 3, /).

The results of the studies demonstrate the need for
more detailed investigation on the ratio between iso-
lates-producers and different nutrition sources as the
basis for the optimization of liquid media. Moreover,
further studies should evaluate the activity of the se-
lected isolates regarding plant-parasitic nematodes.

CONCLUSIONS

Out of 75 soil samples, isolated in Kyiv, Chernihiv,
Odesa, Dnipropetrovsk, Volyn, Odesa regions, 88 iso-
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lates of predacious nematophagous fungi were obtained
which belong to 11 genera: Arthrobotrys oligospo-
ra — 39 isolates, A. musiformis — 25, A. conoides — 11,
Drechslerella dactyloides — 3, A. artrobotryoides -2,
A. superba —2, A. megalospora —2, A. sphaeroides —1,
A. flagrans — 1, A. amerospora — 1, A. thaumasia — 1.

According to the results of determining nematopha-
gous activity regarding free-living nematodes and eva-
luating the character of development under submerged
cultivation, two isolates of predacious fungi were se-
lected — A. conoides-90, A. musiformis-911, which are
promising producers of a biological preparation even-
tually to be used in the control of plant-parasitic nema-
todes.
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Meta. Bupinmutw, igeHTU(IKYBaTH Ta OLIHUTH In VIlro
XIDKAIbKy 3[JaTHICTh INTaMiB HeMaTogaroBWX TpuOiB, BU-
3HAQUUTH IXHIO MPUAATHICTH Ui MacoBOTO BHPOOHHIITBA B
yMOBaxX TIMOMHHOTO KYNBTHBYBAHHS; BiHiOpaTH HaHOiIBII
e(eKTUBHI 130JITH XIDKHX HeMaro(aroBUx rpHOiB, MepCreK-
THBHI B SKOCTI MpPOXYLEHTIB Oiompemapary s OOpPOTh-
6u 3 ¢iTonapazutnuyHUMH Hemaronamu. Metoau. Mikpo-
0i0MOTiYHI, MIKPOCKOMIYHi, KYJIBTYpaIbHO-MOP()OIOTivHi,
cratuctiyHi. Pesyabrarn. Briepme B Ykpaini mposeneHo
CKPHHIHT y TPHPOAHUX YMOBAaX XIDKHX HEMaTo()aroBHX
rpubiB. 3 75 npob 1pyHTY, BiniOpanux B KuiBcekiid, Yep-
HIiriBebki, Opmechkil, JIHIMPONETPOBCHKIM, BomWMHCHKIH,
Opnechbkiil 00MacTSIX BUAUICHO 88 130JIATIB XIDKUX HEMa-
ToaroBux rpubiB, AKi 3a KyJIbTypasbHO-MOP(OIOTIIHUMH
XapaKTepUCTUKaMH BiTHOCATBCS 10 11 poxis: Arthrobotrys

AGRICULTURAL SCIENCE AND PRACTICE Vol. 8 No.2 2021



IN VITRO SCREENING OF NEW STRAINS OF PREDACIOUS NEMATOPHAGOUS FUNGI

oligospora — 39 i3omatiB, A. musiformis — 25, A. conoi-
des — 11, Drechslerella dactyloides — 3, A. artrobotryoi-
des =2, A. superba — 2, A. megalospora — 2, A. sphaeroi-
des —1, A. flagrans — 1, A. amerospora — 1, A. thaumasia —
1. Bucoky HemarodaroBy aKTHBHICTH in Vitro BiZHOCHO
BUIBHOXKUBYUYHMX Hematon Rhabditis sp. (90-100 % Bio-
BIIFOBaHHSA) MPOSBWIN 4 13051aTh A. oligospora, 18 i3014TiB
A. musiformis, 5 1307s71iB A. conoides, 3 i3omsatu D. dacty-
loides, omuH 301t A. megalospora. 3 47 HalOLIBIT aKTHB-
HHX 130J14TIB 4 130JI9TH XIKUX I'PUOIB B YMOBaX IIMOMHHOTO
KyJIbTUBYBAaHHS Ha JIBOX THIIAX PIIKHX CEPEIOBHIL — CyC-
JIOBOMY 1 KyKYpy/A3sTHO-MEJSICHOMY YTBOPIOBAJIM XJIAMiJI0-
cnopu: — A. musiformis-T11, A. musiformis-911, A. co-
noides-90, D. dactyloides-19. BcTtaHoBIIEHO, 1110 130JSTH
A. musiformis-911 1 A. conoides-90 3maTHi yTBOpIOBaTH
B IIMOWHHINA KynbTypi KoHimii. B mopmanmpmmx pocimigax 3
BH3HAYEHHS XapaKTepy PO3BUTKY IBOX OCTAHHIX i30JIATiB Y
PI3HHX THIIAX CEPEAOBHI IPU NIMOMHHOMY KYJIBTUBYBaHHI
BCTAHOBJICHO, IO HAWHOUTBIIYy KITBKICTH XJIaMiZoOCIop i
KOHIiI# 13051t A. conoides 90 ta A. musiformis 911 yt1-
BOPIOBAIM Ha KapTOIUISTHO-TIJIFOKO3HOMY CEpelOBHII — Bil-
noBigHo 7,6:10° Ta 6,5-105 criop/mia. Y cycioBomy cepe-
JIOBHII TPOAYKTUBHICTH CIIOPOYTBOPEHHS 130JATY A. cono-
ides 90 Oyma B 35 pasiB Hmx4or0 i craHoswia 2,2-10*
CIIOp/MJI, @ B MENTOHO-TIIOKO3HOMY — B 90 pasiB HIKYOIO
(8,5-10° ciop/mi). I30msit A. musiformis 911 B cycioBoMy
CepeloBHIIi TPOAYKyBaB B 325 pasziB meHme crop (2,0 x
x 103 ciop/mit), Hi’K y KapTOILISTHO-TIIFOKO3HOMY CEPEIOBHIIII,
a B TENTOHO-TIIIOKO3HOMY CEPEIOBHIIN XJIAMiZOCIOPH Ta
KOHimii He yTBOproBaiuch. HeoOximHe Ounbll JeranbHe
BHUBYCHHS BIJHOIICHHS 130JIATiB-TIPOAYLEHTIB 10 Pi3HUX
JOKEPEJI, )KUBJICHHS K 0a30BOi OCHOBHU JI0 ONTHMI3allii pij-
KUX cepeloBULl. BucHoBKH. 3a pe3yibraraMy BU3HAYCHHS
HeMaTo(aroBoi aKTUBHOCTI BiJTHOCHO BUIBHOKHBYYHX He-
MaroJ Ta OLIIHKU XapaKTepy PO3BUTKY B yMOBaX INIMOMHHOTO
KyJIBTHBYBaHHS BiZiOpaHO /iBa 130JIATH XIKHX TpUOiB — A.
conoides-90, A. musiformis-911, nepcreKTUBHI B SKOCTI
MpoAyIieHTa O10JIOTIYHOIO Mpernapary Juisi 00pothou 3 diTo-
MapasuTUYHUMH HEMaTolaMH. YTBOPCHHS KOHIIIH JBOX
130JIITIB Y PiAKINA KyJbTYpl B yMOBax MacoBOI'O BUPOOHHMII-
TBa CIIOCTEPITrajocsl BIEpIIE, a TAKOX MOIVIO CIPHSATH X
MPUIATHOCTI U1 MACOBOTO BUPOOHHIITBA Ta O10KOHTPOITIO.

KarouoBi ciioBa: CkpuHIHT, in Vitro, Xiki HemMaro]arosi
rpubu, Arthrobotrys, *WBWIbHI CEpelOBHUINA, TITHOMHHE
KyJIbTUBYBaHHSI.
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