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The nut weevil (NW), Curculio nucum, is one of the main pests of hazelnuts which damages nut buds,
leaves and especially fruits. Sometimes it destroys 80-90 percent of the crop. The study presents the
results of using entomopathogenic microorganisms (nematodes and fungi) against NW. Local
entomopathogenic nematodes (EPN) Steinernema borjomiense, S. thesami, Heterorhabditis sp. and
Boverin's fungi were used against this pest. The tests were carried out in laboratory and field
conditions. Nematodes of this species were first used against NW. The tests were carried out
separately and together with different doses of nematode concentracions (100, S0 and 25 IJs/insect)
and Boverin — (2 g/LL and 4 g/L). Among the nematodes used separately against insect pests, S.
borjomiense and Heterorhabditis sp. (in a dose of 100 IJs/insect) showed the greatest effect (100%).
As for the separate application of Boverin, it turned out to be less effective (42.5% of adults and
43.2% of larvae died). On insect pests, a much greater effect was observed when using combined
preparations of nematodes and fungi in laboratory and field trials. In the laboratory, after the use of
combined preparations, 100% death of harmful insects is recorded. Field experiments using S.
borjomiense+Bowerin resulted in 85.9% mortality in adults and 72.6% in larvae. When using
Heterorhabditis sp.+Bowerin, adult mortality was 87.5%, larvae 80.5%. According to the results of
experiments, a combination of EPNs and fungi can be used in biocontrol against Curculio nucum.
© 2021 Bull. Georg. Natl. Acad. Sci.
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Nut weevil (NW), Curculio nucum, is one of the  production in Georgia's agriculture is one of the
main pests of hazelnuts. It can destroy 80-90  most important places. Hazelnut plantations are
percent of hazelnuts [1, 2]. These pests (worms and ~ widespread in Western (Samegrelo, Guria, Adjara)
beetles) damage the buds of all varieties of  and Eastern Georgia (Lagodekhi region). Hazelnuts
hazelnuts, leaves and especially the fruit. Hazelnut ~ are one of the most important exports. As of 2014,
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Georgia ranked third in the production and export
of hazelnuts in the world; total production of
40,000 tons and 11% of world exports [3].
However, according to statistics from International
Nut and Dried for 2017/2018 Fruit Council [4]:
Hazelnut production decreased to 15,000 tonnes
and total exports to 4% as of 2018. Therefore, it is
very important to protect hazelnuts from harmful
insects, especially NW. Currently chemical
preparations are used against hazelnut pests. These
factors highlight the need to develop and use
biological control agents as an alternative to
One of them

biocontrol.

chemical insecticides. is now

considered as Entomopathogenic
nematodes (EPNs) of the genera Steinernema and
Heterorhabditis cause the death of harmful insects
due to their pathogenicity [4, 5]. The study was
carried out (in the Lagodekhi region) to assess the
effectiveness of local EPN strains: S. borjomiense
[6], S. thesami [7], Heterorhabditis sp. and
entomopathogenic fungi (EPF) Boverin in NW
control. Experiments with local nematodes against
NW have not yet been carried out.

Materials and Methods

Experimental insects. Materials for experiments
of imago (adult) and larvae of nut weevil (NW),
were collected in 2018-2019 at the gardens with
hazelnuts in the private sector of the Lagodekhi
region (East Georgia); The imago forms of NW
were collected into an umbrella of leaves and
hazelnut branches; It was placed in special
containers and transferred to a laboratory for
research purposes. As for the larvae of NW, we
collected them in from damaged hazelnut fruits, as
well as from soil from a surface 5 cm deep under a
hazelnut bush. The larvae with soft tweezers were
placed in special bags and transferred to the
laboratory for research purposes.

Production of EPN and EPF. Local EPN (S.

borjomiense, S. thesami and Heterorhabditis sp.)
were cultivated on larvae Bombyx mori (L)
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(Lepidoptera: Bombycidae) [8], as well as on the
larvae of Gualleria mellonella (L) (Lepidoptera:
Pyralidae) [9]. Infectious juveniles collected from
white traps [10] were washed with distilled water
and stored at 7°C in a cold box [11]. IJs were used
in experiments for two weeks after emergence from
dead insects. EPF Boverin is a mycopesticide, a
liquid biologic; It is produced in Georgia based on
the strain of the entomopathogenic fungus

Beauveria bassiana.

Bioassay. Laboratory experiments were conducted
at the Institute of Zoology, Ilya State University
(Georgia). The tests were carried out in two stages.
At the first stage, local EPNs (S. borjomiense, S.
thesami, Heterorhabditis sp.) with three different
doses — 100, 50, and 25 IJs /insect were used
separately against imago and larvae nut weevil.
Bowerin was also used separately in two different
doses — 2 gram/Liter (g/L) and 4 g/L. After
establishing the effective form (at the second
stage), experiments were conducted on the
combined form of Heterorhabditis sp. 100
[Js/insect+Bowerin — 4 g/L and S. borjomiense —
100 IJs/insect+Bowerin — 2 g/L: In the experiments,
Petri dish with a diameter of 10 cm were used. Filter
paper was placed in 3-3 doughs and one control
Petri dish. 15 insects of this species were placed in
each cup and were treated with various doses of
nematode suspensions. The titer of the suspension
was set on Petri dishes according to the method of
Veremtschuk [12]. Control Petri dishes were
treated with distilled water. Experiments were
checked every 24 hours. 48 hours after infection,
the detected dead pest worms were cut out under a
stereomicroscope. Each test variant was carried out
in triplicate under similar conditions (21-23°C and
relative humidity 61-74%).

Field tests of nut weevil were carried out in the
hazelnut orchards of the Lagodekhi region in two
stages: in May on the imago and in late June on the
larva. Three trial and one control zones (each of 20
m?) were allocated. Before testing, the number of
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harmful insects in the test and control zones was
calculated. In the walnut forest gardens under the
hazelnut trees of nut weevil (on 1 square leafy
branches and in the soil), 2.5+1.33 individuals were
found imago on average, and 1.6+1.00 instances of
its larvae. For field trials, we prepared a suspension
of S. borjomiense and Heterorhabditis sp. in a high
dose (2000 IJs/in ml water), as well as the
mushroom Bowerin in a dose of 4 g/L. In the
experimental areas, hazelnut and soil were
processed using a manual spray apparatus. Tests
were carried out 3 options; In the first variant, only
nematodes with a high concentration (2000 1Js/in
ml water) S. borjomiense and Heterorhabditis sp.
were used against adults and larvae of C. nucum. In
the second variant, only Boverin (4 g/L), and in the
third, S. borjomiense and Heterorhabditis sp. with
Boverin in combination. The experiments were
carried out in cloudy weather to avoid evaporation
of the nematode suspension.The tests were carried
out under conditions at a temperature of 22-26°C
and 85-88% relative humidity. On the 7™ day after
spraying, the pests
experimental and control plots.

were counted on both

Statistical analysis. The final recording of the
death of insects from nematodes and fungi occurred
on the 7" day (after 120 hours) by the method of
Abbott [13].
conducted according to the method of Franz [14].

Accounting for mortality was

Each test variant was carried out in triplicate
replicates per treatment conditions (21-23°C and
relative humidity 61-74%). The results obtained
processed in with  the
mathematical statistics (Sx%<) of Dospekhov [15].

WwEre accordance

Results

Laboratory experiments against C. nucum were
carried out in 2 stages: at the first stage against
imago and larvae C. nucum, nematode suspension
with a dose of -100 nematodes against 1 insect was
the most effective (The data on mortality of imago
and larvae are shown in Table 1). As for the three
different types of nematodes (S. borjomiense, S.
thesami and Heterorhabditis sp.), Used in the
experiments, S. borjomiense and Heterorhabditis
sp. showed high efficiency against a harmful insect;
When these nematodes were used within 96 hours,
100% mortality of harmful insects, both adults and

Table 1. Mean percente mortality of Curculio nucum from different doses of local entomopathogenic
nematodes and fungi at different hours after inoculation

Mortality (%) Imago Mortality (%) Larva
Treatments

24h 48h 72h 96h 120h | 24h 48h 72h 96h 120h

S.borjomiense -100 IJs/insect | *1.6 | 76.5 | 91.4 100 0 25 | 78.6 | 93.0 | 100 0
-50Ws/ins | O 37.4 | 62.5 | 68.50 | 72.4 0 443 | 66.7 | 70.8 | 74.0

-25WUs/ins | 0 26.8 | 38.2 0 0 28.4 | 42.5 0 0
S. thesami -100 1Js/ins 0 60.8 | 77.5 91.7 95.3 0 654 | 81.8 | 95.6 | 98.5
-50Ws/ins | O 304 | 62.3 68.5 0 0 36.6 | 645 | 703 | 73.0

-25W0s/ins | 0 22.6 | 36.2 38.5 0 0 23.5 | 393 0 0

Heterorhabditis sp.-100 IJs/ins | 1.5 | 84.5 | 94.6 100 0 25 | 853 | 985 | 100 0
-50s/ins| O 447 | 68.3 71.6 75.0 0 46.6 | 70.2 | 73.4 | 76.6

-25Ws/ins| 0O 28.2 | 404 | 473 0 0 324 | 445 | 49.0 0
**Bowerin -2 g/l 0 0 0 24.6 29.5 0 0 0 28.6 | 32.5
Bowerin -4 g/l 0 0 2.5 33.7 42.5 0 0 0 355 | 43.2

H. sp.-100 IUs/instBow. 4 g/L | 3.5 | 95.8 | 100 0 0 48 | 95.6 | 100 0 0

S. b.-100 Us/instBow-4 g/L| 2.6 | 93.4 | 100 0 0 3.5 | 94.8 | 100 0 0
Control] 0 0 0 1.5 2.0 0 0 1.2 0 1.6

*Mortality percentages were corrected according to Abbot's [13] formula;

**Boverin (Made in Georgia based on strain Beauweria bassiana).
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larvae, was achieved (Table 1). S. thesami caused
the maximum death of insects (98.5%) after 120
hours. When using two different doses (2 g/L and 4
g/L) of Boverin against imago and larvae C. nucum,
low mortality of harmful insects were shown. When
using a low dose of Boverin, the death of the pest
began only after 96 hours; After 120 hours, adults
died 29.5% and larvae 32.5%; As a result of high
doses — after 120 hours, 42.5% and 43.2%
respectively, died. At the second stage, the
experiments were carried out in combination with
two variants against imago and larvae C. nucum: in
the first variant, Bowerin (dose - 4 g/L) was used in
combination with Heterorhabditis sp. (dose of 100
[Js/insect); In the second variant — Bowerin (dose-
4 ¢/L) + S. borjomiense (100 1Js/insect). In the first
variant of the experiment, the combined suspension
began to act within 24 hours, and after 72 hours,
100% mortality of the pest (larvae and imago) was
observed (Table 1). A similar result was obtained
in the second version. The number of infected
nematodes in each dead insect on the third day after
the test was at a minimum of 2, an average of -16.5
and a maximum of 38 instances.

Field experiments with imago and larvae of C.

nucum were carried out in two varianta in gardens

with hazelnuts. In the first variant, nematodes on
day 7 demonstrated a lonely effect against a
harmful insect; S. borjomiense in titer (2000
Js/ml of water) caused the adult to die
76.5+1.33% and 65.54+2.66% of larvae (Table 2);
Heterorhabditis sp. the same dose itself - 81.2+
1.66% of imago and larvae 68.7+0.33%.
21.7£2.33 % of the larvae and 37.8+£3.0% of the
adults were killed using high doses of Bowerin
(dose - 4 g/L). In the second variant, combined
tests of nematodes and fungi were used, in which
high doses of microorganisms were used

2000 + Bowerin), S.
borjomiense with Boverin caused adult mortality
of 85.9£1.33% and 72.6+£1.66% of larval C.

Nematodes

(nematode - Ijs/ml

nucum. Heterorhabditis sp. in
combination with Bowerin, caused the death of
87.5£2.33% of imago and 80.5+0.33% of larvae
C. nucum.

As field tests showed, when using nematodes,
high mortality pests was observed. Especially good
results were obtained with the combined use of
nematodes with Bowerin. A small percentage of
mortality was obtained in control trials; This was
taken into account when determining the results of

trial tests.

Table 2. Mortality Curculio nucum from various doses of local entomopathogenic nematodes and fungi in the

field
Treatments Mortality (%)
Imago Larvae

I variant
S. borjomiense-2000 Ijs/ml of water 76.5+1.33 65.542.66
Heterorhabditis sp.-2000 1Js/ml of water 81.2+ 1.66 68.7+0.33
Bowerin-4 g/L 21.742.33 37.8+3.0

IT variant
S. borj.-2000 1IJs/ml of water+Bow.-4 g/L 85.9+1.33 72.6+1.66
Het. sp.-2000 1Js/ml of water+Bow.-4 g/L 87.5+2.33 80.5+0.33

Statistical processing of research results to Dospekhov [15] Sx%=< 4.7.
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3505 BoBGmenmgos

96@™3M3500ma9bmm0o 303MMMMYs6oBIGdOL (69F5¢)M©IOIOLS
@5 bm3m9d0L) 9839JGMOMdS MboEOL 3b30MAMAGESL
Curculio nucum-ols (Coleoptera: Curculionidae) {obss®0qgg

0. 3m69599", 9. 373535", 8. WMOMNJoys6odg”, b. 3MGH0s330¢0",
. dPrxsbsdy™

*0erosb bsbgerdfogm «bozgtbodgdo, beemenmgool obbdodeido, 0dognolo, bsds®oggenm
“b3gs0039emb 5300 2b039GLoAIA0, 3sbon gramolsdzoerol bs@dygm obbBodwydo, mbogrobo,
bsgstorggerm

(§969m©agb00s 535009900 §g36G0L 0. geEr0sgsls Jog™)

obogols sbgoMmymdgers (Curculio nucum L) mbogol gmo-9Hoo doMHomso 9s36909wos;
3D0sbgdL 330MHEHIOL, BMOEIGALS ©d gBLsIMMmId0m bogmxls. dsl Ggmdenos gssbsym@mls dm-
bsgerols 80-90%. b6sdGmddo dmEgdmeros mbool 3bgoma®mdgmsls §obsswdogy 9bGmIm3scm-
306mm0 d03mmmeasbobdgdol (Bgds@megdols ©s Lmzmgdol) gsdmygbgdol dggagdo. Smbod-
6o 953690¢mols §fobssmdgy 399mygbgdme odbs sgommdmogo gbdmimasmmygbm®o 6gds-
&mogdo (93b) Steinernema borjomiense, S. thesami, Heterorhabditis sp. @s Lbmgm dmgg®obo.
300 BsGOM©S sdmMGMGome ©s bsggamg 3ommdgddo. g 6gds@mmgdo doMmzgmse ogbs
350myggbgdmmo mbool 3bgoMymdgersl §obssmdogy. 3©IP0 GHOMEIPMES FoWI) ©s 3MIdO-
BoMgdmmo Lsbom bgdsdmommo Lmdghbogdol gsblbgsggdmmo mbgdom (100, 50 s 25
063500 sMzs ghoo dfgMol Fobsswdogy) ©s dM3zgMobo mBoo: 2 aM/e ©s 4 /.
39030 9s3690¢ol fobssmdgy (100 bgdsdmeosbo mbom) gsemgg asdmygbgdweo bgds@m-
©J00b Fsmsemo g@gd@o sBz9bgL S. borjomiense-0 s Heterorhabditis sp.-9s (100%). Gsg 99gbgds
dm39Mobols 3oem3y 359mygbgdsl, 0go bsgangd 9BgdBHMGO S00mBbEs (sobmEs sbzoMyMmAgersls
Joergdol 43,2% s BOHEIBOMmo gmGIgRol 42,5%). gs30wgdoo m3gmgbo 89©ga0 ©IBoI-
oM bgds@mogdols s bmzml 3mddoboMmydmemo 3Mg3smeGgdol gsdmyggbgdol mml Mmyms
@s0MMGMOOME, oy Bsgzgarg (300d30. BMMIEMMOmM (30gd80 J3MIdOboMmGPDMEro 3MHY350s-
Bgoob gsdmygbgdols 8y @sobmas 3sgby dfigMgdol 100%. Lsggmmg (30000, sss dvdmyg-
690mem ogbs S. borjomiense+Bowerin-o, sobmgs 3b306MMAgwsl BHEsLOMEo BmMAgdol 85,9%
©5 Os@mgdol 72,6%; Heterorhabditis sp.+Bowerin-ol 36g3s0o¢ol  gs0mygbgdols dggase
30090 0dbs BOENLGMmo gm®Igdol 87,5% s dsgegdol 80,5% Loggoosbmds. 3pgdol
890093000056  g93mIobsmg, gbEGHMIM3s0mygbmMo Bgdsdmmgdols ©s Lmzml 3mddoboMgdwmmo
3M935@Ms¢o  8godangds  gsdmygbgdwee 0dbgl mbomols  sbgotMpa®dgmst  §obssmdmgy domamb-
GMegndo.
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