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THE EFFECT OF LIQUID FILTERING PARAMETERS ON INSECT ICIDAL NEMATODES
SURVIVAL (VIABILITY) - BIOLOGICAL PLANT PROTECTION PRODUCT

Summary

The described research dealt with the viabilitynsfecticidal nematodes contained in the spray tdflowing through fil-
ters used in spraying machines. Steinernema fedtidemopathogenic nematodes were used in the i@seBine liquid was
filtered using two filters mounted in spraying maas with 50 and 100 mesh number. Concentratiomeafatodes in the
liquid was: 1 million and 2 million in 1 dhwater. The liquid flowed at three pressure valubst@®, 2x10° and 4x10 Pa.
Significance of nematodes loss with the followingitl flow was observed: through 50 mesh filter fegssure 4x10Pa)
and through 100 mesh filter (at all flow pressusdues).

Key words organic farming, entomopathogenic nematodes, \sgrdilters

WPLYW PARAMETROW FILTROWANIA CIECZY NA PRZE ZYWALNO SC
ZAWARTYCH W NIEJ OWADOBOJCZYCH NICIENI - BIOLOGICZN EGO CZYNNIKA
OCHRONY ROSLIN

Streszczenie

Opisano badania nad zmianami pfy@alnaici owadobdjczych nicieni zawartych w cieczy oprysioprzeptywajcej
przez filtry stosowane w opryskiwaczach. Do liadato nicieni owadobdéjczych gatunku SteinernemaateltCiecz filtro-
wana byta za pomacdwéch filtréw montowanych w rozpylaczach o licabiesh 50 i 100. Koncentracja nicieni w cieczy
wynosita: 1 min i 2 min sztuk w 1 8mody. Przeptyw cieczy odbywa¢ girzy trzech wielkeziach cinienia: 1x16, 2x10° i
4x10° Pa. Stwierdzono istotsé strat nicieni przy przeptywie cieczy: przez fittesh 50 (przy émieniu 4x10 Pa) i przez
filtr mesh 100 (przy wszystkich wafttach cknienia przeptywu)Wyniki pokazatyze na straty nicieni istotny wptyw miatly:
numer siatki filtra i cfnienie cieczy wewtrz instalacji.

Stowa kluczowerolnictwo ekologiczne, owadobdjcze nicienie, giwacz, filtry

1. Introduction mental conditions. One of the crucial features telp it
adapt to predation is the ability to identify thietin and a
As a biological plants protection agent, etomopath quick reaction. Entomopathogenic nematodes spewies
genic nematodes gained recognition for their lacknpact  used to eliminate: fungus gnat larvae, otiorryngisitsnae,
on both the natural environment and humans. Thaoks beetles (e.g. potato beetles), dipteran larvae ¢argot fly),
technology facilitating mass production, infectidasvae of  butterfly caterpillars (e.g. cabbage moth, cabbageerfly,
insecticidal nematodes are a commonly availablentagewinter moth), as well as Western flower thrips,yjmg in
which is quite affordable in use. The formulatienalso greenhouses and storage rooRigsmarhabditis hermaph-
easy to apply, it just needs to be mixed with thghtr rodita species nematodes, used for eliminating slugs, are
amount of water and applied into soil or onto l@ausing also available on the market. [4, 12, 13, 14].
spraying machines. The current research indicales t Biopreparations with nematodes are also used iin fo
some of the spraying machines’ elements might dorter  estry. The research shows tiHatieinernema carpocapsae
to death of the nematodes. The spraying machirtall®ms andSteinernema feltiaspecies can be used to control large
tion parts that, according to the research, caus@teatest pine weevil larvae Hylobius abieti¥ which is the largest
losses in nematodes are: hydraulic mixer, filtard aoz- forest plantations pest feeding on young plantd 13,
zles. The nematodes destruction might result frdm t The presence of filters in the spraying machirstaiifa-
spraying process parameter and physical phenonfexta ttion is vital for protecting specific installatioalements
affect the liquid flowing through the spraying mashin-  against damage caused by contaminated workingdliqui
stallation, such as: high liquid pressure and hgatip of Producers of plants protection agents that cont&ima-
the liquid [1, 5, 8, 15]. todes recommend removing all filters from spraymg-
The resting-invasive larvae dteinernematidaeand chines as their presence may allegedly cause ldsses
Heterorhabditidaenematodes are used in biological plantsnematodes during application. Flowing through they t
protection. Their digestive tract contains bactend holes of the filter under the pressure of the liqgpema-
Xenorabdusor Photorabdusspecies. The bacteria freed by todes can be damaged or may clog the filtratinfasar|[6,
the nematodes after penetrating the host’'s bodgecpa- 9, 10, 11, 18], even though this was not confirrhgdre-
ralysis and death. Nematodes larvae are highlyeaethen search [2].
looking for victims. They move freely through theils Selection of equipment and liquid pressure forlypp
Their body is adapted to surviving in difficult éron-  entomopathogenic nematodes are not the only faitfus
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encing effectiveness of the process. What is atgmitant
is selecting optimum intensity of discharge of thuid
from the spraying machine, which may influence rtien-
ber of times the liquid flows through the instaltbat [2].

2. Aim of the study

The aim of the study was to investigate the eféddtl-
tering holes density in the filter and the pressfréhe lig-
uid flowing through the filter to losses of selett@secti-
cide nematode species mixed with this liquid

3. Research methodology
3.1Research material

Steinernema — System preparation produced by Biobe

Belgium N.V. (Fig. 1) was used as the research mnahte

Invasive larvae ofSteinernema feltiamematodes species

were its active ingredient.

3.2Test bench

A test bench was constructed for the experimefits.
outline of the installation is presented in Fig. 2.

Source: own work Zrodto: opracowanie wiasne

Fig. 1. Steinernema - System product containingnSte
ernema feltiae entomopathogenic nematodes

Rys. 1. Produkt Steinernema- System zawieyapwado-
béjcze nicienie Steinernema feltiae

The main element of the construction includeddbe-
tainer (4) with capacity of 4,8 I, made of a stegbe
(length: 380 mm) with square cross-section (120 nirhg
top part of the container was closed with a lid enafisteel
sheet welded to the pipe. A brass pressure cowpder
welded to the central part of the lid, used to @mtrthe
hose supplying compressed air. Compressed air frem
compressor was used to create pressure of thd liguhe
container. A gate (w) in the form of a tube, closeith a
globe valve (3) with diameter of ¥2 inch was weldedne
of the side walls in the top part at a 45° angle.

The bottom of the container was made of externally

convex sheet, welded to the sides of the contalB®ech a
shape of the bottom was supposed to guaranteeutfievo
of the entire liquid volume, preventing minor ambahthe
liquid from remaining at the bottom of the contain® dis-

charge tube 85 mm long, ended with a globe vahas w

welded to the central part of the container botténilexi-
ble tube in the form of an armored plastic hose,&nm,
115 mm long, tightened with a metal band, was nexlioh
the other side of the globe valve. A screw couptade of
plastic was fixed to the hose, used for mountireyékam-
ined filter (6). The length of the entire dischatgbe with
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the filter was 350 mm. On the outside the filted &ime cord
were inserted into an additional plastic protectard,
placed vertically at the bottom of the containeinpge job it
was to have the liquid maintained around the filkégiving
flowed through the filter, the liquid flowed throlughe top
part of the cover cord into the container.

7
8

Source: own work Zrédto: opracowanie wiasne

Fig. 2. Diagram presenting the test bench constmict
1- compressor, 2- manometer, 3 - valve openindawtbf
the liquid from the container, 4 - container, 5alltvalve,
6 - filter, 7- pipe covering up the filter, 8 - \&&d

Rys. 2. Schemat budowy instalacji badawczej: 1-pkem
sor, 2 - manometr, 3 - zawOr otwiegay wyptyw cieczy ze
zbiornika, 4 - zbiornik, 5 - zawo6r kulowy, 6 -fil7 - prze-
wod ostaniagcey filtr, 8 - naczynie

Two individual atomizer filters TeeJet ®: 55215-80d
55215-100 were used in the tests (Fig. 3). Indalichozzle
filters are an important element of the sprayingmiree liquid
system as they constitute the last stage of filjeitie working
liquid before it passes through the atomizers’ aypes.

The filters were equipped with a stainless-stegt, n
placed in a finned plastic body. The filtering suwe was of
the following dimensions: length -18 mm, diamet&rmm.
The filters had different density of the steel hetes, ex-
pressed in the mesh number. Red filter 55215-50eshm
number 50, green filter 55215-100 — mesh number 100

F""—'——"-“

Source: own work Zrodto: opracowanie wiasne

Fig. 3.Individual nozzle filters: 55215-100 and 55215-50
Rys. 3. Indywidualne filtry rozpylaczy: 55215-1085215-50
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Three factors were variable components in thestest

| - concentration of infectious nematodes larva¢him lig-
uid, Il - filter net hole density expressed withetimesh
number and Il - the pressure at which the liqumved
through the filter. Liquid with nematode conceritrat of
1 min pcs. x dml and 2 min pcs. x drhflowed through
mesh 50 and mesh 100 filters at three working press
values for each filter: 1x £(Pa, 2x 18Pa, 4x 10Pa.

Absolute viability (survival) was expressed as miuen-
ber of live nematodes found in equal measuremenpuaits
of the liquid, as well as the change in the absoliability
of the nematodes as the difference between thduabso-
ability in the liquid prior to flowing through theest instal-
lation, and the absolute viability in the liquidexf flowing
through the installation.

Significance of the change in absolute viabilitgsical-
culated using t — Student statistics determineditfier as-
sumed significance level0,05.

In order to show which filtration parameter hack th
greatest impact on the nematode losses, a mutiifacialy-
sis of variance was conducted. What was calculate@s
the ratio between the number of nematodes in thasme
urement samples from liquid samples collected dftav-
ing through the filter — and the arithmetic meamesfults of
samples collected from the liquid prior to filtiati as con-
trol samples. Results presented in this way wespeae
tively divided into groups according to factors atiir
levels.

3.3. Research

Two water slurries were prepared for the testmffte
18-20°C) with the Steinernema — System preparatanh

of 10 dnf volume. The liquid containing the nematodes

was intensively mixed in order to prevent the nemas
from settling at the bottom of the container, aadbtain
an even concentration of the nematodes in thedigiwo
samples of 0,03 diwere collected from each drof the
liquid after stirring, in order to determine thetial abso-
lute viability of the nematodes.

The liquid with nematodes was poured into the con-
tainer through gate - w. Next valve — 3 was clogbeé,
compressor was turned on. The required pressuger ah
the container was determined using the control evalv
mounted in the compressor. Having obtained the pgs-
sure, valve 5 was opened, causing the liquid wima-
todes to flow through the filter.

After the liquid flowed through the test instaitat, two
samples were collected from it in order to deteentire ab-
solute viability. After each test, the containersl dilters
were thoroughly cleaned. Samples with liquid foalgsis
of nematodes viability were numbered and placedhin
refrigerator for 24 hours. It was assumed thatrduthat
time the wounded nematodes larvae would ceasevéo li
After 24 hours, after stirring, measurement samplese
collected from each sample for analysis under aeate
scopic microscope. Six measurement samples were col
lected from each liquid sample for optical evaloatof the
number of nematodes. In the samples of liquid withcen-
tration of nematodes 1 min pcs. x dnthe measurement
samples volume was 0,050 tmwhile in those with con-
centration of 2 min pcs. x dint was 0,025 crh Because
of the mobility of live nematodes, it was very edsytell
the live organisms from the dead ones. In caseoabtas
to whether a given nematode was alive or not,atdybvas
pinched with a needle and it was observed whethes-i
acted with movement.

4. Results

Table 1 presents analysis of the test resultsb&is of
the t — Student significance test it was concludiith of
the calculated changes in the absolute viabilitynema-
todes in the liquid were significant.

The variance analysis table (Table 2) presentsuatso
organized by factors, calculated on basis of aralp$
variance formulas [7, 16]. The significance of @iem of
a factor or factors’ correlation was calculatedngsthe
F- Snedecor's test according to the following ielat
if Feae > Ry, — influence of the factor significant for the
adopted significance leveF0,05.

Table 1. Analysis of the test results 55215 - §8&rfi significance of change in the absolute viapdf the nematodes
Tab. 1. Analiza wynikow baddiltra 55215 - 50, istotn@* zmiany przéywalnaici bezwzgidnej nicieni

Filter 55215 — 50
Averggg viability Standard . o .
Pressure|from liquid sample deviation [Variance [§] Change in value [t] The significance of changing
[Pa] taken before / after S| viability nematode viability
Concentratior) = flltratlgg 67 523 2964
of nematodes |  1x1(° hat ’ ' ' 0,33 0,447 Insignificant
suspension: % 50,33 1,80 3,245
1min pos. xdrf| o 1 | % | 5658 | 176 3089 | g3 1,421 Insignificant
X, 55,75 1,83 3,351
X 64,33 2,60 6,749 .
4x10 hal : : : 6,08 7,158 Significant
% | 5825 1,61 2,597 gnif
X 55,83 1,78 3,154
110 5 ' m > 0,92 1,707 Insignificant
Concentratior % 54, L /51
60,00 1,23 1,521 -
of nematoc.ies' 2x10 % 1 1,986 Insignificant
suspension: X, 59,00 2,00 4,017
2 min pcs. x dn —
63,33 1,43 2,039
4x1P  —2 ’ ’ ’ 9,17 24,001 Significant
% 54,17 1,46 2,146
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Source: own work Zrodto: opracowanie wiasne
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Table 2. Analysis of test results 55215 - 100 ffjlggnificance of change in the absolute viabitifthe nematodes
Tab. 2. Analiza wynikéw baddiltra 55215 - 100, istotn&@ zmiany przgywalnaici bezwzgldnej nicieni

Filter 55215 — 100
Average y|ab|I|ty Standard . . The significance o
Pressure| from liquid sam- L Variance Change in ]
deviation P Value [t| | changing nematode
[Pa] |ples taken before|/ [S% viability e
o [S] viability
Concentratio after filtration
of nematodes | 1x16¢ |2 58,92 1,94 3,760 3,92 5,026 Significant
suspension: %, 55 2,19 4,810
1 min pes. x drd X 57,00 2,17 4,711 N
2x10P . 50.58 275 7561 6,42 5,750 Significant
X 59,67 2,30 5,295 -
4x16 = : : : 9,5 7,939 Significant
8 ~ | 5017 2.80 7,865 gnifican
X, 61,92 1,71 2,917 N
X1 = 5,42 13,71 Significant
Concentration] % 96,50 1,20 1,430
58,33 2,82 7,972
of nematodes |, 5 | X ’ ’ ’ 717 5,077 Significant
suspension: % 51,17 2,75 7,551
2 min pcs. x dni =
62,67 1,92 3,725 N
4x1P =2 12,42 29,887 Significant
X, 50,25 0,92 0,845

Source: own work Zrédto: opracowanie wiasne

Table 3. Multifactor analysis of variance to detarenthe significance of influence of factors andittcorrelation on the

nematode viability

Tab. 3. Wieloczynnikowa analiza wariancji dla stdizenia istotngci wptywu czynnikéw i ich korelacji na pggsvalngié

nicieni
Type of factor Sum of squar esNumb?r of degrees of Average squared| F- calculated Significance O.f factor influeng
reedom or correlation of factors
| - Pressure 0,293 2 0,146 11,407 Significant
Il — Filter type 0,205 1 0,205 15,976 Significant
Factorl x| 0,013 2 0,006 0,505 Insignificant
Il - Nematode concen- ) 5,5 1 0,017 1,356 Insignificant
tration
Factorl xIII 0,010 2 0,005 0,374 Insignificant
Factorll x I 0,000 1 0,000 0,006 Insignificant
Factorl x 11 x 111 0,001 2 0,000 0,036 Insignificant

5. Conclusions

1. The results show that the liquid filtering paeders
that had significant influence on losses of nemasodere
the filter mesh number and working pressure at lvhie
liquid flew through the test installation.

2. It was concluded that the flow of liquid coniaup in-
secticidal nematodes through the filter with 50 maam-
ber, at the pressure of 1xX1Pa and 2x10Pa did not cause
significant changes in the organisms viability, MHiquid
flow rate with pressure of 4x105 Pa caused conaider
nematodes loss.

3. Flow of the slurry with Stei-nernema feltiae cps
nematodes through the filter with 100 mesh numbeha
range of working pressure from 1X1®a to 4x1® Pa
caused considerable losses of nematodes.

4. No significant influence of entomopathogenic atdes
concentration in the liquid onto nematodes vigbditiring lig-
uid flow through 50 and 100 mesh filters was obsgrv
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