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ABSTRACT Research Article

There are many types of drippers with different flow path length, flow

path shape and filtration surface. EPN delivery performance of the Article History

most commonly used four different types of drippers (in-line short Received ©11.03.2019
path, in-line long path, in-line cylindrical and on-line button) was  Accepted ©30.09.2019
examined with a drip irrigation system in laboratory conditions.

Under four different pressures (0.5, 1, 1.5, 2 bar), EPNs were applied Keywt?rfis

to 1-liter beakers with irrigation system and discharged nematodes Bepef.’lm'al ne matode

were counted under a stereomicroscope. The effect of pressure on Drip irrigation

application and EPN mortality were also determined. The results grgssure
showed that there were significant differences between the discharge ripper
Biopesticide

ratio of EPNs from drippers. Among the four drippers, on-line button
dripper sustained the highest and fastest discharge ratio. Pressure
alone had no significant effect on delivering EPNs. However, it should
be considered that long pressure exposure may harm EPNs.
Regarding our results, different irrigation drippers have significantly
different effects on EPN discharge ratio. Therefore, optimizing drip
irrigation systems for EPN applications may increase their
performance.

Damla Sulamada Farkh Damlatic1 Ozelliklerinin Entomopatojen Nematod Uygulamasima Etkisi

OZET Aragtirma Makalesi

Damla sulamada kullanilan damlaticilarin akis yolu uzunlugu, akis

yolu sekli, damlatic1 debisi vb. farkl ézellikleri bulunmaktadir. Bu ~ Malkale Tarihgesi
calismada damla sulamada yaygin olarak kullanilan doért farkl Gelig Tarithi  ©11.03.2019
damlaticinin (icten gecik kisa akis yollu damlatici, icten gecik uzun Kabul Tarihi :30.09.2019
akis yollu damlatici, icten gecik silindir tipli damlatici, tstten gecik
katif damlatic)) EPN uygulamasindaki performanslari laboratuvarda
kurulan damla sulama sistemiyle karsilagtirilmigtir. Dort farklh
basing altinda (0.5, 1, 1.5, 2 bar) EPNler 1 litrelik beherlere Damla sulama

Anahtar Kelimeler
Faydali nematodlar

uygulanmis ve beherlerdeki EPN’ler stiziilerek mikroskop altinda gasnll(;
sayilmigtir. Calismada basincin ve uygulamaya ve EPN tizerinde am atlc.l_
Biyopestisit

olumcil etkisi de incelenmigtir. Sonuglar degerlendirildiginde farkl
damlaticilardan ¢ikan EPN miktarlar:1 arasinda énemli farkhliklar
oldugu tespit edilmigtir. Denemelerde tistten gecik katif damlatici ile
yapilan uygulamalarda en fazla ve en hizli EPN cikis1 oldugu tespit
edilmigtir. Basincin tek bagina, uygulamaya ve EPN tizerine herhangi
bir etkisinin olmadig: tespit edilmesine ragmen uzun sureli yliksek
basinca maruz kalan EPNlerin zarar gorebilecegi g6z oniinde
bulundurulmahdir. Calisma sonucglar1 incelendiginde farkh
damlaticilarin EPN uygulamasinda farkli ¢ikig oranlari gosterdigi
belirlenmigtir. Bu nedenle gelecekte damla sulama sistemlerinin EPN
uygulamasi lizerine optimize edilmesi ile basari sansinin artacagi
distinilmektedir.

To Cite: Erdogan H, Ulu TC, Kusgu H 2020. The Effect of Different Dripper Properties on Entomopathogenic Nematode
Application in Drip Irrigation. KSU J. Agric Nat 23 (1): 230-236. DOI:10.18016/ksutarimdoga.vi.533723.
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INTRODUCTION

Organisms used in biological control are known as
biocontrol agents, and Entomopathogenic Nematodes
(EPNs) have great potential within these agents
(Lacey et al., 2015). EPNs are soil-dwelling obligate
endoparasitic organisms, which have lethal effect on
agricultural insect pests (Kaya and Gaugler, 1993).
EPNs have a broad host range; they are safe to
vertebrates, plants, and most other non-target
organisms (Peters, 1996). They can be mass produced
in bioreactors (Ehlers, 2001; Shapiro-Ilan et al, 2012),
and can be easily applied with conventional sprayers
(Gan-Mor and Matthews, 2003; Wright et al, 2005;
Sayinci and Bastaban, 2008). EPNs are resistant to
shear stress, and they can survive under high pressure
(Fife et al., 2003). Hence, previous studies showed that
some EPN species can resist around 14 bar (Wright et
al., 2005). Different studies showed that EPNs could
also persist in soil averagely 4-5 months, even up to 22
months (Susurluk and Ehlers, 2008).

There are many application techniques of EPNs. They
can be applied with standard sprayers and
conventional machines. Applications with hand
pumps, spray cannons, and drip irrigation are mostly
suggested. Moreover, in different studies, EPNs were
applied with spinning discs, micro-injectors,
subsurface syringes, different irrigation systems and
other application types such as cadaver or serum-like
application (Conner et al, 1998; Wennemann et al,
2003; Wang et al, 2009; Raja et al, 2015). These
techniques are generally not feasible and their
application success is low. Some studies revealed that
more than half of the EPNs jammed in irrigation
systems and could not be delivered to the soil (Conner
et al, 1998; Wennemann et al, 2003; Wang et al,
2009; Arrington et al., 2016).

EPNs are a niche market within biological control.
Even though their persistence is more prolonged than
chemical pesticides, periodical EPN applications are
suggested to achieve better results. Production,
formulation, storage and transport of EPNs are
laborious and expensive processes, like other biological
products. The shelf life of commercial EPN products
are usually about several months, and they must be
applied freshly for better biological control (Grewal,
2002). Thus, EPNs are considered as valuable products
and must be used effectively (Wright et al., 2005).

Because of the negative sides of other agricultural
spraying tools, a more suitable application method
should be developed or existing techniques should be
optimized for EPN application. Thus, our study aimed
to examine the performances of four different
irrigation drippers for delivering EPNs under four
different pressures with a lab-scale drip irrigation
system. Additionally, the correlation between water
outlet and EPN discharge was also recorded. It is
expected that this study will sort out useful knowledge
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about drip irrigation optimization for EPN application.

MATERIAL and METHOD
Entomopathogenic Nematode

Entomopathogenic nematode Heterorhabditis
bacteriophora HbH strain was used in all experiments.
This strain is a hybrid of Turkish EPN isolates which
were isolated from different climatic regions of Turkey.
H. bacteriophora is a common EPN species, and its
length is averagely about 600 microns (Stock and
Hunt, 2005), which makes it compatible for most
drippers.

EPNs were reproduced using in vivo method with
greater wax moth Galleria mellonella (Lepidoptera:
Pyralidae) (Kaya and Stock, 1997). Each larva was
infected with 50 IJs in silver sand and incubated at 24
°C. Four days after incubation, dead larvae were
transferred to White Trap. Approximately 50.000 fresh
IJs harvested from White Trap and transferred into a
50 ml falcon tube filled with tap water. One-week-old
populations were used for trials. Mortality of the
populations was generally lower than 1%.

Drippers and Driplines

Four different common types of drippers were chosen
for the lab scale irrigation system. These drippers were
three types of in-line drippers (short path, long path,
cylindrical) and one on-line button dripper. In-line
short and long path drippers were used with flat, in-
line cylindrical and on-line button drippers were used
with round pipes. All pipes were polyethylene and 16
mm in diameter. The distance between drippers was
20 cm for short path, cylindrical and button, and 30 cm
for long path dripper. Dripper details and images can
be seen in Table 1 and Fig. 1, respectively.

Application

All trials were conducted with lab scale irrigation
system. The irrigation system was connected to tap
water (EC=0.3 dS m', pH=8.3 and temperature of 20
°C), and four different pressures (0.5, 1, 1.5, 2 bar) were
adjusted with a manometer connected after the tap.
Tap water was able to provide more than 2.5 bar. Thus,
no additional equipment was used for pressure. After
adjustment of the pressure, 50.000 IJs was transferred
to the system instantly with a 50 ml syringe just after
tap connection (Curran, 1992; Wang et al, 2009). 1Js
were injected simultaneously with the tap water. A
sample schematic of the system is given in Fig. 2.
Firstly, all trials were conducted until all 1-liter
beakers were filled with water. All EPNs in beakers
from both experiments were counted under a
stereomicroscope using Leica S8-Apo (Leica
Microsystems). Prolonged exposure to high-pressure
levels may harm EPNs. Thus, an additional timing
experiment was performed to reveal EPN discharge
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time. EPN discharge from each dripper was monitored replicate. For control, all EPN suspensions were
for 5 minutes at 1-minute intervals with five different injected into a beaker with the syringe and mortality
beakers. Before application, all pipes were flushed ratios were checked. All experiments were replicated
with tap water and new pipes were used for each three times.

Table 1. Details of drippers.
Cizelge 1. Damlaticilarin detaylari.

Emitter Emitter

discharge discharge
Dripper Type  Placement Flox_)v Rate Pressure coefficient (k) exponent (x)  Flow regime

Lh! Compensate & Damlat © Damlat
amlatici  x amlatici

debi katsayisi debi lissti
Long Path In-line 2% - 0.36 0.75 Semi-laminar
Short Path In-line 2 + 2.00 0 Uniform
Cylindrical In-line 4 - 1.06 0.58 Turbulent
Button On-line 8 + 10.67 0 Uniform

*Under 1 bar operation pressure
(A) (B)

(C) (D)

Figure 1. Real images and illustrations of drippers. (A): In-line long path, (B): In-line short path, (C): In-line cylindrical, (D):
On-line button (orifice) Images from product catalogues)

Sekil 1. Damlaticilarin gercek gorselleri ve ¢izimleri. (A): Igten gecik uzun yollu, (B): Igten gecik kisa yollu, (C): Silindirik,
(D):Ustten gecik diigme (orifis) (Gorseller iriin kataloglarindan temin edilmigtir)

FAUCET MANOMETER VALVE

@ DRIPPERS
| ]
)

EPN INJECTION POINT

BEAKERS
Figure 2. Sample schematic of lab scale drip irrigation system.
Sekil 2. Laboratuvar o¢l¢ekli damla sulama sisteminin sematik géruntisi

Statistical Analyses ANOVA. Least Significant Differences (LSD) test
Results of dripper type experiment, pressure effects (p<0:05)‘was used to determine the difference between
and dripper-pressure interaction were analyzed using applications. All statistical analyses, including
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correlations, were calculated with JMP 7.0® software.

RESULTS and DISCUSSION
Drippers

Button dripper was significantly the best one with
80.1% discharge ratio among all drippers (p<0.05).
Long path and short path drippers delivered the least
amount of EPNs (about 40%) to beakers. The results of
the dripper experiment showed in Fig. 3 (F=48.25;
df=3, 44; p=<0.0001). The correlation between water
outlet and discharged EPN in our experiment was -
0.29, which indicated a low relation (Fig. 4).

Pressure and Timing Effect

Pressure experiment results did not show any
significant effect on EPN delivery (p<0.05). Summary
of the pressure experiment can be found in Fig. 5

(F=0.327; df=3, 44; p=0.8058). There were no
differences between the number of EPNs at all tested
pressures. Timing was also a question to find optimal
application parameters. Mostly, there was no EPN
discharge from drippers after 5 minutes of application.
The results of the timing experiment can be found in
Fig. 6.

The idea of applying EPNs with drip irrigation systems
dates back to mid-1980s. Effective application of EPNs
to soil becomes important to maintain sustainable
biological control (Ehlers, 2005). Drip irrigation
systems have a variety of different drippers, filters,
pipes and pump types regarding different demands.
Even the idea of delivering EPNs to soil with drip
irrigation is rational; we still need specific dripper
information for an effective application.
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Figure 3. Dripper effects on EPN discharge.
Sekil 3. Damlaticilarin EPN ¢ikigina etkisi.
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Figure 4. Correlation graph between water outlet of all drippers and mean discharged EPN ratio (r=-0.29).
Sekil 4. Damlaticilardan ¢ikan EPN ve su miktarinin korelasyonu (r=-0.29).
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Figure 5. Effect of different pressures on EPN discharge.
Sekil 5. Farkli basin¢larin EPN ¢ikigina etkisi.
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Figure 6. EPN discharge from dripper at 1 minute intervals.

Sekil 6. Damlaticilardan bir dakikalik araliklarla ¢ikis yapan EPN miktar:

One of the first studies by Reed, Reed, Creighton
(1986), infective juveniles of different EPN species
were applied with drip irrigation system and IJs
successfully recovered in a uniform distribution.
Following this study, center-pivot irrigation and
lateral move overhead irrigation systems were used for
EPN application (Wright et al, 1993; Ellsbury et al.,
1996). In another study, Curran and Patel (1988)
aimed an insect with EPNs applied with drip
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irrigation, but they also gave information about the
distribution and recovery rate of EPNs through the
irrigation system. They found that the nematode
recovery rate was lower at the increasing distance from
the EPN introduction point.

EPNs have a slightly higher density than pure water,
which makes EPNs to settle down (Wright et al,, 2005).
Because of that, before EPN application, suspensions
must be shaken. Irrigation systems with long and
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short path drippers have a low flow rate. According to
initial studies, it can be easily thought that EPNs
settle down in pipes and cannot exit irrigation system
(Reed et al, 1986; Conner et al, 1998; Wennemann et
al, 2003). To prove this, after trials, all pipes were cut
in half and washed with clean tap water to see
remaining EPNs. It was found that almost all
remaining EPNs were alive inside the pipes. We also
monitored that recovered EPNs from drippers were
decreasing with the longer distance from the injection
point. This result was also showed similarity with
previous studies.

Movement of EPNs inside a drip irrigation system was
affected by dripper types. Since in-line and on-line
drippers have different pathways, filters and nozzle
sizes, it is expected to see different results. Pressure is
also an important parameter for drip irrigation. For
general purposes, drip irrigation systems calibrated for
up to 3 bar. Although results showed that there are no
significant differences between pressures for delivery
of EPNs, elapsed time under pressure have adverse
effects on nematode biology. We monitored that even
lower pressures such as 2 bar had adverse effects (such
as immobility) on EPNs when the exposure time was
over 20 minutes. The differing results between studies
strictly depend on the strain adaptations (Fife et al,
2003). Many commercial EPN companies suggest
different application pressures. These pressures can be
up to 20 bar. However, long exposure to high-pressure
levels may harm EPN viability and effectiveness. For
example, Steinernema  carpocapsae and  H.
bacteriophora can resist 20 bar, but H. megidis can
resist 13.8 bar (Wright et aZ, 2005).

On the other hand, systems with cylindrical and
button drippers have high flow rates. With high water
flow, EPNs do not settle down and move with the
water. It can be thought that high EPN delivery ratio
with these drippers was a result of a high water flow
rate in the system. Consequently, discharged EPN
quantity is related to water flow rate inside the system,
not the amount of water outlet from drippers.
Wennemann et al, (2003) also investigated the
distribution of EPN per ml. However, their results
varied among different application sites.

An effective application of EPNs plays an important
role in the success of biological control. In our study,
EPN discharge ratio from long and short path drippers
was below 50%. This result will probably have a
negative impact on the efficiency of the application.
Arrington et al (2016) examined the insecticidal
effects of an EPN species and different chemicals,
which were mostly applied with drip irrigation. In
their study, the effect of EPN on damaged roots were
not significantly different compared to control.
Considering from our aspect, the low discharge ratio of
EPN from drippers probably had a negative effect on
their results. A similar warning was also given by
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Wang et al. (2009). Their results demonstrated that
suspended powders and granular agents were limited
to driplines, dripper types and flow paths.

Lastly, EPNs are good option for reliable and
sustainable agriculture. There are many studies on
improving EPNs’ mass production capacity,
effectiveness, application optimization, longevity,
resistance etc. (Segal and Glazer, 2000; Johnigk et al.,
2004; Salame et al., 2010; Nimkingrat et al., 2013; Ulu
and Susurluk, 2014). There are also new approaches
like biochemical stimulation of EPN to improve
different traits (Kaplan et al, 2012; Perret-Gentil et
al, 2017). It is hoped that our results will have a
positive contribution to the EPN application with drip
irrigation. Nevertheless, more studies are essential for
optimal EPN applications. It is important to expand
biological control instead of synthetic chemicals and
keep sustainable agriculture for the future. With
feedback from new studies, different types of drippers
or irrigation systems can be developed especially for
EPN applications.
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