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Mass Production of Steinernema spp. on In-vitro Developed Solid Medium
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Abstract: The development of in-vitro solid Wouts agar medium for Steinernema spp. culture has been

conducted. Steinernema carpocapsae DD136, S. scapterisci, S. riobrave, S. carpocapsae All strain,
Steinernema sp. SII, S. abbasi and S. glaseri were propagated on modified Wouts solid medium for 6

generations. Quantitative evaluation has been carried out through nematode yielded mumber. They produced,
5,8,8.5,5.5, 6, 4 and 3 million IJs per cne Kg medium for the previously mentioned nematode spp., respectively
The modified medium costs 15 LE/Kg (2.58). Qualitative evaluation test for the produced nematodes has been
carried out through the bioassay on some veterinary parasites and some agricultural pests.
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INTRODUCTION
Entomopathogenic nematodes (EPNs) (genera
Steinernema and Heterorhabditis) are biological control
agents that are used to control a variety of economically
important insect pests [1, 2]. These nematodes and their
symbiotic bacteria (Xenorhabdus spp. and Photorhabdus
spp. for and  heterorhabditids,
respictevely) form a remarkable complex capable of

steinernematids

mfecting a variety of msect pests [3].

Nematodes are motile, searching for their hosts using
the sense organs. They are attracted to the host bio-
secretions and have the ability to recycle and multiply in
great numbers under sutable environmental conditions.
However, under stressed environmental conditions, EPNs
can look for and survive in sheltered microenvironments
m which they usually encounter their hosts. They are
virtually without competition from other biological agents
for control of soil-inhabiting and plant-boring
insects. Currently, more than forty countries are working
to develop nematodes as biological insecticides.
Nematodes are sold in the 11.S., Europe, Japan and China
for controlling of insect pests in high-value horticulture,
agriculture, home and garden niche markets [4-6].

Entomopathogenic nematodes are cultured iz vive or
in vitro for large-scale commercial production as well as
for laboratory experimentation or field testing [7, 8]. The
technology of in vitro mass rearing of entomopathogenic

nematodes has developed long ago since the forties [9]
At that time, entomonematodes have been produced by
a variety of means; by msect infection or on artificial
media (axenic or monoxenic culture) in solid and liquid
phase fermentation. The means chosen have depended on
the amounts of product required and the time, resources,
as well as the knowledge available [10]. In addition, In
vitro technology requires substantial capital investment
in sterilization equipment, as well as considerable
techmcal expertise. These disadvantages are offset by the
ease of scale-up from laboratory bench to commercial
scale that achieves substantial economies of scale [10].
The result is efficiency and therefore production costs of
$12  (Steinernema carpocapsae Weser) to $17
(Heterorhabditis bacteriophora Pomar) USD per billion
infective  juvenile nematodes [11]. Moreover,
entomopathogenic nematodes are extraordinary lethal to
many important soil insect pests, yet are safe for plants
and animals. This high degree of safety mean that unlike
chemicals or even Bacillus thuringiensis, nematode
applications do not require masks or other safety
equipment and re-enter time residues, groundwater
contamination, chemical trespass and pollinators are not
1ssues. Most biological agents required days or weeks to
kill, yet nematodes, working with their symbiotic bacteria,
kill insects in 24-48 hrs [12]. In addition, nematode
production 1s easily accomplished for some species using
standard fermentation in tanks up to 150000 liters.
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Nematodes do not require specialized application
equipment, as they are compatible with standard
agrochemical equipment including pressurized, mist,
electrostatic fund and aerie sprayers. However, recent
studies have shown that the pathogen nematodes can
mvade and kill some certain economic vetermary insects
such as the sheep blowflies fucillia cuprina, Chrysomia
albecips and flesh fly Parasarcophaga spp. [13-17]. Also,
the engorged females of some tick species of both soft
and hard ticks are susceptible to be infected with
entomopathogenic nematodes [18-22]. They mdicated that
the full engorged female ticks of Boophilus annulatus
(Say) and Hyalomma dromedarii (Koch) appeared to be
the stage most susceptible to penetration and killing
by the nematodes. Also, EPNs showed highly virulent
towards mature and immature stages of soft ticks
Argas (Persicargas) persicus (Oken) under laboratory
condition [14, 23] Although, The association between
entomopathogenic nematodes and their msect hosts
under natural field conditions are poorly understood
especially against veterinary and medical important
parasites there was field application on Boophilus
anmlatus by El-Sadawy and Abdel-Shafy [21]. They
revealed the possibility of using EPNs as spray on the
infected caws. The present work aims to Mass production
of different species/strams of
nematodes using Wouts modified i vitro solid culture.

entomopathogenic

Quantity and quality evaluation of the produced
species/strain of nematodes.

MATERIALS AND METHODS

Isolation of Symbiotic Bacteria: About 20 sterilized
infective juveniles (Ijs) of seven species of Steinernema
(Steinernema  carpocapsae  DD136;
S.riobrave, S.carpocapsae all strain; Steinernema sp S2,
S.abbasi and S.glaseri) were infected of a greater wax
moth larvae (Galleria mellonella). After 24h, a leg of
surface sterilized G.mellonella larvae was removed and

S.scapterisct,

the released haemolymph was streaked on Nutrient-Agar
(NA) plates containing 8% nutrient broth (LAB) and 1,2%
agar. Plates were incubated at 25°C for 3 days. Then, the
characteristic of bacterial colomes developed [24]; these
were tepeatedly subculture until a pure culture was
obtained. Pure cultures were transferred to nutrient broth
slants. Incubated at 25°C for 3days. Stored at 6°C.and
subculture at least once a month to mamtain viability.
Bromothymol Blue (BTB) 0.025g and 0.04g
Triphenyltetrazolium Chloride (TTC) were added to NA
plates as an indicator.
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Mass Culture Method: The medium depended Wouts
solid medium with some modifications. It consisted
of 16g Difco Bacto nutrient broth, 12g Difco Bacto
agar, 6g Difco Bacto yeast extract, 7g soy flour,
5ml sun oil, 5ml glycerol, 0.5g Na Cl, 0.219g Ca Cl,, 2g
K,HPo,, 1.8%, KH,HPo, These
completed to 1 liter of distilled water. The previously

components are
mentioned substances were placed m Erlenmeyer flask 2
liters and cocked together on Bunsen flame to malke it
homogenous component. Tt was autoclaved for 20 min at
100 KP [25].

Culture in Petri Dish: To prepare mass production,
modified Wouts medium was pored in 9-10cm sterilized
Petri dishes. Inoculatation took place with pure
colony of Xenorhabdus spp. which were prepared
previously and incubated at 25°C. After 3days

layer of bacterial growth covered the plate. A small

a

piece of agar was then removed from the center of the
plate and an aqueous suspension (200IJs/g media) of
surface sterilized IJs was placed in the resulting cavity.
These juveniles moved into the bacterial growth
(leaving dead specimens and contaminants behmnd),
fed on the bacteria and developed into adult females
within 3-5 days [25]. Every plate contains 20gm solid
media. Nematodes were recovered after 3 weeks except
S.glaseri which recovered after 15 days. Recovered
nematodes had been counted and calculated the mean
numbers. 5 Petri dishes were prepared for every nematode

species.

Harvest Nematodes from Petri Dishes: A modified
version of the White trap [26] was used. Petri dish cover
was removed and the bottom of the Petri dish was placed
into a larger dish, then water was added to the larger dish
(20 Cm). Four pieces of filter paper were placed on the
medium and allow a part of each filter paper to touch the
water. The 1Ts will migrate into the water using the filter
paper as a bridge. IJs were collected from the water as
previously mentioned and counted. Calculation was
carried out by mean of IJs/Iml suspension. Nematodes
were stored in distilled water in tissue culture bottles on
4°C excepted S.abbasi on 25°C.

Bioassay Tests: The collected nematodes were tested
against some veterinary important external parasites such
as the engorged female of hard ticks (Boophilus
annulatus and Hyalomma dromedarii), different stages
of soft tick (drgas persicus) and 3™ instar larvae of
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Musca domestica. Also, they were tested against some
agricultural pests such as the adult of mole cricket
(Grellotalpa grellotalpa) and 6™ instar larvae of cotton
leaf worm (Spodoptera littoralis). 2000, 1000, 500, 250,125
TJs/pot were applied on the previously mentioned
parasites and insects except the concentrations of
Spodoptera littoralis which were 40, 20, 10, 5IJs/pot.
Nematodes were suspended in 1ml] tap water and weitted
by water to make the humidity 15% (w/w). B. annulatus,
H.dromedarii, A. persicus and G. grvilotalpa replicated
5 times and every pot contains 5 individuals. M.
domestica and S. littoralis replicated 10 times with 10
larvae in every pot. All the experiments were applied in
plastic pots 50C° full of 2g clean sand except G.in Petri
dish 10Cm fu. They were incubated at 25°C for 3-4 days
except for cotton leaf worm (48h). All cadavers of
veterinary parasites and agricultural pests were placed on
white trap [26]. The immmigration of nfected juvernles (1Js)
had been observed.

Statistic Analysis: All data were subjected to statistical
analysis including the calculation of the mean and
standard error (mean +SE). Differences between treated
groups were tested for significance using a one-way
analysis of variance (ANOVA) followed by Duncan’s
multiple range test. Differences were considered
significant at P<(.05 level [27] using SPSS version 10
computer progra.

Table 1: Mass production of Steirnernema species

RESULTS

In vitro solid culture of seven species or strains of
Steinernema were reared for 6 generations on modified
Wouts medium. They were recovered after 21 days except
S. glaseri which recovered after 15 days. Infected
juveniles (IIs) yields were fluctuated according to the
nematode species. The ITs means numbers were 5000,
8000, 8500, 5500, 6000, 4000 and 3000 IJs per one gram
medium for S. carpocapsae DDI136, S. scapterisci, S.
riobrave, S. carpocapsae All strain, Steinernema sp. SII,
S. abbasi and S. glaseri (Table 1). This medium costs 15
LE/Kg (2.58) without package costs. The seven
Steinernema species/stramns were applied against the
cattle tick, B. annulatus, camel tick H. dromedarii, fowl
tick 4. persicus, house fly M. domestica, mole cricket G.
grvllotalpa and cotton leaf worm S. littoralis. These
nematodes exlubited vital effects on both tested
veterinary parasites and agricultural pests. Mortality
percentages elevated with increasing the concentration of
nematode species/ stramns in all treated parasites and
pests. The two species of hard tick B. annulatus and H.
dromedarii showed ligh susceptibility to the three
nematode species S. carpocapsae DD136, S. abbasi and
Steinernema sp.SII. Statistic analysis revealed that no
significant variance among them in high concentrations
2000 and 1000 TTs/ml and significant differences in
concentrations 500, 250 and 1251Ts/ml (Tables 2 and 3).

DD136 Ss Sr Sc All S Sa Sg
No of ITs/g 200 200 200 200 200 200 200
Wt. of M6/g 20-25 20-25 20-25 20-25 20-25 20-25 20-25
Duration/day 21 21 21 21 21 21 15
Temperature °C 25 25 25 25 25 25 25
Population/1gm media 5000 8000 8500 5500 6000 4000 3000

DD136 = Steinernema carpocapsae DD136; Ss = Siscapterisci; 8r = Sriobrave; 8¢ All = Scarpocapsae all strain; SIT = Steinernema sp 81T, Sa = S abbasi;

Sg = Sglaseri

Table 2: The mortality percentages, LCs5y and LCy of the cattle tick Boophilus anmilatus females infected with different in-vitro culture entomopathogenic

nematodes
Concentrations (Tjs/ml) Mortality percentage (Mean +3E)

Nematode strain 2000 1000 500 250 125 LGy LCq
S. carpocapsae DD 136 84.0+£5.0a 80.0+4.2a 68.0£3.3b 56.0£2.7b 40.0+4.2b 194 3032
S. abbasi 96.042.7a 80.0+4.2a 72.0+3.3ab 56.0+£2.7b 40.0+7.3b 197 1505
S. scapterisci 56.0£2.7b 48.0+3.3b 48.0+3.3¢c 36.0£2.7¢ 28.0+3.3¢ 1002 =>10000
Steinernemasp. SII 92.043.3a 84.042.7a 80.0+4.2a 72.0+3.32 56.0+2.7a 76 1581
S. carpocapsae All 60.0+4.2b 52.0+£3.3b 32.0+£3.3d 20.0+4.2d 16.0+£2.7d 1124 =>10000
S. viobrave 40.0+4.2¢ 36.045.0c 16.0+5.0e 16.0+2.7d 00.0+0.0e 3344 =10000
S. glaseri 36.0£6.5¢ 24.0£2.7d 20.0£0.0e 16.0+£2.7d 00.0+0.0e 7875 =>10000
F value 32.917 41,556 55,563 56,417 33,389
P value 0,000 0,000 0,000 0,000 0,000

R= 5 ¥R = 25 No mortality was recorded in the control group.
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Table 3: The mortality percentages, 1.Cs; and LCy; of the camel tick Avadomma dromedarii females infected with different in-vitro culture of entomopathogenic

nematodes
Concentrations (Ijs/ml) Mortality percentage (Mean +SE)

Nematode strain 2000 1000 500 250 125 LGy LCq
S. carpocapsae DD 136 92.0+3.3a 80.0+0.0a 76.0+5.0a 56.0+2.7a 40.0+0.0a 187 1723
S. abbasi 88.0+3.3a 52.043.3¢ 40.0+4.2¢ 36.0+6.5b 24.0+£2.7b 547 5207
S. scapterisci 76.0+5.0b 56.042.3¢ 24.0£5.0d 20.0+6.0c 16.0+2.3bc 854 6096
Steinernemasp. SII 92.043.32 80.0+0.0a 56.0+£2.7b 12.0+3.3¢ 12.0+3.3¢ 491 1644
S. carpocapsae All 76.0+£5.0b 68.0+£3.3b 52.0£3.3b 40.0£0.0b 16.0+5.0bc 493 4400
S. viobrave 44.0+2.3¢ 24.0+£5.0d 12.0+3.3e 8.0£3.3¢ 8.0+3.3¢ 3481 >10000
S glaseri 24.045.0d 20.046.0d 12.0+£3.3e 12.0+£3.3¢ 12.0+£3.3¢ >10000 >10000
F value 42,609 47,400 38,400 19,364 11,475
P value 0,000 0,000 0,000 0,000 0,000

R= 5 ¥R = 25 No mortality was recorded in the control group.

Table 4: The mortality percentages, LCsy and LCq; of the fowl tick Argas persicus stages infected with different in-vitro culture of entomopathogenic nematodes.

Concentrations (Ijs/ml) Mortality percentage (Mean +SE)

Nematode strain

per tick stage 2000 1000 500 250 125 LCs LCop
Female

S. carpocapsae DD 136 96.0+1.6ab 92.0+1.3a 90.0+3.0ab 84.0+1.6a 70.0+2.1b 31 613
S. abbasi 98.0+1.3a 96.0+1.6a 94.0+1.6a 90.0+£3.0a 78.0+1.3a 21 320
Male

S. carpocapsae DD 136 86.0+£2.7¢ 66.0+1.6¢ 60.0+2.1d 40.0£2.1¢ 16.0£2.7e 427 2803
S. abbasi 90.0+3.0bc 80.0+3.0b 56.0+1.6d 42.0£2.5¢ 30.0+£2.1¢ 319 2201
Nymph

S. carpocapsae DD 136 90.0+3.0bc 82.0+£2.5b 76.0£1.6¢ 70.0+2.1b 34.0+1.6¢ 169 1628
S. abbasi 96.0+1.6ab 90.043.0a 86.0+2.7b 90.0+2.1a 24.0+1.6d 163 745
F value 4,100 22,654 53,578 103,269 170,723

P value 0,003 0,000 0,000 0,000 0,000

R= 5 ¥R = 50 No mortality was recorded in the control group.

Table 5:  The mortality percentages, 1.Cs, and LCy, of the house fly Aisca domestica larvae infected with different ir-vitro culture of entomopathogenic

nematodes
Concentrations (Ijs/ml) Mortality percentage (Mean +SE)

Nematode strain 2000 1000 500 250 125 LCy LGy
S. carpocapsae DD 136 81.0+3.1ab 58.0+£2.5b 40.0+£3.0¢ 32.0+£2.9b 16.0+£1.6b 620 4733
S abbasi 55.0+£2.7c 40.0+3.0c¢ 26.0+53.1d 10.0+2.1¢ 4.0+1.6d 1524 =10000
S. scapterisci 89.0+3.1a 84.0+4.0a 74.0+£3.4a 62.0+2.5a 40.0+2.6a 168 1807
Steinernema sp. SIT 78.0+3.%h 55.0+2.7b 31.02.8d 16.0+3.4¢ 12.0+2.5be 823 4636
S carpocapsae All 81.0+3.1ab 60.0+2.6b 45.0+3.1bc 25.0+2.7h 10.0+2.1bed 642 3561
S riobrave 75.0£3.1b 60.0+2.6b 49.0+2.3b 26.0+3.1b 8.042.5¢cd 670 4141
F value 12,058 23,307 32,001 41,968 34,477
P value 0,000 0,000 0,000 0,000 0,000

R= 10 XR = 100 No mortality was recorded in the control group.
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Table 6: The mortality percentages, L.Cs and LCy of the mole cricket Grvllotalpa grvilotalpa adult infected with different in-vitro culture of

entomopathogenic nematodes

Concentrations (Tjs/ml) Mortality percentage (Mean +SF)

Nematode strain 2000 1000 500 250 125 LCs LGy
S carpocapsae DD 136 88.0+3.3a 80.0+4.2b 52.0+3.5¢ 28.043.3he 8.0+3.3 481 1852
S. abbasi 88.0+3.3a 76.045.0b 52.0£3.3¢ 20.040.0cd 4.0£2.7 544 1846
S scaprerisci 96.0+2.7a 92.0+3.3a 80.0+4.2a 52.0+3.3a 12.043.3 276 877
Steinernemasp. SII 02.0+3.3a 84.04+2.7ab 68.0+3.3b 16.0+2. 7de 4.0+2.7 461 1315
S. carpocapsae All 88.0+3.3a 76.042.7b 48.0:3 3¢ 24.04:2. 7hed 8.03.3 525 2018
S riobrave 76.0+5.0b 52.043.3¢ 28.0+3.3d 8.0+3.3¢ 0.00.0 956 3487
S glaseri 96.0+2.7a 80.0+4.2b 72.0+3.3ab 32.043.3b 8.0+3.3 383 1236
F value 3,078 11,167 26,348 24,188 1,875

P value 0,002 0,000 0,000 0,000 18

R=5 ¥R = 25 No mortality was recorded in the control group. IS=Insignificant

Table 7: The mortality percentages, LCs and LCyy of the cotton leaf worm Spodoptera littoralis larvae infected with different ir-vitro culture of

entomopathogenic nematodes

Concentrations (Ijs/ml) Mortality percentage (Mean +SE)

Nematode strain 40 20 10 5 LCx LGy
8. carpocapsae DD 136 90.0+2.6ab 60.0+2.6b 26.0+3.1d 10.0+2.1abe 16 44
S. abbasi 89.0+3.1abc 78.0+£3.92 44.0+1.6b 8.0+2.5bc 12 34
S scapterisci 80.042.1cd 20.0+2.1¢ 5.041.7e 5.0+1.7cd 27 69
Steinernema sp. SIT 94.0+1.6a 86.0+3.4a 65.0+1.7a 16.0+3.4a 9 25
S. carpocapsae All 84.0+4.0bed 55.0+£2.7b 35.0+1.7¢ 13.0£2.6ab 16 58
S. viobrave 86.0+3 . 4abed 60.0£3.6b 25.04+2.7d 6.0+1.6cd 17 46
S. glaseri 78.0+3.9d 53.0+2.6b 10.0+2.1e 0.0+0.0d 22 52
F value 3,392 53,196 91,583 5,739

P value 0,006 0,000 0,000 0,000

R= 10 ¥R = 100 No mortality was recorded in the control group.

Also, no significant variance between S. secapterisci and
S. carpocapsae All strain or S. riobrave and S. glaseri in
high concentrations 2000 and 1000 IJs/ml and great
variance in other concentrations applied to B. annulatus
(Table 2). These four nematodes showed great variances
in all concentrations versus H. dromedarii (Table3).
Table 4 indicates that, there were no significant
differences between the two species S. carpocapsae
DDI136 and S. abbasi in all concentrations versus A.
persicus females and slightly differences in males. But
there were significant differences in nymphs. The five
tested nematodes m table 5 did not act as the same for .
domestica as they showed great significant variances in
all nematode concentrations. Also in the seven tested
nematode species agamst G. and S. littoralis, they
exhibited significant variances in all concentrations
(Tables 6 and 7).
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Toxicity lines cleared the virulence of tested
entomopathogenic nematodes which are reared on
modified Wouts medium. It was obviously that S.
carpocapsae DD136 was the promising one against all
tested vetermary parasites and agriculture pests.
Whereas, their LC,, were 194, 187, (31, 427 and 169), 620,
481 and 16 IJs/ml for B.annulatus, H. dromedarii, A.
persicus (female, male and nymph), M. domestica, G.
grvllotalpa and S, littoralis respectively. Nematode
species S. abbasi comes second 1n virulence arrangement.
Their LC50 were 197, 547 (21,319and 163), 1524, 544 and
12 IIs/ml for the previously mentioned pests, respectively.
The Egyptian native isolate Steinernema sp. SII could be
considered the promising one against B.annulatus and
S.littoralis if compared with the other nematode species.
Tt recorded .CS0 76 and © TTs/ml for previously mentioned
pests respectively. Also, results of S.scapterisci were
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Fig. 1: The toxicity of entomopathogenic nematodes against veterinary, medical and agriculture pests; A) B. annulatus,
B) H. dromedarii, C) A. persicus (female), D) A. persicus (male), E) 4. persicus (nymph), F) M. domestica,
G) G. gryllotalpa
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placed it in the promising group against M.domestica and
G. grellotalpa, whereas thewr LC50 were 168 and 276
1Is/ml respectively. No virulence differences can be found
m LC50 results of S. carpocapsae DDI136 and S.
carpocapsae All strain against S. littoralis ( .C50,16 and
16 IIs/ml), respectively. Slightly differences in virulent
were found between the previously mentioned nematode
species and S. riobrave in LCS50 results against S.
littoralis and M. domestica (Fig. 1 and table 7). The
agriculture pest G. grvllotalpa  exhibited Thigh
susceptibility to both nematode species S. scapterisci and
S. glaseri, which needed low number of 1Js to kill 50
percent of its population (276 and 383 1Ts/ml respectively).
On the other hand, S. litteralis seemed more tolerance to
these nematode species, whereas their L.C50 were 27 and
22 ITs/ml respectively (Fig. 1 and table 7). However,
mortality percentage and toxicity of LC50
revealed poor virulent of the nematode species S. glaseri
agamnst the two species of veterinary parasites B.
anmilatus and H. dromedarii. They need large number of
ITs (7875 and 10000 respectively) to kill 50 percent of
their population (Fig. 1). No developmental stages were
observed in hard and soft ticks. Negligible numbers of IJs
immigrated from the house fly if compared to the great
number of 1Js immigrated from the mole cricket and cotton

line

leaf worm.
DISCUSSION

Nematodes were first grown im-vitro on a solid
medium axemcally [28]. Thereafter it was realized that
growth increased with the presence of bacteria [2, 29]. The
importance of the natural symbiont was recognized [30]
and monoxenic culture has been the basis for in-vitro
culture since [25,31, 32]. To create monoxenic cultures
surface-sterilized nematodes were added to a lawn of
bacterial symbionts 25,31]. first
accomplished i two-dimensional arenas, e.g., Petnl
dishes, containing various media such as those based on

Solid culture was

dog food, pork kidney, cattle blood and other arumals
products [32]. Wouts [25] developed an improved medium
(less expensive and more consistent from batch to batch)
[71.

In the present work, seven species/strains of
nematode belong to Steinernematidae are successfully
propagated on modified Wouts medium. Mass culture
method of Wouts medium consisted of 0.44g Difico Bacto
nutrient broth, 0.16g Difco Bacto yeast extract, 7.2g soy
flour, 5.2g comn oil and 27g water. These components were

cooked into smooth roux. To create a large surface area,
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the roux was squeezed thoroughly into 9g of damp
polyurethane foam chips [25]. In this paper, the
modification was don by adding nutrient broth, soy flour,
sun oil, glycerol, agar, Nacl, Cacl,, K,;HPo, and KH,HPo,
which mixed in one liter of distilled water. Nematode
species are maintained for 6 generations on this medium.
Because infected juveniles are nonfeeding [33], the
presence of high level of stored energy compounds such
as lipids 1s essential. Modified Wouts agar medium
contains vegetable oil which provides nematodes with
lipids. Also, glycerol 1s a sunple poly component which
provides nematode by energy. Addition of some minerals
enhances suitable neutral condition with Ph 7.2. for
nematode nutrition.

Quantitative and qualitative biochemical analyses of
in vivo and in vitro produced nematodes could be an
accurate method for establishing nematode quality [34].
There are some factors affecting yield such as nematode
inoculum size in some strains but not others [35-37]. For
example, S. carpocapsae (Agriots strain) produced
optimum yields at an intermediate inoculum size (2,000
ITs/g medium) [36],Whereas S. carpocapsae (CB2B strain)
and H. bacteriophora (HO6) were not affected by
inoculum size [35]. Bacteria inoculum size does not appear
to be important in yield determination [35, 36]. Tnoculum
size was defined in the present study and fluctuated
among yield of the seven nematode species. Whereas,
35g/litter of the modified Wouts solid medium produced
5, 8, 85, 55, 6, 4 and 3 million/Kg medium of S.
carpocapsae DD136, S. scapterisci, S. riobrave, S.
carpocapsae All, Steinernema sp. SII, S. abbasi and S.
glaseri, respectively. Comparing the present results with
those of Tabassum and Shahina, [38] whereas they
followed successfully techniques described by Bedding
[39]; they produced 5-7, 4-5 and 1-2 million infective
juveniles of S. pakistanense, S. asiaticum and S. feltae,
respectively in a single 500ml flask containing 80g of
chicken offal medium. Longer culture times can provide
higher yields but nematode mortality may also increase
with time [35, 36] and culture time must be weighed
against the cost of space. The present results confirmed
that, because when the culture time was increased from
three to four weeks, nematodes mortality were increased.
Media composition can have a substantial effect on
nematode yield. Other medium ingredients that may have
a direct effect on nematode yield include protein source
and salts [40]. In the present work, more than one species
of nematodes was produced on dog food medium (PDF)
but, they all failed to reproduce, so we try the Wouts agar
medium was tried with some modifications.
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Qualitative evaluation had been carried out through
virulence of produced nematodes against some veterinary
and agricultural parasites and pests. The three nematode
species S. carpocapsae DDI136, S
Steinernema sp. SII were the promising isolate against H.
dromedarii and B. annulatus where, they could kill the
engorged females but, they failed to replicate inside their
haemolymph. This finding was confirmed by the results of
El-Sadawy and Habeeb [20]; El-Sadawy and Abdel Shafy
[21]; El-Sadawy et al. [22] and Glazer et al. [41]. The
engorged females of soft tick 4. persicus were the most
susceptible stage to S. carpocapsae DDI136 and S.
abbasi. These results agree with those of Hassanain et ai.

abbasi and

[42] It was observed that a period of two hours of in vitro
exposure was sufficient for the engorged R. (Boophilus)
microplus be infected by the
entomopathogenic nematode S. glaseri CCA strain [43,

females to
44]. In the present work, the results disagree with these
observations. The tested S. glaseri did not show
significant virulence against H. dromedarii and B.
ammilatus.

Taylor et al. [45] determined the potential for
entomopathogenic nematodes to control flies in cattle
feedlots by 40 strains for virulence toward 3rd. instar
larvae of house flies (maggots) Musca domestica. Ten
strains of Steinernema mfected maggots, of which 7
straing (4 S. carpocapsae (Weiser), 2 S. feltiae (Filipjev)
and 1 8. scapterisci Nguyen and Smart) caused sigmficant
mortality. S. scapterisci, S. carpocapsae DD136 and the
native species Steinernema SII were the most virulence
ones. Steinernema scapterisci 1s specific to mole crickets
G.grmyllotalpa.  The successfully
mtroduced by moculative applications in golf courses and
pastures [46, 47] in Florida Since 1993. Tt confirmed our
results whereas S. scapterisci was the most virulence one
against G. gryllotalpa. Moreover, studies with S.
scapterisci crickets in pastures

nematode  was

to control mole
documented the efficacy of the nematode as a biological
control agent [46, 48, 49]. Tt was determined that infection
of mole cricket nymphs was substantially less than for
adults [50-52]. Small nymphs were not infected at all by
nematodes [48]. Our results agreed with those of Barbara
[53]; Barbara and Buss [54] as they indicated that the
adult stage of mole crickets should be targeted for
nematode application. When the seven Steinernema spp.
had been applied on the adult stage of mole cricket G.
grvllotalpa. Bioassay test on the studied Steinernema
spp. against S. littoralis revealed that the native isolates
steinernema sp. SII was the most effective nematode

followed by S. abbasi and S. carpocapsae DD136.
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This result partially agrees with those of Abdel-Razek [55]
Abdel-Razek and Abd-Elgawad [56] whereas they studied
the infectivity of S. carpocapsae All and S. riobrave on
cotton leaf worm Spodoptera littoralis, they gave 100%
mortality within 24 h post exposure. S. riobrave did not
show much efficacy in our results, it gave 86% on 40
noculums level 48 h post exposure. It may be du to the
immune response because we collected our tested insects
from the field.

In conclusion, the modified Wouts solid medium was
successfully used to propagate 7 species/strams of
Steinernema nematodes for 6 generations. This medium
costs 15 LE. (2.58) to produce one kg. Quantitative and
qualitative tests were carried out through nematode yield
mumber and biocassay tests. The bioassay tests were
and

conducted against veterinary parasites

agricultural pests. Most of Steinernema spp. showed

S0Ime

significant virulence agamst the tested hosts.
REFERENCES
Shapiro-Tlan, DI, D.H. Gouge and
AM. Koppenhofer, 2002. Factors affecting
commercial success: Case studies in cotton, turf and
citrus. Tn: Gaguler, R., ed, Entomopathogenic
nematology. New York, CABI, pp: 333-356.
Grewel, P.S., R.U. Ehlers and D I. Shapiro-Tlan, 2005,
Nematodes as Biological Agents. Wallingford, UK:
CARBI. publishing.
Akhrust, R.J., 1993, symbionts of
entomopathogenic nematodes. The power behind the
throne. In: R. Beddin, R. Akhurst and H. Kaya, eds.,
Nematodes and the biological control of pests.
CSTRO publications, East Melbourne, pp: 127-135.
Georgis, R., D.B. Dunlop and P.S. Grewal, 1995.
Formulationof entomopathogenic nematodes. In: F.R.
Hall and T.'W. Barry, eds., Biorational Pest Control
Agents: Formulation and Delivery. American
Chemical Society, Washington, D.C., pp: 197-205.
Georgis, R., 2002. The Biosys Experiment: an Insider’s
Perspective. In: Gaguler, R. ed., Entomopathogenic
nematology. New York, CABI, pp: 357-371.
Shapwo-llan, DI, DH. Goug, 3.J. Piggott and
IP. Fife, 2006. Application technology and
environmental considerations for use of EPNs in
biological control. Biological. Control, 38: 124-133.
Shapiro-Ilan, D.I. and R. Gaugler, 2002. Production
technology for entomopathogenic nematodes and
their bacterial Symbionts. Tournal of Industrial
Microbiology and Biotechnology, 28: 137-164.

Bacterial



10.

11.

12.

13.

14.

15.

16.

17.

World Appl. Sci. J., 14 (6)

Ehlers, R1U. and D.JI. Shapiro-Tlan, 2005, Mass
producton. In. P.S. Grewal, R.U. Ehlers and
D.I. Shapiro-llan, eds., Nematodes as Biocontrol
Agents. Wallingford, UK, CABI Publishing.

Glaser, R.W., 1940. Continued culture of a nematode
in the beetle. of
Experimental Zoology, 84: 1-12.

parasitic Japanese Journal
Friedman, M.J., 1990. Commercial production and
development. In: R. Gaugler and H. Kaya, eds.,
Entomopathogenic Nematodes in Biological Control.
CRC, Boca Raton, FL, pp: 153-172.

Gaugler, R. and R. Han, 2002. Production technology.
In: R. Gaugler, ed., Entomopathogenic nematology.

Wallingford, UK, CABI, pp: 289-310.

Georgis, R. and R. Gaugler, 1991. Predictability in
biological  control  using  entomopathogenic
Nematodes. Journal of Economic Entomology,
84: 713-720.

Molyneux, A.S. and R.A. Bedding, 1984. Influence of
soil texture and moisture on the infectivity of
Heterorhabditis spp. Dland Steinernema glaseri for
larvae of the sheep blow fly, Lucilia cuprina.
Nematologica, 30: 358-365. E.T. Brill, Leiden.
El-Sadawy, H.A., M.A. Hassanain, M.A. El-Sherif,
Abdel N.A. Bamry and TM. El-Kefl, 1997
Susceptibility of some Dipteran species to
Entomopathogenic nematodes. J. Union Arab Biol,
Cairo, 8(A), Zoology, pp: 47-62.

El-Sadawy, H A, A. Abou-Nour and H. Sobh, 2006.
Virulence of entomopathogenic nematodes to
Parasarcophaga aegyptiaca and Argas percicus in
manure. Proceeding of 3™ Internaticnal Conference of
Veterinary Research Divsion National Research
Centre Cairo Egypt, pp: 71-89.
El-Sadawy, H.A. and MM.
2001. A preliminary investigation on using

Entomopathogenic nematodes for the control of the

Shamseldean,

flesh fly Parasarcophaga Surcoufi pupae m the
soill. Egyptian Journal of Biology Pest Control,
Iy 21-27.

Avaad, TH., MA. Domah, EH. Shaurub and
HA. 2001.  Effects of the
Entomopathogemc  nematode,  Heferorhabditis
bacteriophora Hp88 and Azadirachtin on the immune
of
(Diptera:

El-Sadawy,

defence response and prophenoloxidase

Parasarcophaga  surcoufi  larvae
Sarcophagidae) Journal of the Egyptian Society of

Parasitology, 31(1): 295-325.

811

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

1 803-813, 2011

Samish, M. and T. Glazer, 1992. Infecticity of
entomopathogenic nematodes Stemnernematidae and
Heterorhabditidae to female ticks of Boophilus
annulatus (Arachmda: Ixodidae). Journal of Medecal
Entomlogy, 29(4): 614-618.

Glazer, I. and M. Samish, 1993. Sutability of
Boophilus anmuilatus replete female ticks as hosts of
the nematode Steinernema carpocapsae. Journal of
Invertebrate Pathology, 61: 220-222.

El-Sadawy, H.A. and SM. Habeeb, 1998. Testing
some entomopathogenic nematodes for the
biocontrof of Hyalomma dromedrii. 1. Kock

(Acarina Txodidae), Journal of Union Arab Biology,
Cairo, (I OA) zoology: 1-11.

El-Sadawy, H.A. and S. Abdel-Shafy, 2007
Laboratory and field studies on entomopathogenic
nematodes as biocontrol agent for the cattle tick
Boophilus anmulatus ( Acart: Ixodidae ). Acarologia,
47,1-2: 25-31.

El-Sadawy, HA., AA. Zayed and A. El-Shazly,
2008. Characterization of Midgut and Salivary
Gland Proteins of  Hyalomma
Controlled by
Nematodes. Pakistan Journal of Biological Sciences
11(4). 508-516.

El-Sadawy, H.A., A Abou-Nour, H. Sobh and
S.E. Ghally, 2009. Biochemical
Parasarcophaga.

dromedarii

Females Entomopathogenic

Changes 1in

aegyptiaca and  Argas
(persicargas) persicus Haemolymph Infected With
Entomopathogenic Nematode. Nature and Science,
7(6). 70-81.

Thomas, JT.G. 1979,
Xenorhabdus of
entomopathogenic nematophilic bacteria of the family

of

G.OJr
nov.

and, Poinar,

gen a  genus

3

Enterobacteriaceae.  International  Journal
Systematic Bacteriology, 29: 352-360.

Wouts, WM., 1981. Mass production of the
entomopathogenic  nematode Heterorhabditis
heliothidis (Nematoda: Heterorhabditidae) on artificial
media. Journal of Nematology, 13: 467.

White, G.F., 1927. A methode for obtaming infective
nematode larve frome cultures. Science, 66 : 302-303.
Snedecor, G.W. and W.G. Cochran, 1989. Statistical
Methods. 8th ed., Ames, Towa State University Press,
pp: 217-235.

Glaser, RW., 1940. The bacteria-free culture of a
nematode parasite. Proceeding of the Society for
Experimental Biology and Medicine, 43: 512-514.



29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

World Appl. Sci. J., 14 (6)

House, HI.., HE. Welch and T.R. Cleugh, 1965. Food
medium of prepared dog biscuit for The mass-
production of the nematode DD 136 (Nematoda:
Steinernematidae). Nature, 206: 847.

Poinar, G.O.Jr and G.M. Thomas, 1966. Significance of
Achromobacter nematophilus Poinar and Thomas
(Achromobacteriaceae:  Eubacterials) the
development of the nematode DD-136. Parasitology,
56: 385-390.

Bedding, R.A., 198]. Low cost in vitro mass
production of Neecaplectana and Heterorhabditis
species (Nematoda) for field control of insect pests.
Nematol, 27: 107-114.

Hara, AH., IE. Lmdegren and H Kaya 1981.
production of the
carpocapsae

mn

Monoxenic mass
entomopathogenic  Neoaplectana
Weiser on dog food/agar medium. UUSDA Advances
m Agricuture W-16: 8.

Pomar, G.O.Jr., 1990. Bioloy and taxonomy of
Steinemematidae and Heterorhadbitidae. Tn: Gaugler,
R. and H. Kaya, eds., Entomopathogenic nematodes
in biological control. CRC Press, Boca Raton, FL,
PP: 23-62.

Bedding, R.A., R.J. Akhurst and H. Kaya, 1993.
Future prospects for entomopathogenic nematodes.
In Bedding, R.A., RJ. Akhurst, H. Kaya, eds,
Nematodes and the biological control of pests,
CSI-RO publications, East Melbourne, Australia,
pp: 157-170.

Han, R., L. Cao, X. Liu, 1992. Relationship between
medium composition, moculums size, Temperature
and culture time in the vields of Steinernema and
heterorhabditis nematodes. Fundamental Applied
Nematology, 15: 223-229.

Han, R., L. Cao, X. Liu, 19923. Effects of inoculums
size, temperature and time on # vitro Production of
Steinernema carpocapsae Agriotos. Nematologica,
39: 366-375.

Wang, JX. and R.A.Bedding, 1998. Population
dynamics of Heferorhabditis bacteriophora and
Steinernema carpocapsae in in vitro solid culture.
Fundam Appl Nematol 21: 165-171.

Tabassum, K. A. and F. Shahina, 2004. In vitro mass
rearing of different species of entomopathogenic
nematodes in monoxenic solid culture. Pakstanian
Journal of Nematology 22 (2): 167-175.

Bedding, R.A., 1984. Large-scale production storage
and transport of the insect parasitic nematodes
Neoaplictana spp. and Heterorhabditis spp., annual
Applied Biology 104: 117-120.

812

40.

41.

42.

43.

44,

45,

46.

47.

48.

1 803-813, 2011

GB. and TM. Webster, 1989. The
monoxenic culture of Neoaplictana carpocapsae
DD136 and Heterorhabditis heliothidis. Review
Nematology, 12: 113-123.

Glazer, 1., E. Alekseev and M. Samish, 2001. Factors
of
nematodes to engorged female Boophilus annulatus
ticks. Journal of Parasitology, 87:808-812.
Hassanain, M. A., A. A. Derbala, N. A. Abdel-Barry,
M.A. El-sherif and H. A EL.-Sadawy, 1997. Biological
control of ticks (Argasidae) by Entomopathogenhic

Dunphy,

affecting the virulence entomopathogenic

nematodes. Hgyptian Journal of Biological pest
control, 7(i): 41-46.

Carvalho, L.B., 1. Furlong, M.C. Azevedo Prata,
E.S. Reis, E.S. Paula Batista, A.P. Faza and R.C. Leite,
2010. Evaluation iz vitro of the infection times of
engorged females of Rhipicephalus (Boophilus)
microplus by the entomopathogenic nematode
Steinernema glaseri CCA strain. Ciéneia Rural Santa
Maria, 40, (4): 939-943,

Reis-Menini, CMR.,, M.C.A. Prata, I. Furlong
and E. R. Silva, 2008. Compatibility between the
entomopathogenic nematode Steinernema glaseri
(Rhabditida: Steinernematidae) and an acaricide
in the of Rhipicephalus (Boophilus)
microplus (Acari: Txodidae). Parasitology Research,
103:1391-1396.

Taylor, D.B., AL. Szalanska, BJ. Adams and
R.D. Peterson, 1998. Susceptiblity of hous fly
(Diptera: Muscidae) Larvae to Entomopathogenic
(Rhabditida: Heterorhabditidae,
Steinernematidae). Environmental Entomology,
27 (5 1-6.
Parlkkman, TP,

control

Nematodes

TH. Frank, K.B. Nguyen and
G.CJr. Smart, 1993, Dispersal of Steinernema
scapterisci (Rhabditida: Steinernematidae) after
moculative applications for mole cricket (Orthoptera:
Gryllotalpidae) control
Control, 3: 226-232.

Parkman, I. P., J.H. Frank, K.B. Nguyen and G.C.Jr.
Smart, 1994. Inoculative release of Steinernema
(Rhabditida:
mole

in pastures. Biological

Steinernematidae) to
{(Orthoptera:
Environmental

scapterisci

suppress  pest crickets
Gryllotalpidae) of golf courses.
Entomology, 23: 1331-1337.

IP. and GCIr

Entomopathogemc nematodes,

1996,
study:

Smart,
case

Parkman,
a
mtroduction of Steinernema scapterisci in Florida.
Biocontrol Science and Technology, 6 413-419.



49.

50.

51.

52.

World Appl. Sci. J., 14 (6)

Parkman, JP., JH Frank, T.J. Walker and
D.I. Schuster, 1996. Classical biological control of
Scapteriscus spp. (Orthoptera: Gryllotalpidae) n
Florida. Environmental Entomology, 25(6): 1415-1420.
Hudson, W.G., . H. Frank and J.L.. Castner, 1988.
Biological control of mole crickets (Orthoptera:
Gryllotalpidae) i Florida. Bulletin Entomology
Society of America, 34: 192-198.

Hudson, W.G. and K.B. Nguyen, 198%. Infection
of Scapteriscus vicinus (Orthoptera: Gryllotalpidae)
nymphs by Neoaplectana sp. (Rhabditida:
Steinemematidae). Florida Entomologist, 72: 383-384.
Parkman, JP., W.G. Hudson, JH. Frank,
K.B. Nguyen and G. C. Smart Jr. 1993
Establishment and persistence of Steinernema
scapterisci (Rhabditida: Stemernematidae) in field
populations of Scapteriscus spp. mole crickets
(Orthoptera: Gryllotalpidae). Journal of Entomology
Science, 28(2): 182-190.

813

53.

54.

55.

56.

1 803-813, 2011

Barbara, K.A., 2005. Management of pest mole

crickets using the insect parasitic nematode
Steinermerma scapteriscl. Ph.D Dissertation University
of Florida, Gainesville.

Barbara, K.A. and E.A. Buss, 2006. Augmentative
applications of Steinernem scapterisci (Nematoda:
Steinernematidae) for mole cricket (Orthoptera:
Gryllotalpidae) control on golf courses. Florida
Entomology, 8%(2): 257-262.

Abdel-Razek, A.S., 2006. Infectivity prospects of
both nematodes and bacterial Symbionts against
cotton leafworm, Spodoptera littoralis (Biosduval)
(Lepidoptera: Noctuidae). Journal of Pest Science,
79(1): 11-15.

Abdel-Razek, A.S. and M.M. Abd-elgawad, 2007.
Investigation of efficacy of entomopathogenic
nematodes against spodoptera littoralis (Biosd.) and
Galleria mellonella (L.). Archives Phytopathology

and Plant Protection, 40(6): 414-422.



