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Ahstract

Eight nematode species of the penera Steinernema and Hetevorhabdiiy viz., Steinervieme
pakisianense, S asioticum, S. abbasi, S, stumhayai, S. carpacapsae, S, feltiae, Heterarbubdiss
indica and I, bacteriophora were cultured in vive on three insect species, in vitro on sova lour,
wheat flour. lipid media, corn flour and un assemblage culture on Galleria melloneila larva and
lipid modified media for mass scale o ussess their praduction pulential. On in vive cullure at the
highest concentration the production of infecrive Juveniles were 60 * 10° 10 87.4 = 10° Us from
each lurvu of G, melionella 4.2 % 10" to 9.8 * 10* Us from each adult of Callosobruchus chinensis
and 0.3 = 10°t0 1.7 % 10* I3 from cach larva of Tribofinm castanesm Soya Hour medium gave the
highest population as compured to other media, The minimum multiplication was found in com
four medium. As compared to cultured sepurately, the praduction of infeetive juveniles incrensed
approximately two (old in assemblage medium, fn vie production of Us in ¢ mellonetla larvac
and i vitra soyu llour mediom were ulso exposed to four different temperatures. Muximum
praduction of all other species was found at 32 L 2°C. exeepl S, feltiae which gave hiphest
productivn ut 20 1 2°C. The present investigation cen be valuahle for selecting strains of
entomuputhogenic nematodes (or mass production o lurge seale to provide proteetion to crops
against inscers.

Entomopathogenic nematodes (EPNs) of the families Steinernematidae and
Heterorhabylilidae are lethal pathogens of inscels (Poinar, 1990). These
pathogens contribule to the regulation of natural population of insects, but the
main interest in them is as inundative applicd biocontrol agents, Their success in
this role can be attributed (0 the unique partnership between a host-seeking,
nematode and lethal insect pathogen bacterium. Because of their biocontrol
potential considerable attention has been directed over the past few decades to
Heterorhabditis and  Steinernema and  their special bacterial pariners,
FPhotorhabdus and Xenorhabdus (Griffin et al, 2005). Since the late 1970s, there
has been a tremendous research and commercial interest in entomaopathogenic
nematodes and their associated bacteria. This interest was sparked in part by (1)
lack of adequate tools lo control soil-inhabiling insect pests in an effective,
environmentally acceptable manner, and (2) the capability of producing
these nematodes monoxenically in virre which was followed by scale-up to
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commercial production levels (Ehlers, 2001; Klein, 1990). For laboratory use and
small scale field application, in vive production of entomopathogenic nematodes
is the appropriate method. When il comes to commercial use of EPNs on large
scale for international market for in vifro production, it is currently the only
economically reasonable means to supply EPNs of high quality and at reasonable
costs (Ehler & Shapiro- 11, 2003). The most common insect host used for in vivo
laboratory and commercial EPN production is the last instar of the greater wax
moth, Galleria mellonella because of the high susceptibility 10 most nematodes,
ease in rearing, wide availability and ability to produce yields (Woodring &
Kaya, 1988). Only few EPNs ic., S kushidar, 8. scarabaci and S. scaprerisci
exhibit relatively poor reproduction in G, mellonella due 1o extremes in host
specificity (Nguyen & Smart, 1990; Kaya & Stock, 1997). Nematode yield is
proportional to insect host size but yield per milligram insect and susceptibility to
infection is usually inversely proportional to host size or age (Flanders ¢r af.,
1996). In addition to yicld, case of culture and infection are important factor
when choosing a host (Shapiro-llan & Gaugler, 2002). Nematode quality may
also need to be considered in choosing a host. Nematode quality appears greater
when cultured in hosts that arc within the nematode’s natural host range (Abu
Hatab er al., 1998). . melfonella larvae may often be the most efticient host
(Bedding, 1981). In the USA, Glaser (1931) tried to mass-produce S. glaseri in
vitro. The presence ol its symbiotic bacterium was nol vel known and efforts to
continuously produce EPNs, therefore. lailed. Early atlempls 10 grow
Steinernema spp. in axenic culture were successful (Stoll, 1952), but the vields
were (oo low and the media, containing unsterilized raw rabbit liver, were
difficult to produce and too expensive for the system Lo be exploited for mass
production. Although Bowvien (1937) first observed bacteria inside the DJ of 8.
feltiae, many years clapsed until Poinar & Thomas (1965) described the
signilicance of the baclerium X nematophilus for the reproduction of S
carpocapsae, Solid cullure was first accomplished in two-dimensional arcnas,
e.g., Petri dishes, containing various media such as those based on dog food, pork
kidney, cattle blood. and other animal products (Iara et al., 1981). Wouts (1981)
developed an improved medium (less expensive and more consistent from batch
to batch) that included yeast extract, nutrient broth, vegetable oil, and soy flour.
In vitro solid culture advanced considerably with the invention of a three-
dimensional rearing system involving nematode culture on crumbled polyether
polyurethane foam (Bedding, 1981). A liquid medium is mixed with foam and
autoclaved. Bacteria are inoculated first followed by the nematodes ca. 3 days
later. Nematodes can be harvested within 2-5 weeks by placing the foam onto
sieves, which arc immersed in waler, Infeetive juyeniles migrate out of the foam,
settle downward, and are pumped to a collection tank: the product is cleaned
through repeated washing with water, 1.¢., sedimentation and decanting (3edding,
1984). As in Petri dishes, media for this approach were initially animal product
based (e.g., pork kidney or chicken offal) but was later improved (for cost and
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consistency) and may include various ingredients including peptonc, yeast
extract, cggs, soy flour. and lard (Han ef o/, 1992). Present paper deal with in
vivo and in vitro  production  potential  of cight Pakistani strains  of
entomopathogenic nematodes at different medium, doses and temperalure,

Materials and Methods

In vive mass production on three inscet species: For in vive production of
infective juveniles, last larval stage of wax moth Galleria mellonella larvae,
treshly emerged adult of pulse beetle Callosobruchus chinensis and last larval
stage of red flowr beclle Tribolium castancum were selected for cach
concentration and tested specics were placed in 4.5% 4.5 mm plastic cavity block
having sterilized moist sand. Inscets were exposed at the rate of 5, 10, 20, 30, 40
and 50 s per ml of water suspension of Sreinernen pakistanense Pak.S.S.43
strain (GUI30180); S astaticum Pak.S.5.4 strain (RFLP); 8 abbasi Pak.S.5.16
strain (INS71096); S. siamkayai Pak.S.8.10 sirain (JF892544): S. carpocapsae
Pak $.5.23  strain (GUI30M82), S feltiae PakN.S.7  strain (RFLP);
Heterorhabditis indica Pak. S. H. 77 strain (IN157774) and /4. bacteriophora
Pak. 8. H. 17 (EF'469774). Aller 48 hrs inscels were transferred to a white trap
for collection of new progeny of Us, The entire experiment was repeated four
times with ten inscel for each concentration and replicate. 'l'emperature was
maintained at 32+ 2°C except for S feitiae (20 + 2°C),

In vitro mass production on four different media: Mass production of the
above mentioned Pakistani strains carricd out in vitro with four different media
(Table 1).

Culture flask: Polyurcthane Sponge was served as a carricr material, Sponge was
cut into small pieces of 1.25 x [.25 cm size, washed with 70% ethanol and
incubated at 50°C for 20 minules The porous foams afforded an outstanding
surface area to volume ratio for growth while providing adequate gas cxchange,
Components were homopenized in a blender with 200 ml distilled water, The
resulting homogenate was cvenly smeared on polyurethane sponge at the ratio of
2: 55grams (sponge; medium) scparately for each sterilized flask and species,
Sponge coated pieces were transferred carefully to 500 ml conical tlask. Mouths
of flasks were wiped well, plugged with cotton wools and wrapped with brown
paper, Medium was autoclaved at 121 °C and 15 psi for 15 min.
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Table 1. Components of four different media for in virro mass production.

Components/Media :0)'8 Wheat flour Lipid Corn flour
our
Nutlrient broth {g) (Merck) 9.0 9.0 9.0 9.0
Yeast extract () {Merek) 3.0 3.0 3.0 3.0
Soya flour (I.ocal market) (g) 150 - - -
Wheat flour {Local market) {2) - 150 - -
Corn (lour (Local market) {g) - - - 150
Corn ail {Rafhan) (g) v 99 2 99
Cad liver oil {Seven seas) (g) - - 0.3 -
Honey (Ebia) (g) - 2 2.5
MgCl; 6 Ha0 (Merck) (g) - = 0.5 -
Distilled water (ml) 200 200 200 200

Inoculation with bacteria and nematodes: Pure colonies of cach symbiotic
bacterium bascd on morphological ohservation were transfcrred aseptically to
nutrient hroth and incubated at 2842 "C for 24 hrs. Each flask of solid media was
inoculated with 0.5 ml of bacterial suspension and incubated at 28°C for 24 hus to
allow multiplication of bacterial colonics, optical density al 600 nm were
measurcd Tor confirmation growth of bacteria. Freshly harvested infective
juveniles of each species were inoculated at the rate of 1000 s per flask. Four
replicates were maintained for each specics and medium.

Harvesting and cleaning: /11 vivo produced nematodes were collected using
White traps (White, 1927). Dead cadavers were placed on the filter paper. s
emerged out and migrated into the water, Once nematodes begin to appear they
were harvested daily into the beaker up lo 10 days. Infective juveniles from in
vivo production were harvested afler 15 days of the invculation by adopting
Bedding (1984) method. Smearcd sponge medium were spread separately on 20
mesh sieve on an aluminum pan filled with distilled water so thal the foam was
immersed in water. Flasks were thoroughly washed and the washing was also
added to sivve. Collected material was kept at 15-20°C in growth chamber for 24
hrs. During this time at least 90% of all nematodes moved in to the water. When
all the infective juveniles settled downward, then were pumped lo a collection
beaker. The product was cleaned thoroughly by repealed washing to obtain
nematodes free from debris.

Counting and Storage: Concentrations of the total viabic Ils were determined
by counts in 10 ul of initial samples diluted in Sml under the stereomicroscope
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(40x), in triplicate. Counting was done on a counting slide. Infective juveniles
were stored in growth chamber (15-20°C) in 100 ml flask having distilled waler
with a drop of Triton X-100.

Effcet of temperature on in vive and in vitro mass production: Same
procedure was followed as mentioned above for in vivo G. mellonella and in vitra
soya flour medium for mass praduction ol Pakistani strain of entomopathogenic
nematodes viz., Steinernema pakistanense, S. asiaticum, S, abbasi, S. siamkavai,
S, carpocapsae, S. feltiae, 1. indica and H. bacteriophora. Initial inoculums
were SO IJs! larva and 1000 [Is/ ask for in vive and e vitro cultures
respeetively. Culturing media were exposed at four differemt temperatures viz.,
20+£2,25+2,32+2and 38 + 2'C,

Mass production of EPNs on assemblage of in vitro and in vive culture: Lipid
agar media was modified with the following components: 7g NA + 0.0062¢
bromothymol blue (0.00 25%) = 0.01g triphenyltetrazolium chloride (0.00 4%),
1.7¢ Agar Agar, 0.5 g Cod liver oil, MgCl,.6H:O and honey: 200 ml distilled
water was used for in vitro culture.

When all components were thoroughly mixed, the medium was autoclaved at
121°C and 15 psi for 15 min, 18 ml aliquot was transferred aseptically inlo
sterilized 90 mm Petri-dishes. After 2-3 hrs an infected surlace sterilized G
mellonedla larvae with 50 TJs/ larva ol cach eight species of Pakistani strains were
transferred scparately on a medium. Plates were incubated at 32+ 2°C except for
S feltiae temperature was 20 — 2°C. New progenies of infective juveniles were
harvested up to 15 days.

Data analysis: Data were analyzed by multifactor analysis of variance
(ANOVA); if the ANOVA was significanl, diflferences in treatments were
elucidated through Duncan’s multiple range test (£ < 0.05) using SPSS statistical
sollware.

Results

In vive mass production: Six different concentrations of infective juveniles
5, 10, 20, 30, 40 and 50 1Js per inscet of eight indigenous species were applied to
last larval stage of G, metlonelia, freshly emerged adults of C. chinensis and last
larval stage of 1. castancum.

Significant dilference was found between dose concentration and s
production (77 0.001). The final estimation of infective juveniles was ended after
10 days. Maximum numbers of infective juveniles were found in cach dose from
G. mellonella larvac as shown in praphical presentation Fig.l (A-H). It was
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abserved that at the lowest concentralion (5 LIs), the production of infective
juveniles of S. pakistanense were 20,0 x 10 Y 3.0x 10" 051 x 10 % Ug; S
asiaticum 22.3 % 10° 2.4 % 10* 0.23 = 104 Us; S, siamkayai 25.5 = 104 3.9 =
10%, 0.48% 10" Us; S. feltiae 20.2 x 10* 2.4x 10° 0.36 = 10° Us; 8. carpocapsae
15.6 % 10%, 1.2% 10°, 0.20 % 10° Us; S abbasi 24.5 = 10%, 3.2x 10", 0.15 = 10"
Us: I1 bacteriophora 14 = 10°, 3.2 x 10%, 0.28 * 10" Us and H. indica 14.1 x
10, 29 = 10*, 0.32 x 10* Us from each in G. mellonella larva, adult of C.
chinensis and larval stage of T, castaneum, respectively (Fig, 2).

Table 2 illustrates average production at different concentrations of eight
indigenous nemotodes species. S. pakistanense produced massive yield of
infective juveniles as compared 10 other nematodes species in all the three inscet
hosts. At the highest concentration (50 Ls), the production of infeetive juveniles
were 60 % 10* to 87.4 % 10* Us from each larva of G. melloneila, 4.2 * 10710 9.8
# 10* Us from each adult of C. chinensis and 0.3 % 10%10 1.7 x 10" s from cach
larva of T° castaneum.

In vitro mass production: For in vitro production eight indigenous spocics were
tested on soya flour, wheat flour, lipid medium and com Nour medium. After 15
days of inoculation successful production were observed (Fig. 3). Soya flour
medium gave the highest population as compared to other media. The minimum
multiplication was found in com flour medium, Significant difference of
produgtion potential was found between four media (p < 0.001). When the
nutrients were depleted, IJs movixl around the flask (Fig.4). This indicated the
harvesting period of nematodes. 8. pakistanense produced 20 x 107,13 = 10°%, 18
x 10" 7 x 10*1Ts; S, asiaticum produced 15 x 10", 10 x 10 12 % 10* 5 % 10* Us;
S, siamkayai produced 20 x 10", 13 x 10*, 16 = 10, 4 x 10* Us; 8. felriae
produced 13 x 10* 10x 10" 12 % 10, 6 x 10* Us; 8. carpocapsae produced 9 *
10°, 8 x 10", 6 x 10%, 7 = 10* ls; S abbasi produced 15x 10%, 11 x 10%, 13 x 10"
7% 10 * s, H. hacteriophora produced 16 x 10°, 11x 107, 15x 10%, 4 x 10* Ls
and H. indica produced 15x 10", 10 x 10%, 13 10*, 4 » 10° s from each flask
of soya flour, wheat flour, lipid medium and corn flour medium, respectively.

Effect of temperature on in vive and in vitro mass production: /n vivo
production of IJs in G. mellunellu larvae and in vitro soya flour medium were
exposed to four different temperatures. Significant difference was found between
temperature and yield multiplication (p < 0.001). Steinernema pakistanense; S.
asiaticum; 8. abbasi; S. siamkavai ; S. carpocapsae; Heterorhabditis indica and
1. bacteriophora failed o produce Ls at 20 + 2°C and 25 = 2°C. In G
mellonella larvae and soya flour medium production of S. feltiae was 60 £ 2.0 %
10°and 13 + 1.0 = 10%, respectively.
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‘T'able 2. In vive mass praduction of eight Pakistani strains of XPNs in inscct species.

. Dases G. metlonella C. chinensis 1. castaneum

Nematades specics Js/ml Avernge yield (x 10%)
b 266.52F 30£10¢ 0.51=5.2¢
10 34 1=39¢ 49:2484d 0.8243,9 b
8 puikistanense Pak.S.5.43 20 423148 d 53+18¢ (0.89£34 1y
strain (GU L3018 30 4642 0 e 6.1+320 NY2=lab
40 S04+3.1 b 69423 b 13011 a
a0 863112 98+l 2a 1.50=12 4
- 2234 24 244424 0234124
10 23.2¢1.2d 35429 ¢ 0729441 d
5. asiaticum Pak. 8 §.4 staun 20 L6 39104 03110 ¢
(RFLP) 30 33911 ¢c 40444 b 0391 9¢
40 44 52500 45420 b Q4020 b
S0 619442 4 53420 a U0l a
S 245018 T 3282%¢ 0.15¢1 5¢
1 24l De 39420¢ 018423 ¢
8. ablves: Pak. 8. 8. 16 20 294442 d 421 2 b 1202200
slainf INS71096) 30 3744l R8¢ 45+30b (2542260
40 45.7=560 6.0+1.0a 028+10b
50 8054234 G610 a 0.3041,3a
5 255412 ¢ 392200 04812 ¢
1 Mlslde 4242.5d 070=25d
5. stamdayai Pak 8.8, [0 stmin 20 41 8+1.04d 4R124d 0.85=1.0¢
(JF892544) 30 S3.6425¢ 5.5%1.2¢ 0.89:2 5¢
40 635:t Th 6213 b 098%:|.5b
50 874=15a 8.642.5a 13425 a
3 15,6410 F 12420 d (0.2042.0 ¢
10 253423 ¢ 24+25¢ 0451 5d
S, carpocapsue Pak. S. 5. 23 20 3 T=254d 18115¢ U.52+2.0¢
strain (GU1301382) 0 428+32¢ 12425b 063150
4} 45241.2h 35+1.0b 0904120
50 65.2¢(.a 42410 a 0U9:14a
5 202423 ¢ 244202 D308 01
n 12.5+1.5¢ 304254 L5240 S e
§ feftive Puk, N. 5.7 20 28912 d A7=244d N63+].sd
strain{ RFLP) 30 40510 ¢ 45:12¢ 0,72212¢
40 45.5420h 58+1.3b O8R+1.2 b
30 GL0=2.0 o 7242.52a A99+1,5a
5 L0 29=237 3.3241.0d
1 22,7125 32«12¢ h71e2 5¢
H. indica Pak. S. 1 sirain 20 2541 54 48L1.5d Q5+ e
{INLST7T4) 30 41.6+)2¢ 55250 0.80-1.5h
40 4854106 6.2+2.0b (1894200
S0 85,0l 5u BTLlNa 91 5a
5 14.(H20 ¢ 32+124 028£12¢
10 18.6425¢ 38-2.0d 0.82+2.04d
H. bacteriophora Pak. 20 2092 0d 42415¢ 0.89-1.5d
S 7stmind EF46Y774) 10 3L1-1.2¢ 528220 0922200
40 495010 b 57+1.5b 1 304150
S RO.5%1.2 90L1.0a 1.5+2.2 3

Valucs havityg same letters ina calamn are not significastly different,
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— 3. Mellonella larva
— Adult of C. Chinensis
— T. castanaum larva
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Fig. 1 (A-H). fn vivo average production of eight Pakistani strains of
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Fig. 2. (A-C). In vivo mass production of entomopathogenic nematodes: A. G.
metlonella larva; B, T. castanum larva: C, C. chinensis adult,
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At 32 = 2°C and 38 = 2°C there is no significant difference between
productions of S, pakistanense in G. mellonella larvae. Maximum production of
all other specics was found at 32 £ 2°C, exeepl S feltiae which failed to
reproduce at this temperature (T'able 3). Analysis clearly showed that production
of infective juveniles was maximum in G. mellonella larvae as compared to soya
(Jour medium (Fig. 5 A-D).

Mass production of EPNs on assemblage of in vive and in vitre cultures:
When in vive culture G. mellonelia larvae in assemblage with in vitro modified
lipid agar medium was usced, the production of infective juveniles of eight
Pakistani strains of entomopathogenic nematodes increased approximately (two
fold as compared to when these were cultured separately in G. mellonella larvae
and lipid agar medium. (Fig. 6). Lipid agar medium adopted from Kaya & Stock
(1997).

Significant difference of production was found among the three media
compared (p < 0.001). 8. pakistanense produced 86.3 x 107, 177 = 10, 38 x 10’
Us; 8. asiaticum produced 61 = 10%, 112 = 10° 32 = 10° Us; 8 siamkayai
produced 87 x 10", 181 x 10, 36 x 10" IJs; S. feltiae produced 60 x 10° 122
10* 32 x 107 1Is; 8 carpocapsae produced 65.5 x 10", 123 x 10", 38% 10" Is; S.
abbasi produced 80 = 10*, 148 = 10%, 33 x 10* Us; H. hacteriophora produced 80
x 10°%, 164 % 10°, 35x% 10" Us; and 77, indica produced 85 = 10%, 155 x 10°, 33x
10* s from cach G. mellonella larva, Petri plate of assemblage culture and lipid
medium, respectively (Fig.7).

Discussion

Steinernematids and Heterorhabditis infect and reproduce in a broad
spectrum of insects; they may be readily reared in vivo in the laboratory. Galleria
mefllonella larvac is used as a host because it is widely available, easily reared,
very susceptible and an excellent host for nematode reproduction, In the present
study six different concentrations of infective juveniles of eight species were
lested for mass production. At the lowest concentration production of eight
indigenous species was 14x 10% 26 x 10%, 1.2 x 10* 3.2 x 10, 0.20 = 10" 0.51
x 10* Is from each larva of G. mellonella, adult of C. chinensis and larva of 7'
castaneum respectively. According to Woodring & Kaya (1988) when high
concentration of nematodes was applied few progenies were produced due to
competition or contamination with foreign bacteria. But sometime dosage that is
too low results in low host mortality, this reduces production efficiency. ''he
number of nematodes that invade a host is proportional to the exposure
concentration.  Optimization of initial nematode density  within the  host
maximizes nematode survival and fecundity.
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Table 3. Effect of temperature on mass production of EPN in G. mellonella
larvae and soya flour medium.

Nematodes species

Temperature

S, pukistanense PAK. 8. 543
strain (GLU130180)

S. asiaticum Puk.S. S. 4
strain (RI'LP)

S, abbasi Pak. S. 5. 16 strain
(INS71096)

S. stambkayai Pak. 8. 5. 10
strain (JI'892544)

S. curpocapsue Pak. S. 5,23
strain  (GU130182)

S, feltiae Pak. N. §. 7 strain
{RFLP)

H. indica Pak. S, /. 1 strain
(IN157774)

H. bacteriophora Pak. S. 1.
17 strain ( EF469774)

201 2°C
25+2°C
32 L2
38§+£2°C
20+ 2°C
254+£2°C
32+2°C
38+2"C
20£2'C
25+=2C
32£2C
8+2°C
204 2°C
25+2°C
32+ 2°C
38+2°C
204 2°C
L 25+2°C
324 2°C
3R+2°C
20+2°C
25L2°C
3124+2°C
38=2°C
20+£2C
25+2°C
3ETC
8+2°C
20=2'C
25=2°C
32z2'C
38+2°C

" G. metlonella larvac

Soya flour medium

average yield average yield
(x 10 (> 10%)
0.0+£0.0 b 0.0+0.0¢
0.0+0.0 b 00 00c¢
86.3£1.2a S3+1.8b
87.5+1.5a 71=18a
0.0+00¢ 00-00¢
0.0£00 ¢ 0.0+0.0¢
61.9+42a 1542.0a
289L1.1 b 8.0+£2.5b
0.04+0.0 ¢ 0.0+00¢
(L0OLOO ¢ 0.0+£0.0 ¢
80.5+2.3u 15+1.5a
33.5+1.0h 93:1.0hb
0.0+£0.0 ¢ 0.0+0.0 ¢
0.0+0.0¢ 0.0L(L0 ¢
X74:1.5a 2042.0u
629+200b 1201 (th
0.0:0.0 ¢ 0.0+0.0¢
0.0-00c¢ 0.0L00¢
652411 0a 9.0+2.5a
45.8-1.5b 4.0+20hb
60£2.0 a 13=1.0a
26=15b 7.0+1.0b
0.0+0.0¢c 17.24¢
0.0+:0.0¢ 0.0+0.0¢
0.0+00¢ 0.0:0.0¢
0.0L00¢ 0.00.0¢
85.0+£1.54 15=25a
63.2£1.0hb S5.0£2.0b
0.0+0.0 ¢ 0.0L£0.0¢
0.0L0.0 ¢ 0.00.0¢
80.5+1.2a 16 .7£1.5a
75.1+£1.0h 13.242.0b

Values having same letters in a column are not significantly different.
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Fig. 5 (A-D). Average production of eight Pakistani strains of entomopathogenic
nematodes at four different temperatures, cultured in G. mellonetla
larvae and soya flour medium,
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Fig. 6. Production of [Js on assemblage of in vive and in vitro cultures.

% G. mellonella larvae = Asgsemblaged culture Lipid sgur medium
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| S. asfaticum S abbasi S giamkayai S feitiae S, H H.indica s,
1 carpocapsae bacleriophora pakistananse

‘ EFN Stains

Average production (10°)
O C OO0 oo

Fig, 7. Average production of 1Js in G. mellonella larvae, asscmblage
culture and lipid agar medium.
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Thus, intermediate dosage maximize yield (Boff et al., 2000). According to
Epsky & Capiner (1993) host density per unit arca afTects nematode invasion, In
a current experiment at 50 1Js the production potential ranged up to 60 thousand
to 87 thousands infective juvenile. Dutky er af., (1964) and Milstead & Poinar
{(1978) reported that 200,000 S, feliiae and 350,000 H. bacteriophora infective
juvenile have been harvested from one last instar Galferia. Haziv ef al., (2001)
reported 80,000 IJs and Shapiro-llan et a/., (2001) reported up to 300,000 Ls
from one . mellonella larvae. In virro production nematodes have been cultured
on a variety of substrates: potato mash, ground veal pulp, dog food and chicken
offal (McCoy & C(ilaser, 1936; Hara et al, 1981). In Pakistan Tabassum &
Shahina (2004) first time reported in  virro method for culturing
entomopathogenic nematodes on chicken offal medium. With this method vield
of Steinernema pakistanense and H. indica reached up 1o 5-7 millions. S
asiaticum and 8. feltiae reproduction potential reached up to 4-5 millions and 1-2
millions, respectively per S00 ml flask. In present research work eight indigenous
spueeics ol Pakistan were mass cultured on soya, wheat flour, lipid agar and corn
flour medium. Soya tlour medium gave highest population as compared to other
medium. Minimum multiplication was found in corn flour medium. /n vivo
production of s in G. mellonella larvac and in vive soya flour medium were also
exposed to four different temperatures. Maximum production of seven specics
was found at 32 + 2°C except S feftiae which fail to reproduce at this
temperature. The poor production of S. feltiae may be due to the fact that this
nematoade is a natarally cold tolerant species with optimum infectivity closer 1o
20°C (Hominick & Briscoe, 1990: Wright, 1992; Grewal ef al., 1991). When S,
Sfeltine Pak.N.8§.7 strain (RFLP) was exposcd (¢ 20 £ 2°C production  increased
up to 60£2.0 * 10 " and 13+1.0x 10 ¥ in &. mellonella larvae and in soya flour
medium, respectively. Important factor for moxenically i vifro culwre is the use
of primary form hacteria, a large surface arca on which the nematodes may grow
a sterol source for the nematode and a food source base tor the bacterium
(Woodring & Kaya, 1988). Primary phase 1s most conducive to growth and
infective juvenile tends to retain onlv the primary phase symbionts (Akhurst,
1982). A deercase in production could indicate contamination, a reversion to the
secondary phase, unsuitable incubation temperatures, improper maisture contenls
or many other problems. In a present investigation first time in vive culture ¢,
mellonella larvae assemblage with in witro modified lipid agar medium, it was
found that nematades yield increased approximately two [old as comparcd when
it was cultured separately with (7. mellonella larvae and lipid agar medium. The
reason was that in assembled culture as the bacterial colonies grow mn modified
lipid agar simultancously the production of s raiscd laster.

In our present research successful results were obtained for mass production
ol cight Pakistani strains, which can be applied for biological pest suppression.
The problems faced in solid culture methods for harvesting inleelive juveniles
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and microbial contamination. In this method of production it requires time and
labors for harvesting juveniles and repeatedly cleaning which increases its cost
while production in G, mellonelia larvac minimized lime, labor and
contamination beeause infective progenies easily moved from dead cadaver
through White trap method. Concerning about availability of G. mellonefia larvae
in Pakistan, it is only available in bulk amount from National Nematological
Rescarch Centre, University of Karachi (NNRC); but due to continuous rearing
(. mellonella larvae in artificial diet, it loses its useful genetic traits, Hence,
therefore, availability of this important biopesticides in Pakistan, in order to
minimize impact of chemicals, we have to adopt advance technology (in pipe line
of NNRC) for production of these valuable infective juveniles which can make
these available to local markets. These findings would be useful for further
extension of production from small scale to commercialization of Pakistani
strains of EPNs.
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