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ABSTRACT : Two entomopathogenic nematodes Heterorhabditis
indicus (nativeé and imported strains) were evaluated as biological control
agents of cutworm Agroetis ipsilon (Hufn.). In Petri dish bioassays, all strains
were pathogenic to last instar larva and prepupa of A. ipsilon. The LCq
values of treated 6! instar larvae were 17 and 19 infective juventles (1Js) per
insect for native and imported strains, respectively. The LCg, values of
treated prepupa were 13 and 20 IJs per insect for native and imported strains,
respectively. Significant differences (P > 0.01} in mortallty were recorded
between different concentrations of the two strains for 6% instar larva,
prepupa and pupa. Significant differences (P > .05) were observed in the
average weight of pupae treated as 6% instar larvae or prepupae by two
nematode strains. Whereas, the pupatton period of larvae treated as 6™ instar
by imported nematode strain increased significantly {p > Q.0I) at higher
concentrations, There were significant differences (P > 0.05) between various
concentrations and untreated insects for the two strains of nematodes in adult
emergence, number of deposited eggs/female and egg hatchability percent
but not significant between diffetent nematode strains.

INTRODUCTION

Larvae of the black cutworm, A. ipsifon (Hufn.} (Lepidoptera : Noctuidae), feed
on grasses and other agricultural crops at or near the soil surface (Tashiro, 1987).
The early instars feed on foliage, but the later instars may tunnel to a soil depth
between 2.5 and 5 cm, cut the plants at the soil surface at night, and pull them into
their burrows in the ground before feeding (Rings and Musick, 1976).

Entomopathogenic nematodes from the Heterorhabditidae and Steinernematidae
are promising biological alternatives to chemical insecticides (Ishibashi and Choi,
1991; Kaya 1985 and Poinar 1986). These nematodes can penetrate and kill many
economically important pests within 24-48 hours (Poinar, 1986). In some cases,
nematode treatrments provide levels of insect control equivalent to those of chemi-
cal insecticides (Georgis, 1990). Nematode species of the genus Hetrorhabditis are
obligate pathogens of insects. The nematodes are symbiotically associated with the
bacterium Photorhabdus luminescens (Boemare et al., 1993). Cells of the bacteri-
um are transmitted into haemocoel of host insects by a developmentally arrested
third juvenile stage, the infective dauer juvenile (DJ). Reaching the host haemocoel,
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the DJ initiate development and release their symbiotic bacteria. The host dies
within 3 days after infection (Johnigk and Ehlers, 1999). The nematodes complete
two to three generations within the host, after which free-living infective juveniles
emerge to seek new host (Poinar, 1990). These nematodes are exempt from govern-
ment registration in the United States (Gaugler, 1988). Our objective was to test the
infectivity of local and foreign strains of Heterorhabditis indicus, against different
stages of cutworm Agrotis ipsilon. -

MATERIALS AND METHODS

This work was done at the Department of Plant Protection, Faculty of
Agriculture, Al-Azhar University. The greasy cutworm A. ipsilon (Hufn.)
- (Lepidoptera: Noctuidae), larvae were collected from infected fields and reared in
the laboratory on castor-oil leaves according to the method described by (Fahmy et al.,
1973). The nematode Heterorhabditis indicus (native and imported strains LN2
(USA); SAA?Z (Egypt)) was propagated in larvae of the greater wax moth, Galleria
mellonella, according to Dutky ef al., (1964), then stored in phosphate-buffered tap
water (pH 7.2) at 6°C for at least | day to a maximum of 4 weeks. Prior to applica-
tion, dead and inactive DJs were removed by placement of the nematode suspen-
sion on a 30 pm sieve. Five hours later DJs which had actively passed through the
sieve were collected.

Nematode:  Heterorhabditis indicus

Bacteria:  Photorhabdus luminuscens

Strain: LN2 (USA) and SAA2 (Egypt)

‘Reference: Poinar et al., 1992 Mona Hussein, (2004)

Bioassay of nematodes on Agrotis ipsilon:-

Forty replicates were used for each nematode concentration tested. During nem-
atode exposure, the larvae were fed on castor-oil leaves. Concentrations of 5, 10,
20, 50 and 100 DJs in 100 ul sterilized distilled water were applied to the agar Petri
dishes in direct vicinity to the insects. The experiment was repeated three times,
Assuming that a positive relationship exists between nematode concentration and
host mortality, probit analysis has been used to analyze data from dose-response
tests and to calculate LCy, values (Glazer, 1991). For the nematode activity, a ran-
dom sample of 8 to 15 larvae or prepupae was dissected and the nematodes inside
the larvae or prepupae were observed.

All data were subjected to analysis (ANOVA) and mean values were separated
by the least significant difference (LSD) procedure (Steel and Torrie, 1980).

RESULTS AND DISCUSSION

Mortality percentages of 6' instar larvae, prepupae and pupae of the cutworm
A. ipsilon (Hufn.) exposed to different concentrations of native and imported en-
tomopathogenic nematode, H. indicus, are given in table (1). Significant differences
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(P > 0.01) were found between different concentrations of native and imported
nematode strains, and untreated check for 6% instar larvae, prepupae and pupal
stages of A. ipsilon. The LCs, values of treated 6" instar larvae were 17 and 19 in-
fective juveniles (IJs) per insect for native and imported strains, respectively. The
LCy, values of A. ipsilon treated as 6" instar larvae were 81 and 81 IJs per insect
for native and imported strains, respectively. No significant differences (P > 0.01)
between entomopathogenic nematode strains at larval, prepupal and pupal stages
mortality were detected. The effect of H. indicus native and imported strains on
prepupae of the cutworm A. ipsilon was recorded in table (2). Low mortality was
observed among insects infected with H. indica (native and imported strains) at
lower concentrations (5 and 10 IJs/prepupae). High mortality was recorded among
prepupae infected with local and foreign H. indicus at higher concentrations (S0
and 100 IJs/prepupae). The LCs;, values of treated prepupae were 13 and 20 IIs per
insect for native and imported strains, respectively. The LCy, values of A. ipsilon
treated prepupae were 51 and 70 IJs per insect for native and imported strains, re-
spectively. Significant differences (P > 0.01) were observed between different con-
centrations of H. indica strains against cutworm A. ipsilon treated as prepupae. We
can conciude from these results that, the native strain is more effective against A,
ipsilon especially when treated as prepupae. These results agree with Saleh (1995)
who cleared the effect of Heterorabditis spp as biocontrol agent against the black
cutworm A. ipsilon and cabbage worm Pieris rapae in bioassay testes and the con-
centrations of 5-100 nematodes/larva induced 30-100 and 55-100% larval mortality
within 24 and 48 h. respectively . The respective mortalitics caused by Heterorhab-
ditis sp. SAAL1 against apple bores, Zeuzera pyrina were 3541 - 76.57 % when ap-
plied by spray at 1000 IJs/ml (Saleh and Abbas, 1998).These results also agree
with Mogahed and El-kifl (1992) who reported the efficacy of two entomogenous
nematode species against prepupal and pupal stages of the cotton leafworm, §.
littoralis in soil under greenhouse conditions. Their results indicated that the nema-
tode H. heliothidis was more effective than H. bacteriophora. Prepupal stage was
more susceptible to infection with the two parasitic nematodes than the pupal
stage.

The obtained data also agree with Bedding (1990) who cleared that the local
strain of nematode are expected to be suitable for management of local insect pests
because of their adaptation to local climate and population regulators.

The effect of H. indicus, native and imported strains, on average weight of pu-
pae resulted from treated 6™ instar larvae and prepupae of cutworm A. ipsilon re-
ported in table (3). Significant differences P > 0.05) were cbserved in pupal weight
resulted from treated 6 instar larvae and prepupae of A. ipsilon by different con-
centrations of H. indica (LN2 and SAA2 strains). No significant effect on pupal
weight between two tested strains was obtained.
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Data in table (4) demonstrated that, the pupation period of cutworm A. ipsilon treat-
ed as 6™ instar larvae by imported nematode strain increased significantly (P > 0.01)at
higher concentration. No significant differences (P > 0.05) in pupation period were
found between different concentrations and untreated check when cutworm treated as

repupae. The pupation periods were decreased (10.0 + 0.8 and 10.50 + 2.04 days) at
Yower concentrations (5 and 10 Us/larva) but increased (12,0x0.81 and 11.16x1.04
days) at higher concentrations (50 and 100 Js/farva) when treated as 6' instar larvae by
native nematode strain (SAA2). No significant difference (P> > 0.05) were observed at
pupation period for cutworm A. ipsilon treated as prepupae by native nematode strain
(SAA2). The conclusion is there were significant difference between different concen-
trations on pupation periods for cutworm A, ipsilon when treated as 6" instar larvae b
both nematodes (native and imported strains) but not significantly differed (P > 0.05);
were noted at pupation periods between two nematode strains.

Percentages of adult emerged of cutworm A. ipsilon from 6™ instar larvae and pre-
pupae - treated nematodes decreased gradually by increasing the concentrations of
tested nematode strains (LN2 and SAA2) treatment (tables, 5 and 6). The number of
deposited eggs/female decreased in different concentrations compared with untreated
check. The decrease number of deposited eggs after females infection by H. indica
(LN2, SAA?2) and the lower hatchability percent may be attributed to the effect of the
nernatodes and their symbiotic bacteria P. luminescens on the insect larvae and pre-
pupae which resulted in reducing adult fertility and, of course, the lower fecundity
compared to control. The haemolymph of A. ipsilon released anti-bacterially tic fac-
tors and the bacterially tic activities increased from 4 to 48 hr post-infection subse-
quently, the haemolymph became clear of bacteria (Abu El-Magd and El-kifl 1993).
And they also showed clear changes in the relative numbers of circulating haemocy-
tes following H. heliothidis infection. A. ipsilon showed decrease in prehaemocyte
numbers, while granulocyte and coagulocyte numbers increased during the course of
infection (the larvae did not die after that) and the dominant cell type was the coagu-
locyte. It was cleared that changes in the differential haemocyte counts may gave
some clues to the function of different insect haemocyte population.

Table(1). The effect of Heterorhabdiltis indicus, foreign and local straing, on
cutworm Agrotis ipsilon treated as 6" instar larvae,

Conc. Nematode strain (LN2) Nematode strain (SAAs)
LM% | PrepM| PM% | TMY% | LM% |PrepM | PM% | TM%
* %** E2 L3 FXE * %** LEE 3 ok
0.0 0.0 0.0 12.0+£ 12.0+ 0.0 0.0 12.66x | 12.60%
1.0 1.0 4.16 4.16
5 4.33% | 4.66% 1167+ | 2066 12.33% 8332 | 4.67% 25.33%
1.52 1.69 1.52 5.03 7.50 6.50 3.05 17.03
10 366t | 20.334& | 19.66x | 43.66% | 16.66% 0.0 24.0+ | 40.064&
1.15 2.51 2,86 7.02 2.08 11.0 13.01
20 8.33+ | 19.67+ | 3233% | 6033+ ] 20,66+ | 24.67x | 20.67+ | 6600+
1.52 7.50 3.51 12.50 3.05 13.01 5.03 21,07
50 240+ | 12.0£ | 4466 | 80.66+ | 36.33+ | 12.33x( 2833 77.0+
1.0 | .44 12.01 14.01 6.50 6.50 16.50 26.51
100 5564 | 1633+ | 2133+ | 93264 | 3267+ | 40.66+ | 20.33% | 93.66+
3.05 1.30 11.05 2.0 4.04 9.01 7.50 5.68
LSD
0.05 282 316 481 5.62 2.69 741 8.09 93.03
0.01 2.92 4.61 6.84 7.98 391 11.23 11.50 12.83
* Larvae mortality ** Prepupac mortality  *** pupac mortality **** Total mortality
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Table (2}. The effeet of Heterorhabditis indicuy, forcign and local sirains, on
culwonm Agrotis ipsiffon treated as prepupac.

[ Cone. Nematode strain (LN2) Nematode strain (SAAs) |
PrepM.% | P.MY%% T.M. Prep.M.% P.M.% T.M.
ek LE L EL LT R L] ik
0.0 0.0 0.0 00 0.0 0.0 0.0
5 4.3342,05 | Te332850 | 20.66:11.01 4.0+0.81 4.66:+2.49 8.6644 .04
10 E2.041.63 | 24.33x3.a8 -‘ 36.3326.50 | R.33+6.50 16.0:1,63 | 24.3326.94
20 .66+2.49 36.06£1.69 57.32i5,iﬁ 8.606+0.94 44 .33x1.24 52,9943 64 |
-
50 16.66£1.69 | 40662400 | B) 3246 |1 | 36332205 | 44.6648.02 | 80.998.0]
100 | 92.33+1.52 0.0 08.33+1,521 | 74.0£12.16 | 20.3312.05 | 94.3329.81
LSD
0.05 1.43 1.8 4.50 8.07 3.04 9.01
0.01 2.11 5.82 6.55 11.74 4.43 13.1

*#*= Prepupae mortalily

**& nupae mortality

*2#* Total mortality

Table (3}, The effect of Heteroriabditis indicus, foreign and local strains, on
average weight (mg) of pupae resuited from treated 6™ instar and prepupac -
of cutworm Agrotis ipsillon.

,anc. Nematode strain {LN2) Nematode strain {(SAAs)
larvae Prepupae larvae prepupac
0.0 300.33+6.50 291.0x 291.33£3.51 293.33+1.52
5 356.33£3.51 405.33+11.0 292.66+2.08 302.33+3.5}
10 410.66::2.08 412.0£7.50 298.66+7.02 362.0+2.64
20 472 332 .08 426.0x1.0 345.66+6 .65 355.33+2.52
50 370.33x2.51 450.0+4.0 295.33+5.03 375.33+5.51
100 | 2800550 28202251 |
TsD | ]
LsD
0.05 i.73 8.13 2.5¢ 1,75
0.01 2.47 11.82 3.58 2.55

Tabie (4). The effect of Heterorhiabditis indicus, foreign and local strains, on the
pupation period of cutworm Agrovis ipsition treated as 6™ instar larvae and

prepnpae.
Cone. Nematode strain (LN2) Mematode strain (SAAs)
6" instar larvag | prepupae | 6" instar larvae prepupae
0.0 11.0+0.81 E1.5x1.47 12.0%1.41 [1.5+1.47
5 11.3321.63 11.5£2.2 10.040.81 1133108
10 13.0410 11.33047 10.5012.04 11.0+0.81
20 13.0z1.53 I1.66.12.05 12.0:2.16 1133426
50 [3.50:1.08 H.66x1.69 1204081 F1.022,44
100 13332244 1133169 E1.1641.04 11.520.40
LSD
0.05 0.93 0.8% 0.91 078
0.01 i.33 1.2 [.29 1.t
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Table (5). The eftect of Heterorhabditis indicis, forcign and local strains, on adults
emergenes resulied from treated 6" instar of cutworm Agrois ipsillon.

Conc. Nematode strain (LN2) Nematode strain (SAAs)
Adult Mo. of Hatebability Adult No. of Hatchability
Emergence. | Epgs/ % % Emcrgence Eyps/ §& %
i )
0.0 | S0.0FE2E- | e6R3i23A2 .27 R7.3311.52 | pRLIIEIS0E 66.19
5 7533£1.24 | 3w.e6213 -34—1 21.32 72.6620.94 | 219516227 2595
10 [ 53.0642.86 | 250041352 44,17 59.0£1.52 | 149.7.0+29.09 24,33
0 3%.0£1.24 120,0£2.0 6% 33.3341.42 | 10087 a2.61
50 19.0::1.24 93.44+33.03 14.33 22.042.08 00787 2175
160 | 3.33:£1.52 75.3321.22 8.57 566k 09 R5.60030.34 i9.84
LS[» .
0.05 3.08 22812 X 80.28
001 4.40 324,29 1.55 114.12

Table (6). The cffect of Heterorhabditis indicus, foreign and local strains, on adults
emergence tesulted from treated prepupac of cutworm Agrotis ipsillon.

Cone. Nematode strain (LN2) Nematode strain (SAAs)
Adult No. of Hatchability Adult No.off | Hatchahility
Emergence. | Epus! 9 % Emergence. % | Eggs/ § %
% .
00 | 99.6620,57 675133+ 63.30 96.0+3.26 678.0& 70.10
4441 108.59
5 T8.66+1.69 2450 31.84 50.664.2.05 238.66% 36.21
19.97 1209
it 62 0£2.0 2120 5833 72.33%1.52 213.0¢ 43.53
1143 2.64
20 41.33+1.52 108.6+ 50.0 +5.00+1.0 112.66+ - 3939
| 1.39 4.02
5011733814 4705 42.85 18 04081 86,66 435,04
2.94 3.68
100 0.0 0.0 0.0 0.0 0.0 0.0
L5
0.0% 18.24 2776 147 67.89
0.01 26.54 4038 215 98.75
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