RESULTS
AND
DISCUSSION



RESULTS AND DISCUSSION

I- Laboratory studies:

I-Effect of combination of pathogenic nematodes and
nematicides on some stages of Spodopetra littoralis and
Agrotis ipsilon:

lhese series of experiments were carried  oul in the
laboratory. in order to study.the effect of combination of the
nematode  strains  Heterorhabditis bacteriophora (HP8R), H.
bacteriophora (11 1) and Steinernema carpocapsae with some
nematicides (Rugby, Temik, Nemacur and Vydate) on the 6 th
instar larvae. prepupae and pupae of both 8. littoralis and A.
ipsilon in soil. Nematode concentration was 10,000 infective
stages /100 gm soil for each, which was combined with 200,400
and 800 ppm of every tested nematicide. Each nematode strain
was applied alone against every insect stage, also the
nematicides were solely tested against the insect stages. The
{reatments were inspected after 4 days for the 6th instar and 6
days for prepupae and pupac, mortality percentages, were

calculated and recorded.
a)- Effect of combination on 6th instar larvae:

Data in Table (1) show the effect of three species of
entomopathogenic nematodes combined with certain pesticides
against the 6th larval instar of S. littoralis. The three tested
concentrations  of Cadusafos (Rugby) alone or combined with S.

carpocapsae (All) or H. bacteriophora (HP88) gave 100%



mortality. whereas combinations with H. bacteriophora (Ht)
gave only 93.3%. However. nematodes alone, gave similar
results.

The tested three species of nematodes combined with
Oxarnyl (Vydate) gave higher mortalities than Vydate alone, but
the higher concentrations of Vydate in the mixtures resulted n
an increase in mortality rates in the case of Sc. and HP88 strains.
In this respect, it is worth to note that there was no effect in casc
ol H. bacteriophora (M) When the entomopathogenic
pematodes  were mixed  with Fenamiphos (Nemacur) an
enhancement in  mortalities occurred with the three tested
concentrations of Nemacur mixed with Ht and HP88, while vice
versa was shown with 8. carpocapsac.

Mortalities of the three tested concentrations of Aldicarb
(Temik). evidently differed when they were combined with
nematodes.

Statistical analysis showed no significant differences
between the concentrations of the tested pesticides combined
with 11t and HP88 strains, whereas there were significant
differences in mortalities in case of pesticides alone or combined
with 8. carpocapsae.

Table (2) shows that all concentrations of Rugby
combined with H. bacteriophora (Ht). 8. carpocapsae and H.
bacteriophora (HP88) gave mortalities reached 100% that were
more than either the pesticide or each species of nematodes alone

against A. ipsilon. Combinations of Vydate or Nemacur with

e
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Table (1) Comparison between the nematode and the
nematicides and their
mixtures S. fittoralis 6 th instar larvae.

‘ Treatment Concentration

Pesticide
Alone

Nematodes
Cadusafos

] 200 ppm

400 ppm

1 8§00 ppm

~ Oxamyl 200 ppm 56.7+20.1 kSSi‘)J ab | 65£11.9 ¢ | 76.7¢16.3 a
cd

| 400 ppm 56,7162 | 85£9.3 ab | 71.7+8.1bc 78.3£8.97 a

cd
|\ 800 ppm 155143 d 70220.7bc | 853£93 a

" Fenamiphos 200 ppm 63.3419b 917483 a
\ cd

| 400 ppm 71.7+8.1 100 a | 100 a | 91.7£8.34 a
abed

‘ 800 ppm 100 a | 85.2+104 | 100 a
| abe

f‘ Aldicarb 200 ppm 75+¢11.4 100 a
é abe

| 400 ppm 91.7+9.3 91.749.3ab

| | ab

| 800 ppm 3334114 833+11.4 | 833£11.6 a

‘ - | o abe abc

| |

“ One way ANOVA Completely Randomized

Main Effect df F value P
Pesticides 11 2.8 0014 **
Ht 12 1.63 113 ns
S.¢ (2 2.72 0063**
HPS8 12 1.4 197ns

“Dunca's multiple range test
Values in the same column followed by the same letter are not significant
different (P 0.035)
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Table (2) Comparison between the nematode and the nematicides and their
|
mixtures A. ipsilon 6 th instar larvae.

rﬂ'm tment

\ Concentration

Yo M()I"tﬂlity + SE

Pesticide + HT + Se¢ +HPS8
! Alone
- Nematodes Alone 83593 abe | 91783 ab 91 7483
’7(_““(1“51”‘05 9] 7+83 ab 100 il 100 Q0 100
200 ppm
‘ ‘ 8393 ub 100 il 100 a 100
‘ } 400 ppm
100 a 100 i 100 a 100)
‘ 800 ppm
Oxamyl | 3332135 od | 60=125 ¢ | 71.7£73 abe | 3033
| L 200 ppm
‘ 23.346.7 d 6674105 be 633£133 be 317114

800 ppm

S16£13 bed

667105 be LI035 ¢

51.67£7.6 b

Fenamiphos

’7 400 ppm
|
\

200 ppm

36.7+17 cd

85493 abe 70186 abe

383117 ¢

‘_ 400 ppm

633417 abe

91783 ab 633133 be

43273 be

800 ppm

71.7£7.3 abe

83293 abe 71773 abc

16.7+£7 5

Aldicarb

832493 ab

93.3+6.7 ab O] 7483 ub

633£13.3

‘ 200 ppm

\ 33167 ab | G0=125 ¢ | 839#93 ab | TI7=128
| \ 400 ppm
| { 5672208 bed | 667£105 be | 91.7#83 ab | 717+128
800 ppm
“L.S.D 374 251 26 04 217
One way ANOVA Completely Randomized

Main Effect dr F value P

Pesticides I 28 O32% =+

H 12 3.08 0024%*

S¢ 12 10.4 0000%*=

P88 12 10.33 0000*#*

#Dunca's multiple range test
same column (ollowed by the same etter are not sianificant different (P 0.03)

Vaues in the

!__—______________;———_—_-___.__-———————_——__—'—'———'—____
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both Ht and S.c (All) increased mortalities than either Vydate
alone or with HP88. The same results were obtained with the
lowest concentration of Temik (200ppm) mixed with the three
tested species ol nematodes. but in case of 400 and 800 ppm,
mortalitics ranged between 60-85.9 and 56.7- 91.7 %,
respectively.

Suatistical analysis proved  that there were highly
significant differences between the tested nematicides with Ht,
S.c. 11P88 strains and the nematicides alone.

b) — Effect of combination on prepupae:

Both toxicity of the nematicides Rugby, Vydate, Nemacur
and  Temik. alone and / or combined with three strains of
entomopathogenic nematodes Hi. S.c and HP88, were studied
against the prepupal stage ol S. littoralis and the obtained data
are shown in Table (3).

In spite of that the combined nematicides with nematodes
were more cffective than nematicides alone but their efficiency
was less or equal to those of nematodes alone, which reached
100% mortality for each strain. However toxicity of the used
nematicides alone ranged between 40-83.3 %, whereas those of
the combinations ranged between 542-100 % (with Ht), 76.7-
100% (with S.¢) and 70-100% (with HP88).

Statistical analysis demonstrated that there werc no
significant differences were observed between the concentrations
of the tested nematicides with nematode strains, but there were

significant difTerences between the nematicides alone.

/____—_/_———/__—_——___/__’_—
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Table (3) Comparison between nematodes, nematicides and their mixtures on
S. littoralis prepupac stage.

'\I Treatment | Coneentration 0o/, Mortality % SE

| Pesticide + HT + Sc
‘I Alone

| Cadusafos | 200 ppm - 100 a “
lwl ‘| 400 ppm 806104 1 _
Oyl | 200ppm | A0S be

r—gitlicu rh

|

‘ 400 ppm

-

\T_ 800 ppm 100 a
——

1

S R
|

| I
rlfclx:l miphos | 200 ppm “
| ‘ “

L i N
“1,.S.D 29.2 20.6
L |
One way ANOVA Completely Randomized
Main Eftect dr F value P
Pesticides Il 251 ER
11t 12 1.7 093 ns
Se 12 1.24 28 ns
HIPSS 12 142 |87 ns

spunea's multiple range test
Values in the same column followed by the same letter are not significant ditferent (P 0.03)

e
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Regarding the eftecto [ nematicides and nematode strains
and their combinations against A. ipsilon prepupac, 1t was found
that nematode strains yielded the most higher percentage
mortalities namely 100. 100 and 91.7% for Ht, S.c and HP&S8.
respectively (Table 4). On the other hand the combinations of
cither S.c or HP88 strains with the four tested nematicides
(Rugby, Vydate, Nemacur and Temik) resulted in an increase in
the mortality percentage of prepupac of A. ipsilon than did
pesticides alone, The corresponding mortalities ranged between
83.3-100 and 41.7-91.7 %, respectively. Data revealed also that
the mixtures of Ht nematode strain with the four tested pesticides
resulted  in lower mortality rates (31.3-72.9%) than those of
pesticides alone (36.7-100%).

Statistical analysis demonstrated that  there were high
significant differences i the case of combination between
qematicides and Ht. Also, significant differences were found in
the case of pesticides alone or when combined with HP88. Butin
case of combined nematicides and S.¢ no significant difference
were found.
¢)- Effect of combinations on pupae:

Toxicity of the pesticides alone or combined with
nematode strains against pupae of S. littoralis had been shown in
Table (5). It was found that Rugby alone was the most potent
pesticide, giving mortalities between 83.3 -97.7%, while insect
mortalities of the other pesticides ranged between 3.3-25.5%
only. On the other hand the potency of the four tested pesticides

combined with the entomopathogenic nematodes increased

/
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Table (4) Comparison between nematodes, nematicides and their mixtures on A. ipsilon
prepupac stage.

e
[ Treatment Concentration \ % Mortality £ SE

‘ Pesticide + HT + Sec¢ + HP8S
) Alone

Ncnmludes_]— ~ Alone 100 A 100 a 9] 7+8.3
‘ Cadusafos 319272 bed | 917483 a | 917483

53.3+15.8

200 ppm

76.7£9.7 ab 438=115 cod g1.7£8.3 il 83.3x10

| 400 ppm
\ 100 a | 625138 be | 100 a | 917483
8§00 ppm _
Oxamyl 3332158 be | 70899 be | 83310 a | 91.7:83
‘ 200 ppm

i 76.749.6  ab 62324  be 83310 a 61.7+133

1 Fenamiphos

400 ppm

60=133  be | 688199 be l §3.3x10 a 91.7+8.3

483+10  be 542472 bad 100 a 833167
200 ppm

633107 be 438115 «d 100 il 91 783

F
L

" Aldicarb }

200 ppm
! 36715 ¢ 72.9+9.2 83310 a 76.9+£9.7

‘ 400 ppm

400 ppm

704131 abe 334118 d 83 310 fl 83310

3674107 ¢ 32 1212 hed 100 a 76.7£9.7

30£6.9 be 313498 d 100 a 41,79
|

800 ppm

V:*L.S.I)

ONE way ANOVA Completely Randomized

)
e
o
1
e
-5

20.2 28

Main Effect df F value P

Pesticides 11 251 0139 %
It i2 4.85 000***
Se 12 1.24 279 ns
1’88 12 2.13 0304%

“Dunca's multiple range test
Values in the same column followed by the same letter are not significant ditferent (P 0.03)

n
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Table (5) Comparison between the nematodes and the nematicides and their
mixtures on S. littoralis pupal stage.

\ Treatment Concentration % Mortality £ SE

‘ ‘ Pesticide + HT +Se

| ‘I Alone

| |

b

Nematodes Alone I_m

o
L)

I Cadusafos 33102 @
l\ \ 200 ppm
3 | Or7+83 o«
| \ 400 ppm
\ [

|

‘r ~ Oxamyl
! 200 ppm

| o i .

\
\
l\ | 800 ppm

. 200 ppm

‘I 400 ppm

\

I Aldicarb 62524 bed
\ l\ 200 ppm

‘| [ 67E68 b \mum | bed

L \ 400 ppm |

+ HP8S

‘l “ 558 b | sal=isl “m
I 800 ppm
I

One way ANOVA Completely Randomized

Main Effect df I value P
Pesticides Il 224 0000%**
Ht 12 33 0013%*
Sc 12 7.7 0000+
HP88 12 2.5 013%*

+Punca's multiple range test
Values in the saume column followed by the same Jetter are not significant dilterent (P 0.03)

/
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mortality rates to 35.4 - 100, 41.7- 83.3 and 41.7- 100 % in case
ol combination with Ht. S.c and HP88. respectively.

Statistical analysis proved that there were high significant
differences between the concentrations of the tested pesticides
cither alone or combined with Ht and S.c  nematode strains, but
in case of combination with HP88 there was significant
correlation.

The sensitivity ol A. ipsilon pupace in treated sandy soil
difTered according to the used pesticide either alone or combined
with the three nematode strains (Table 6). Rugby alone or
combined with Ht, S.c or HP88 gave the highest mortality rates
which ranged between 70.8-100%, that seemed to be nearly
similar o those ol nematodes alone (89.6 for Ht, 100 for S.c¢ and
O1.7 Tor HP8Y). With respect to other three (ested pesticides
(Nemacur.  Temik and Vydate), it was found that their
combinations with entomopathogenic nematodes raised their
cllectiveness 1o levels more than the pesticides alone. Their
mortalities ranged between 8.4-18.8% (pesticides alone), 29.2-
79.2 9% (with Ht) 27.1-72.9 % (with S.c) and 4.2-54.2 %(with
HP8R).

Statistical analysis demonstrated that, there were high
significant differences between the tested concentrations of
either pesticides alone, or combined with all tested nematode
strains.

Entomopathogenic  nematodes  infectivity (o insects,

differed considerably among the different developmental stages
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Table (6) Comparison between nematodes, nematicides and their mixtures on A.
ipsilon pupal stage.

| Treatment Concentration

\ Pesticide TE) + 11P88
[ Alone

Nematodes | Alone | Soe0d @ |10 0

Cadusafos 100 a 100 a
| 200 ppm
‘ f 01,783 a | 792+12  abe 100 a 100 4
| 400 ppm
‘ 83311 A 100 a
800 ppm
‘ Oxamyl ‘ 16,7468 b | 36768 cde 60417 bed

| 200 ppm

§4xd 8 b 604171 bed 68,8420 be 208+79  cd
’ 400 ppm
‘ §.4x4 8 b 792412 abe 70810 be 8.4+4 8 d
800 ppm
Fenamiphos 844 8 b 32 1181 ede 54.2+7.2 bede 18.8x14  cd
200 ppm

§.4+4.8 b 62.6£13.8 bed 584424 bed 54.2+7.2 b
400 ppm

188138 b 70,8899 abe 27.1+124 ¢ 52. 118 b
800 ppm
2024168 ¢ 354486 de 42442 d

32,112 cde 43.8£12  cde 41 8144 Dbe

42:42 b

|' Aldicarb

|

‘ 146:146 b | 33412 de 72.9+16  ab 50£20.4 b
\ 800 ppm
I - -

One way ANOVA Completely Randomized

146146 b

Main Effect df F value P

Pesticides 11 18.9 0000%#*
Ht 12 4.43 0001 ##*
S¢ 12 7.4 0000%**
HPES 12 21 0000***

#*Dunca's multiple range test
Values in the same column followed by the same letter are not significant different (P 0.05)
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of the insccts. Generally. the obtained data revealed that 6th
instar larval and prepupal stages of both two tested insects, were
more vulnerable to nematode infection than the pupal stage. The
path of entry for infective stages is throughout the natural
openings  (mouth,  anus and  spiracles).  Entry of
entomopathogenic nematodes via spiracles is considered to be a
main infection route into insect pupae, which have neither mouth
nor anus. (Hara and Kaya 1983b). (Kaya and Grieve 1982) and
(Poinar  1979).  Susceptibility ol pupac 10 nematodes
considerably varies with different insect species. Soil-or-litter-
pupating nsects arc oenerally less susceptible than those, pupate
above ground Kaya and Hara (1981). They believe that the
insect susceptibility is, closely related to the level of the cuticle
cclerotization because P. unipunctata pupae (least susceptible)
are more  sclerotized than 8. exigua Ones (moderately
susceptible), while G. mellonella pupae (most susceptible) are
the least sclerotized. These results indicate that structure and
hardness of spiracles are clearly responsible for pupal
susceptibility to  the entomopathogenic  nematodes (Ahmed
1982,  Azazyl1996) and this may interprets  the  more
susceptibility of 8. fittoralis pupac 10 nematode infection than A.
ipsilon ones inour casc. Compared to the infection in active S.
litura larvae. S. feltiae infection occurred more easily in insects,
which were weakened by some treatments, as with formalin
solution or with a sublethal dose of pesticides (Hatsukade and
Yamanaka 1988) and (Kaya and Burlando, 1989). The
obtained results are in full harmony with the findings of Hara
and Kaya (1982), Ishabashi e al (1987) and Kamionek (1978).
ﬁ
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Ihey said that. the eflficency of S fltiae could be improved in
compatible with pesticides in an integrated pest management
program. Ishabashi et al (1987) found that, in (iled trails, a
mixed application ol S. carpocapsae with insecticides has
provided more effective insect control (han using each of them,
separately. Also. Strak and Shanks (1993), [shabashi (1993)

and franceschini (1999) gained similar results in this field.

2-Effect of some pesticides on the activity of H.

pacteriophora dauer Stages:

The effect of nematicides (Cadusafos, Fenamiphos,
Oxamyl) and insecticides (Diazinon, Phenthoate) on activity ol
the infective  slages of H. bactreiophora (Ht) and H.
bacteriophorda (HPRY) was investigated. It was observed that the
level of toxicity of the tested pesticides in aqueous solution
varied. especially on the (Ht) infective stages (Table7). Results
showed that, the observed mortality, after 48h exposure 10
IFenamiphos ranged between 3.3 to 15.7%. Fenamiphos gave
mortalities of 4.7,3.3, 3.8.8.5, 7.3 and 15.7% for concentrations
ol (25.50.100,200.400,800 ppm). respectively. However,
mortality of the qematicide (Oxamyl) ranged between 1.8 to
19.4%. That of Diazinon was 35.3. 46 and 2.97% for
100.800.1600 ppm whereas. Phenthoate gave 4.7, 5.3 and 4.6%
mortalities due 10 concentrations  of 375. 750, 1500 ppm,

respectively.

.

RESULTS AND DISCUSSION 60



(CO'0 o) WUR12JJ1p WBDIIUTIS 10U 1B 12113] SWIES U1 AQ PAMO[|0) ULIN[OI LS Y} UL SaN[EA
1533 aduea apdiynw s edun(..
su @G 110 Z deoLIuay
sucy|: Le Z uouzeli(]
#+x9000° 66 ¢ [AwexQ
su oL €C't < soydiweua |
su 97 | ¢ sojesnpe))
d anjea 4 p 19913 urey
paziwopuey £22(duo) VAONY ABM U
£ € £9 L) L8 as s
e 1’079t - - % - wdd pp91
- ‘ B 9'0F¢ - - - wdd pos1
e g0FEC - e ChFp6l B CCFLSI R T4 wdd gog
- e v0TO b - = = wdd peL
e HETR 2 - qQ  90Frt Qe 6TFLL e IS0l wdd poy
- e [FEE & - - wdd ¢cz¢
= - qQ 80FVL Qe TSFS8 E 9TFIC wdd poz
- - qQ  60FrY q 6 178°¢ e TTFC wdd o1
i - = q 61FS¢ q b OFCE e SIFL9 wdd pg
i a q 6’0781 q ECFELY e +6's wdd ¢z
(D)
_ BOIPUIL ] ("¢ ) uourzeiq ("A) [AwexQ ("N) soydiweus g (¥ mc.?..v.:_:“uu UOEIIUIIUOD)
_| m.u_:u:u.um:_ wv—umu_um_.:uz mv—u_u:mbn—

( ASF :ﬂu—./: si1Jo ..—.—__m;,_c_\d %%

‘sapronsad aal) 01 aunsodxa
218 2ANDATUT AN Jo udtad AfeLoln (L) s1qel

SULTS AND DISCUSSION ~ ©!

i
i

RE



oe mortalities were 4.3, 4.9, 6.8, 7.2 and

-
=

Generally the avera
7 4% ol Diazinon., Phenthoate, Oxamyl, Cadusafos. Fenamiphos,
respectively. Statistical analysis revealed that there were no
significant differences between the tested concentrations of
pesticides. except of the nematicide (Oxamyl), which showed

highly significant differences between its concentrations.

Data in Table (8) showed the toxicity clffeet ol
organophosphorus compounds Cadusalos, Diazinon,
I'enamiophos and Phenthoate on H. bacteriophora (HP88)
infective stages during 48h of  exposure. These pesticides
achieved nematode mortalities ranged between 1.7-9.6, 1.4-13.8.
1.1- 6.8 and 1.4- 13.4% for cach. successively. The carbamate
compound (Oxamyl) was more toxic at high concentration ol
{00 ppm  to I bacteriophora infective stage giving 34.4%

mortality.

Statistical analysis proved that there were significant
differences  between concentrations of (Cadusalos, Diazinon and
Phenthoate).  The  nematicide  (Oxamyl) showed highly
significant  differences between  concentrations, — while
l‘cnamiophos revealed that there were no significant differences
between ils concentrations. These results encourage us 1o suggest
that most of the pesticides used for controlling pest maintenance
can be successfully used with entomopathogenic nematode
applications.  The nematicides can, probably be used at
concentrations of no more than 800 ppm. but insecticides could

be used at concentrations more than 1600 ppm with nematodes.

—Jf
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Overall. results indicate the feasibility of an'IPM use of these
nematode  species and chemical pesticides in crop protection
(Heungens & Buysse (1987), Jarowska (1990), Rovesti ef al
(1990), Rovesti & Doeso (1990).

3-Dispersal and migration of nematodes:

Some factors affecting dispersal and migration of five
qematode infective stages had been studied in laboratory in
column of sandy soil. These factors included the presence or
absence of the insect host, insect feces, the nematicide

(Nemacur), and host species.

3. 1-Comparison between the effect of G. mellonella and

Nemacur:

Twenty-four hours post nematode inoculation, majority of
lIs moved away from the point of application in all tested
pematode  strains. The proportion of migration (%m) was not the
came for the different nematode species. In the case ol host
presence, the migration of s of 8. glaseri was the highest
recording 89.28% (Fig.2). The other strains achieved migration
ates of 79.7. 76.48, 29.85 and 21.45% for Ht, HP88, S.c (All)
and  S.c (agriotis). respectively. However, in case of host
absence. results showed that the strain Ht was the best (26%

migration rate). whereas S.c (All) was the lowest one (2.32%).

—ﬁ
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Regarding the "average nct distance” [E (D)], s of HP88
was found to move an "average net” longer than that of the other
strains reaching the maximum distance of 13.07cm. The [E (D)l

of the other tested strains ranged between 3.23 10 12.62 cm.

Studying the effect of nematicide (Nemacur, 400 ppm).
compared with that of G. mellonella host upon the migration of
the tested strains, it was found that the nematicide improved the
performance of the nematode migration, especially in the case of
[1P88. LI S.c (agriotis). S.c (All) showing 93.02.81.13. 68 and
30.86%. On the other hand the nematicide caused clear
inhibition in S.g migration (1.08%). Also, strains S.c, S.c.aand
HP8E combined with Nemacur, moved longer distances |k (D)]
ol 7.6.11.9 and 17.15 cm, successively, while those of S.g and Hi

were the least, showing 0.1 and 10.16 cm, respectively (Fig.3).

3. 2-Comparison between the effect of S. littoralis and
Nemacur:

The presence of 8. littoralis as a bait, increased the
migration rates of all the tested strains (Fig.4). S.g showed the
highest values (from 10.43 1091.12%). followed by HP88 (from
16.1 to 80.06%). Ht (from 25.54 1034.2%), S.c.a (from21.5 1o
27 3%). S.c (from 9.38 to 22.14). Accordingly, as a result of the
increase in % m, an increase in [E (D)] values was evident in all
strains.

The addition of Nemacur 10 nematode solutions activated
the migration of S.c.a, H . and S.c strains showing percent

migration of 100, 84.1 and 54.55%, respectively.

/
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Fig. (3): Effect of Nemacur on dispersal and migration of five nematode strains.
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[owever. relative inhibition in migration rate, occurred in the
case ol other two. strains recording 4.06 and 42.19 % for S.g and

[1P88. consccutively (Fig.3).

Accordingly, as a result of the increase ol % m, an increase
in average net distance [E (D)] value was evident in all nematode

strains.
3. 3-Effect of S. littoralis feces:

As shown in Fig. (6), the migration rate (%m) of all strains
(excepl S.g). in presence of feces were better than those of the
presence of the host. These values, were 83.64, 63.89, 52.3 and
42.39% for HP8S. S.c.a, S.c and Ht respectively. In contrasts 5.g
was the least responsed strain to S. littoralis feces, achieving
19.48% of migration rate against 91.12 % migration towards the

host itself,

The presence of feces increased values of E (D)ol S.c.
Soea and [t (8.21.10.14 and 3.96 c¢m), but those values were
decreased. remarkably in the strains of S.g and HP88 than those

ol the host.
4. 3 -The effect of Host species:

Results shown in Fig (7) revealed that, the nematode strains
varied in their attraction towards the two hosts. Two strains (Ht
and S.¢) were attracted more by G. mellonella larvae, while the
other three strains (S.g. S.c.a and HP88) were attracted by S.
littoralis more than G. mellonella. Eighty percent of Ht

populations were directed towards G. mellonella while only 35%

S — -.# — e — —
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Fig. (6): Effect of S. littoralis feces on migration and dispersal of five nematode strains
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were attracted by 8. littoralis larvae. The variations in the other
ctrains were not too high between the two hosts as in the
Aforementioned strains. Regarding E (D) values. it is clear that
the strain  S.e which was attracted by, S. littoralis was the
superior (16.15cm) followed by the strain HP88 of both hosts,
then L which was attracted to G. mellonella and the other two

strains (S.¢ and S.c.a), were the last.

I:ntomopathogenic nematodes of the | leterorhabditidac and
Steinernematidae appear to be capable of long- distance dispersal
and local migration. Their transmission strategies include both,
highly active scek- and  destroy behaviours and ambusher
strategies. and they may be sensitive to sex related factors in
their  own populations (Downes & Griffin, 1996). Although
nematode  dispersal is necessary for host —finding. they may
disperse passively (Epsky e al.. 1988:; Timper ef al., 1988).
active dispersal, particularly by cruiser nematodes, appears 10 be
the primary means for host finding, since it increases the
likelihood of encountering sedentary host larvae. On the other
hand. high mobility without sensitivity to host cues leads 10
quickly depleted food reserves (Molyneux, 1984& Vinninen,
1990). Both locomotion and migration ability of the nematodes
are thus critical factors in the control of sedentary insect soil.
The sand column technique used in the present investigation
cnabled us to study the dispersal and migration of the tested
nematode species, as well as some factors that may affect them.
Also, complying with the situation of sessile root pests in the

filed. and host larvae in the assay unit were immobile (Fig.1).

#‘—7‘—-

RESULTS AND DISCUSSION 3




Alowed  the formation of  chemical gradient around them
(Steiner, 1996).

[n the present investigation, it was found that dispersal and
migration differ among the tested strains. These differences
could be related to the inherited characters of each species, in
addition to the reaction between these features and the other
factors. Factors affecting active nematode dispersal and host
finding in soil, include small pore spaces (Blackshaw &
Senthamizheselvan,1991; Georgis & Poinar, 1983 a, b &c;
Molyneux & Bedding, 1984). moisture, temperature and plant
roots (Choo et al., 1989).

Active dispersal of entomopathogenic nematodes is short
range and may be influenced by host cues. Host derived
compounds such as Co, (Gaugler et al., 1980) and fecal
components (Schmidt & All, 1979) have been shown to be
attractive to these nematodes. Migration rate may be directly
related to the host finding strategy of tested nematode species.
The low migration rate of S. carpocapsae (All) and S.
carpocapsae (agriotis) in most experiments typical ol an
ambusher or a sit and wait strategy (Kaya & Gaugler 1993) and
they tended to remain near the point of application limits contact
with sedentary hosts (Georgis &Poinar, 1983; Gaugler ef al.,
1989). As shown in Fig (2) the presence of the host increased the
dispersal and migration of the tested nematode species. This
linding is in a full agreement with that of Georigs & Poinar
(1983¢) who stated that the presence of the host increased

dispersal of H. bacteriophora, but the majority were still found

t——ﬁ
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near the placement site. The pattern ol dispersal and migration in
S. carpocapsae (agriotis) and S. glaseri respectively were not
allected by changing the host. Also the present results are in
accordance with the finding of Grewal er al. (1995) who
reported that entomopathogenic nematode species are different

in their response to host chemical cues.

The present work proved that the nematicide (Nemacur) is
an important factor affecting migration and dispersal of
nematode species. [n previous studies, combination between the
nematodes and nematicide increased migration rate and average
net distance E(D) which were better than using the nematodes
alone except in some cases. This finding agree with the present
study. since Nemacur caused a remarkable inhibition in the
mieration and E (D) of both S.g and [1P88 strains (Figs. 3 and 3).
Ishibashi and Shingi, 1993 stated that the insecticides
stimulated the entomopathogenic nematodes to move actively.
On other hand (Kamionek 1979) reported that the compatibility
between  some herbicides and insecticides can diminish host
secking ability and  diminish reproductive potential without

causing significant mortality in exposed nematode populations.

S Jittoralis feces attracted more portions of the tested
nematode  populations than the host it sell” and accordingly
caused an inerease in the average net distances except in the
case ol S. glaseri strain ., since the host attracted the nematode
more than feces . This finding confirmed by the work of

Schmidt and All (1978,1979). In the laboratories they found

‘ﬁ
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that S. feltiae positively responds various stimuli such as Coo,

thermal gradient, and excretory products in insect feces.

Comparing between S. littoralis larvae and G. mellonella
larvae in attracting various nematode strains. it was found that G.
mellonella attracted about 80% of Ht population while 35%
were  directed towards 8. fittoralis larvae. Also the infective
stages ol the strain S.c preferred the same host with a lees
degree. On the other hand the strains S.g. S.c.a and HP88, some
what preferred larvae of S. littoralis than the other host. Klein-
Beekman ef al. (1994) found that dispersal of S. glaseri
juveniles was enhanced in the presence of Melolontha
melolontha larvae, clear response direction towards the host was
not  observed. Steiner (1996) reported  that unidentified
Steinernema species  and 8. kraussei exhibited negative
migration when using G. mellonella larvae as a host. He
suggested that G. mellonella was repellent to those nematodes.
Also. he found that the host finding ability of a strain ol S.
feltiae was smaller for M. melolontha than for G. mellonella. He
attributed  this decrease, to that M. melolontha feces were

repellent to the nematode juveniles.

[I-Filed studies dealing with Biological control of
Zeuzera pyrina and Synanthedon myopaeformis by

nematodes:

a)-Effect of nematode concentration and application method

on insect morality:

__________—_——_____._——————-——’———_—_-_-
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1-Effect of Nematode concentration:

This experiment was carried out to evaluate the efficiency
of spraying and injection methods of application. Two infested
ficlds of Z. pyrina and S. myopaeformis were used in this work.
The first orchard was in the EL-Monofyia Governorate (Z.
pyrina infested  pear orchard) and the second was in EL-
Mansoria region. Three nematode strains were applied either by
spraying three times in 7- day intervals or by injection one time.
The applied nematode species were S. carpocapsae and two
local H. bacteriophora strains Dland D2.Two concentrations
were  used (3000, 1500 s/ ml distilled water) in each treatment.
The obtained results are given in tables (9&10). It could be
mentioned that the used two methods, were effective against
both tested inseets. Mortality of Z. pyrina (Table, 9) ranged
between 70.7 to 74.5 % in the spraying technique while in the
injection method, it ranged between 69.4 to 80.03%. On the
other hand.  mortality rates ol S. myopaeformis (Table. 10)
ranged  between 45.9 10 59.3% in the spraying technique but in

the injection method ranged between 53.8 to 76%.

Statistical analysis showed that there were significant
differences between the two strains and concentrations in case of
Z. pyrina but there were no any significant differences between
(he tested strains and concentrations of S. myopaeformis. This
finding is in coincidence with that of Bedding and Miller
(1981), Deseo er al. (1984), Deseo and Docei (1985), Kaya and
Brown (1986), Abed EL-Kawy er al. (1988), Yang er al.
(1990), Azazy (1996).

.——-—______—____—_————_—-E—_-—-_———'——__-
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Another treatment was carried out at EL-Mansoria region
in order to compare the effect of the previous three strains of
nematodes on Z. pyrina and S. myopaeformis on apple trees. In
this experiment, two application spraying methods, and injection
using two nematode concentrations (3000,1500 [Js/ ml ds.water)
were applied. The obtained data are shown in (Tables11&12). In
the spraying method Z. pyrina mortality rates ranged between
659 to 75.5% but in S. myopaeformis mortality percentages
ranged between 31.7 to 73.8% (Table, 11). In injection method
(Table. 12) the mortality of Z. pyrina ranged between 48.8 (0

82 2% while the S. myopaeformis mortality was  48.2 10 77%.

Statistical analysis showed highly significant differences
among the two tested insects in the spraying treatment. On the
other hand. no significant differences were found among insects
in the case of injection. It was found also that all interaction
effects among the treatments were insignificant except in the
case of insects and concentration (Table 11), and in case of
insects and nematodes (Table 12). Such results are in a full
coincidence with the work of Abed EL-Kawy & EL-Bishry
(1992), Azazy (1996). There are several reasons which may
cause  such  differences in the control of borers by the
steinernematid  and heterorhabditis nematodes. The nematode
strain may not be as efficacious against the borers or the sesiid
larval size may have affected the nematode ability to seek out 1ts
host or infeet it. It is known that the smaller insects are less
susceptible to nematode infection (Gaugler & Molloy, 1981,

Kaya, 1985).
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2-Effect of Application method:

Comparing between four entomopathogenic nematodes.
three  methods of application and one concentration ol nematode
suspension (1000 Ls/ml ds.water) were tried in controlling S.
myopaeformis and Z. pyrina on apple trees in EL-Mansoryia
region. Two species and four strains of nematodes were used.
lhese strains were 8. carpocapsae (All). H. bacteriophora
(11P88). I1. bacteriophora (AR-4) and H. bacteriophora (HU).
Three application techniques were applied: namely spraying,
injection and the cotton plug technique. Data in table (13)
showed that the average mortality rates ranged between 47.7 to

69.3% ol S. myopaeformis.

Statistical analysis showed significant differences among
the employed techniques, but no significant differences were
found among nematode species. All interaction effects among
the treatments were not significant. The strains of
Heterorabditis sp. were more effective than the S. carpocapsae.
Spray and injection techniques. were statistically equal in their
¢ffect. giving larval mortalities of 46.4 and 59.6%. respectively.
On the other hand, the cotton plugs technique induced 68.4%

larval mortality.

Regarding to Z. pyrina, it was found that mortality rates
ranged between 71.39 to 94.13% depending on the nematode

species and application method.

M
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Statistical analysis showed that both of the cotton plug and
the spray techniques. were the superiors, while injection came in
the last. Also it was found that Ar-4 and HP88 strains of H.
bacteriophora gave higher mortality rates than (Ht) strain ol H.
bacteriophora and S. carpocapsae (All). All interaction effects
also, among the different treatments were insignificant.
However. cotton plugs and the spray techniques. were
statistically cqual in their effect giving larval mortalities of
86.land  87.98%. respectively. On the other hand, the injection

technique induced 76.95% larval mortality.

b- Comparative effect of both entomopathogenic nematodes

and pesticides:

Comparing nematodes and recommended insecticides for
controlling S. myopaeformis, on apple trees, in EL-Mansoria
region. in 1997 scason, two concentrations ol three species of
entomopathogenic nematodes were evaluated. Data in Table (14)
showed that combinations of the insecticide (Phenthoate) and the
three tested  species of nematodes were the best. giving the
orcutest values of mortality. Average percentage of mortalities
were 75.03. 79.9  and 68.7.Combinations of Phenthoate (Cedial
1.60) with 8. carpocapsae and H. bacteriophora (D1. D2) gave
high mortality rates than using either nematodes or insecticides
alone.  Both nematodes and insecticides alone achieved least
mortalitics, which ranged between 45.9 to 59.23%. Combination
of Diazinon (Bazodin) and nematode S. carpocapsae caused

69.7% mortality., while this rate was 49.63. when the same

RESULTS AND DISCUSSION %
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insccticide  was combined with the D2 strain of H.
bacteriophora. In general it could be stated that, mixing of
nematodes  and  insecticides yielded high  percentage of

mortalities. than using nematodes or insecticides alone.

Statistical analysis showed significant differences among

the treatments.

Comparing the performance of both the entomopathogenic
nematodes. . carpocapsae (All), H. bacteriophora (HP88). H.
bacteriophora (AR-4) and H. bacteriophora (11 1) alone or
combined with conventional insecticides had been evaluated in
another experiment against S. myopaeformis and Z. pyrina on
apple trees in 1998 season. Data of this experiment are shown in
Tables (13.16). S. myopaeformis mortality rates resulted by
nematode  strains ranged between (20-63.6%) and  when
combined with insecticides achieved mortality rates ranged
between 343 and 64.3%. while the insecticides alone achieved
30 o 31.3% control of S. myopaeformis. Generally, nematode
strains induced percentage  average  reductions in
S. myopaceformis ol 27.3.55.1.37 and 49.3% for (AR-4), HPSE.
S. carpocapsae. and (Ht), respectively (Table 15).

Statistical ~analysis showed no significant differences
among {reatments. It could be mentioned that their were no clear
differences between using entomopathogenic nematodes alone or

combined with the insecticides on mortality rates of this pest.
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The same nematode strains yielded contradictory
percentages of mortality against Zpyrina when combined with
the same pesticides. It is clear that using nematodes alone
achieved higher mortality rates than that gained by combination
of nematodes and insecticides. As shown in (Table 16) high
mortality rates ranged between 83.3 and 94.3% when the
nematodes used alone. Combination between the nematodes and
insecticides achieved mortality rates ranged between 36.7 1o
79.3% but using insecticides alone achieved 30 to 31.3% control

ol Z. pyrina.

Statistical. analysis showed highly significant differences
among treatments. It could be mentioned that the tested
entomopathogenic nematodes alone was more effective than the
insecticides alone or when combined with the entomopathogenic
nematodes. This finding is in a full agreement with those found
by Solomon (1985), Deborah er al (1996). The greater
persistence  of the nematode than pesticide was attributed to
nematode propagation inside the tree. [t can be that some larvae
die within the tree and the nematodes propagate within them,
producing new generation(s) which are able to survive and locate
and then infect cossid larvae, that escaped from infection of the
initial treatment Yang et al (1989).
¢)- Comparative effect of both entomopathogenic

nematodes and Bacillus thuringiensis in controlling
Z.pyrina:
This experiment was carried out in two different seasons

(autumn and spring of, 1999) in the farm of EL-Marowa
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(IX1.-Giza Governorate) on apple trees. Three strains of
cntomopathogenic  nematodes  were  applied using injection
technique either alone or in combination with the recommended
dose of B. thuringiensis. Another treatment was carried out
using the bacterium individually. The mean of temperature
degrees was 20.9 and 26.1°C in autumn and spring, respectively.
As shown in (Table 17). it could be stated that using the
pathogenic  nematode strains against  Z. pyrina individually
resulted in higher percentages of mortality than the combinations
ol nematodes and bacterium and /or the bacterium alone except
in the case of S. carpocapsae + B. thuringiensis in the spring. It
could also stated that the strain S. carpocapsae (all) was more
effective against the borer in autumn  than in spring. On other
hand. the strain of H. bacteriophora was more effective in high
degrees of temperatures. Data revealed that there was noany
synergistic or additive interaction between the nematodes and the

bacterium except in the case of S. carpocapsac.

Statistical analysis  revealed that there was no any
stenificant difference  between  treatments in the autumn. In
spring. no significant differences were found between nematode
strains. although some degree of significance was found between
the nematode strains and the bacterium. On the other hand, high
degree of significance was found between the nematode strains
and combinations of nematodes and bacterium. This finding is in
harmony with that of Bari and Kaya (1984) who indicated that

combination of nematode and bacterium did not result in
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signcficantly greater control than thal achicved by the nematode
alone Deseo ef al (1984), EL-Bishry and Bekheit (1994), Gill
and Michael (1994), Azazy (1996), Pasqualimi ef al (1996)

gained similar results.

d)- Influence of temperature on infectivity of some

pathogenic nematode strains :

This experiment was carried out in two different seasons,
autumn and spring of 1999, in EL-Marwa farm (EL-Giza
eovernorate). Mean temperature during experimental period, was
71.1°C at November and 26.1°C at April. Three nematode
strains were applied against leopard moth with two techniques

(injection and cotton plugs).

Data in Table (18) shows that the strain, S. carpocapsae
(All) in November (21°C) tended to give better control than in
May (26.1°C) because of the sensitivity of such  nematode
species to high  temperatures.  However, the two strains of
H. bacteriophora (11P88) and H. bacteriophora achicved
mortality rates of 67.95% and 74.8%, respectively in November.
However. in high temperatures of May Heterhabditis sp were
the better in killing Z. pyrina larvae which achieved mortalities
of 77.4 and 78.1 against 62.3 % for S. carpocapsae. Results
indicated that. there was no significant differences between the
two applied techniques (injection and  cotton plugs) in the two
seasons (autumn and spring) in insect mortality rates. On the
other hand significant differences were found among the

nematode strains. However, it could be recommended to use the

e e e e W et
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strains of 8. carpocapsae against the pest in winter, and autumn
and the strains of H. bacteriophora in spring. This finding is in a
(Ul coincidence with that of nematodes at each temperature.
Kung ef al. (1991) found that pathogenicity and survival of S.
carpocapsae was, significantly greater al lower temperatures (-
25°C) than at the highest temperatures (15-35°C) . Zervos et al.
(1991) reported that H. heliothidis activity against G. mellonella
larvae was inhibited below 10°C and significantly decreased at
30°C.
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