4. RESULTS AND DISCUSSION

———

4.1, Testing the Inpecticidal Effect of Herbicides Against

Mosquitoes :
The present set of laboratory experiments eimed 8t

the detection of whether or not the tested herblcides
(Ordrsm, Ronstar, Machete, Stomb 330 E and Rifit 550 EC)
have insecticidal action against the different stages of
C. pipiens. This group of herbicides has been chosen
becauese they are alreedy used for weed control in rice
fields in Egypt. Therefore, all stages of mosquitoes
might be exposed to the herbicides in the field. The
present work wes designed so as to expose C. piplens to
each of the tested herbicldes solely using the recommended
field rate as & basal concentration; higher end lower con-
centrations were tested when necessary. It is estimated
that one feddan of rice may contain approximately 800,000
liter of irrigation water. Meanwhile, the rates recom-
mended for field application of Ordram, Ronstar, Machete,

Stomb and Rifit are 2500, 750, 2000, 700 and 700 cc/fedden,

’"reupectively. Thepe field rated could be transferred in

terms of numbers of milliliters/one liter of water to be
equivalent to 0.003, 0.0009, 0.003, 0.0l and 0.01 ml/L,
repgpectively. In such a menner, these concentrations
represented the basal ones which are referred to as (R)

or recommended rates. Egg rafts, 2nd and 4th inetar
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larvae, pupse and adults of C. plpiens were exposed to the
teated herbicides at the above-mentioned rates and their

doubles and dilutions ae indicated in the tables.

Effect on egg rafts :

All the tested herbicides did not interfere with egg
hatching when similar egg rafts of C. piplens were placed
in water containing concentrations equivalent to the recom-
mended rates of the herbicides. There were no noticeable
reduction in hatchability in comparison with the egg rafts

kept in distilled water as untreeted control.

.Effect on larvae :

Second and fourth-instar larvae of laboratory-reared
colony of C. pipiens were exposed to five different con-
centrations of each tested herbicide. Results of these

tests are summarized in Tables 1, 2 and 3.

Under laboratory temperature of 24°c in average
(24-27°C), 8s it is shown in Table (1), Ordram and Machete
coused no mortality smong both L, and L4 of C. pipiens
when the larvee were exposed to concentrations correspon-
ding to the field application rate 0.003 ml/L, (R).
Doubling the dosage to 2R resulted no mortality with the
exception of 4 % death recorded among L4 treated with
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lTable (1) : Mortelity % among L2, L4 and pupae of Culex pipiens

exposed to two herbicides, i.e. Ordram and Machete
in different concentratione for three successive
days. Concentrations equivalent to the recommended

field rates are marked 8s (R).

;Tested Mortality %

jmosqui to Concentrations Ordram Machbte

{otege 24 h 48h 72h | 24h 48h T2 h
0.02 ml/L o 12 46 28 42 68
0.01 ml/L 0 2 4 20 30 44

| L, 0.006 ml/L 0 o 0 0 0 0

| 0.003 ml/L (R) | O 0 0 0 0 0
0.002 m1/L 0 0 0 0 0. 0
Control 0 0 0 0 0 0

s 0.02 mi/L | 14 26 60 | 32 48 64
0.01 ml/L 12 14 18 20 36 40
0.006 ml/L 0 0 0 0 0 4

b4 0.003 ml/L (R)| 0  © 0 0 o 0

0.002 ml/L 0 0 0 0 0 0
Control 0 0 0 0 0 0

B 0.02 ml/L | o o o1 e & 6
0.01 ml/L 0 0 0 0 0 0

Pupa

0.006 ml/L 0 o 0 0 0 0
Control 0 0 0 0 0 0
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Table (2) : Mortality % of C. pipiens (L, & L,) exposed to

Ronstar in different concentrations for three
successive days. Concentrations equivalent to

the recommended field rates are marked (R).

ested Mortelity %
osquito Concentration 24 hours 48 hours 72 hours
stagen
0.008 ml/L 44 44 44
0.004 mi/L 12 22 40
0.002 ml/L 0 0 0
“2 0.0009 ml/L (R)| O 0 0
0.0005 ml/L 0 0 0
Control 0 0 o
"""""" 0.008 misL | 20 26 26
0.004 ml/L 10 12 12
0.002 ml/L 0 o 0
b4 0.0009 ml/L (R)| 0O 0 0
0.0005 ml/L o) 0 0
Control 0 0 0
""""" To.008 mi/L | o o o
0.004 ml/L 0 0 0
Pupae
0,02 ml/L 0 0 0
Control 0 0 0
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Table (3) : Corrected mortality % among Ly L4,rpupae and adﬁlts

of Culex pipiens exposed to two herbicides, i.g.

Stomb 330 E and Rifit 550 EC in different concentra-
tions for three succeseive days. Concentrations

equivalent to the recommended rate are marked as (R).

Eea%ed Mortality %
Fosquito Concentration Stomb 330 E Rifit 550 EC
stage 1h24h48h72h |[1h24h48hT2h
0.08 {100 ” 100
0.04 78 84.1 88.1 90.1 0 100
L, 0.02 0 69.6 80.2 86.7 0 42.0 76.0 86.0
0.01 (R) 0 44.9 66.2 66.2 0 20.0 30.0 34.0
0.005 0 28.6 45.6 57.8 0 10.0 14.0 18.0
""""""" o.08 |0 100 N
0.04 0 26.7 60,7 76.7 0 100
L, 0.02 0 13.3 27.3 35.3 0 55.1 77.1 89.1
0.01 (R) 0 22.2 24.4 24.4 0 18.2 38.4 54.4
0.005 0 2.2 8.2 8.2 0 10.2 16.2 20.2
Pupae 0.01 (R) 0 16.0 10.1 12.2 0 4.0 6.3 6.3
Adult 0.01 (R) 0 0 20.0 20.0 0 0 0 20.0
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Machete after 72 hras. of exposure. At higher concentra-
tions,i.e. 0.01 and 0.02 ml/L which are equivalent to 4R
and 8R, respectively, noticeable mortalities were observed.
However, L2 appeared less susceptible to the high concen-
tretions of Ordrem then L. ' The mortality reached 46 %
after 3 days emong L, treated with 0.02 m1/L while the
same dosage caused 60 % mortality emong L, after an equal
period. As for Machete, there were no big differences
between susceptibility of the both tested larval instars,
with mortality reaching 68 % and 64 % on the third day
among Lz and L4 when trested with a concentration of 0.02

ml/L which is equivalent to 8-fold the application rate.

Similarly, Ronstar did not cause any mortality among
L, 8nd L, of C. pipiens when used at 8 concentration of
0.0009 mi/L (= R concentration). Increasing the herbicidal
material to & rate of 0.008 ml/L (= BR) caused initial
mortality of 44 % emong L,. However, this mortality diad
not change during the following two days. On contrary to
what was reported for Ordram, fourth-instar larvae of C.
pipiens showed less resistance than those of second instar

when treated with high concentrations of Ordrem (Table, 2).

On the other hand, Stomb 330 EC and Rifit 550 EC
demonstrated considerable larvicidal activity ageinst both
2nd and 4th instar larvee of C. pipiens 24 h after treatment
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P

with concentrations equivalent to applied field rates (0.0l
ml/L). Data presented in Table (3) obviously showed that
the recorded mortalities were proportional to the concen-
trations used. The exposure of L, to 0.01 ml/L of Stomb
330 B resulted in 44.9 % mortality after 24 hr, that
increased to 66.2 % after three days in the seme treatment
which, in turn, csused 22.2 and 24.4 % mortality among L4
on the lst and 3rd day, respectively. Stomb 330 E showed
stronger insecticidal power then Rifit 550 EC when used

in similar concentrations. A concentration of 0.01 ml/L
of this compound killed 20 % of L, on the 1gt day increased
to 34 on the 3rd day. The same concentration killed 18.2
and 54.4 % of the treated L, on the 1gt and 3rd day, res-
pectively. Increasing the concentrations of the herbicldes
caused higher mortalities among treated larvae. Very high
concentration (0.08 ml/L) of these two compounds caused

100 % death within only one hour in both L, and L4 (Table,3).
Moreover, the two tested compounds seemed to keep their
larvicidal action even in lower concentrations (= ¥R) with
relatively less mortality in Rifit than in Stomb in the

cage of L2, but vice versa in the case of L4.

.1.3. Effect on pupee :

o Py pn o —

No mortality wes recorded among pupae of C. pipiens

when exposed to concentrations reached 4~fold the epplication
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ratesg of Ordram, Machete and Ronstar for 3 successive days.
In one expetion,a concentration of 0.02 ml/L of Machete,
which equal 8 timee the applied rate, caused 6 % mortality
among the treated pupae one day after exposure. No incr-
eage in mortality was observed during the next two days. .
However, R concentrations of both Stomb and Rifit caused
mortality among treated pupge. Stomb killed 6, 10.1 and
12.2 % of pupae expomed to 0.0l ml/L on the 1st, 2nd and
3rd days, respectively. Rifit seemed to be less active in
terms of pupicidal power; ite R concentration killed 4 &nd
6.3 % of the treated pupae on the 1lsgt and 2nd days, res-
pectively. No increase in the mortality was observed on
the 3rd day. Results of the effect of the tested herblci-
des on mosquito pupae ceme in the szme trend of thelr

effect on the larvae,

JEffect on adults :

Newly-emerged adults of C. pipiens were tested against
the herbicides which proved to have obvioue insecticidel
action against larvae and pupae of the same species when
used et the regular Jdosages, 1.0. Stomb 330E and Rifit
550 EC. Mosquito adults were allowed to feed upon sugsar
solution mixed with 0.01 ml/L of the both two herbicides.
No mortality was recorded in the case of Stomb one day

after treatment. Two days later, there was 20 % mortality
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among treated adults. In the case of Rifit; similar

result was obtained but after three days of exposure.

In conclusion, the obdtained results indicate that
the tested herbicides could be divided into two groups in
terms of thelr insecticidal asctivity against mosquito when

used at the field recommended dosages ¢

1) Mosquito-non-killing chemicaels, which include Ordrem,
Machete and Ronstar, and

2) Mosquito-killing chemicals, which include Stomb 330 E
and Rifit 550 EC.

Accordingly, when applied for weed control in rice
fields or any other aguatic habitat, the two latier comp-
ounds will act as double-purpose pesticides; they will
kill the target weeds and, at the sesme time, help in
suppressing mosquito populations. in the place. For the
first glance, 1t is economically good to hit two birds with
one stone. But from the ecological point of view it is
necessary to go beyond this point. The impact of such
chemicalas on the other sssociste fauna, especiaslly mosquito

aquatic predators should be examined.
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4.2 Impact of the Tested Herbicides on Mosquito Predators and

Other Aquatic Insects @

Six aquatic insects belonging to four insect orders
were pubjected to the present set of experimenta; May fly

nymphe of Polymetersue sp. (Ephemeroptere Ephemeridae) ;

dragonfly nymphs of Crocthemis erythraea (Odonata : Libel-
lulidae); dameelfly nymphs of Ischnura senegelensis
(Odonata : Agrionidae); nymphs and adults of the back-

ewimmer Anieops sardea (Heteropters : Notonectidae);

nymphs and adults of the water boatman Sigare mayri
(Heteroptera : Corixidae) and larvae of the non~biting
midge Chironomus sp. (Diptera : Chironomidae). At least
three of these insects, 1.e. C. erythrae, 1. genegalensis

and A. sardea are known 8s effective predators feeding upon

mosquito lervae and sometimes pupae (e.g. Bates, 1965; Bay,
1974; and Abou Bakr, 1984). Meanwhile, there is a strong
evidence that the water boatmen S. mayri may play & consi-
derable role 28 8 mosquito predator in the aquatic envi-
ronments (Agami, personal communication). Meanwhile,

nymphe of Polymetarsus sp. and larvae of Chironomus sp.

are major co-inhabitants in many mosquito breeding pites
in Egypt. However, our laboratory observations throughout
the course of the present investigation did not prove that

nymphs of Polymetarsus sp. could be conpldered as predators

of mosquito larvae. But the significance of both the
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chironomid midges and the Ephemerid nymphs lies in their
ptatus aeg bottom dwellers in the aquatic habitats which
usually receive the final products of the majority of

environmental pollutents.

All experiments were carried out under laboratory
conditions where temperature ranged between 18 and 17°C
with an average of 22.5 oC. Results are summarised in
Tables 4, 5, 6, 7 and 8. Data presented in these tebles
indicated that all the tested five herbicides have no

deleterious effect on nymphs of Polymetarsus sp., C.

erythraea and I. penegalensig when tested at concentrations
equivalent to those applied in weed control programs. More-
over, doubling these rates did not result any mortality
after 3 days of exposure. There were only two exceptions;
the first was when 8 concentration of 0.001 ml/L (= 2R)

of Ronstar caused 10 % mortality &mong Il. senegalensis
nymphs, after three days of treatment (Table, 5). The
gsecond was in the casge of using 0.006 ml/L (= 2R) of
Machete against nymphe of both Polymetarsue sp. and C.
erythraea; 10 % mortality was recorded for the two insects
on the 3rd day of exposure. Nevertheless, the afore-
mentioned three species showed obvious resistance against
the five herbicides at 2-fold the field rates, even in

the caaé of Stomb 330 E and Rifit 550 EC which previously
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proved to have strong insecticidal actions againgt mosqui-
toes. On the other hand, the tested herbicides caused
different rates of mortality when tested against nymphs

and adultes of the backswimmer A. sardse, the waeter boatman
S. mayri and the lsrvae of Chironomus sp. However, the
response of A, gardea considerably varied according to the
tepted stage. Nymphs of thie backswimmer were obviously
more mensitive than their adulte in all cases. For instance,
Ordrem ceused 60 % and 100 % mortality after 3 days of
exposing A. serdee nymphs to %R and R concentrations,
respectively. A higher concentration (= 2R) of the same
compound ceused 80 % and 100 % mortelity among these nymphs
on the 1at and 2nd day of exposure, respectively. The
mortality among the untreated control did not exceed 10 %
Adults of A. sardesa were not affected with the treatment

of Ordram st the rate of field application. However,
riping the concentration to 2-fold resulted in 10, 20 and
40 % mortality on the 1gt, 2nd and 3rd day, respectively.
No mortality was recorded among the untreated adults
(Table, 4). When treated with Ronstar, adults of A. ggggsg
showed response similar to what was recorded for Ordram

at the concentration of 1R. But when higher concentration
wag used (2R) comparatively leas.mortality was observed,
reaching 10 % of the treated beckswimmers on the 3rd day

of expopure (Table, 5). Nevertheless, immeture stages of
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A. sardes could not withstand the exposure to Ronstar even
at levels 50 % less than those applied in the field; &

mortaiity of 40 % was recorded on the 2nd day of treatment.
This mortality increased to the double with doubling the
concentration of Ronstar (= R), as the mortality recorded
after one day was 40 %, and raised to 80 % on the 2nd day.
However, increaeing the concentration to 0.001 ml/L (= 2R)
resulted in a higher initial mortality (60 %) among treated
nymphe on the 1lst day after exposure. Mortality increased
on the 2nd day to 80 % whereas remsined at this level on

the 3rd day (Table, 5).

As regerding Machete, Stomd and Rifit, they proved to
be very toxic for both nymphs and adults of A. pardea when
used at the application rates (Tables 6, 7 and 8). Although
adults of the tested backswimmers were not affected when
expogsed to one-half the field rates of Machete and Rifit,

20 % of the backewimmers died only one hour after belng
placed in water conteining similar rate of Stomb 330 E.

Thia mortality increased to 30 % after 24 hours and remained
at thie level until the 3rd day of the experiment. Exposing
the adult backewimmers to concentrations equivalent to field
rates caused 10 % mortality after 24 houre in cese of both
Machete end Rifit. At the same rate of treatment the two
compounds csused death of 20 % of the treated bugs on the
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3rd day (Tebles 6 and 8). Increasing the concentratlon of
Machete and Rifit to 2R resulted in killing 90 % and 80 %
of the respected treated backewimmers on the 3xrd day. Such
a drastic lethal effect of Machete and Rifit wes manifested
in even a more rapid and dramatic manner among adults of

A. sardea released in water containing 0.01 ml/L (= R) of
Stomb 330 E. Sixty per cent of the treated insects died
only one hour after exposure. One day later, the mortality
jumped to 90 % (Table, T). When higher concentration (= 2R)
was tested, mortality after one hour reached 90 %, then
inereaged to 100 4 after 24 hours. PFurthermore, the suffer-
ing of A. sardes nymphe wae strikingly outstanding, espec-
1al1ly in the case of both Stomb 330 E and Rifit 550 EC.

The strongest lethal effect on the nymphs was recorded
for Stomb which killed all the individuals 24 hours after
being exposed to 8 concentretion of 5 x 1074 ml/L which ie
S0 % less then that recommended for weed control. Rifit
was slightly less lethal at the corresponding rate, killing
- 95 4 of the nymphs after 24 hours. But when used a2t the
f1e1d recommended rate, Rifit killed all the treated A.sardea
nymphs presenting insecticidal power as ten times as that
wag recorded apainst the adults (Table, 8). In comparison
with Stomb and Rifit, Machete comes in the third place,
causing 30, 50 and 80 % mortality among nymphs exposed
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for three days to concentrations equivelent to ¥R, R &nd
2R, respectively (Table, 6). In ell cases, mortality of
the untreated backewimmer nymphs was O, 10 and 10 %

throughout the three successive days of the éxperiment.

The fate of both nymphs and adults of the corixid water
boatmen, S. meyrl exposed to the tested "selective"™ herbli-
cides was not better than that of the notonectid backswimmer.
pata shown in Tsbles (4, 5, 6, 7 and 8) flagrantly prove
the high and rapid lethsl action of all tested compoundse
on both nymphs end adults of S. mayri even when these
compounds were tested in rates equivalent to bne-half the
recommended herbicidal rates. Figures presented in the
afore-mentioned tables showed a genersl trend of high
mortality with the adults being more penpitive than their
nymphs. It is noteworthy that the relatively high morta-
1ities among untreated S. mayri adults -which renged
between 16.7 and 25 %~ should not by eny means devaluate
the significence of the results obtained, in view of the
known difficulty of meintaining waterboatman in the '
laborstory (Abou Bakr, 1984 and Tawfik, personal communi-

cation).
The effect of the five herbicides on the Chironomus

midgee noticeably varied. Wwhile Ronstar did not cause

any mortality among Chironomus larvae in water treated
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:yith 9 x 10"4 ml/L (= R) and only resulted in 10 % mortality
after 48 h of exposure to 2R (Table, 5), the field recomm-
ended rate of Stomb 330 B caused only 10 % death after 48
hours. But the latter compound, when used in a higher
concentration (= 2R), succeeded to kill 10, 30 and 50 % of
the treated larvae after 24, 48 and 72 hours, respectively
(Table, 7). Going up with the rest of the tested herbici-
des in an ascending menner, Ordram wae more toxic to

| Chironomus larvae.then the two compounds previously discus-
ged (Table, 4). But, on the other hand, the toxicity of
Ordram was much lower than that of Machete (Table, 6) and
Rifit (Table, 8 ). The latter two compounde killed 90

and 100 % of the tested midges, respectively, after three
days of being exposed to concentrations equivalent to

thogse recommended for the field use. However, Rifit

showed much stronger insecticidal power then Machete even
when tested at concentrations one-half those of field
application. The former compound killed 90 % of the

larvae after 72 hours compared to 20 % killed by the

latter after the same period.
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Data obtained from the present experiments concerning
the effect of the tested five herbicides on certein aquatic
insect species revealed very interesting results. In addi-
tion to Tables (1-8), Table (9) summeries the information
accumulated in this part in a qualitative menner to simply
describe the situation of each tested insect species, and
sometimes their different stages, versus the herbicides
under investigations. As 1t is shown in this table, the
tegted compounds could be clagsiried according to thelr
mosquitocidal activity into two categories ¢ 'a) those which
d1d not kill C. pipilens at their field recommended rates,
i.e. Ordrem, Ronster and Machete , and b) those which kil-
led mosquito at the recommended rates, i.e. Stomb and
Rifit. However, thia.classification wag no longer valid
when discuseiﬁg the impact of the same compounds on the
other aquatic insects concerned. For instence, all the
given herbicides had no ineecticidal action against Mayfly
and odonate nymphs subjected to experiments. It is note-
worthy that these three speclies are bottom dwellers in the
aquatic habitats. But such 2n observation is not enough
to extrapolate reliable deductions because &8 fourth, bottom
dweller, i.e. Chironomus lervae, peemed to be very .sensitive
to 811 tested compounds. On the other hand, two of the
major inhabitants of the fresh water ecosystems, i.e.
the hemipterous A. sardes and S. mayrl were drasticelly
damaged by the herbicides tested.



- 83 -

Although the present results have considerable import-
ance from the view point of environmentsl pollution and the
poseible interactions that could take place smong the var-
jous factors envolved in both natural reguletion and
applied pest control, these results seem to pose more
questions then the enswers they may give. Needless to
mention that these data need further interdisciplinary
efforts of those interested in insect phyeiology, bioche~-
mistry, toxicology and behavigur as well ag those concerned
with blologicel control end environmentel protection. Such
efforts, 8s it i8 belleved, are necessary for more thorough
explanation of why some aquatic insects are harmfully
affected by herbicides belonging to the same chemical
group and why notonectid and corixid bugs are particularly

more susceptible than the others.

The available published literature on the impect of
herbicides on the environment does not give adequately
helpful means for the understanding of the phenomena
yecorded during the present work. PFor instance, the
herbicidal action of Ordrem which belongs to thiolcarba-
mates is attributed to its interference with lipid bdblo-
~ eynthesis in plante (Corbett, 1974 and Kearney snd Kaufmann,

1975). Although Cremlyn (1978) reported insecticidal

effects of some thiolcarbamate herbicides and referred
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this property to the inhibition of acetylcholinesterage,
the lack of insecticidal action of Ordrem agsinst mosquito,
mayfly, dragonfly end damselfly nymphs and, in contrary,
1ts obvious killing power against backswimmers, waier
boatmen snd chironomid midges sre still walting for

explanation.

Ag for Stomb 330 E, ite relatively wider range of
ingecticidal metivity shown herein may find some support
in what was stated by Cremlym (1978) when he discussed the
toxicological properties of dinitrophenols. Thie author
mentioned that these Eompounda and their derivatives may
be used as insecticides. He added that they have high
mammalian toxicities and they may cseuse environmental
damage. The reports of Corbett (1974) about the contact
poisonous effect of the same group and their interference
with respiration through uncoupling oxidative phosphory-
l1ation with mitochondria may be of great value.

Oxadiaszole compounds, to which Ronastar belongs, 8re
still unclassified group (Anon., 1979), and there herbié
cidel activity may be similar to the carbamate compounds.
However, classifying the tested herbieides according to
their chemical groups does not séem to be alone a satie-
factory basis for explaining the present results; there
should be factors belonging to the inpects themselves and
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the resistance they have previously developed against the

tremendous amounts of various pesticides relegsed in their

naturael environments.

In general, the fact that some herbicides may have
direct insecticidal activity £inds support in some previous
reports 8lbeit on different inesects species (Adams, 1960;
walker, 1965; McCraren et 8l., 1969 and Muller, 1971).
However, there are much more reporta on the indirect impact
of such compounds on ingects through the removal of vegeta-
tions or through the accumulation of dead plant materiales
in the aquatic habitats (Walker, 1963; Newman and Way, 1966 ;
Muirhead-Thomson, 1971; Pimentel, 1971 and Frank, 1972).
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4.3. Supceptibility of C. pipiens Larvae to the Infective

Juveniles of the Entomogenous Nematode Neoaplectansa

carpocapsae 3

The growing interest for ueing the entomogenoué nema-

tode Neoaplectana carpocapssas 8s & biological control tool

for the suppression of several insect pests hap attracted
the attention of entomologiets who &re concerned with
mosquito control. Some preliminary laboratory tests
against various mosquito apeéiea have showed encouragiﬁg
results (Poinar and Leutenegger, 1968; and Abou-Bakr and
El-Kifl, unpublished data). Accordingly, second end fourth-
inster larvee of laboratory-reared C. pipiens were subjec-
ted to blomssay experiments against different levels of

K. carpocapsae jnfective gtage suspended in distilled

water. Data presented on Table (10) summarize the results
obtained when L2 were exposed to 10 concentrations of the
dauer stage juveniles for guccepsive 5 days. Mortality
among trested larvae did not exceed 10 % even when very
high rates were used. Although the parasitic nematodes
could be detected inside the dead larvae, the nematode

314 not succeed to develop in the cadavers of L2; subseq-

uently, no progeny of N. carpocapsae could 'be produced.

On the other hand, 4th-instar larvae of C. pipiens were

apparently more susceptible to infection with N.carpocapsae




rable (10) : Mortality (%) among C. pipiens I.2 after exposure
to different levels of infective atage of the

nematode N. carpocapsie.

Mortality %
Dauer stage/
Days after exposure
100 ml
1 2 3 4 5
1,000 0 0 4 4 4
2,000 0 2 4 4 4
4,000 4 6 6 8 8
. 6,000 4 4 b 6 6
i
{ 8,000 0 8 8 8 8
| 10,000 0 6 8 8 8
20,000 0 2 2 4 4
40,000 0 0 4 10 10
60, 000 2 4 6 8 10
80, 000 ) 2 4 8
Control 0 0 0 0 0
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Table (11) : Corrected mortality (%), emong L4 C. pipiens

exposed to different levels of 1nfective stage

of the nematode N. carpocapsae for succeasive

6 days in the laboratory.

Dauer stege/ Mortality %
160 ml Days after exposure
1 2 3 4 5 6
1,000 0.0 0.0 0.0 0.0 0.0 0.0
2,000 0.0 0.0 4.1 10.1 10.1 | 10.1
4,000 0.0 2.1 10.3 16.3 18.3 34.3
6,000 0.0 2.1 18.4 32.4 46 .7 46.7
8,000 6.0 10.2 32.6 32.6 42.8 48.8
10,000 4.0 12.3 42.9 44.9 46,9 50.9
20,000 0.0 20.8 42.3 50.3 52 «3 54.3
40,000 6.0 31.0 57.5 61.5 69.7 77.7
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deuer stage than L,. Mortality ranged between 0 % at a
level of 1,000 deuer stage (d.s.)/100 ml water and 69.7 %
when 40,000 d.8./100 ml water were used for five days.
This means that rising the concentration to 40 fold resul-
ted in mortality among L4 7 times greater than that rec=-
orded in L2 using the seme rate for similar period of
time. Pigures in the same table revealed that mortality
increased from 34.3 to 77.7 % when numbers of d.s./100 ml
water increased from 4,000 to 40,000 d.8., respectively.
However, data shown in this table indicete that doubling
the rate of d.s. results in slight increase in mortality
emong the exposed larvae. In spite of this relatively
high percentage of parasitism among L4 C. plpiensa, no
migrating progeny were obtained when the dead cadavers

were placed in extraction chambers.

The failure of N. carpocapsae to parasitize 2nd-instar

larvee of C. pipiens could be explalned in view of the
emell size of the larval body et this developmental gtage
of the insect which is not big enough to harbour the para-
site. The present obgervation ‘contradicts the reports of
Peterson &nd Willis (1970) concerning the infection og

mosquito larvee by Romanomermis culiecivorax. However, it

confirme the reports of Dedd (1971) who stated that lst
and 2nd inster larvae of C. pipiens were unable to engulf
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K. carpocapsse juveniles which were too large to negotiate

the insect mouth parte. He added that of the many hundreds
of nematodes that were ingested within 24 hours, only a

few established themselves in haemocoel.

Meanwhile, the feilure of N. cerpocapsae to develop

and propagate in the cadavers of the infected 4th-instar
larvae indicates that although C. pipiens mature larvae
are susceptible to the invasion by the infective juveniles

of this entomogenous nematode, and although N. earpocapsse

discharges the apsociated bacteria which ie mainly respon-
sible of the rapid kill of the larvae (Poinar end Thomas,
1966 and 1967), C. pipiens larvae seem to be unsuitable

host for the development and propagation of N. ecarpocapsae.

Such an obeservation, which was previously reported by
Poinar and Leutenegger (1971), may have important impli-

cations i1f it 18 decided to use N. carpocapsae in the

biological control of mosquito. However, further inves-
tigations are still needed to thoroughly clarify this
point.

.Effect of N. carpocapeae on certain mosquito predators and

- 2o A o e i A S S . A T e A Ty M AR R A A O S GO0 P P P T ol S Al b e O e S O S o

other apaociated aquatic insects :

—— D o A A v W B A - - -

One of the most important characteristics of a biolo-

gical control agent is its specificity against the target
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insect(s) and, subsequently, its safety to the non-target'
organiems and the other components of the given ecosystenm.
In view of this fact, it wes planned to examine the infec-

tivity of N. carpocapsee to & group of aquatic insects

which oftenly coexist with C. pipiens in many mosquito
breeding sites. As it was previously mentioned (c.f. p.21)

gome of thepe equatic insects are mosquito-predators.
Water suspensions containing different rates of dauesr

stage juveniles of N. carpocapsae, ranged between 1,000

and 80,000 d.s./100 ml dist. water were bloaseayed against
nymphe of C. erythraea, I. senegalensis (Table, 12), nymphs

of S. mayri snd adults of A, sardesa (Table, 13), nymphs of

Polymetarsus sp. (Table, 14) and larvae of Chironomus spe.

(Table, 15). Tested insects were exposed to the entomo-
genous nematode for five daye in all cases except Mayfly

nymphe (4 days) and Chironomus lervae (7 days).

No perasitism was observed among nymphs of either
C. erythraea or 1. gsenegalensis when they were placed in
~ water containing 1,000 d.s./100 dist. water for 5 succes-
sive days. However, 8t a level of 4,000 d.s./100 ml 10 %

and 20 % death were recorded among the nymphe of the
respective two odonates. At higher dengities of the
entomo-parasitic nematode (e.g. 8,000 and 80,600 d.8./
100 m1 water) approximately similar mortalities were
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Table (12) : Corrected mortelity (%) emong 3rd instar nymphs of

C. erythraea and 1. senegalenpgis after exposure to
different levels of the infective juvenlles of

N. carpocapsee.

nuér Days after exposure

ntepe/ Cs erythraea I. penegnlenpis
100 ml

1 2 3 4 5 1 2 3 4 5

1,060 0 0 O 0 0 0 0 0 0 c
4,000 | 0 0 10.0 10.0 10.0 10.0 10,0 20.0 20.0 20.0
8,000 0 0 0 10.0 20.0 20.0 22.2 22.2 22.2 22.2
20,000 (10 10 21.1 21.1 21.1 x % L ¥ =
40,000 { 0 ©0 11.1 11.1 21.1 x X x 4 x
60,000 | = = » x =z 10.0 10.0 10.0 20.0 30.0
£0,000 | 0 0 10.0 10.0 30.0 10.0 10.0 10.0 30.0 30.0

M.h, *= *not tested
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Table (13) : Corrected mortality (%) among 3rd instar nymphe

of Sigara mayri and adults of Anisops sardea

after exposure to different levels of infective

stage of N. carpocepsae.

N % Mortality/ days after exposure

auer
staga/ S. mayri nymphs A. sardes adults
100 ml

1 2 3 4 5 1 2 3 4 5
1,000 0 20.0 20.0 70.0 70.0
4,000 0 30.0 30.0 60.0 60.0
8,000 0 75.0 75.0 75.0 75.0

10,000 | 12.5 32.5 43.6 65.8 65.8
20,000 { 12.5 62.5 62.5 62.5 62.5
40,000 0 55.6 68.1 68.1 68.1
80,000 | 37.5 37.5 58.6 69.7 69.7

O O O O O o o
o O O O o ©o ©
o O O O O O ©
o O O O 0 O o
O C O o 0O o O
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Table (14)): Mortality (%) among 3rd nymphs of Mayfly

Polymetnrsups sp. 8fter exposure to different

levels of infective stage of N. carpocapsag.

Mortality %
Dauer stage/

100 ml Days after exposure
1 2 3 4
1,000 0 40 7 - 10
4,000 0 40 60 80
8,000 0 20 60 90
10,000 0 30 70 100
40,000 10 70 90 100
Control 0 0 0 0




Table (15) :
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Mortality (%) emong Chironomus sp. L3 after

exposure to different levels of infective

stage of N. carpocapsae.

pauer stage/ Mortelity %
100 ml. Days after exposure
1 2 3 4 5 6 7
1,000 0 0 10 10 20 35 35
2,000 0 o 30 40 60 80 80
4,000 0 20 35 45 65 70 90
6,000 0 10 50 80 90 90 100
8,000 15 25 50 80 80 8% 90
10,000 5 15 45 65 85 95 100
20,000 0 15 55 80 80 90 90
60, 000 0 60 85 90 95 100
80,000 25 55 85 90 100
Control 0 0 0 0 0 ¢ 0
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were recorded. However, mortality did not exceed 30 % at
80,000 d.8./100 ml1 water in the two concerned insects
(Table, 12).

Nymphe of the corixid water boaiman S. mayrl seemed
to be very susceptible to the invasion by the Juveniles

of N. carpocapsae even at the least rate used (Table, 13).

Mortalities ranged between 60 and 75 % among the seven
concentrations tested. However, increasing the nematode
denpity above 8,000 d.s./100 ml water did not result in
an increase of mortality on the 5th day of exposure.
Death started to occur on the 1st and 2nd day of exposure.
Dead boatman ﬁympha were dlssected and the infective indi-

viduals of N. carpocapsae were detected in all cases

indicating to 100 % parasitiem among dead insects. On
contrary, applying the same concentrations of the ento-
mogenous nematode on the adults of the notonectid bug
A. sardea resulted in no mortality even when the highest
deneity (80,000 d.s8./100 ml) wae used (Table, 13); &
_result indicates that N. carpocapsae is sefe to the

mosquito-predator backswimmer A. sardea.

On the other hand, resulte shown in Tables (14) end
(15) point to high susceptibility of both the nymphe of

the Ephemerid Polymetarsus sp. and the larvae of Chironomus

sp. to the invasion by K. cerpocapsae. Mortality among
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Mayfly nymphs ranged between 70 and 100 % when exposed
to 1,000-10,000 d.s5./100 ml water for 4 days (Table, 14)

with death records starting on the 2nd day after ireatment.

Larvae of Chironomus sp. showed similar susceptibility
to the nematode infection, with progressive mortality
records somewhat slower than that observed in the case
of Mayfly. Nevertheless, 8 density of 4,000 d.8./100 ml
cauged 90 % mortslity among Chironomus midges on the Tth
day of treatment. Gradual higher densities caused morta-

1ities ranged between 90 and 100 % (Table, 15).

Reviewing the data in Tables (12, 13, 14 and 15)
indicates that the backswimmer A. sardea wes the only
tested insect which showed obvious resiestance against

N. carpocapsaee infection. The other tested species showed

different degrees of susceptibility. The most suscepti-
ble was Mayfly nymphs followed by Chironomus larvae, and
nymphs of 8. mayri, then come nymphs of dragonfly and
dameelfly. It ie surprising to note that all the suscep-
tible tested species have common ecological trait; all

of them are bottom inhabitants occupying the bed of the
water breeding sites. Such an observation, among other
things, dictated the examination of the distribution of

N. carpocapsae in the water after being sprayed on the

water purface in a gradusted cylinder with 30 em deep.
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Results of this experiment are presented in Table (16).
According to this table, dauer stage juveniles of N.

carpocapsae settle rapidly through the water column after

being sprayed on the surface. During only 50 minutes
gsamples tsken from the water surface were free of nematodes

while all individuals have already settled at the bottom.

Indeed, nothing 1s aveilable in the published litera-~

ture about the movement and distribution of N. carpocapsae

when its infective juveniles are applied to water bodies.
However, there are few articles dealing with the movements

and migration of N. carpocapsae in the soil (Reed end Crane,

1967; Poinar, 1979; El-Kifl and El-Sherif, 19863 and Shroeder
and Beavers, 1987).

Discussion of the results of this part reveals that

although N. carpocapsse cen be quite effective against

the 4th-instar larvae of C. pipiens, its infectivity
towards the assoclated aquatic insects may hamper its
use in mosquito biological control. Although the fact

that N. carpocapsae may attack insecte from several

orders has been mentioned by Poinar (1979) no previous
reports on the effect of this entomogenous neﬁatode on
aquatic insecte are available. The only related reports
were exclusively limited to the mermithid nematode,
Romenomermis culicivorax (Ignoffo et al., 1973 and Otieno,
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1977). Hence, the present work may represent the firast
attempt mental impact of this biological control agent on
the non-target insgects. Thus, more caution muast be excer-
cised 1f such benificial inpecte are involved, especially,
in the presence of predaceous aquatic insects which play
an important role in the natural suppression of mosquito

populetione in their hebltats.

Moreover, differences in the susceptibility of the
various tested agquatic insects to the infection of N.

earpocapsae need some explanations. The fact that infec-

tive juveniles of N. c8rpocappee settled rapidly in the

water and accumulate at the bottom may explain why bottom-
inhabiting insects were more susceptible to the nematode
infection than those exist mainly near the surface of the
water body including mosquito larvae. Taking the concen-
tration of 40,000 d.8./100 ml water as one example; it
caused 10 % and 18.3 % mortality among 2nd and 4th instar
larvee of C. pipiens, respectively on the 5th day. The
same concentration killed 21.1 %, 68.1 % of C. erythraea
end S. mayri nymphs, respectively. Meanwhile, the same
concentration resulted in 100 % mortality among Mayfly
nymphs on the 4th day. Much less concentration, e.g.
6,000 d.8./100 ml water caused total kill emong Chironomus
1arvae after one week. On the other hand, very high
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concehtration, {.e. 80,000 d.8./100 ml water did not result
any mortality among eadults of the backswimmer A. sardea. h
The compsrison between these figures becomes much clearer
in view of the position which is occupled in the water
column by each of the tested insects. While A. pardea

and C. pipiens tend to remein beneath the water surface

the rest of the ingects water under investigation are
mainly bottom dwellers. This becomes more obvious when
comparing between the suscep?ibility of two related hemi~-

pterous water bugs, 1.e. A. sardea and S. mayri.

Although such an explanation mey find support in the
statements of Woodard and Fukuda (1977) that most insects
avoid or escape nematode parasitiem by their normal habits
or behaviour, 1t is addmitted that this is not the only
possible explanation. For instence, host escape, host
age, cellular responses (Poinar, 1979), humorel responses
(Cotz, 1969), normal habits or behaviour, the structure
of the cuticle and conditions inside the digestive tracts
(Woodard and Pukuda, 1977) could be of conslderable value.
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Table (16) : Settling rates of the dauer stage juvenile of

N. carpocapsae during 60 minutes after being

aprayed on the water surface (depth : 30 cm) .

‘Bample/time % of d.s. found

Surface Bottom

Zero 99.90 0.10

5 min. 46 .00 54.00

10 min. 26.53 73.47
20 min. 12.00 88.00
30 min. 11.00 89.00
40 min. 5.00 95.00
°0 min. 0.00 100.00
60 min. 0.00 100.00
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4.5, Effect of the tested 5 herbicides on the infectivity of

N. carpocappsae :

Having examined the effect of the herbicides Ordram,
Ronstar, Machete, Stombd and Rifit{ on both mosquito and
some mosguito predators ag well‘aa certain mosquito-
agpociated insects, and having in turn tested the infecti-

vity of the entomogenous nemetode N. carpocapsae on both

mosquito and their associates, now 1t is the time for
entering the final round. In the following few pages the
effect of the five herbicides under investigation on the

infectivity of R. carpocapsae is examined. Infective

juveniles of N. carpocapsae were mixed with each herbiclde
in water dilutions equivalent to the field application
;rates. Juvenile nematodes were kept in the herbicidal
solutione for 48 hours, then washed several times with
dietilled water, sieved and adjusted in water suspensions
to get 2 nematode suspension of ca. 40,000 d.s./100 ml

dist. water. The infectivity of N. carpocapsae was meapg-

ured by biosesey ageinst L, Culex pipiens for successive
gix days at 25°C. Similar untreated nematode water sus-
pension served eés control while equal numbers of 1, C.
pipiens in dist. water served as blank control. Data

. obtained from this experiment ere summarized on Table (18).

Mortality % recorded on the 6th day among mosquito 4th
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Mortality % among L4 C. pipiens exposed for 6
successive days to infective juveniles of

N. carpocapsae (40,000 d.s./100 ml) previously

kept for 48 hours in 5 herbicidal solutions at

R concentrations.

Mortality %

flerbicides Days after treatment

1 2 3 4 5 6
Ordram
treated nematode 14 60 T4 82 86 86
Ronatar :
treated nematode 20 64 BO 84 86 86
Machete
treated nematode 16 T4 88 88 90 90
3tomb 330E
treated nematode 20 54 72 76 78 78
Rifit 550 EC
treated nematode 4 30 38 46 48 52
Untreated nematode’ | 32 54 66 76 82 84
Control** 0 0 0 0 0 0

+ Nematode + mosquito larvae without herbicide

+4+ Mosquito larvae 4 dist. water
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instar larvae expoged to Ordram-, Ronstar-, Stomb-, and
Rifit=treated nematodes were 86, 86, 90, 78 and 52 %;
respectively. Untreated infective juveniles caused B4 %
mortality among L4, while there was no mortality among
untreated control larvae. Statistical enalysie proved
that there were no significant differences between treat-
ments in cape of Ordram, Ronstar, Machete and nematode in
dint. water. However, the differences between 3tomb,
Rifit and the other treatments were significant. Results
of this experiments indicate that Ordream, Ronstar, Machete

314 not interfere with the viability of N. carpocapsae

when the juveniles were placed in thelr herbicidal solu-
tione for 48 houre, whick means these three herbicides
could be compatible with this entomogenocus nematode. On
the other hand, the presence of Stomb and Rifit negatively

affected of K. carpocegpsae in noticeable manner.

Since our previous experiments showed the unsuitabi-

1lity of L4 of C. pipiens for the development and reproduc-

tion of N. carpocapsse, snother experiment was carried out
to examine the effect of the concerned 5 herbicides on
the reproductivity of the nematode as well as the infec-
tivity of the produced progeny. Infective juveniles were
exposed to the herbicidal dilutions for 8 days. Then

juveniles were washed and mixed in aqueous suspension
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with soil to which full grown larvae of Spodoptera littoralis

were added. Two days later complete infection could be
detected among 811 the treated caterpillara. Moreover,
successful extraction of new progeny could be achieved.
When the new generation infective individuals were tested

again against S. littoralis they could infect the larvae

and reproduced ineide their cadavers .

Although nothing ie aveilable in the published litera-
ture concerning the effect of herbicides on the entomogenous
nematodes, the detrimental action of some herbicides on
certain plant-parasitic nematodes isg fairly known. However,
very few Teports on the interaction between insecticides
end the entomogenous nematode N. carpocapsae point to the
lethality of organophosphates and carbamates to the infec-
tive juveniles (Prakasa et 8l., 1975; Pedorko et 2l1., 1977 a,b;
Kamionek, 1979 snd Hara and Kaya, 1982). Other reports con-

cluded that N. carpocapsse could be compatible with ten

insecticides commonly used in rice culture (Rao et al.,

1975).




