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Abstract

Laboratory study was conducted to estimate the differences in
sensitivity of the various immature stages of four trichogrammatids
to insecticides for designing a program inciuding the best time to
release the parasitoids and that to spray the insecticides to reduce
bollworms infestation in cotton fields. The insecticides tested are
recommended for controlling cotton bollworms in Egypt i.e., Karate
(Lambda-cyhalothrin), Kendo, Danitol (Fenpropathrin), Sumi-gold
{(Esfenvalerate), Larvin (Thiodicarb) and Curacron (Profencfose).
The treated trichogrammatids were 7richogrammatoidea bactrae,
Trichogramma evanescens, Trichogramma embryophagum and
Trichogramma brassicae, and the concerned immature stages at
the time of treatment were eggs, larvae, prepupae, freshly formed
pupa and mature pupa (3 hours & 1, 3, 5 and 7-days from
stinging). Susceptibility of the parasitoids to the insecticidal effect
varied, significantly, according to the wasp species, wasp stage and
the tested compound. Regardless of parasitoid stage or the tested
compound, the 4 parasitoid species could be divided into two
groups based on the percentage of adult emergence after
treatment. The first group inciuded 7. embryophagum and T.
bactrae, which were more tolerant to the insecticidal effect and had
the same overall mean of adult emergence (55.9%). The second
group included 7. evanescens and 7. brassicae which were less
tolerant to the insecticidal effect and varied insignificantly in the
overall mean percentage of emergence due to treatments (51.12
and 53.05%, respectively). Generally, the effect of the
aforementioned insecticides appeared to be positively related to
progressing of development at the time of treatment.



INTRODUCTION

For integrated control of pests, Lili-Ying (1982) mentioned that, it is very
important to know the toxicity of the pesticides to each developmental stage of
Trichogramma. Many investigators such as (Brar et a/. 1991 and Consoli et a/. 1998),
indicated that the majority of insecticides that adversely affected development of
immature stages for different species of Trichograrnma in different hosts are
organophosphates. The efficacy of this parasitoid is very much influenced by the
insecticide spray schedule imposed prior to and after the release (Naryana and Babu,

1992). The less harmful insecticides to the eggs, larvae, pupae and adult of 7.
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Japonicum were spanon, rogor and, metaphose + BHC-, respectively. For T.
dedrolimi, rogor was less toxic to adults and eggs, metaphos + BHC was less toxic to
larvae and pupae. Spraying and dusting are more dangerous to Trichogramma than
other measures of insecticide treatments. However, the major obstacle for successful
establishment of 7richogramma in cotton is the heavy annual use of organophosphate
and pyrethroid insecticides applied to cotton primarily for control of pink bollworm
(Beasley& Henneberry, 1984). Thus for the integration of biological control with
chemical control, it is important to know the effect of various insecticides on the
beneficial insects (Varma & Singh, 1987 and Stevenson & Walter 1983). Maoreover, for
successful establishment of 7richograrnma, insecticide applications for pink bollworm
and other cotton pests have to be minimized (Hutchison et a/ 1990). From these
points of view, came the idea of the presented study on Trichogramma evanescens,
Trichogrammatoidea bactrae, T. embryophagum and T. brassicae to investigate the
differences in sensitivity of the various immature stages of the four trichogrammatids
to insecticides for designing a program including the best time to release the

parasitoids and that to spray the recommended insecticides.

MATERIALS AND METHODS

The tested insecticides:

The insecticides tested are recommended for controlling cotton boliworms in
Egypt by the Ministry of Agriculture and Land Reclamation, i.e. Karate (Lambda-
cyhalothrin 5% E.C., the recommended concentration was 750 cm’ /400 L water,
kendo (Lambda-cyhalothrin), 5% E. C. , the recommended concentration was 375
cm® /400 L water, Danitol (Fenpropathrin 30% E. C.), the recommended
concentration was 500 cm’ /400 L water ), sumi-gold (Esfenvalerate 20% E. C.,) the
recommended concentration was 150 cm’ /400 L water ), larvin (Thiodicarb 80%
DF), the recommended concentration was 500g/400 L water ) and Curacron
(Profenofos 72% E. C.), the recommended concentration was 750 cm® /400 L water.
The recommended volume in the field/ feddan).

The treated trichogrammatids:

The treated trichogrammatids were 7. bactrae, T. evanescens, T. embryophagum
and 7. brassicae, and the concerned immature stages at the time of treatment were
eggs, larvae, prepupae, freshly formed pupa and mature pupa (3 hours & 1, 3, 5 and
7-days from stinging). These stages were selected according to the previous studies,
which mentioned that, the tota!l developmental period of 7richograrmmma (from egg to

adult) required about 8 days at 27+1°C. Eggs hatch in about 22 hours while the
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periods of 2, 1.5 and 3.5 days were estimated for the larvae, prepupa and pupa,
respectively (Flanders 1937, Hutchison et a/, 1990 and Abd El-Hafez 1995).

Rearing technique:

1. Host rearing:

Pink bollworm Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae)
was reared in Bollworms Department, Plant Protection Research Institute for several
generations on modified artificial diet as described by Abd El-Hafez et a/. (1982).

2. Parasitoid rearing:

In the present wark, four trichogrammatids belonged to T7richogramma and
Trichogrammatoidea genera were reared on pink bollworm and Angoumois grain moth
eggs. These parasitoids are namely T7richogramma evanescens Westwood (native
strain), Trichogrammatoidea bactrae Nagaraja (imported from USA in 1992) and 7.
embryophagum Hartig and 7. brassicae Bezdenko imported from Iran in 1998. Host
egg sheets (2000-2500eggs) were exposed to 7richogramma adults (100-150 adults)
into glass jars (0.4 - liter) provided with filter paper witted by 10% sucrose solution
for nutrition and covered with cloth-wrapped cotton kept in position by rubber band.
Egg sheets were renewed daily to avoid super-parasitism. The four trichogrammatid
species were maintained in P. gossypiella eggs under laboratory conditions at 27+1°C
and 80+5% R.H.

Effects on parasitoids emergence:

For each Trichogramma spp., cards of pink bollworm parasitized eggs at different
periods after parasitization i.e., 3hr., 1, 3, 5 and 7 days were dipped for five seconds
in each of the tested insecticides at the recommended concentration. The egg cards
for check were dipped in tap water. Each card contained 150-200 parasitized eggs,
ten cards were used for each treatment. After allowing the treated fluid to dry at
room temperature, each card was placed in a glass vial, incubated at the same
rearing conditions until adults' emergence. Accordingly, the percentages of

parasitoids emergence were calculated.
RSULTS AND DISCUSSION

Data in Tables (1- 5) show the emergence percentages of the parasitoids that
have been developed and emerged after treatment as different immature stages with
six insecticides recommended to be used against cotton bollworms,

7. evanescens.- Data in Table (1) show that adult 7. evanescens emergence from
P. gossypiella eggs was significantly affected by insecticidal treatment (F value =
1300.011) and the parasitoid age at the time of treatment (F value = 129.203). In

check, the percentages of adult emergence averaged 94.50% and ranged between
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93.07-96.82% at treatments of the different stages. Comparing the tested
compounds, the carbamate compound (Larvin) resulted the highest percentages of
adults' emergence from host eggs when applied to all immature stages (59.88-
89.54%with a mean of 75.72%). On the contrary, the organophosphorus compound
(Curacron) was extremely toxic followed by the two pyrethroids” Danitol and Karat as
the percentages of emergence averaged 14.6, 25.16 & 29.45% and ranged between
1.83-36.75, 14.50-37.22 and 8.28-58.00% when applied to all immature stages,
respectively. The other two—pyreth:oide compounds (Kendo and Sumi-gold) caused
mpderate toxicities as the percentages of adults' emergence averaged 65.84 and
52.85% when applied to all stages, respectively.

Statistically there were significant differences between the different stages when
treated with the same compound. Moreover, the susceptibility of the same stage to
the adverse effect differed significantly according to the tested compounds. For
example, 8.28% of adults emerged when pupae were treated with the pyrethroid
compound Karat at the day before emergence (7-days old) while 58.00% of
parasitoids succeeded to emerge when treatment took place early during the egg
stage (3 hours from stinging). On the other hand, almost equal percentages of adults
emerged when the parasitoids were treated by the same compound as first instar
larvae, prepupae and freshly formed pupae (26.72, 27.01 and 27.22%, respectively).

Also, the adverse effect of the pyrethroid compound (Kendo) differed
according to the treated stage of 7. evanescens. So, treatment of freshly formed pupae
yielded the lowest percentage of adult emergence (31.56%) followed by mature pupae
(55.68%) and first instar larvae (67.35%), while the highest percentages of adult
emergence were recorded at the parasitoid egg stage (87.95%) followed by prepupae
stage (86.66%).

On the other hand, the first instar larvac were the most susceptible to Danitol
treatment as, 14.50% of the parasitoids only emerged as adults, while this percent
increased to 19.98, 20.75, 33.36 and 37.22% when treatment took place on prepupae,
mature pupae, freshly formed pupae and egg stage, respectively. Furthermore,
prepupae and freshly formed pupae were more susceptible to the adverse effect of

Sumi-gold than the other stages, while first instar larvae were the most tolerant stage.



Table 1. Emergence of T7richogramma evanescens treated as developmental immature stages in pectinphora gossypiella eggs with some

insecticides recommended for controlling bollworms.

Immature stages at the time of treatment

Treatments (Mean % + S.D.) L.S.D(5%)
Eqgg stage 1% larvae prepupae Freshly formed pupa Mature pupa
Chick 93.07®+ 1.57 94.24% + 1 42 96.82*+ 1.9 93.87°% + 2,59 94.52% + 2,999 94,50* + 2.37 1.977
(90-95.7) (91.4-95.8) (92.7-98.9) (89.3-96.8) (87.7-98.2) (87.7-98.9) :
58.00% + 9.8 26.72% + 2.76 27.01% + 2,19 27.22%+2.1.9 8.28%+ 1.44 29.45° + 16. 94 4.310
Karate (39.6-76.6) (20.9-31) (21.8-29.4) (21.8-29.4) (6.1-10.4) (6.1-76. 6) :
Kendo 87.95% + 4.18 67.35% + 13.57 86.66% + 2.98 31.56%°+ 1.36 55.68 + 5.98 65.84° + 22.25 4.260
(84.4-95.1) (51.4-87.6) (81.1- 90) (29.1-34) (44.3-66.7) (29.1-95.1) - :
Danitol 37.22%+ 6.22 14,50 £ 5.08 19.98% + 3.76 33.36% + 3.53 20.75% £ 4,39 25166+ 9.8 3.866
(29.2-45.9) (9.1-24.3) (13.5-25.4) (25-39.3) (15.5-28.9) (9.1-45.9) :
Sumi-aold 54,08+ 10.86 73.75%+ 6.61 39.73<+ 3.28 38.84 + 5.87 57.87°%+ 6.57 52.85% + 13.34 6.895
9 (35.9-88.9) (62.86-84) (34.9-45.7) (27.3-45) (50-71) (27.3-84.0) :
. Larvin 78.69% + 4,56 89.54%+ 1,78 81.69% + 1,67 68.78% + 536 59.88°° + 4.76 75.72° £ 11.11 3256
(70.2-85.2) (86.1-92.1) (78.4-83.2) (60-78.2) (52.8-68.5) (52.8-92.1) :
Curacron 10.38%€ + 530 16.37% + 7.64 36.75%+ 13.79 7.70° + 6.03 1.83P+ 1.99 14.609 £ 14.34 6.528
(3.2-18.3) (4.8-26.25) (8.7-53.6) (0-18.8) (0-4.5) (0-53.60) :
Mean 59.91* + 28.32 54.64° + 32.88 55.52% + 30.09 43.05¢ £ 27.24 42.69° + 31.48 51.16 + 30.71 1.910
(3.2-95.7) (4.8-95.8) (8.7-98.9) (0-96.8) (0-98.2) (0-98.9) :
L.5.D(5%) 7.100 4.907 5.180 4.165 3.944 2.268

ANOVA yielded significant difference between treated stages (F value = 129.203 and LSD = 1.910) and between the tested insecticides (F value = 1300.011 and LSD = 2.268). Means

in the column followed by different small litters, or in a row by different capital letters are significantly different.
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The percentages of adult emergence averaged 54.08, 73.75, 39.73, 38.84 and
57.87% when P. gossypiella eggs parasitized by 7. evanescens in the eqg stage, first
instar larvae, prepupae, freshly formed pupae, and mature pupae were treated,
respectively. Generally, the susceptibility to the adverse effect of the tested compounds
was increased by increasing the age of immature stages when treated, so the pupal
stage (freshily formed and mature) was the most susceptible to the adverse effect of the
insecticides compared with the other stages (Table, 1).

T. bactrae.- Data presented in Table (2) reveal that, all insecticidal treatments of A.
gossypiella eqgs parasitized by immature stages of 7.bactrae led to a significantly lower
percentages of adults' emergence. In control, water treatment reduced significantly
adult emergence from P. gossypiella eggs when T .bactrae was treated as first instar
larva or mature pupa (7-days old), while treatment of the other stages did not cause
any significant effect. The percentage of adult emergence in control averaged 95.32%
and ranged between 93.65-97.3% at all immature treatments. As occurred in case of T.
evanescens, emergence of 7. bactrae adults from P. gossyprella eggs was significantly
affected by insecticidal treatment (F value = 484.149 & LSD = 2.942) and the parasitoid
stage at the time of treatment (F value = 88.795 and LSD = 2.486). The carbamate
compound (Larvin) still the safest compound resulted the maximum % of adult
emergence (77.68, 53.61-95.28%) when applied to all freshly formed stages. On the
contrary, the pyrethroid compound (Karat) was the most toxic one (17.7- 40.3 %
emergence), followed by the organophosphorous compound Curacron (41.65%) and the
pyrethroid Danitol (46.57%). The other two-pyrethroid compounds (Kendo and Sumi-
gold) did not vary significantly in their effect as they caused moderate toxicity levels so
the percentages of adult emergence averaged 50.03 and 52.48%, respectively. There
were significant differences between means of emergence percentage by treatment in
different stages when treated with the same compound or between the tested
compounds when applied to the same stage. Egg stage (3hrs old) and freshly formed
pupae (5-days old) were more tolerant to the adverse effect of the toxic compound
Karat, while 1% instar larvae, prepupae and mature pupae were more susceptible,
percentages of adult's emergence averaged 40.31, 37.24, 21.35, 18.46 and 17.7%,
respectively. Also, the egg stage was the most tolerant to the adverse effect of Kendo
(80.10% emergence), while the pupal stage (freshly formed and mature) was the most

susceptible (28.62 and 30.36% emergence, respectively).



Table 2. Emergence of Trichogrammaatoidea bactrae treated as developmental immature stages in pectinphora gossypiella eggs with some insecticides

recommended for controlling bollworms.

i Immature stages at the time of treatment
Treatments B —— *""T’“ e - - 1 (Mean % - S.D.) L.SD
Eqg stage 1" larva prepupa Freshly formed pupa Mature pupa
97.30%" £ 1.55 94.69% £ 2.65 96.67°" + 1.34 97.3"+ 0.68 93.65"® + 1.89 95.32° + 2. 07
_ Check | {94.7:99.2) (91.2-98.6) _(93.8-98.9) (95.9-98.2) (91.9-97.1) C(91.2:99.2) | 1661
40.31%£11.66 21.35%+ 3.34 18.46%+ 3.63 37.24%+ 7.88 17.7°B+ 2.18 2701 11.76
| Karate (23.3-58.1) (13.4-26) (10-23.1) L (21.8-48.9) ~(153-21.4) (10 -58.1) 5.522 |
80.10"+ 3.87 55.4%+ 2 91 55.65®+ 6.81 28.62"+ 3.80 30.36%+ 11.23 50.03% 20.2
B Kendo {72.9-86.9) (49.6-58.1) _ (45-66.7) (23.4-37.1) (15.2-48.1) | (15.2-86.96) 5. 314
61.79%+ 10.96 62.84%+ 9.79 24.16%£ 3.32 39.95%F+ 8.35 44.11%+ 5.28 46.57°+ 16.5
| Dantol (42.1-80.5) (49.6-74.4) (19.2-31.1) o (27.1-58) (37.1-54.2) (19.2-805) | 6.598
\ 59.88®+ 15.90 82.73"+ 7.2 39.52%+ 5.43 43.79%+ 5.04 36.47%+ 10.65 52.48°+ 19.67
Suni-gold ~ (35.3-81.5) (64.7-89.9) (31.5-48.6) (35.4-50.4) (11.1-49.2) (11.11- 89.98) 7. 963
73.55%+ 7.52 95.28"+ 2.58 93.42%+ 1.58 72.51%+ 4.7 53.61"+ 3.46 77.68"+ 16.1
| Larvin (58.3-83.9) (90.2-99.1) (91.1:95.8) (64.7-79.8) ~(48.7-58.3) - (48.7-99.1) _.3.667 |
34.00"+ 5.20 16 147+ 6.30 82.40"+ 21.08 53.74%+ 7.55 21.96%°°% 6.17 41.65°% 26.5
| Curacron (265455 | (35267 | (41.4-100) _(41-65.9) (11.5-343) (3.5100) | 8017
Mean 63.85%+ 22.5 61.21%+ 30.93 58.61°x 31.61 53.31% 23.05 42,557+ 24.84 55.82+ 30.71 5 486
B (32.30-99.2) (3.50-94.2) (10.0-100) (21.8-98.2) (11.11-97.10) (3.5-100)
| LsbD 83397 5.027 7.915 5.355 6.216 2942

ANOVA yielded significant difference between treated stages (F value = 88.795 and LSD = 2.486) and between the tested insecticides (F value = 484.149 and LSD = 2.942). Means in

the column followed by different small litters, or in a row by different capital letters are significantly different
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Treatment at the 1* instar larvae or prepupae by Kendo resulted, approximately,

the same % of adults' emergence (55.4& 55.65%). As for the pyrethroid Danitol,
treatment of prepupae yielded the lowest percentage of adults' emergence (24.16%)
while treatment of egg stage and first instar larvae yielded, significantly, the highest
percentages (61.79 and 62.84%, respectively). Exposure of the same parasitoid as
freshly formed or mature pupae to the same compound resulted in moderate
percentages of adults' emergence (39.95 and 44.11%, respectively). High percentage
of adults' emergence (82.73%) occurred after treatment the first instar larval with the
insecticide Sumi-gold while this percentage was reduced significantly to 43.79, 39.52
and 36.47% when the parasitoids were treated with the same compound as freshly
formed pupae, prepupae and mature pupae in 2. gossypiel/a eggs, respectively.
T. embryophagum.- The present results (Table3) show that all the tested
insecticides affected, significantly, the emergence of 7. embryophagum adults from
P. gossypiella eggs (F value = 1493.809 & LSD = 2.039). The percentage of aduit's
emergence was significantly related to the age of immature stages at the time of
treatment (F value = 129.180 and LSD = 1.724). In control, treatment of all immature
stages with water did not affect the emergence of adults except in case of first instar
larval treatment. The percentage of adult emergence in control averaged 95.31% and
ranged between 93.89-96.42% at the different treatments of the different stages.

The carbamate compound (Larvin) resulted the highest mean percentage of
adults' emergence (86.2, 59.3-99.2%) compared to the other insecticides (Table 3). It
could be noted that, when the parasitoid was in its 1% larval instar or freshly formed
pupae the treatment did not affect significantly adults’ emergence, as the percentages
of emergence were similar to that of control (93.97 and 94.98%).

On the contrary, the organophosphorus compound Curacron inhibited
completely the emergence of the parasitoids when treatment took place on eggs or
the pupal stage, while 13.45 and 45.65% of adults emerged after treatment at the
first instar larvae and prepupa, respectively. The order of toxicity of the tested
compounds could be arranged descendingly as follows: Curacron> Kendo> Karat>
Sumi-gold> Danitol> Larvin. When the pyrethroid compound Karate was tested,
higher percentage of adults (77.20%) emerged when treatment was done
immediately after stinging (egg stage), while the lower percentage (16.96%) was
emerged when done at the day before emergence (mature pupae). The percentage of
emergence averaged 53.02, 36.26 and 51.74% when treatment was done during first
instar larvae, prepupae and freshly formed pupae, respectively. In case of treatment
with Kendo, parasitoids seemed to be more tolerant to the adverse effect of this
pyrethroid when treated as prepupae (87.2% emergence). On the other hand, lower
percentages of adults emerged when treatments were done on egg stage (22.53%),
freshly formed pupae (21.16%) and mature pupae (24.11%).



Table 3. Emergence (Mean % + SD) of Trichogramma embryophagum treated as developmental immature stages in pectinphora gossypiefla eggs

with some insecticides recommended for controlling bollworms.

‘ Immature stages at the time of treatment
Treatments [~ (Mean 1 S.D.) L.S.D5%
Egg stage 1% larvae prepupae Freshly formed pupa Mature pupa
L Check 96.42°+ 2.08 93.89%+ 1.98 95.57*+ 4.44 95.36%*6+ 1.36 95.34*+ 4.22 95.31%+ 3.07
(93.6-98.5) (91.2-96.6) (91.6-99.3) (92.5-97.6) 1 (82.3-98.2) (91.2-99.3) 1.838
77.20%% 6.00 53.02%+ 6.13 36.26%°+ 2.64 51.74%°+ 5.18 16.96"+ 2.14 47.04%t 20.65
| Karate (70.80-86.10) (46.5-61.4) (34.8-41.6) (40.0-59.01)  (13.320.0) (13.3-86.1) 4276 |
Kendo 22.53%+£ 8.9 35.54%+ 7,57 87.20™ £ 7.20 21.16%+ 4.07 24.11°°+ 3.85 38.117% 26.11
(9.8-40.0) (18.8-48.6) (75.2-95.7) (13.8-27.7) (17.7-31.0) (9.8-95.7) 5.722
Danitol 76.15%+ 3.73 81.57%+ 3.66 | 30.18%+ 2.46 35.33%+ 4.39 64.57°+ 8.06 57.56+ 21.76
(71.1-81.5) (74.1-89.1) (25.2-33.1) (26.1-41.11)  (48.5-77.7) (25.2-89.1) 4.362
Sumi-gold 41.09%+ 6.20 62.45%+ 2.05 56.52°°+ 5.13 60.15%+ 9.15 50.45%+ 7.74 54.13%+ 9.96
(30.77-51.11) (58.7-65.7) | (45.8-61.6) (43.2-74.5) (40.4-61.2) (30.77-74.5) 5636 |
Larvin 89.66™+ 2.53 93.97%*+ 5.10 82.57%+ 9.30 94.98%+ 3. 86 69.88" £ 6.60 86.21°+ 10.96
. (86.3-93.3) (84.3-98.0) (65.13-92.3) (88.3-99.2) (59.3-80.0.) (59.3-99.2) 5.202
) m 13.45%+ 3.83 45.65%+ 6.20 « 0.07%+ 0.21 11.83% 18.14
Curacron 0 0
(5.4-17.9) (31.7-53.5) (0-0.67) (0-53.5) 3.225 |
Mean 57.58%+ 34.6 61.98°+ 28.74 61.99"+ 25.17 51.25%% 33.77 4591°+ 31.82 55.74+ 31.47 1724
~ (0-98.5) (5.4-98.0) (25.2-99.3) (0-99.2) (0-98.2) (0-99.3) T
L.S.D. 4.510 4372 ] 5.027 4.350 4,666 2.039 \

ANOVA vyielded significant difference between treated stages (F value = 129.180 and LSD = 1.724) and between the tested insecticides (F value = 1493.809 and LSD = 2.039). Means in

the column followed by different small litters, or in a row by different capital letters are significantly different
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The other pyrithroid Danitol gave different results than Kendo. The lower
percentage (30.18%) of adults emerged when treatment took place on the prepupal
stage and the higher percentages of adults were emerged when treatment was done
at first instar larvae (81.57%) or egg stage (76.15%). However, 35.33 and 64.57% of
parasitoids completed their development and emerged after treatment of freshly
formed and mature pupae, respectively. As for Sumi-gold, treatment of parasitoid at
the egg stage resulted in the lower percentage of emerged adults (41.09%) followed
by treatment as mature pupae (50.45%), while 62.45, 56.52 and 60.15% of adults
emerged after treatment during the first instar larvae, prepupae, and freshly formed
pupae, respectively, Overall, It could be deduced that 7. embryophagum was more
susceptible to the adverse effect of the tested insecticides when treated as pupae
while, it was more tolerant when treatment was done at first instar larvae or
prepupae.

T. brassicae.- Results in Table (4) revealed that emergence rate of .7.
brassicae adults from parasitized pink boilworm eggs varied significantly, according to
the applied insecticides (F value = 1245.632 & LSD = 1.96) and the stage of the
treated parasitoid, (F value = 757.407 and LSD = 1.660). In control treatment, water
adversely affected the parasitoid emergence and this influence increased significantly
with increasing age of immature stages at the time of treatment. The percentage of
aduit emergence averaged 95.12% (91.62-97.15%). Sumi-gold treatments resuited in
higher percentage of emergence (67.7%, 56.57-80.34%) when applied to different
immature stages. It could be noted that freshly formed pupae were the highest
susceptible to the toxic effect of this compound (56.57%emergence). On the other
hand, the organophosphoric compound (Curacron) was statistically the most toxic
compound followed by the pyrethroide compound Karate as the percentages of
emergence averaged 23.53 (0.96-86.04) and 27.16% (13.11-37.17)%, respectively.

Regarding the parasitoid stage at the time of treatment, it could be noted that
pupal stage (mature or immature) is the most susceptible stage to the insecticidal
effect of Curacron compared to the other stages as 6.5 and 0.96% only of 7.
brassicae adults emerged from pink bollworm eggs. On the contrary, slight effect was
achieved when treatment was done when the parasitoid was still in the egg stage
(86.04% emergence). Also, exposure of the pupal stage to Kendo led to emergence of
lower percentage of adults averaged 23.36 and 37.49% when freshly formed and
mature pupae were treated. But, when treatment was done on egg or prepupal stage,
88.56 and 87.92% of these immature stages succeeded to emerge from parasitized P.
gossypiefla eggs. On the other hand, treatment of first instar larvae by Kendo
resulted in emergence of a moderate percent of adults (59.58%). As for Danitol
treatments, the lower percent (13.16%) of adults emerged after treatment of fresh
pupae followed by 20.88 and 24.31% when mature pupae and prepupae were
treated, respectively. Treatment of first instar larvae produced the higher percentage
of adult emergence (88.78%), while treatment of the egg stage produced a moderate
percentage (59.15%,).



Table 4. Emergence Mean % + SD of 7richogramma brassicae treated as developmental immature stages in pectinphora gossypiella eggs with some

insecticides recommended for controlling bollworms.

Immature stages at the time of treatment B Mean % LS.D
Treatments
Egg stage 1* larvae prepupae Freshly formed pupa Mature pupa 15D 5%
Check 97.15*+ 1.16 96.76™+ 2.004 95.67%*%+ 1.08 94.40°%+ 2.13 91.62°+ 1.08 95.12°+ 2.51 1585
(94.6-99.2) (91.5-98.65) (93.6-97.2) (90. 73-98.4) (90.0- 93.36) (90-99.2)
Karate 32.48%+ 1.96 34.84+ 4.6 37.17%+ 9.20 13.11%+ 437 18.21%+ 3.88 27.16°t 11.01
(30.1-35.7) (24.7-41.1) _ (24.3-53.7) (7.5-19.8) (11.1-22.7) (7.5-53.7) 4.329
Kendo 88.56™* +3.07 59.58% + 4.98 87.92"+ 4,00 23.36%+ 8.73 37.49“+ 10.60 59.19° 27.41
(88.1-91.8) (52.99-70.0) (82.0-92. 3) (10-38.4) (23.6-53.0) (10-92.9) 5.659
Danitol 59.15%%+ 6.84 88.78"+ 4.81 24315+ 6.29 13.16%+ 2.02 20.88°°+ 2.69 41.26"+ 29.2 4021
| (49.15-74.07) (84.0-96.67) (16.1-33.0) (9.4-17.3) (15.8-25.2) (9.4-96.67)
Sumi-gold 80.34"« 3.62 61.36%°+ 1.57 72.73%+ 7.2 56.57"+ 8.88 67.49°+ 1.92 67.70+ 9.93" 4471
(73.8-85.9) (59.8-64.7) (60.8-83.6) (40.7-70.4) (64.3-71.6) (40.71-85.92)
Larvin 90.12"+ 1.03 76.80%+ 3.65 37.40%+ 7.36 57.18"+ 6.19 27.16"+ 7.62 57.734+ 24.37
- (83.8-92.9) (70-90.9) (24.3-75.3) (50-69.2) (16.7-39.7) (16.7-91.8) 4.698
86.04°*+ 4.39 11.59"%+ 3.39 12.56%+ 1.39 6. 50+ 2.89 0.96™+ 1.28 23.53'+ 31.97
Curacron ; 2. 391
L (77.7-93.7) (5.1-15.9) (10.9-14.7) (3.1-12.8) (0-3.2) (0-93.7)
Mean 76.26"+ 21.49 61.38%+ 32.66 52 40+ 28.28 37.75°+ 30.79 37.69°+ 29.73 53.10+ 31.87 LE60
(30.1-99.2) (5.1-98.65) (10.9-97.2) (3.1-98.41) | (0-93.36) (0-99.2)
L.S.D. 3.299 3.305 5.324 5.136 4.976 1.960

e 39 7234vH-13 agv vIv

ANOVA yielded significant difference between treated stages (F value = 757.407 and LSD = 1.660) and between the tested insecticides (F value = 1254.632 and LSD = 1.960).

Means In the column followed by different small fitters, or in a row by different capital letters are significantly different
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Table 5. Overall mean percentages of emergence of four trichogrammatids treated as developmental immature stages in pectinphora gossypiella

eggs with some recommended insecticides for controlling boliworms (mean of five treated ages + SE)

treatments .. Paresitoid spp. Mean+ LSD }
7. evanescens ‘7 7. bactrae T. embryophagum 7. brassicae ﬂ SE 5% }
F 94.5% + 95.92% - 95.31°" + 9511754 \ 95.21° + ns \
Check 1.23 1.18 | 1.18 1.26 | 0.58
I Jﬁk (87.7 — 98.9) (91.2-99.2) | (91.2 99.3) (90.99.2) _ (84.3-993)
29.45% + W 27.0° - 47.04% + I 27165 + 32.66" + 2.198
Karate 8.45 5.8 10.33 551 3.94
(6.1 — 76.6) (10.0 58.1) (13.3 - 86.1) (7.5 -53.7)  (6.1-86.1)
J 65.84% + 50.03 - 38.117 + 59.23% 4 53.30° + 2.673
Kendo 11.13 10.15 13.06 13.71 5.86
(29.1 —95.1) _ (15.2-86.96) (9.8 -95.7) (10.0 - 92.9) (9.8 -95.7)
25.16" ¢ 46.57% - 57.56% + 41.26% + 42.64° + 2.29
Danitol 4.9 8.25 10.88 14.6 23.55
(9.1 - 45.9) (19.2 - 80.5) {25.2 - 89.1) | (9.4-96.7) (9.1-96.67)
52.85% + 52.48¢ t 54 03% \ 67.7° + 56.79° + 2.906
Sumi-gold 7.35 9.83 4.98 4.97 5.27
B ] (27.3 - 88.9) (11.0-8998) |  (308-745 | (40.7 - 85.9) (11.1 - 89.98) J ]
75.7% + 77.68™ - 86.21" 57.73C + 74.33" I 2.012 ﬂ
Larvin 11.11 16.1 10.96 23.65 4.35
- , . (528-92.1)  , (487-991) | = (59.3-992) _ (18.5-91.8) (19.7-99.2) ~ [
14.61% « 41.65% + 11.83% + 23.53% + 22.90% + 2.817
Curacron 9.70 13.25 9.07 15.99 5.88
- (0 - 88.9) (3.5 - 100) | (0 - 53.5) (0-93.7) (0 - 100)
51.12% + 55.91% £ 55.90% + 53.05% + 53.98 +
Mean 5.23 4.75 5.41 5.43 6.83
_ (6.1 —98.9) (3.5 -100) (0 - 99.3) (0 -99.2) (0 - 100) |
LSD 2.268 2.942 1.72 1.964 1.16

Means in the column followed by different small litters, or in a row by different capital letters are significantly different.
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On the contrary to the results the three above mentioned insecticides, the
carbamate compound Larvin, had more adverse effect on the immature stages of 7.
brassicae. This adverse effect was found to be increased significantly by increasing
the age of the parasitoid at the time of treatment. The percentages of adults’
emergence averaged 90.12, 76.80, 37.40, 57.18 and 27.16% when treatment took
place at eqq stage, first instar larvae, prepupal stage, freshly formed pupae and
mature pupae, respectively (Table 4). Regardless of the treated stage, there were
insignificant difference between the four species when treated with water (Table, 5),
as the percentages of emergence in control ranged between 94.50-95.92%. While,
data reveal that the susceptibility of the parasitoids to the insecticidal effect varied,
significantly, according to the wasp species and the tested compound. For example, 7.
embryophagum was significantly more tolerant to the adverse effect of Karate, Larvin
and Danitol. However, 7. bactrae was more tolerant to Curacron (the most toxic
insecticide), 7. evanescens was more tolerant to Kendo and 7. brassicae was more
tolerant to Sumi-gold. Regardless of parasitoid stage or the tested compound (Table,
5), the 4 parasitoid species could be divided into two groups. The first group included
7. embryophagum and T. bactrae, which were more tolerant to the insecticidal effect
and have the same average of adult emergence (55.9%). The second group included
7. evanescens and 7. brassicae which were less tolerant to the insecticidal effect, the
overall mean percentages of emergence were 51.12 and 53.05%, respectively. On the
other hand the toxicity order of the tested compounds may be arranged descendingly
as follows: Curacron (Profenofose, 22.90% emergence)> Karat (Lambda-cyhalcthrin,
32.66%)> Danitol  (Fenpropathrin,  42.64%)>  Kendo(Lambada-cyhalothrin)
(53.30%)> Sumi-gold (Esfenvalerate, 56.79%)> Larvin (Thiodicarb, 74.33%).

In similar studies, many investigators indicated that the majority of insecticides
that adversely affected development of freshly immature stages for different species of
trichogramma in different hosts are organophosphates (Bull & House 1983, Bull &
Coleman 1985, Singh & Varma 1986, Varma & Singh 1987, Brar ef a/. 1991, Abd El-
Hafez et a/ 1996 and Consoli et a/. 1998). The present results were more closely to
those reported by Sarode and Sonalkara (1999) who found that insecticides belonging
to pyrethroid and organophosphorus groups showed toxic effects on parasitization of
Corcyra cephalonica eggs parasitized by Trichogramma chilonis. Neem seed extract and
endosulfan were moderately safe to the parasitoid. .Furthermore, similar results were
reported by Zhang et a/. (1997°) who studied the effects of imidacloprid, buprofezin and
sumithion (Fenitrothion) on 7richogramma japonicum eggs, larvae, pupae and post
pupae of the wasp and found that sumithion caused the greatest mortality among the 3
insecticides, resulting in 48.63, 27.71, 50.21 and 25.3% mortality of the 4
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developmental stages, respectively. Imidacioprid and buprofezin caused lower mortality
rate of the parasitoid and was recommended for use in controlling pest insects at the
time when the parasitoid is at the egg stage of the life-cycle. In Japan, Takada et a/.
(2001) tested the toxicity of six insecticides, acephate, mehtomyl, ethofenprox, cartap,
chlorfluazuron, and Bacillus thurinigiensis (Bt) on different developmental stages of the
eqgg parasitoid, Trichogramma dendrolimi (Matsumura). Ethofenprox showed the highest
toxicity and cartap showed relatively higher toxicity compared with the other
insecticides. The development of the parasitoids treated with these two insecticides was
normal, similar to that of the control group. Only the emergence of adult wasps from

Mamestra brassicae eggs was disturbed.

REFERENCES

1. Anonymous. 2001. Agricultural Pest Control Program, Ministryof Agriculture -
andlLand Reclamation. PP. 58-59.

2. Abd El-Hafez, Alia. 1995. A comparison of thermal requirements and some
biological  aspects of  Trichogramma  evanescens Westwood  and
Trichogrammatoidea bactrae Nagaraja reared from eggs of the pink and spiny
boilworms. Annals Agric. Sci. Ain. Shams Univ., Cairo, 40 (2): 901-912,

3. Abd El-Hafez, Alia, A. G. Metwally and M. R. A. Saleh. 1982. Rearing pink
bollworm pectinophora gossypiella (Saund.) on kidney bean diet in Egypt
(Lepidoptera: Gelechiidae). Res. Bull., Fac. Agric., Zagazig Univ., April, No.576,
10pp

4. Abd-El Hafez, Alia, G. M. Moawad, Haiat M. El-Gemeiy and Amira M. Rashad.
1996. Effect of some insecticides on Trichogramma evanescens Westwood,
Trichogrammatoidea bactrae Nagaraja, and the hatchability of Pectinophora
gossypiella (Saund.) eggs. Egyptian Journél of biological Pest Control, 6 (1): 1-5,

5. Beasley, C. A. and T. J. Henneberry. 1984. Combining gossyplure and
insecticides in pink bollworm control. Calif. Agric., 38(1): 22-24.

6. Brar, K. S, G. C. Varma and M. Shenhmar. 1991. Effects of insecticides on
Trichogramma chilonis Ishhii (Hymenoptera: Trichogrammatidae), an egg
parasitoid of sugarcane borers cotton bollworms. Entomol., 16; 43-48. '

7. Bull, D. L. and R. 1. Coleman. 1985. Effects of pesticides on Trichogramma spp.
Southwestern Entomol. Supp., 8: 156- 168,

8. Bull, D. L. and V. S. House. 1983. Effects of different insecticides on parasitism of
host egg by Trichogramma pretiosum Riley. Southwestern. Entomol. Supp., 8:
46-53.

9. Consoli F. L., J. R. P. Parra and S. A. Hassan. 1998. Side- effects of insecticides

used in tomato fields on the egg parasitiod Trichogramma pretiosum Riley



10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

ALIA ABD EL-HAFEZ et al. 2301

(Hym., Trichogrammatidae ), a natural enemy of Tuta absoluta (Meyrick) (Lep.:
Gelechiidae), 1. Appl. Entomol., 122(1): 43-47.

Flanders, S. E. 1937. Notes on the life history and anatomy of Trichogramma.
Ann. Entomol. Soc. Am., 30: 304-308.

Hutchison, W. D., M. Moratorio and J. M. Martin. 1990. Morphology and bioclogy
of Trichogrammatoidea bactrae (Hymenoptera: Trichogrammatidae), imported
from Australia as a parasitoid of pink bollworm (Lepidoptera: Gelechiidae) eggs.
Ann. Entomol. Soc. Am., 83: 46-54.

LiLi-Ying 1982. Trichogramma sp. and their utilization in people’s Republic of
China. Les Trichogrammes, Antbes (France), 20-23 Avril, 181-184.

Narayana L. M. and R. T. Babu. 1992. Evaluation of five insect growth regulators
on the egg parasitoid Trichogramma chilonis (Ishii) (Hym., Trichogrammatidae)
and the hatchability of Corcyra cephalonica Saint (Lep., Galleriidae). J. Appl.
Entomol., 113(1): 56-60.

Sarode, S. V. and V. U. Sonalkara. 1999. Influence of different insecticides on
Parasitization of Corcyra cephalonica by Trichogramma chilonis Ishii. Pesticide
Research Journal, 11(1): 99-101.

Singh P. P., and G. C. Varma. 1986. Comparative toxicities of some insecticides
to Chrysoperla carnea (Chrysopidae: Neuroptera: Hymenoptera) and
Trichogramma brasiliensis (Trichogrammatidae: Hymenoptera:, two arthropod
natural enemies of cotton pests. Agric. Ecosys. Environ., 15: 23-30.

Stevenson, J. H. and J. H. H. Walters. 1983. Evaluation of pesticides for use with
biological control. Agric. Ecosystems. Envero., 10: 201-215.

Takada, Y., S. Kawamura, and T. Tanaka. 2001. Effects of various insecticides on
the development of the egg parasitoid Trichogramma dendrolimi (Hym:
Trichogrammatidae). J. Econ. Entomol., 94(6): 1340-1343.

Varma, G. C. and P. P. Singh. 1987. Effect of insecticides on the emergence of
Trichogramma brasiliensis (Hymenoptera: Trichogrammatidae) from parasitized
host eggs. Entomophaga, 32(5): 443-448.

Zhang, G., K. Hirai, and GF-Zhang. 1997. Effects of insecticides on reproduction
of Trichogramma japonicum in the laboratory. Proceedings-of-the-Kanto-Tosan-
Plant Protection_Society.44, 201-204.



2302 SIDE EFFECTS OF SOME RECOMMENDED INSCTICIDES FOR CONTROLLING
BOLLWORMS ON FOUR TRICHOGRAMMATIDS SURVIVORSHIP.

day Ao sl s AadlSal gy pna sl Slaall landisalad) il
el a5 D clabidls e g ) ol

hdll zodce o ald @ 58 B e eaa ddle
"SR AR e ead) ae Sl

8= e I Zigadl S e Dbl iy gy dpee !

b —gisiio —de |y il 4ulS —culaill Lulig anid ¥

Lol s il e )l Y ALIS Sl k) Aidbin 08 Aleas B 3 dai
ba s Jadlall 3900 gy dlldy peme B 5l e dadiSal L pm gl Sandl and
Shaadly s sa g ALl SUlidall ah kel i L easell lagal) aladiidng
Ass egw o (Fenpropathrin) Jsiil> ¢ 3€ . (Lambda-cyhalothri) i S s 5 sl
Jshll i gl Wi . (Profenofose) 035,58« (Thiodicarb) 8 Y « (Esfenvalerat)
Sl Ao o) 0l sk el el Jdla ek o A3l Aan ek wilS dleleall i
PRSI -+ S SV RPN S UUS IR PRI I S B P T Qe LSS N S
ol e sl aagg Agde Hal 3ol B ge e JAMs SV shayl oda vy (a° Y& 50 a4 0
Lor e Ll ja s 0 0w gl gl S DY) D A sies pe SWDAAY Da g Jebaall skl e
i e Sl an s e ALlSI S el g A A Zaa gl 5 e A6 lEeS clally ilese
Al L giee a5 L S A Saubes ) 2l caal Law % 90,4Y 44¢,0.
Yand S S aaldg sl b o 5 il B Ji e Jedisdl el Ly g sl
S8 S Loy sl a5 5 ke Lt « Jsils 5 8N 5 SIS ol St il
S i Wl a5 i g e (Rren Dol S1) g S0 58 2l Yaas Si
Jeadl shall e Bl kgl e gell Seat SE IS 5 Ll e S s o sl Dess
blaiel e sena M Adiaall ol dlabed) ¢ gl G W1 i Sl ¢ poatadl i f
Lo 5 Jith Jain I3V e sendd) idabaadl cas 3LSY ) iall 7 g A dus o
Rani s Lagd 1S 5 ol il Yeas JiSH LS 0 5 SL Ly silel a6 5 g aala g sl
3 e U Ll e €0 5 e et Gl e seaal ¢ (% 00 (8 ) ALASH el g 58l
Losine e WDAR! agin Lad | sdlinl g el sl Deas 81 US A S0uh py Ld a S0
SSal Lgle Jeanndl il ey (gl ew oY e 5 2V VY g Al s
PSS Ll 7 s e 5 e il A e 5 Lend lipdas il Slasdl
Jaaa) Jomila < (%YYANN 255 8 Juaa) DS <(% YY A0 2 A Jaea) 9 818
VA =g a Joms) dgs e < (% OV 2 8 Jaa) 2SS < (% £YE 28
2y ALl Sl = g AT Sl b giall = gl g (T VE LYYz g A Jaea) 8 Y <(%0T
el 0wl s dn g Sl Aoa ol J2all g el Al Jd L ¢ ALl L dandl sk dic Aldaall
il ddle sl e (Al e % £YYY R TE OV E e AL (T i)
Alabeall iy satll ALIS Sl )i gl 8 il g e Aladl o)



