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Abstract: Three laboratory experiments were conducted to evaluate the side-effects of four common herbicides
used to control weeds associated with local crops on egg of the parasitoid Trichogramma evanescens. These
herbicides are Glyphosate 48%SL, Bromoxynil 24%EC, Thiobencarb 50% and Clodinafop-propargyl 15%WP.
The biological aspects such% parasitism, % adult emergence, sex ratio, developmental period and % mortality
of the developmental T. evanescens stages were studied. The first experiment tested the effect of herbicides on
the biological aspects of T. evanescens. Sitotroga cerealella fresh eggs exposed to low concentrations of
glyphosate had a high parasitism viability (85.5%) and higher percentage of T. evanescens adult emergence
(91.14%), that was closely similar to the untreated 89.88% and 95.59%, respectively. Negative relationship was
observed between herbicidal concentration and both of parasitism and adult emergence in all tested herbicides.
Herbicides regardless to concentrations had different adverse effect on T. evanescens percent of parasitism
being classified gradually from moderately harmful to harmless as following; thiobencarb (9.83%), bromoxynil
(29.46%), clodinafop-propargyl (42.83%) and glyphosate (69.23%), respectively compared to high percentage
of parasitism (89.88%) in the untreated. The second experiment determined the impact of herbicides on immature
stages of T. evanescens. Parasitized eggs treated after 8 days (one day before emergence) with all tested
herbicides recorded a significant low rate of adult emergence of T. evanescens compared to those treated 3 and
5 days after parasitism. The third experiment free-choice and non-choice trails were conducted to evaluate the
acceptance of the female wasps to the less toxic herbicides. The effects of the tested herbicides were varied in
both free-choice and non-choice tests, thiobencarb showed a significant strong impact (on the tested parasitoid
with low parasitism and no emergence of T. evanescens wasps. While the negative effect of glyphosate on the
tested parasitoid was weak with a significant high percentage of parasitism and adult emergence compared to
the untreated. Results reflected that the tested herbicides classified gradually from moderately harmful to
harmless as following; thiobencarb, bromoxynil, clodinafop-propargyl and glyphosate. Among the tested
herbicides, the harmless ones should be chosen in a program of integrated pest management (IPM) since it
allows the use of pesticides without harm to the biological control agent T. evanescens. On the other hand, the
moderately harmful pesticides should be excluded or replaced by another product with less impact whenever
it is possible.
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INTRODUCTION that attack lepidopterous hosts [5]. Releases of

The Integrated Pest Management (IPM)  suggests corn, cotton, sugarcane, fruit tree and vegetable crops in
the use of tactics based on a  cost-benefit  analyses  and more than 50 countries [6-8]. Wasps of the genus
lower   operational    impact     on    agroecosystem [1]. Trichogramma have several advantages as biological
The management of insect pests can be optimized by control agents, including relative ease of rearing and fact
methods of control not antagonistic to the beneficial that they kill their host in the egg stage before it causes
organisms [2, 3]. Trichogrammatidae are the most widely feeding damage [9, 10]. In Egypt, Trichogramma
used natural bioagents in augmentation programmes [4]. evanescens has been used successfully since 1984 as a
Trichogramma species are polyphagous egg parasitoids biocontrol  agent  against  different  insect  pests  of  the

Trichogramma are successfully used on large scale on
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sugar-can borer, Chilo agamenon on Sugar-cane and rice, Despite the importance of biological methods for
the olive pest Prays oleae, the peach bud borer, Anarsia insect control, the use of pesticides is still necessary
lineatella on peach and apricot, the grape-fruit worm, within the current agricultural system [22]. Therefore,
Lobezia botrana and the date fruit worms, Ephestia spp. evaluation of pesticides selectivity must involve not only
on date palms [11]. effects on the viability of biological control agents but

Application of pesticides and Trichogramma spp. also on their fecundity [23]. Male fertility reduction was
has historically been considered incompatible. Herbicide reported for Anisopteromalus caladrae due to the effects
such as 2,4-D directly or indirectly effective on all of  the  herbicide  paraquat  [24].  Pesticide  impact on
organisms such as birds, insects, fish and algae by mixing non-target insects includes lethal and sub-lethal effects
into the air, soil and water and has some toxic effects on [25]. Noxious effects of herbicides on egg parasitoid have
ecosystem [12]. Wasps are highly susceptible to most been reported for T. pretiosum [21]. The glyphosate
broad-spectrum pesticides [13]. The utilization of selective herbicide affected arthropods between  the  rows of
pesticides is a reasonable strategy in pest management, plants by decreasing the abundances of Homoptera,
because it favors the conservation of natural enemies in Heteroptera, Coleoptera  and  Lepidoptera and diversity
the agro-ecosystem [14]. Most of the foliar pesticide of arthropods [26]. The side-effects of pesticides on
applications are toxic to many nontarget organisms, beneficial arthropods assessed by the working group
including predators and parasitoids. Low rates of “Pesticides and Beneficial Organisms" of the International
parasitism have been reported in several agricultural Organization for Biological Control (IOBC) developed
regions and this may be due, partly, to the extensive use standardized methods  of  pesticides  classification  into
of pesticides [15]. It is very important to study the side 4 categories, according to the reduction in parasitization:
effect of pesticides on the natural enemies to exclude the 1, harmless (<30%); 2, slightly harmful (30-79%); 3,
ones that have harmful effect on such natural enemies moderately harmful (80-99%); and 4, harmful (>99%)
[16]. The side-effect of herbicides  on  parasitoid  wasps [27,28]. Only glyphosate + imazethpyr and 2,4-D amine
is very important [17]. Pesticides may limit the efficiency were classified as harmless on the first and second days
of the biological control agents and plant growth of parasitism of Telenomus remus,  while  paraquat  was
regulators  can  have  deleterious  effects on parasitoids the most harmful. Other herbicides (S-metolachlor and
Trichogramma. Although pesticides do not have a clomazone) were harmless on the first day of parasitism
specific site of action in arthropods, they can induce [29].
sublethal effects on reproduction or on the biological The objective of this study was  to  evaluate  the
functions [18, 19]. side-effects of some herbicides used to control weeds

Herbicides may affect natural enemy activity either by associated with local crops on the biological aspects of
destroying their food and host resources or by killing the bioagent egg parasitoid T. evanescens.
them directly or by repelling them from the treated area.
The herbicides caused 0-10.65% mortality of the treated MATERIALS AND METHODS
pupae of the parasitoid. The compound 2,4-DEE caused
considerable reduction to the parasitism of treated eggs Rearing of Trichogramma Evanescens: Adult wasps of
by the parasitoid, whereas, the other tested herbicides
namely, pretilachlor, paraquat, sulfosulfuron, sumisoya
and imazosulfuron, had little to moderate levels of adverse
effect on egg parasitism. Reduction of egg parasitism in
some herbicides may be either due to the repellent action
of these chemicals themselves or due to adjuvants used
in formulation [20]. Hassan [21] tested the side-effects of
139 pesticides on Trichogramma cacoeciae. He found
that 7 herbicides and plant growth regulators were harmful
to the adult parasitoid but harmless to moderately harmful
to the pupa within the host eggs. Six herbicides and plant
growth regulators were harmful in the initial toxicity test
but were short-lived to moderately persistent and
therefore were much more useful in integrated control.
Short lived preparations were likely to have much less
impact on the natural enemy than persistent ones.

Trichogramma evanescens were obtained from
Department of Biological Control, Plant Protection
Institute, Dokki, Cairo, Egypt, reared on Sitotroga
cerealella Olivier eggs. The parasitoid was reared at
25±1°C and 60±5 relative humidity (RH) % in Department
of Plant Protection, Faculty of Agriculture, Al-Azhar
University. Fresh eggs of S. cerealella were glued onto
cards 10X10 cm and exposed to other cards contained
parasitized S. cerealella eggs in the pupal stage, ready for
emergence, in plastic Jars (1 Liter). Female wasps emerged
from parasitized eggs lay their egg inside the fresh eggs
on cards to complete their life cycle to be used in the
experiments. This rearing method allows us to obtain the
parasitoid in any development stage to be exposed to the
tested herbicides for evaluation of the their side-effect on
the parasitoid biological aspects.
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Table 1: Herbicides formulations and concentrations (ppm) tested against T. evanescens.
                             Herbicide

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Clodinafop- Propargyl

Glyphosate Baron Bromoxynil Thiobencarb Kafrosaturn Topik 15%WP® ® ®

Concentrations 48%SL (Elhelb) (Brominal  24%EC (Nufarm) 50% EC (K.Z.) (Syngenta agro Egypt)®

1 300 150 625 15
2 600 300 1250 30
3 1200 600 2500 60
4 (Recommended rate) 2400 1200 5000 105
5 3600 1800 7500 160
Control 0 0 0 0

Herbicides: All tests were conducted with fresh solutions after parasitism, 2  group was treated five days after
of commercial herbicides prepared in distilled water. parasitism, 3  group treated eight days after parasitism
Glyphosate (Baron ) 48% SL (Elhelb), Bromoxynil (one day before adult emergence), While the 4  group®

(Brominal ) 24% EC (Nufarm), Thiobencarb (Kafrosaturn ) treated with water only after parasitism to serve as a® ®

50% EC (K.Z.) and Clodinafop Propargyl (Topik ) 15% control.®

WP (Syngenta agro Egypt) were tested at five Treatment of parasitized eggs (egg-cards) was carried
concentrations for each (Table 1). Such herbicides were out by dipping in the recommended concentration for
selected on the basis of their use for the control of weeds each tested herbicide for five seconds,  removed  and
in Egypt. drip-dried on a filter paper. Each treated card was placed

Effect   of   Herbicides   on   the   Biological   Aspects  of checked daily till the emergence of the adult parasitoids,
T. evanescens: For each herbicide, aliquots were taken to determine the tested biological parameters (number of
from the stock solution and mixed with distilled water in
50-ml glass vials to form five dilutions each with a final
volume of 10 ml and these solutions were mixed
thoroughly. Cards with ˜200 S. cerealella fresh eggs each
were dipped in the tested concentrations for five seconds,
removed and drip-dried on a filter paper. Each treated card
was placed individually in a small Petri-dish (5 cm
diameter) containing 30 T. evanescens  adult  wasps  (<24
h old). The control group was dipped in distilled water
only. Petri-dishes were sealed with parafilm to prevent
emerged adult wasps from escaping out of the Petri-dish.
The eggs were checked daily to determine the tested
biological parameters (% parasitism, % adult emergence,
sex ratio of the emerged wasps, developmental period and
% mortality of the T. evanescens developmental stages).
Experiment replicated three times for each tested
herbicidal concentration and the control.

Effect    of      Herbicides      on     Immature     Stages   of
T. evanescens: Fresh S. cerealella eggs (less than 24 h
old) were glued onto cartoon cards; each  contained
nearly 400  eggs  and  placed  in  glass  tubes.  Newly
emerged T. evanescens adults were transferred to the
glass tubes containing S. cerealella  egg-card  and  kept
for  24 h. The exposed eggs were divided into four groups
to be treated with the recommended field rates of the
tested herbicides; the 1  group was treated three daysst

nd

rd

th

individually in a glass tubes sealed with parafilm and

exit hall, number of emerged adults, sex ratio of the
emerged wasps and mortality of developmental stages).
The experiment was replicated three times for the treated
and untreated eggs.

Free-Choice and Non-choice Tests:  Free-choice  and
non-choice trails were conducted to evaluate the
acceptance of the wasps female to the less toxic
herbicides.   In     the     non-choice     experiment,  fresh
S. cerealella eggs (less than 24 h old) were glued onto
cartoon cards, each  contained  100  eggs  treated  with
the recommended field concentration of each tested
herbicide. Treated eggs were placed separately for each
tested herbicides in Petri-dish and exposed to newly
emerged T. evanescens adult wasps then sealed with
parafilm. Fresh eggs treated with water only used to serve
as a control.

In the choice experiment, T. evanescens adult wasps
exposed to fresh S. cerealella eggs treated with the
recommended field concentration of each tested herbicide,
all treated cards placed in one Petri-dish sealed with
parafilm. After the parasitized eggs turned black each
treated egg card was transferred to separate tube sealed
with parafilm to determine the numbers of parasitized
eggs, number of exit hall and emerged wasps resulted from
each treated eggs with the tested herbicides. Treated and
untreated eggs replicated three times.
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Statistical Analysis: The effects of the four tested classified as harmless  against  T.  evanescens  followed
herbicides on the percent of parasitism, duration period, by clodinafop-propargyl (66.67 & 87.78%), bromoxynil
percent of adult emergence and sex ratio of the egg (54.67 & 82.18%) and thiobencarb (28.83 & 78.11%),
parasitoid T. evanescens were subjected to statistical respectively (Table 2, 3, 4 and 5). Negative relationship
analysis by Analysis of variance (ANOVA) test and using between concentration and parasitism & adult emergence
a computer software SAS [30]. Results are expressed as was observed in all tested herbicides. Significant
mean ± standard error. Means were determined and differences of T. evanescens parasitism was clearly
compared by Duncan multiple range test at 0.05 observed between the tested concentrations and the
probability level [31]. untreated control when exposed to all tested herbicide.

RESULTS AND DISCUSSION the  highest  concentration  of  glyphosate and

Effect   of   Herbicides   on   the   Biological   Aspects  of parasitism (47 and 27.17%), respectively, compared to the
T. evanescens: Fresh S. cerealella eggs exposed to low untreated (89.88%). While the highest concentrations of
concentrations of glyphosate had a high parasitism
viability (85.5%) and high percent of T. evanescens adult
emergence (91.14%), that was closely similar to the
untreated 89.88% and 95.59%, respectively (Table 1).
Therefore,  this  treatment  was  one of the few herbicides

Application of the four tested herbicides revealed  that

clodinafop-propargyl had a relatively slight effect on the

bromoxynil and thiobencarb had a significant great impact
on the parasitism of T. evanescens and reduced the
percentage of parasitism sharply (14 and 2.33%),
respectively, compared to high percentage of parasitism
in the untreated (Table 2, 3, 4 and 5).

Table 2: Effect of glyphosate concentrations on the egg parasitoid T. evanescens.

Concentration (ppm) Parasitization % Adult emergence % progeny Sex ratio (Female) Duration period (days) mortality DS *%

300 85.50±8.7bc 91.14±7.2b 53.52±5.1 9.00±0.2b 8.86±7.2b

600 81.00±12.2bc 86.08±3.3b 55.03±6.4 9.33±0.5b 13.92±3.3b

1200 67.83±8.8abc 86.95±2.2b 52.52±6.5 9.33±0.5b 13.05±2.2b

2400 64.83±17.4ab 85.10±8.6b 54.80±5.5 9.67±0.5ab 14.90±8.6b

3600 47.00±5.2a 70.17±4.9a 56.72±3.0 10.33±0.5a 29.83±4.9a

untreated 89.88±1.1c 95.59±1.2b 55.55±2.9 8.75±0.5b 4.41±1.2b

P<0.05 0.0065 0.0021 0.8777 0.0382 0.0021

F- Value 5.68 7.52 0.34 3.4 7.52

LSD 20.25 9.65 9.49 0.83 9.65

Means in a column with the same letter are not significantly different 

*DS = Developmental Stages

Table 3: Effect of bromoxynil concentrations on the egg parasitoid T. evanescens.

Concentration (ppm) Parasitization % Adult emergence % progeny Sex ratio (Female) Duration period (days) mortality DS* %

150 54.67±12.4c 82.18±11.3b 51.60±6.2 8.67±0.5ab 17.82±11.3b

300 31.00±1.3b 79.10±8.9ab 53.72±0.9 9.33±0.5ab 20.90±8.9b

600 25.00±9.1ab 78.59±5.5ab 54.55±10.2 9.33±0.5ab 21.41±5.5b

1200 22.67±3.7ab 74.17±20.6ab 53.30±9.1 9.33±0.5ab 15.69±11.4b

1800 14.00±4.5a 55.39±17.6a 54.03±2.7 10.00±1.0a 44.61±17.6a

untreated 89.88±1.1d 95.59±1.2b 55.55±2.9 8.75±0.5b 4.41±1.2b

P<0.05 0.0001 0.0500 0.5041 0.2570 0.0153

F- Value 33.76 3.10 0.91 1.51 4.49

LSD 14.70 22.80 11.64 1.09 19.11

Means in a column with the same letter are not significantly different 

*DS = Developmental Stages
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Table 4: Effect of thiobencarb concentrations on the egg parasitoid T. evanescens.

Concentration (ppm) Parasitization % Adult emergence % progeny Sex ratio (Female) Duration period (days) Mortality DS*%

625 28.83±6.6b 78.11±5.7ab 55.12±3.6 9.00±0b 21.89±5.7a

1250 8.17±1.6a 71.51±19.3a 52.80±2.44 9.67±0.5b 28.49±19.3a

2500 6.33±1.0a 69.49±11.2a 53.70±3.2 9.67±0.5b 30.51±11.1a

5000 3.50±1.3a 68.06±6.3a 52.22±13.4 9.67±0.5b 31.94±6.3a

7500 2.33±0.7a 64.44±3.8a 55.56±9.6 10.67±0.5a 35.56±3.8a

untreated 89.88±1.0c 95.59±1.2b 55.55±2.9 8.75±.5b 4.41±1.2b

P<0.05 0.0001 0.0268 0.9584 0.0101 0.0655

F- Value 108.47 3.80 0.19 5.05 2.82

LSD 9.92 17.75 13.08 0.83 20.45

Means in a column with the same letter are not significantly different

*DS = Developmental Stages

Table 5: Effect of clodinafop-propargyl concentrations on the egg parasitoid T. evanescens.

Concentration (ppm) Parasitization % Adult emergence % progeny Sex ratio (Female) Duration period (days) Mortality DS *%

15 66.67±5.0d 87.78±6.7c 53.19±1.9 9.33±0.5ab 7.543±1.3cd

30 45.50±1.0c 74.39±4.1b 53.14±2.1 9.33±0.5ab 10.61±0.9bc

60 41.33±4.6c 68.68±8.5b 52.12±1.1 9.67±0.5ab 11.46±1.0bc

105 33.50±1.8b 61.26±4.7ab 51.10±3.0 9.67±0.5ab 13.34±2.1b

160 27.17±3.5a 54.18±12.5a 52.62±3.2 10.0±1.0a 25.50±5.7a

untreated 89.87±1.0e 95.58±1.2c 55.55±2.9 8.75±0.5b 4.41±1.2d

P<0.05 0.0001 0.0001 0.8755 0.2921 0.0001

F- Value 177.01 13.55 0.34 1.4 21.13

LSD 5.82 12.93 4.47 1.18 4.72

Means in a column with the same letter are not significantly different

*DS = Developmental Stages

Means in a column with the same letter are not significantly different
(LSD=16.80)

Fig. 1: Overall parasitism of T. evanescens  exoposed  to
S. cerealella eggs treated with four different
herbicides compared to untreated. 

The overall results showed that the tested herbicides
regardless to concentrations had different adverse effect
on T. evanescens percent of parasitism being classified
gradually   from   moderately harmful    to    harmless   as

following; thiobencarb (9.83%), bromoxynil (29.46%),
clodinafop-propargyl (42.83%) and glyphosate (69.23%),
respectively compared to high percentage of parasitism
(89.88%) in the untreated (Figure 1). These results agreed
with the findings of Giolo et al. [32] showed  that  the
side-effect of glyphosate formulations ranged form
slightly to harmful on T. pretiosum adult wasps. Results
also in agreement with Manzoni, et al. [33] indicated that
exposing adults of T. pretiosum to fresh dry pesticide film,
in the maximum dosage recommended for field use, with
subsequent assessment of the number of eggs parasitized
per female, resulted that the herbicide Polaris (glyphosate)
was slightly harmful; the herbicides Finale (glufosinate-
ammonium [glufosinate]) and Roundup Original
(glyphosate) were moderately harmful to T. pretiosum.
Stefanello Júnior et al. [19] tested the selectivity of 24
herbicides registered on corn to Trichogramma
pretiosum, recorded that glyphosate was categorized
slightly harmful (class 2). Glyphosate 720+imazetapyr 90
(AltezaReg.), s-metolachlor (Dual GoldReg.) 1920,
flumyoxazin (Flumyzin 500Reg.) 60, clomazone
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(GamiteReg.) 1000, glyphosate (GlizReg.) 2880, paraquat Similar results obtained by Suh et al. [37] reported that
dichloride 600+diuron 300 (GramocilReg.), glyphosate none of the tested pesticides had a significant effect on
1200 (Roundup ReadyReg.) were classified as harmless to the sex ratio of T. exiguum.
T. pretiosum and the herbicides 2.4-D (DMAReg.) 1209,
paraquat dichloride (GramoxoneReg.) 600 and glyphosate Effect    of      Herbicides      on     Immature     Stages   of
(Roundup TransorbReg.) 2592 g a.i./ha were classified as T. evanescens: Results in table (6) showed that the
slightly harmful [21]. Also, Broglio-Micheletti, et al. [34]
indicated that the herbicide metribuzin 480 SC interfered
in Trichogramma  galloi  emergence  and  parasitism
when  the  postures  were   treated   before  parasitism.
The parasitism and adult emergence of the egg parasitoid
T. galloi was harmed and decreased, respectively, when
treated with metribuzin herbicide at all concentrations [35].
Manzoni, et al. [36] evaluated the side effects of eight
different pesticides on the parasitoid T. pretiosum in the
laboratory; they reported that the herbicide Dormex
(cyanamide) at 1200 g were moderately harmful to the
tested parasitoid.

No significant effect of the tested herbicides on the
sex ratio at all tested concentrations. Only the highest
concentration of all tested herbicides prolonged the
duration of parasitoid developmental period, while no
significant effect noticed between the other
concentrations  and untreated control (Table 2, 3, 4 and 5).

recorded values for the emerged adults were (72.67, 66.44
and 20.44%) for eggs treated with glyphosate 3, 5 and 8
days post parasitism, respectively compared to a
significant (P= 0.0001) high emergence rate (96%) for the
untreated. Consequently, the recorded values for the
mortality of the developmental stages were 27.33, 33.56
and 64.56% for eggs treated 3, 5 and 8 days post
parasitization, respectively compared to significantly low
mortality% (4.12%) for the untreated. The sex ratio in all
tested herbicides did not differ significantly between the
treated and those recorded for the untreated. In addition,
parasitized eggs treated after 8 days (one day before
emergence) with all tested herbicides recorded a
significant low rate of adult emergence of T. evanescens
compared to those treated 3 and 5 days after parasitism,
except for thiobencarb adult emergence was low and did
not differed significantly at all stages (3, 5 and 8 days)
compared to the untreated (Table 6).

Table 6: Emergence, sex ratio and mortality percentage (±SEM) of T. evanescens treated with herbicides during different immature stages when developing
in S. cerealella eggs.

Herbicide
(Recommended field rate) Parasitoid stages days adult emergence (%) progeny Sex ratio (F) Mortality DS %
Glyphosate Baron 48%SL  (Elhelb) 3 days old 72.67±9.6a 55.67±3.0 27.33±4.5a®

5 days old 66.44±12.7a 51.33±1.5 33.56±12.7a
8 days old 20.44±4.9b 51.33±1.1 64.56±23.0b
Untreated 96.0±2.6c 56.38±5.8 4.12±2.7ac
P = 0. 05 0.0001 0.2074 0.0053
LSD 15.92 6.43 26.48

Bromoxynil (Brominal   24%EC (Nufarm) 3 days old 47.56±12.1a 50.67±2.1 52.44±12.1a®

5 days old 24.67±6.0b 52.67±2.1 75.33±6.0b
8 days old 10.22±1.0c 50.0±1.0 89.78±1.0c
Untreated 96.0±2.6d 56.38±5.8 4.12±2.7d
P = 0. 05 0.0001 0.1564 0.0001
LSD 13.04 6.19 13.06

Thiobencarb Kafrosaturn  50% EC (K.Z.) 3 days old 2.44±1.0a 50.33±2.1 97.55±1.7a®

5 days old 3.0±1.7a 50.33±2.1 97.0±1.0a
8 days old 3.11±1.0a 49.0±1.0 96.89±1.0a
Untreated 96.0±2.6b 56.38±5.8 4.12±2.7b
P = 0. 05 0.0001 0.0845 0.0001
LSD 3.27 5.97 3.32

Clodinafop-propargyl Topik 15%WP 3 days old 45.78±2.7a 51.67±1.5 54.22±2.7a®

(Syngenta agro Egypt) 5 days old 43.67±24.0a 50.33±1.5 56.33±24.0a
8 days old 11.33±3.1b 49.67±0.5 88.66±3.1b
Untreated 96.0±2.6c 49.0±5.8 4.12±2.7c
P = 0. 05 0.0289 0.4854 0.0289
LSD 23.62 2.87 23.62

 Means in a column with the same letter are not significantly different



( LSD = 27.32)
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(LSD = 31.79) (LSD = 27.32)
Means in a column with the same letter are not significantly different

Fig. 2: Adult emergence and mortality percentage of T. evanescens immature stages treated with herbicides.

On the other hand, results in figure (2) illustrated that emergence, compared to the control, were used to
the average mean of adult emergence and mortality measure the effects of the treatments. Eggs from the host
regardless to wasp’s stages a significantly low adult A. kuehniella were presented to the adults of the
emergence 2.85% of T. evanescens exposed to parasitoids emerged from the sprayed pupae, with the
thiobencarb followed by bromoxynil (27.48 %), parasitism of T. pretiosum being evaluated in each
clodinafop-propargyl (33.59%) and glyphosate (53.18 %), treatment compared to the control. No significant harmful
respectively, compared to 97% for the untreated. Results effect was observed for any of the herbicides assessed
also indicated that a significant differences between all when sprayed at the different immature stages of
tested herbicides and untreated, the herbicide glyphosate development of T. pretiosum, in agreement with IOBC.
was found to have a considerable slight  adverse  effect The parasitism of the adults emerged from eggs sprayed
on the parasitoid with low mortality percent of the at the pupa stage was not affected either. The emergence
developmental stages (36.21%) compared to the other rate of T. japonicum was reduced by 35% in plots treated
three tested herbicides clodinafop-propargyl (66.4%), with the organophosphorus herbicide piperophos
bromoxynil (72.5%) and thiobencarb (97.1%), while the compared with the emergence rate in untreated plots.
untreated recorded a clearly low mortality percentage Application of the pesticides by broadcast and
(3%). incorporation was less harmful to the parasitoid than the

The above results are strongly in agreement with use of liquid sprays [43]. Abdelgader and Hassan [44]
Bueno et al. [15] findings,  pesticides  had  different studied the side effects of 13 protected plant products
impact on T. pretiosum and indicated that glyphosate (contained 2 herbicides) on adults and immature stages of
960.0  (Gliz®  and   Roundup   Transorb®),  were the egg parasitoid T. cacoeciae in the laboratory. Results
chemicals classified as harmless (class 1) to all immature illustrated that the herbicide (Logran, triasulfuron), was
T. pretiosum stages, also consider them as a less noxious safe to the adults, whereas, the herbicide (Gesagard,
products and should be chosen whenever possible to be prometryn) was slightly harmful.
used in a soybean IPM program. Similarly, Bastos et al.
[38] recorded that the tested herbicides moderately Free-Choice  and    Non-Choice    Experiment:  In  the
reduced the  percentage   of  emergence  and  parasitism free-choice test, eggs treated with thiobencarb were
of the wasps when they had contact with the chemicals parasitized significantly less frequently (8.67%) than eggs
during  their   pupal  or  adult  stage  of T.  pretiosum. in any of the other 3 tested herbicides, bromoxynil (26%),
The herbicide metribuzin had a negative influence on the clodinafop-propargyl (36.67%) and glyphosate (69%)
emergency and longevity of T. galloi [39]. compared to a high of parasitism (92.67%) in the untreated

Results indicated that each of the tested herbicides (Table 7).
showed different degrees of toxicity to the parasitoid [40]. When presented with non-choices of treated eggs
Some pesticides did not penetrate the host  egg-chorion females of T. evanescens significantly prevent the
S. cerealella and T. evanescens were affected only upon parasitism (zero percentage of parasitism) of eggs treated
emergence from the eggs [41]. Results also agreed with with thiobencarb (P=0.0001), followed by 12, 25 and 45%
Nornberg, et al. [42] observed reductions in adult for  b romoxynil,  clodinafop-propargyl   and  glyphosate,
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Table 7: Parasitism and Emergence percentage (±SEM) of T. evanescens exposed to S. cerealella eggs treated with herbicide in free-choice and non-choice.

Free-choice Non-Choice

Treatment -------------------------------------------------------- -------------------------------------------------------------

(Recommended rate) Parasitism % Emergence % Parasitism % Emergence %

Untreated 92.67±2.5a 89.0±3.6a 86.33±10.7a 83.33±10.6a

Glyphosate 48% SL 69.0±8.1b 52.33±13.5b 45.0±4.3b 26.67±3.7b

Bromoxynil 24% EC 26.0±4.0c 12.33±4.9c 12.67±8.9c 6.33±4.1c

Thiobencarb 50% EC 8.67±4.1d 0.0c 0.0d 0.0c

Clodinafop-propargyl 15% WP 36.67±2.1e 25.33±3.1d 25.0±4.6c 18.33±4.5b

P=0.05 0.0001 0.0001 0.0001 0.0001

F Value 154.92 81.91 72.73 99.90

LSD 8.57 12.36 12.46 10.46

Means in a column with the same letter are not significantly different

respectively, compared to high percentage of parasitism varied in both free-choice and non-choice tests,
(86.33%) in the untreated. Similar trend was recorded for thiobencarb showed a strong impact on the tested
the adult emergence in both free-choice and non-choice parasitoid  with  low  parasitism   and   no  emergence of
tests (Table 7). These results indicated that effects of the T. evanescens wasps. While the negative effect of
tested herbicides were varied in both free-choice and non- glyphosate on the tested parasitoid was weak with a
choice tests, thiobencarb showed a significant strong significant high percentage of parasitism and adult
impact on the tested parasitoid with low parasitism and no emergence compared to the untreated. Results reflected
emergence of T. evanescens wasps. While the negative that the tested herbicides classified gradually from
effect of glyphosate on the tested parasitoid was weak moderately harmful to harmless as following; thiobencarb,
with a significant high percentage of parasitism and adult bromoxynil, clodinafop-propargyl and glyphosate. Among
emergence compared to the untreated. the tested herbicides, the harmless ones should be

Results agreed with Hassan et al. [45] who tested chosen in a program of integrated pest management (IPM)
side-effects of 21 pesticides on the Hymenoptera egg since it allows the use of pesticides without harm to the
parasitoid T. cacoeciae, they reported that the herbicides biological control agent T. evanescens. On the other hand,
Duplosan® 600 KV (mecoprop-p) and Focus® the moderately harmful pesticides should be excluded or
(cycloxydim) were slightly harmful to the parasitoid. replaced by another product with less impact whenever it
Evaluation of pesticides selectivity must not involve only is possible.
effects on the viability of biological control agents but
also on their fecundity [23]. Therefore, obtained results REFERENCES
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