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Abstract

Studies were carried out at Plant Protection Research
Institute in 2005 to find out the effect of different host and
parasitoid density levels on the efficiency of Trichogramma
evanescens and T. brassicae. Eggs of pink bollworm,
Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae )
were used as a host for the two T7richogramma spp. Three
different host densities viz., 150, 300 and 600 eggs of A.
gossypiella were provided to 2, 4, and 8 females of the two
parasitoid species, respectively in glass vials (4x8.5 cm). The
highest percentage of parasiism was obtained when 7
evanescens and T. brassicae densities were 8 females and
introduced 150 PA. gossypiella eggs. The percentages of
parasitism were 95.27 and 94.27% for the two parasitoid
species, respectively. Whereas, the lowest percentage of
parasitism was obtained when the parasitoid density was 2
females and introduced 600 host eggs, as it was 13.86% for 7.
evanescens and 15.96% for 7. brassicae. In case of T.
evanescens, emergence percentages were statistically similar in
all treatments and was above 91.73%. Whereas, emergence
percentage of 7. brassicae was decreased to 88.24% when the
parasitoid density was 2 females/vial. Female ratio in offspring
was higher (67.06%) when 7. evanescens density was 2 females
and decreased insignificantly to 64.84 and significantly to
59.16% when parasitoid density increased to 4 and 8 female/
vial, respectively. As for, 7. brassicae, percentages of produced
females were insignificantly different in all parasitoid densities.
The percentage of super parasitism was artless or negligible at
all 7. evanescens densities as, it didn't heighten 2.56%. While 7.
brassicae females exhibited significantly higher percentage of
super parasitism (4.58%), when introduced only 150 eggs for all
parasitoid densities compared with all other treatments.

Key words: Parasitoid and host density, parasitism efficiency,
Trichogramma evanescens, T. brassicae

INTRODUCTION

Egg parasitoids of the genus T7richogramma are the most widely used natural
enemy for biological pest control in the world. Their use is restricted to lepidopterous
pest species. These wasps are highly polyphagous, and host selection can be
influenced by various chemical and physical cues. The impact of a parasitoid on its
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host population greatly dépends upoh its ability to ‘seai’ch, find and parasitize hosts
and to increase offspring numbers in rSponse to'increaéing host density. In analytical
host-parasitoid, models, chaﬁge§ in the density-dependent éex ratio of parasitoids
influence the level of host population equilibrium and the stability of the host-
parasitoid relationships thus affécting the success of biological control (Waage
&Hassell 1982). It is important to identify the form of the parasitoid response to host
density .in population modeling, from which ‘biological control programmes can be
developed (Mills & Lacan 2004). Den;ity—depgndent behavior is commonly seen as an
essential feature of the searching efficiency or capacity of candidate natural enemies,
but it also seems to be the most difficult selection griterion for experimental evaluation
(Van Lenteren 1986). At a high host density, the host-finding capacity of a parasitoid
female is limited by her egg complément and/or by her handling time. However, in
fields with relatively low host densities, and especially when host eggs are laid in
clusters, wasps may be foraging a lot on leaves without hosts (Pak et al. 1989). Reznik
and Umarova ((1991) stated that host-density within a habitat proved to be an
important factor in host acceptance. It is known that ovipositing females adjust their
clutch size and gender according to the raté and quality of the hosts they encounter
during their lifetime (Heimpel and Collier, 1996). In the Bollworms laboratory of plant
protection Research Institute Egypt, 7richogramma is reared on Pectinophora
gossypiella for experiments and mass reared on the factitious host, Sitotroga cerealella
for inundative release. During rearing the quality of the produced parasitoids is very
important. parasitoid and host densities are,amongst‘ the important factors affecting
the quality of the parasitoids. Higher densities of parasitoids may caused super
parasitism and thus reducing the fitness of surviving parasite or survivorships Xhan et
al (2004). Whereas, the increasing of host'density may caused losing of host and
increasing the rearing cost. The aim of the present study was to provide further
information for the assessment and improvement of 7richogramma spp. effectiveness
in biological .control. In this paper, the relationship between host and parasite
densities and reproductive fitness of Trichogramma spp. was investigated by
determining how host density affected parasitoid efficacy, which was determined by
the percentage of parasitism, percent emergence, and sex ratio.

MATERIALS AND METHODS

The experiments were carried out in Bollworms Department, Plant protection
Research Institute, ARC, Dokki, Giza, Egypt.
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Rearing of insects
Host rearing

Pink bollworm Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae)
was reared for several generations on modified artificial diet as described by Abd El-
Hafez, Alia et al. (1982). Ten pairs of freshly emerged moths were confined in glass
chimney cage, inside which a piece of cotton wool previously soaked in 10 % sugar
solution was suspended to be renewed every 48 hours for moths nutrition. The top
and bottom of each cage were covered with screening mesh kept in position by
rubber bands for stimulating egg-laying response in the females. Eggs were deposited
through the screening mesh on a piece of paper placed upper and under the cage in
open Petri-dishes that served as oviposition sites. Cages were maintained at 27+1 °C
& 80 +5 % R. H. and were examined daily for collecting papers containing eggs.
Parasitoid rearing

In the present study, two 7richogramma species were reared on pink bollworm,
P. gossypiella for more than ten generations. These parasitoids are namely
Trichogramma evanescens Westwood (native strain) and 7. brassicae Bezdenko
imported from Iran in 1998. The reared culture being maintained in the laboratory at
27+1 °C & 80 +5 % R. H. For rearing the parasitoid, fresh host egg sheets (2000-
2500 eggs) were exposed to 100-150 adult females into 0.4-1 liter glass jars provided
with 10% sucrose solution for nutrition, and covered with cloth-wrapped cotton kept
in position by rubber band.
Experimental techniques

Fresh sheets of P. gossypiella eggs, contained eggs at densities of 150, 300
and 600 eggs/ sheet were placed in glass vials (4x8.5 cm ) and introduced to 2, 4, and
8 mated females of 7richogramma in rotation to have nine treatments for every
Trichogramma species. The number of replicates were 20 for each treatment but they
were divided into four groups for easy handiing. After releasing the Trichogramma
females into the glass vials, vials were covered with muslin cloth tightened with rubber
band. These vials were then shifted to incubator with temperature of 27 £1°C and 80
+5 % RH. After 4 days percentages of parasitized eggs and super parasitism were
recorded. While the percentage of emergence and sex ratio were estimated after adult
emergence (8 days).
Statistical analysis

Analysis of variance was calculated for all data (ANOVA) and Duncan’s multiple
range test was used to separate the means (Snedecor & Cochran 1980). )
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RESULTS AND DISCUSSION

a-  Effect of different host and parasitoid densities on percentage of
parasitism

Table (1) showed highly significant differences between the three host densities
(F= 436.35& P< 0.0001), highly significant differences between the three parasitoid
densities ( F= 240.01& P<.0001) and between the two parasitoid species (F= 57.441&
P<.0001). The whole mean percentage of parasitism was 61.6% for 7. evanescens,
while this percentage decreased significantly to 50.83% for 7. brassicae ( Table 2).
Regardless of host density, the percentage of parasitism by 7. evanescens females
was increased by increasing its density. When the parasitoid density was 2 females/
vial, the average percentage of parasitism was 43.91% and increased significantly to
61.13% and 79.77% by increasing females to 4 and 8/ vial, respectively. In contrast,
as the host density increased, as the percentage of parasitism decreased. The mean
percentages of parasitism were 88.93, 55.74 and 40.13% when the host densities
were 150, 300 and 600 eggs/ vial, respectively. Significantly, the higher percentage of
parasitism (95.27%) was obtained when 8 females introduced 150 eggs in the vial,
while there were insignificant differences when 2 and 4 parasitoid females introduced

. the same number of eggs. In case of 300 and 600 host densities, as the parasitoid

density increased as the percentage of parasitism increased. As for 7. brassicae, the
average percentage of parasitism was 50.83%. In all host densities, the percentage of
parasitism increased by increasing the parasitoid density. On the other hand the at
same parasitoid density, the percentage of parasitism decreased significantly by
increasing the host density i. e. when the parasitoid density was 8 females/vial and
introduced 150, 300 and 600 eggs, the percentages of parasitism were 94.27, 83.19
and 25.3%, respectively. The present results are in agreement with those obtained by
Vorgas and Nishida (1982) who reported that the parasitoid species and the relative
density of hosts affected the number of parasitized eggs. The percentage of parasitism
was independent of host density at low densities of parasitoids and was inversely
dependant at high densities. Also Thorpe, and Dively (1985) observed that rates of
parasitism were significantly higher at the highest wasp density on all arenas and the
effect of host density was not consistent among the arena. Li-SY and Henderson
(1993) found that at host egg densities of <20/parasitoid, the number of eggs
parasitized significantly increased with egg density «tending to stabilize at densities

above 30 eggs/barasitoid. Khan et aj, (2004) stated that highest parasitism was
obtained from 20 eggs/ female but as the comparison of treatment group showed that
different host densities had no significant effect on % parasitism.
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Table 1. Results from three-factor analysis of variance, host density (Hd), Parasitoid
density (Pd), the two species of parasites and the interaction between

them.
Percentage of parasitized Percentage of
Sex-ratio Super-parasitism
Source of eqgs_ emergence
variance
F-value P-value F-value P-value F. value p. value F. value P-value
Hd 436.354 0.0000*** 1.013 0.3655™ 17.722 0.0000*** 30.129 0.0000***
Pd 240.012 0.0000*** 0.533 0.5881% 5.367 0.0056** 22.467 0.0000***
Two
57.441 0.0000%** 0.820 0.3666™ 4.879 0.0288* 23.065 0.0000%**
parasites
Hd X Pd 9.560 0.0000*** 1.017 0.4003"™ 7.777 0.0000*** 2.867 0.0276*
N
Hd x
9.946 0.0001%** 1.139 0.3228™ 3.187 0.0442* 22,047 0.0000%**
parasite
Pd x
6.212 0.0025** 0.595 0.5527" 10.480 0.0001*** 1.566 0.2146*
parasite
Hd x pd x
26.720 0.0000%*** 1.004 0.4074™ 3.149 0.0162* 4.032 0.0026**
parasites

P- values followed by ns are insignificant, * are significant, ** very significant and*** highly significant.
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Table 2. The Effect of both host density and parasitoid density on the percentage
of parasitized P. gossypiella eggs by 7. evanescens and T. brassicae.

Host density
150 300 600 Mean % SD LSD.
| Parasite density
7. _evanescens
82.40%+ 35.47%% 13.86%% 4391
2 16.78 10.80 135 31.16 10.5%8
89.11°%% 54.67%+ 39.6%+ 61.13%
4 8.09 9.54 9.83 22.86 £1826
s 95.27%+ 77.09%+ 66.93°x 79.77°+ 2428
3.73 7.97 10.18 14.08 i
88.93"+ 55.74°= 40.13% 61,60+
MeansEsD 11.86 55.18 242 27.72 .46
LS.D 10.05 8.723 7.532 4.946
T. brassicae
4393+ 23.6%% 15.96%+ 27.83%
2 16.34 3.78 3.90 15.33 L
91.2%& 53.53%% 26.48+ 57.07°+ .
& 8.71 14.16 10.94 29.18 105
8 94.27%+ 83.19%%+ 25.30°% 67.59°t 5635
3.85 9.51 2.73 31.32 §
76.47*+ 53.44%% 22.58% 50.83%
+ 4.849
e 25.69 26.59 8.12 30.98 84
L.S.D 10.019 9.256 6.241 4.849

Means in the same column followed by different small letters, or in a row by different capital letters are
significantly different.

Table 3. The effect of host and parasitoid densities on the percentages of emerged
Progeny. N

Host ensity
150 300 600 Mean = SD LS.D.
Parasite density’
T._evanescens
3 94.69% 92.9%+ 91.73%+ 93.11°% 4,079
3.26 4.49 5.35 4.47 A
95.83%+ 93.49%%% 91.92%x 93.75%%
4 199 4.00 463 3.97 3440
93.75%% 92.71%% 94.34%% 93.60°%
8 2.84 4.52 1.58 3.17 &7
94.76"+ 93.04"% 92.66°%+ 93.94%
MeansiEsh 2.97 423 421 3.87 197
LSD 2.5196 4.0098 3.839 1.971
T. brassicae
83.31%+ 88.77%0% 92,64+ b
2 el 76 P 88.24"+ 5.522
94,66+ 94.92%+ 95.9%% 95.16+
a 2.93 3.4 4.06 3.38 2159
95.35%+ 96.04%& 92.3%% 94.57°%
4 1.93 1.89 4.05 3.18 2,582
91.11%% 93.95%%% 93.62%+ 92.66+
Means £5D 7.29 5.02 431 5.73 et
LS.D 4.422 3.642 3.786 2.219

Means in the same column followed by different small letters, or in a row by different capital letters are
significantly different.
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Table 4. The effect of host and parasites densities on mean percentage of emerged
females Sex-ratio ( Means £ SD).

) s, Hostensity 150 300 600 Mean SD LS.D.
Parasite density
7. evanescens
78.85%+ 6198%+ | 6234%+ | 67.06%
2 7.53 6.62 439 9.31 5:150
67.75%+ 6199%: | 6477%: | 6484%
4 8.59 6.62 5.62 7.18 6:861
56.31%% 62.69 M+ 58.49 %% 59.16°+
2 3.99 4.94 273 4.69 31881
66.97+ 6222% | 6187% 63.69+
Means 5D 10.88 5.88 4.9 7.96 3219
LSD 6.798 5.946 4.287 3.219
7. brassicae
66.13%+ 5637 | 61.98%+ | 61.49%
2 4.87 475 2.69 5.74 406
64.46 & 56.41 %+ 62.93 %+ 61.28%+
4 6.46 3.97 5.02 6.299 5:280
& 64.93%+ 6026 | 6279%& | 62.66% a0t
6.81 3.69 2.64 494 .
65.184¢ 57.68% | 6257 6181
. Means £5D 6.04 441 3.51 5.6° 2.609
LSD 6.071 4.050 3.528 2.609

Means in the same column followed by different small letters, or in a row by different capital letters are
significantly different.

Table 5. Percentage of super parasitism (Mean+SD) resulted from different host and

parasitoids densities.
ostdensity
150 300 600 Meant SD LSD.
Parasite density .
7. evanescens
1.39%+ 3.19%% 311% 2.56 %
2 0.54 0.94 035 1.06 088
1.75%% 1.07%% 0%z 0.93%
4 0.81 0.27 0 0.87 is03
1.73%% 1.5%+ 0%+ 1.08 °+
8 0.33 0.57 0 0.87 D45
1.62%% 1.92%% 1.04%% 1.53%
"
Means +SD 0.58 112 1.52 0.351
LS.D 0.726 0.806 0.247 0.351
T. brassicae
5.595*+ 2.04%= 1.69 %+ 3.45%
i 327 0.93 0.41 2.49 2436
5.03 %+ 1.15%% 1.15%% 2,44
4 1.89 0.14 0.39 2.15 LD
311% 1.13%% 0.86 %+ 1.70%%
8 168 0.53 0.45 143 s
4.58%+ 1.78%+ 1.24% 2.53%
5D
Mests£5 2.49 1.09 0.53 2.16 i
LSD 2.938 0.765 0.51 0.969

Means in the same column followed by different small letters, or in a row by different capital letters are
significantly different.
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The influence on the percentage of progeny emergence

Table (1) showed that there were insignificant differences between host
densities, parasitoid densities and the two parasitoid species in the percentage of
emergence. The average percentage of emergence was 93.94% for 7. evanescens
and 92.66% for 7. brassicae ( Table 3 ). In all host and 7. evanescens densities, the
percentage of emergence were above 91.7%. As for 7. brassicae, the percentage of
emergence reduced to 83.31 and 88.24% when 2 females/ vial introduced 150 and
300 P. gossypiella eggs, respectively. Man while, the percentages of emergence were
above 92% in the remainder densities,. Khan et a/(2004) recorded low percentage of
emergence at 5, 10, 20 and 40 eggs of Sitotroga cerealella as it was 88.89, 83.49,
77.38 and 80.2%, respectively. And they stated that, there was no significant effect
on the percent emergence of 7richogramma by the host density although 5 eggs had
the highest percentage of emergence.

b- The impact on the percentage of emerged females (sex-ratio)

Table (1) showed highly significant differences between host densities (F=17.72,
P<.0001, also showed very significant differences between parasitoid densities
(F=5.367, P< 0.006 ), and exhibited significant difference between the two parasitoid
species (F= 4.879, P< 0.029).The mean percentage of females in 7. evanescens was
63.69% whereas, it was 61.81% for 7. brassicae. Regardless of 7. evanescens
density, the greatest percentage of female ( 66.97%) was produced when the host
density was 150 eggs/ vial, this percentage decreased significantly to 62.22 and
61.87% when host density was increased to 300 and 600 eggs/ vial, respectively. At
host density of 150 eggs/ vial, 7. evanescens produced the highest percentage of
female ( 78.85%) when the parasitoid density was 2 females/vial. This percentage
reduced significantly to 67.75% and 56.31% when the parasitoid density increased to
4 and 8 females/ vial at the same level of the host density, respectively. When the
host density was 300 eggs/ vial, there were insignificant differences between the three
parasitoid densities. At host density of 600 eggs/ vial, there were insignificant
differences between the density of 2&4 or between 288 parasitoid female on the
percentage of produced females (table 4).

sity/ female. Whereas, it was in contrast with Babault and Pinturau (1984), as
they reported that the proportion of female increased with increased of parasitoid
density. Also Kon and Henderson (1993) reported that early deposited eggs turned to
be females while the subsequent progeny is mostly males and added that, as the
number of available S. cerealella eggs reduced as the possibility of females in the
colony increased.
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c-Effect of different host and parasitoid densities on % super parasitism

Salt (1934) defined superparasitism by "occurrence of more parasitoids of a
single species on a host" and he added that wasps generally selected larger hosts for
superparasitism and could distinguish between large and small hosts. But under some
conditions as the scarcity of rearing host or high density of the parasitoid, it may
occur instinct error between females and oviposit on or into a host that has been
previously parasitized. El Sharkawy (1998) indicated that eggs of A. gossyprella and
Sitotroga cerealella eggs supported the developing of a single larva and rarely two.
Moreover, when more than two larvae developed per small host egg, either all the
developed pupae died or one developed to successfully emerged adult. So
superparasitism considered undesired property in parasitoids used in biological control
field. In the present study, the percentage of superparasitism was significantly higher
in 7. brassicae ( 2.53%) than in 7. evanescens (1.53%). In case of 7. evanescens,
there were insignificant differences between 150 and 300 host densities as the
percentage of superparasitism were 1.62 and 1.92, respectively. This percentage
decreased significantly to 1.04% when host density increased to 600 eggs/vial
(LSD=0.351& F=13.332). For unknown reason, the percentage of superparasitism
was higher (2.56%) when the parasitoid density was 2 female/vial, and this
percentage decreased significantly to 0.93 and 1.08%, when the parasitoid density
increased to 4 and 8 females/vial, respectively (LSD=0.351& f=53.46). In case of 7.
brassicae, regardless of parasitoid density, the highest percentage of superparasitism
(4.58%) occurred when the host density was 150 host eggs/vial and decreased to
1.78 and 1.24% when host density increased to 300 and 600 eggs/ vial, respectively
(LSD= 0.969& F=27.753). As previously mentioned in 7. evanescens, the highest
percentage of superparasitism (3.45%) occurred when the parasitoid density was 2
females/ vial, and this percentage decreased significantly to 2.44 and 1.70%
(LSD=0.969& F=6.605) when parasitoid density increased to 4 and 8 females/ vial,
respectively. The present results are appropriate with that of Li-SY and Henderson
(1993) as they found that superparasitism occurred at 5-10 eggs/parasitoid, but was
rarely observed at densities above 20 eggs. The mean number of progeny per wasp
increased significantly with host density, while the clutch size decreased significantly.
El Sharkawy (2002) concluded that when 7. evanescens and 7. brassicae were reared
at 25° C, the mean number of parasitized eggs were 77.83 and 61.33 eggs/ female,
and they led them at the first 3, 4 days from its longevity respectively. From the
present and prior studies, it could be concluded that 8 females are suggested for
about 150 host eggs, and it should be renewed daily for 3 days to 7. brassicae and 4
days for 7. evanescens to have high percentage of parasitism, high percentage of
emergence, high percentage of females, and to avoid or reduce the percentage of
superparasitism.
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