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Abstract
The effects of transgenic Bt maize pollen expressing the Cry1Ab protein of Bacillus thuringiensis (Berliner) as a food source on
Trichogramma ostriniae Pang et Chen (Hymenoptera Trichogrammatidae) were examined in laboratory by studying longevity,
progeny production and offspring sex ratio. Females fed on suspension of pollen of Bt maize or non-Bt maize in water lived significantly longer than those fed on water alone. However, the longevity of females fed on 10% honey alone was similar to those
fed on suspension of pollen of Bt maize or non-Bt maize in 10% honey. T. ostriniae females fed on suspension of pollen of Bt
maize or non-Bt maize in water produced significantly more progeny than those fed on water alone. The number of parasitised
host eggs and number of offspring emerged by T. ostriniae females fed on 10% honey was not significantly different to those fed
on 10% honey suspension of pollen of Bt maize or non-Bt maize. No significant differences in longevity, number of parasitised
eggs, offspring emerged and the offspring sex ratio were observed between the females feeding on pollen of Bt maize and non-Bt
maize, this was shown in experiments with suspension of 10% honey and with water. Maize pollen in water increased the reproduction and survival of T. ostriniae females compared to water alone. Bt maize pollen did not adversely affect T. ostriniae.
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Introduction
The Asian corn borer, Ostrinia furnacalis (Guenée)
(Lepidoptera Crambidae), is the most significant economic insect pest of maize in China. Estimated average
annual losses in China due to this insect ranged from 6
to 9 millions tons per year and can be much greater in
an outbreak year. O. furnacalis also causes serious
damage to sorghum, millet and cotton (Zhou et al.,
1995). An important biological control agent of O. furnacalis is the egg parasitoid Trichogramma ostriniae
Pang et Chen (Hymenoptera Trichogrammatidae),
which occurs in most maize growing regions of China
(Qian et al., 1984; Wang et al., 1984; Zhang, 1988;
Zhang et al., 1990). They are also effective biological
control agents of the European corn borer, Ostrinia nubilalis (Hübner) (Hassan and Guo, 1991; Wang et al.,
1999; Hoffmann et al., 2002; Wright et al., 2002). Both
the Asian and European corn borers reduce maize
yields and lower grain quality (Zhou et al., 1995;
Munkvold et al., 1999).
Adult Trichogramma spp. obtain nutrients from nectar
and pollen (Andow and Risch, 1987; Wellinga and
Wysoki, 1989; Knutson, 1998), which enhances their
longevity (Hohmann et al., 1988; Shearer and Atanassov, 2004), fecundity (Somchoudhury and Dutt, 1988;
Shearer and Atanassov, 2004), flight propensity (Forsse
et al., 1992) and ability to parasitise (Saavedra et al.,
1997). The importance of nectar to parasitoids is recognised for enhancing field control of a number of lepidopteran pests (Treacy et al., 1987; Wu et al., 1988;
Nagarkatti et al., 2003; Begum et al., 2006).
Genetically modified maize expressing a lepidopteranspecific toxin gene derived from Bacillus thuringiensis
(Berliner) provides a high level of resistance against
European corn borer.

The release of pollen from modified maize plants exposes non-target organisms to Bt toxin via direct or indirect routes of pollen-consumption. Concern regarding
non-target effects of transgenic crops expressing transgenes from Bt arose after the publication by Losey et al.
(1999) on the potential risk of maize pollen expressing
Lepidopteran-active Cry protein to the monarch butterfly, Danaus plexippus (L.). Collaborative research from
scientists in the United States and Canada suggests that
the impact of Bt maize pollen from current commercial
hybrids on monarch butterfly populations is negligible
(Hellmich et al., 2001; Pleasants et al., 2001; Sears et
al., 2001; Shelton and Sears, 2001). However, there still
is much controversy about non-target effects of genetically modified crop pollen (Jesse and Obrycki, 2000;
Zangerl et al., 2001; Mattila et al., 2005; Lang and Vojtech, 2006). Several authors studied the potential side
effects of Bt maize pollen on predators (Pilcher et al.,
1997; Duan et al., 2002), and also for beneficial insects,
such as honeybee, Apis mellifera L. (Hanley et al.,
2003; Babendreier et al., 2005) and Chinese tussah
silkworm, Antheraea pernyi (Guérin-Méneville) (Li et
al., 2005).
Maize pollen is an important source of food for egg
parasitoids of the genus Trichogramma (Zhang et al.,
2004). During maize anthesis maize typically produces
a large amount of pollen, which coincides with the second generation of the Asian corn borer. The side effects
of Bt-maize pollen expressing Cry1Ab toxin on T. ostriniae is not known. The goal of this study is to determine if pollen from maize hybrids that produce Cry1Ab
protein (event MON810) is a potential hazard to this
parasitoid. Longevity, fecundity, eclosion and progeny
sex ratio of T. ostriniae were measured after they were
fed Bt and non-Bt maize pollen.

Materials and methods
Insect source
T. ostriniae used in the study came from a colony,
continuously reared on eggs of rice moth, Corcyra
cephalonica (Stainton) for 20 generations, maintained
by the Institute of Plant Protection, Chinese Academy of
Agricultural Sciences (IPP-CAAS), Beijing, China. The
original source of this culture was collected from parasitised Asian corn borer eggs in Hengshui, Hebei Province, China. The culture was kept at 26 ± 1 °C, 70 -80%
RH, and a 16L : 8D photoperiod. The females used in
the experiments were less than 24 h old, mated, and
lacked egg laying experience.
Host eggs
Eggs of C. cephalonica were used for rearing and as
host eggs in the experiment. Eggs were obtained from a
culture maintained at IPP-CAAS. The culture was
reared at 26 -28 °C on a diet of wheat bran and soybean
flour mixture. Eggs were collected daily and stored at
4 °C no more than 2 d before exposure to UV irradiation
(30 W for 40 min at 30-cm distance).
Pollen source
The maize pollen for this study originated from a
transgenic Bt maize variety expressing the Cry1Ab
protein (Event MON810) and its parental control were
supplied by Monsanto Co. (St. Louis, MO). Both transgenic and nontransgenic maize pollen were collected
directly from maize plants at an experimental farm of
IPP-CAAS. Tassel bags were placed on shedding Bt and
non-Bt maize plants for 6-7 d. After that, the tassel bags
were removed from the maize stalk and air-dried for
24-48 h, and the dried pollen was sieved (200-µm mesh
size). The sieved pollen was placed in plastic vials, frozen quickly in liquid nitrogen for 10 min, and stored at
−20 °C until used (Jesse and Obrycki, 2000).
Experimental design
Six diet treatment combinations were designated, W
for wasps that were given water alone, WP for wasps
that were given non-Bt maize pollen (20 mg pollen in
1 ml water), WBtP for wasps that were given Bt maize
pollen (20 mg pollen in 1 ml water), H for wasps that
were given 10% honey alone, HP for wasps that were
given a suspension of 10% honey and non-Bt maize
pollen (20 mg pollen in 1 ml 10% honey solution), and
HBtP for wasps that were given a suspension of 10%
honey and Bt maize pollen (20 mg pollen in 1 ml 10%
honey solution). All food sources were made daily.
Newly emerged and mated females (>24 h) old were
selected randomly and placed individually in test arenas
containing the appropriate diet. The test arenas consisted of glass tubes (1.5 by 0.9 cm) closed with a black
cotton cloth, a rectangular white paper (1.0 by 0.7 cm)
containing a small piece of filter paper (0.3 by 0.8 cm)
as substrate for supplying food, and 150 C. cephalonica
eggs glued with double-sided sticky tape (0.2 by 0.4
cm). A 3-µl quantity of diet was pipetted onto the filter
paper. An estimated number of pollen grains in suspension in water or 10% honey was determined by ran50

domly selecting treated paper sheets and counting pollen grains with a stage micrometer on a dissecting microscope. The estimated number of pollen grains in 3 µl
of each of the suspensions varied from 300 to 700. This
procedure ensured that all females within the glass tubes
were exposed to similar amounts of diet. The paper
sheets with food and moisture were changed daily.
Vitality of each female parasitoid was checked daily
until all died. Five days after eggs were exposed to
parasitism, number of host eggs parasitised (blackened
eggs) on each paper sheet were noted. After the parasitoids emerged from host eggs, their numbers were recorded and sex of each was determined. All experiments
were conducted in an incubator at 25 ± 1 °C, 70 - 80%
RH, and a 16L : 8D photoperiod. Thirty females were
established for each of the honey only, Bt pollen and
non-Bt pollen honey treatments and 35 females established for each of the water only, Bt pollen and non-Bt
pollen water treatments.
Data analysis
To reduce variance heterogeneity, the data on the female longevity, the fecundity and number of offspring
emerged of the different treatments were log10 (x+1)
transformed and the data on emergence rate and sex ratio were arcsin transformed. All transformed data were
analysed using analysis of variance (ANOVA) (SAS
Institute Inc., 1989).
Results
Effect on of longevity of T. ostriniae females
The longevity of females that fed on the three honey
treatments (H: honey, 10.4 ± 0.6 d; HBtP: honey, Bt
pollen, 9.7 ± 0.5 d; and HP: honey, non-Bt pollen, 9.4 ±
0.5 d) were significantly greater than the longevities of
females that fed on the three water treatments (W: water, 1.8 ± 0.2 d; WBtP: water Bt pollen, 2.5 ± 0.2 d; and
WP: water non-Bt pollen, 2.2 ± 0.1 d) (F=150.86;
df=5, 181; P<0.0001; figure 1). No significant difference in longevity was observed among the females fed
on H, HBtP and HP (F=0.45; df=2, 80; P=0.6364). The
longevity of the females fed on W only was significantly shorter than that fed on WBtP or WP. In comparison to water only, maize pollen and water increased
the longevity of T. ostriniae females (F=5.91; df=2, 101;
P=0.0037). No significant difference in longevity was
observed between the HBtP and HP (F=0.24; df=1, 53;
P=0.6236) or WBtP and WP (F=1.68; df=1, 68;
P=0.1995) (figure 1). These results suggest Bt maize
pollen did not effect longevity of the T. ostriniae adult
females.
Daily average survival rate of T. ostriniae females
from the water treatments was 50%, 29.41% and
23.53% on the third day, and continued to declined
sharply compared with females provided one of the
honey treatments (H, HBtP or HP), which had 100%
survival until day five. All the T. ostriniae females died
within 5 days when provided with W or WP, and within
six days when provided with WBtP (figure 2). The females provided with H, HP, or HBtP food lived up to
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Figure 1. Longevity of T. ostriniae females fed on six
different diets (HBtP: honey, Bt maize pollen, HP:
honey, nonBt maize pollen, H: honey only, WBtP: water
with Bt maize pollen, WP: water with nonBt maize pollen, W: water only). Columns with different letters indicate significant difference between different diets at
P<0.0001 by ANOVA, LSD test.

Figure 2. Daily survival rate (%) of T. ostriniae adult
females fed on six types of foods (HBtP: honey, Bt
maize pollen, HP: honey, nonBt maize pollen, H:
honey only, WBtP: water with Bt maize pollen,
WP: water with nonBt maize pollen, W: water
only).

17, 15, and 16 days, respectively. There were no significant differences in survival between the Bt pollen and
non-Bt pollen treatments for either the water or honey
treatments.

eny emerged were found among the water only, WBtP
and WP treatments (F=7.74; df=2, 101; P=0.0007;
F=5.23; df=2, 101; P=0.0068). Maize pollen and water
fed females produced more progeny than those fed water
only. Females provided with water only parasitised the
fewest eggs and had the lowest number of progeny to
emerge. No significant differences in number of host eggs
parasitised and the number of progeny emerged were observed between HBtP and HP treatments (F=1.06; df=1,
53; P=0.3073; F=0.58; df=1, 53; P=0.4503) or WBtP and
WP treatments (F=1.22; df=1, 68; P=0.2728; F=0.25;
df=1, 68; P=0.6195). There were significant differences
in eclosion among the six type of food treatments. The
emergence rates were higher in the honey treatments
compared with the water treatments (F=4.06; df=5, 181;
P=0.0016) (table 1).

Effect on fecundity, eclosion and the sex ratio
There were significant differences in female cumulative
lifetime fecundity among the treatments: number of eggs
parasitised (F=61.33; df=5, 181; P<0.0001) and number
of emerged progeny (F=54.88; df=5, 181; P<0.0001).
The number of host eggs parasitised and the number of
progeny that emerged by the honey fed females (H) were
numerically the highest, followed by HBtP and HP fed
females, which were more than double the values of the
three water treatments (table 1). Significant differences in
number of host eggs parasitised and the number of prog-

Table 1. Number of host eggs parasitised, number of progeny, eclosion percentage and sex ratios of progeny from T.
ostriniae females fed six different food sources sex ratios of progeny of from T. ostriniae females fed six different
food sources.
Sex ratio
(female/male)
honey
159.5 ± 38.0 a
152.3 ± 36.4 a
95.7 ± 2.4 a
2.1 ± 1.3 b
honey+ Bt-maize pollen
137.1 ± 24.4 a
131.7 ± 24.2 a
96.0 ± 2.2 a
2.5 ± 1.7 b
honey + nonBt-maize pollen
134.5 ± 36.9 a
129.1 ± 35.3 a
96.0 ± 2.4 a
2.9 ± 1.9 b
water
51.0 ± 21.2 c
48.3 ± 20.4 c
94.3 ± 2.3 b
4.4 ± 1.8 a
water + Bt-maize pollen
68.0 ± 19.1 b
64.7 ± 18.5 b
94.7 ± 2.3 b
5.7 ± 3.4 a
water + nonBt-maize pollen
64.1 ± 20.9 b
60.7 ± 20.5 b
94.6 ± 2.2 b
5.0 ± 2.6 a
Data are Mean ± SE. Means in each horizontal line followed by the same letter were statistically not significantly different at P < 0.05 by ANOVA, LSD test.
Food sources

No. of eggs parasitised

No. of emerged progeny

Eclosion (%)
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The T. ostriniae females produced the greatest number
of eggs on the first day in all the treatments. Number of
parasitised host eggs decreased sharply on the second
day, especially for the W, WBtP and WP treatments.
The number of parasitised host eggs by H, HBtP or HP
treatments also declined sharply after the first day, but
were significantly higher than those of W, WBtP and
WP treatments (figure 3). No significant difference was
observed in the offspring emerged from parasitised host
eggs between the HBtP and HP and the WBtP and WP
treatments.
Significant differences in sex ratio in offspring were
observed when T. ostriniae females were provided different foods. The sex ratio was significantly higher in W
(4.4 ± 1.8), WBtP (5.7 ± 3.4) or WP (5.0 ± 2.6) treatments compared to those provided H (2.1 ± 1.3), HBtP
(2.5 ± 1.7) or HP (2.9 ± 1.9) (F=14.12; df=5, 181;
P<0.0001). No significant differences in sex ratio were
observed among the three honey treatments or water
treatments (table 1). The greatest number of female offspring was obtained from the parasitised host eggs on
the first day, irrespective of food; gradually the number
of female offspring declined thereafter, especially in the
H, HBtP or HP treatments, strongly male biased after
the 6th day (figure 4).
Discussion
Studies on potential side effects of transgenic insecticidal crops on natural enemies and other non-target insects are increasingly attracting attention (O’Callaghan
et al., 2005; Romeis et al., 2006). Such studies are nec-

essary if these crops are to become widespread integrated pest management (IPM) tactics (Sétamou et al.,
2002). Pilcher et al. (1997) reported that pollen from Bt
maize did not affect the survival and development of
three predacious natural enemies: Coleomegilla maculata (De Geer), Chrysoperla carnea (Stephens), and
Orius insidiosus (Say). Hanley et al. (2003) examined
the effects of dietary transgenic Bt maize pollen on 4-5
day-old honey bee worker larvae, and did not observed
significant differences in larval and pupal mortalities,
pupal weight, and haemolymph protein concentration of
newly emerged adults after they were fed nontransgenic maize pollen, Cry1Ab or Cry1F maize pollen. Bees that were fed either Bt maize pollen (MON
810) or a sugar solution containing either purified Bt
toxin (Cry1Ab, 0.0014% w/v) at two concentrations
(0.1% and 1% w/v) did not show any effect on bee survival or on the development of hypopharyngeal glands
after feeding for 10 days (Babendreier et al., 2005).
Egg parasitoids of the genus Trichogramma are key
natural enemies of many agricultural and forestry pests
(Li, 1994). The European corn borer and the Asian corn
borer are the two most destructive pests of maize in the
world. T. ostriniae is the dominant egg parasitoid of
Asian corn borer in China (Zhang et al., 1990), and also
a strong candidate for augmentative biological control
of the European corn borer (Wang et al., 1999; Hoffmann et al., 2002). Transgenic maize expressing
Cry1Ab toxin is used commercially in North America
and in some European countries. Although Bt maize is
not grown in China, its commercialisation is currently
under consideration by the Chinese government, and
extensive laboratory and field trials have been con-
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Figure 3. Daily number of host eggs parasitised by female T. ostriniae females provided different foods
(HBtP: honey, Bt maize pollen, HP: honey, nonBt
maize pollen, H: honey only, WBtP: water with Bt
maize pollen, WP: water with nonBt maize pollen, W:
water only).
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Figure 4. Daily sex ratio of progeny (% female)
emerged from parasitised host eggs by T. ostriniae
females fed on six types of food (HBtP: honey, Bt
maize pollen, HP: honey, nonBt maize pollen, H:
honey only, WBtP: water with Bt maize pollen, WP:
water with nonBt maize pollen, W: water only).

ducted for the evaluation of the efficiency on target lepidopteran pests and potential ecological risks on nontarget arthropods (He et al., 2003; Wang et al., 2004; Li
et al., 2007). Zhang et al. (2004) reported that T. brassicae females fed on maize pollen may live longer compared to feed water alone. Geng et al. (2006) showed
that transgenic Bt+CpTI cotton pollen did not adversely
affect Trichogramma chilonis Ishii. Our experimental
results suggest Bt maize pollen from MON810 hybrids
has no adverse effects on the longevity, fecundity of T.
ostriniae females. The sex ratio of their progeny is also
not affected. We also observed that when provided water
T. ostriniae females had enhanced longevity and fecundity when they consumed maize pollen. Zhang et al.
(2004) reported that T. brassicae females fed on maize
pollen plus water had significantly increased longevity
and fecundity compared with those feeding on water
alone. However, wasps fed on a mixture of pollen and
honey had similar longevity and fecundity to those
feeding on honey alone. Geng et al. (2006) reported that
T. chilonis females on cotton pollen mixed with 10%
honey lived significantly longer and parasitised more
eggs. Females feeding on water or not feeding at all lived
as long as and parasitised as many eggs as wasps feeding
on cotton pollen mixed with water. Rohi et al. (2002)
reported that pollen does not present any nutritive value
to Trichogramma bourarachae Pintureau et Babault. The
reason for the different results may be caused by the different in Trichogramma species, source of pollen and the
concentration of pollen in water or honey.
Because some Trichogramma spp. tend to be proovigenic, fecundity is not likely to be increased by food
availability, however, adults are more likely to survive
long enough to locate sufficient hosts for all of their
eggs (Fleury and Bouletréau, 1993; Hegazi and Khafagi,
1998), Honey-fed or sugar-fed females of Trichogramma minutum Riley or honey-fed female of T. chilonis lived longer and produced more offspring than
those unfed females, and the offspring sex ratios of
long-lived females were male-biased, while those of
short-lived females were female-biased (Leatemia et al.,
1995; Geng et al., 2005). Our results also showed that
the females of T. ostriniae fed on honey only or honey
with maize pollen (Bt or non-Bt) lived longer and produced more offspring than those fed on water and water
with maize pollen. The female bias sex ratios in honey
treatments were significantly lower than those in water
treatments, especially in the H, HBtP or HP treatments,
which were strongly male biased after the 6th day.
These results suggest that T. ostriniae probably is a
proovigenic species.
Several laboratory bioassays have showed that when
Trichogramma females feed on preparations of B. thuringiensis there are no effects on longevity and fecundity. Hassan and Krieg (1975) fed Trichogramma cacoeciae Marchal females with honey-agar contaminated
with the commercial preparations of B. thuringiensis.
No significant effect on the ability to parasitise the eggs
of Sitotroga cerealella (Olivier) were found. Feeding
adults of T. evanescens on a honey solution containing
500 µg of B. thuringiensis var. galleriae HD-129 for 4-5
days had no effect on their lifespan, productivity or

ability to parasitise the eggs of Spodoptera littoralis
(Boisduval) or Ephestia kuehniella Zeller (Salama and
Zaki, 1985). No deleterious effects of Bt microbial
preparations on longevity and total parasitism of
Trichogramma pratissolii Querino et Zucchi and
Trichogramma pretiosum Riley were observed when
they were fed on honey with six strains of B. thuringiensis (Polanczyk et al., 2006). A field survey indicated that there were no significant differences in the
percentage of parasitism, number, longevity and mortality of adults of T. brassicae emerging from O. nubilalis eggs oviposited on Bt or isogenic maize leaves
(Manachini and Lozzia, 2004).
Our results seem to demonstrate that Bt maize pollenexpressing Cry1Ab toxin does not induce adverse effects on longevity, fecundity, eclosion and sex ratio of
T. ostriniae females when fed on Bt maize pollen, with
honey or water.
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