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ABSTRACT

Laboratory and field studies to evaluate the efficiency of biological control agents against one of the main pests,
infesting maize plants, the European com borer, Ostrinia nubilafis Hiibner, using inundative releases of the egg
parasitoid, Trichogramma evanescens Westwood alone or integrated with Bacillus thuringiensis (B.1.) application were
conducted, at Sakha Research Station, Kafr El-Sheikh Governorate for three successtve maize seasons 2001, 2002 and
2003. B.7. applications targeted the larvae escaped from 7. evanescens parasitism during the egg stage. Effect of B.4. on
different developmental stages of T. evanescens inside the host eggs was tested under laboratory conditions. A slight
reduction of the adult parasitoid emergence was recorded. Based on the threc seasons’ data, the mean natural
parasitization rates on O. nubilalis eggs by Trichogramma in the cxperirnental area were 38.37, 36.00 and 36.82% for
2001, 2002 and 2003, respectively, After two releases, with a total of 96000 parasitoids/feddan, each year, the mean
rates of parasitization reached 74.72, 76.83 and 77.23% in the plots treated with the parasitoid alone and 72.90, 74.21
and 75.56% in the plots treated with Trichogramma plus B.r., respectively. Reduction percemtages of O. nubilalis
population reached 51.79 and 73.21% in 2001, 52.38 and 73.81% in 2002 and 56.00 and 76.00%in 2003, in the
parasitoid released plots alone and in those integrated with 5.z. Also, the percentage of infested nodes, average numbers
of pores and the damaged numbers of ears and tassels in the plots treated with Trichogramma combined with B.7. were
dropped significantly as compared to the control.
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INTRODUCTION

Maize (Zea mays (L.)} is one of the major cereal crops worldwide. In Egypt, maize is the stable food for
the majority of farmers; its foliage and grains is a main constituent in cattle food. The European corn borer,
Ostrinia nubilalis Hiinber (Lepidoptera: Pyralidae), is one of the most injurious maize pests in Kafr El-Seikh-
region. The full-grown larvae of O. nubilalis are diapausing, within crop residues during winter then pupate
and emerge in the spring. Adults lay egg masses on the cormn leaves, early instars feed on the leaf around the
egg mass and later within the whorl, then bore into the stalk behind the leaf sheath, usually at the node
causing damage in the developing tassels, ears, and midribs. Moreover, under the severe attack, stalks and
tassels are broken (El-Naggar, 1991). Its first egg clusters usnally occur 45 days after sowing of maize seeds
(Awadallah, 1974 and Allam, 2003).

Integrated Pest Management {1PM) involves the use of many techniques, including biological control, to
provide effective control of crop pests, with minimum use of pesticides. The application of chemicals has
disrupted the effectiveness of the parasitoids, and also greatly reduced population of predators. So, using the
egg parasitoid Trichogramma spp. instead of insecticides, preserves the endemic natural enemy complex,
reduces the need for additional treatments to control secondary pests and reduces the risks to human and
environmental health that are associated with insecticides (Pimentel er 4/, 1993 and Smith, 1996).
Economically, Trichogramma can be used cost-effectively in high-value crops, such as seed corn and
possibly sweet corn (Andow, 1997).

The species, 7. evanescens was successfully used in several countries such as, the former USSR
(Beglyarov and Smitnik, 1977) and Germany (Hassan, 1993) for controlling Q. nubilalis, in maize fields.
The combination of parasitoids, predators and applied pathogens provided good control for certan maize
pests where it appears that B.7. toxins are not as harmful as the majority of insecticides (Hassan ef. al., 1987
and Takada ez. ai., 2001).

The aim of the study was to test the susceptibility of 7. evanescens developmental stages to B.f in
laboratory and to evaluate the field releases of the egg parasitoid separately or integrated with B.z
applications against O. nubilalis in maize fields.



MATERIALS AND METHODS

Rearing technigues:
- The European corn borer, Q. nubilalis was reared, following the technique of Abdel Samea (1990), in
a controlled room under constant temperature of 27 + 1°C and 60 + 10%R.H,
- The egg parasitoid, T. evanescens, was maintained on the eggs of Sirofroga cerealella (Olivier) as
described by Abbas (1998) under the same conditions.
Both O. nubilalis and T. evanescens starters were collected from the maize fields at Sakha Research Station.

Bioinsecticide (Agerin): The commercial bioinsecticide Agerin (32000 1.U./mg) of B.t. subsp. aegypti
produced under the license from (AGERIN) by Biogro International, Egypt. Recommended rate of
application was 250g/ feddan.

Laboratory tests: Five egg clusters of O. nubilalis, less than 24h old, were exposed to 20 mated female
wasps in a glass tube for 30 minutes, The parasitized eggs were incubated at 26 + 1°C for 1, 3, 5 and 7 days,
then dipped for 10 seconds in Agerin recommended concentration (250g/ feddan). Control was dipped in
distilled water. Each treatment was performed seven times. The treated host egg masses were kept at 26 +
1°C until emergence of parasitoid adults. Percentage of parasitoid emergence inside the host was calculated,

Field experiments: The study was conducted at Sakha Research Station, (Xafr El-Sheikh Governorate)
during the maize seasons of 2001, 2002 and 2003. The maize variety “Giza 2" seeds were used. In each
season, an area of about half feddan (2000 m”) was chosen and divided into 12 equal plots; each had 10 rows
with 25hills/row. Four treatments with three replicates were arranged in a complete randomized design. The
four treatments were: untreated control, the bioinsecticide (Agerin) alone, and release of 7. evanescens and
the integration of Agerin plus 7. evanescens applications. The unreleased plots (control and Agerin
application plots) were separated by a minimum of 300 m from the other Trichogramma releasing plots to
reduce possibility of parasitoid dispersal to them.

Agerin application: It was applied by knapsack sprayer (20L..) and using a total volume of 200 L/feddan. It
was applied two times in weekly interval, on 29" August and 5™ September 2001 and 2003, while respective
applications in 2002 were on 27® August and 3" September. In the integrated plot of Trichogramma and B.1.,
B.t. was applied always before the parasitoid release, except the first application on season, 2003 which was
carried out 4 days after Trickogramma release.

Trichogramma releases: Parasitized eggs were affixed on cards kept inside carton envelopes to help
parasitoids' emergence and to protect them from direct sunshine and predators. Releases of 7. evanescens
began 45 days after sowing for two times, bi-weekly interval, on 29" August and 12" September 2001, on
27" August and 10" September, 2002 and on 24™ August and 12% September 2003. A total of 96000
parasitoids / feddan (2000 parasitoids/ plot) were released every season.

Field sampling: All plots were sampled weekly during the experimental period. Q. nubilalis egg batches
were collected randomly from maize plants. Egg samples were transferred to the laboratory, the number of
parasitized eggs, number of hatched eggs and dead ones were determined. Hatched larvae from unparasitized
eggs were removed from the cups, because they might attack the unhatched and parasitized eggs.

Harvest data: To evaluate the impact of different treatments on the yicld components by harvest time,
numbers of infested nodes, pores, ears, tassels and weight of 10 ears were estimated from ten randomly
sampled plants per each plot. Also, numbers of Q. nubilalis larvae were estimated from each collected maize
plant.

Statistical analysis: Egg parasitism rates was estimated by the number of eggs that yielded 7. evanescens
aduits divided by the total number of eggs collected (i.e., dead eggs were inctuded). Egg parasitism rates and
other studying yield parameters were compared in the unreleased and released plots, using repeated measures
ANOVA, Mean values were separated by the least significant difference (L.S.D.) at P = 5% (Snedecor and
Cochran, 1980). '
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RESULTS AND DISCUSSION

Laboratory tests:

The sensitivity of various developmental stages of 7. evamescens to B.t. treatment was studied to
determine the best timing for releasing the parasitoid wasps and 5.z application under field conditions. The
percent reduction of the wasps’ emergence was 2.33, 1.52, 1.49 and 1.71% for O. nubilalis eggs treated with
B.r on the 1%, 3" 5" and 7" day after parasitization, respectively. Resuits in fig. (1), indicatc that B.«
application differed in its effect on adults' emergence depending upon the intervals between date of host egg
parasitisation and B.r. application. The bioinsecticide (Agerin) had a negligible effect on parasitoid’s
emergence. The adverse effect of B.2. decreased on the 3™ and 5™ days after parasitism. No significant
reduction was observed in the emergence rate of the treated O. nubilalis parasitized eggs as compared to
control of each parasitoid age. Borah and Basit (1996} found that the emergence of Trichogramma
Japonicum from eggs of Corcyra cephalonica treated with B.1. on the 3 or 6" days after parasitism had a
little effect on emergence of parasitoids. Adults' emergence was relatively lower when eggs were sprayed on
the 6™ day after parasitism corapared with those sprayed on the 3™ day after parasitism. Radhika (1998)
reported that B.2. bad a negligible effect on duration of the egg, larval and pupal stages, and adult emergence
of Trichogramma spp. reared on eggs of C. cephalonica.
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Fig. (1): Percent emergence of parasitized eggs after laboratory treatment. Similar alphabetical Ietters in
columns indicate insignificant difference between each two columns (T-test),

Field trials:
Egg Parasitism:

The role of parasitism in reducing the survivorship of egg masses was evaluated in both; the 7'

evanescens released plots alone or integrated with B.r. for controlling O. nubilalis as compared with the
control plots of B.r. treatment. Rate of parasitism in the unreleased plots, during the three years of
experiments (2001-2003), began in August, peaked in September and declined sharply in October. The peak
of O. nubilalis egg populations in the maize field at Kafr EI-Sheikh region usually occurs during September
(Zanaty and Shenishen, 1989). Overall means of parasitization rates of natural egg masses sampled in the
three years were 38.37 and 39.23%; 36.00 and 39.61% and 36.82 and 36.00% for control and A.t. treated
plots, respectively. These rates were obviously higher in the release plots where they reached 74.72 and
72.90 %; 76.83 and 74.21% and 77.24 and 75.56% in T. evanescens alone and B.t. + T. evanescens plots,
respectively, {Table, 1 and Fig., 2).
Weekly rates of parasitism in the treated unreleased and released maize plots during the seasons 2001, 2002
and 2003 are illustrated in (Fig., 3). Generally, the highest rate in the control plots, through the three seasons,
. reached 90.91 and 83.33% on 26" Sept. and 2" Oct. 2003, while being 88.00% on 26™ Sept. of the same
year in the unrcleased B.¢ treated plots. In the releasing plots, parasitization rate reached 100%. around
the end of the seasons, in almost all the years. Statistically, the release plots had significantly higher rates of
parasitism than the control and 8.7 treated plots during the three seasons of the experiment. Also, there was
no significant difference in the results of parasitism rates between the two release plots (with or without 5.7.
applications). ' o
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Table (1): Overall percent of parésitism on the European corn borer,O. nubilalis egg clusters in the released and unreleased plots at Kafr El-
Sheikh Governorate during the seasons of 2001, 2002 and 2003,

. Sammple 2001 2002 2003
Treatments LA % Y%
Collected | Aug. | Sept. [ Oct. | Overall Parasitism | AU | Sept. | Oct. { Overall | o . | Aug. | Sept. | Oct. | Overall | .
A 13 1 238 | 7 | 258 | R | 242 | 0 | 250 14 | 238 | 6 | 258 ‘
Control 4 o T % 3837 I e 36.00 R 36.82
A 10 | 236 | 14 | 260 0 | 245 | 0 | 255 B3| 2371 0 | 250
Bt 23 39.61 - 00
. B T 196 175 T2 1 %2 1 100! 0 | 101 96 1 189 | 0] 90 36.0
A 9 | 242 | 14 | 265 10 | 248 | 1 | 259 12 12321 6 | 250
. 74, 76.83 24
Tevanescens =g 1183 | 14 | 198 72 1T 1197 ] 1 | 199 a 1197 6 | 207 |
B+ A 14 | 236 | 12 | 262 10 240 ] 2 | 252 7 1240 { 3 | 250
b 12,90 7421 75.56
.evanescens | g 1 sz 191 1 [1sa ] 2 | g7 3 1178 3 | 184

1st spray ( Aug.29, 2001; Aug.27, 2002& Aug.29,2003)

2nd spray ( Sept.5, 2001; Sept.3, 2002& Sept.5,2003)

A = Number of collected egg clusters

1st release (Aug.29, 2001; Aug.27,2002& Aug.24,2003)
2nd release (Sept.12,2001; Sept.10, 2002& Sept.13,2003)

B = Number of parasitized egg clusters
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Fig. {2} Percentages of parasitized egg clusters of O. mubilalis in propottion to the total
* collected ctusters after different treatments, at Kafr El-Sheikh Govemorate during the
maize seasons of 2001, 2002 and 2003.

Burgio and Maini (1995) showed that the difference in the cgg masses in release plots were highly
significant as compared to parasitism in the control. Cagan er ol., (1998) stated that the highest natwral
parasitism on O. xuhilalis eggs could be found at the end of the egg Jaying periods according to the mfluence
of the weather conditions. ot and dry weathers affect the development of the parasitoid.

Crop damage and harvest data:

in 2001, the average number of Q. nubilalis larvae (from ten randomly sampled plants per cach plot)
ranged between 5.00-18.67, while in 2002 and 2003, it ranged between 3.60-14.00 and 4.00-16.67 for T
evanescens + B.r. and control plots, respectively. In the three seasons, the integrated effect of I. evanescens
releases with B.¢. applications caused significantly more suppression in O. nubilalis population compared o
the control, B.7. and T. evanescens treated plots alone, (Table, 2).

Correspondingly, in 2001, the reduction percentage in infested nodes were 15.81, 27.80 und 335.81%
compared to 26.19, 33.86 and 56.68% and 28.19, 38.45 and 57.71% in 2002 and 2003 for B.r., T, evancscens
and ¥. evanescens + B.t. treated plots, respectively. Numbers of pores, damaged ears and tassels/ 10 plants by
the European comn borer averaged 21.33, 3.00 and 11.33; 30.67, 3.33 and 6.00: 27.67, 3.00 and 5.67 in the
control plots in seasons 2001, 2002 and 2003, respectively. The percentage of infested nodes, the number
pores and damaged tassels showed insignificant variations between 7. evanescens and Bz in scparately
treated plots. While respective parameters in the integrated 7. evanescens release plots with B.r. showed a
sigmificant reduction in comparison with the release and control plots. Numbers of damaged cars in 7.
evanescens release plots + B.¢. were reduced insignificantly than m the control plots and rcached 55.56,
60.00 and 66.67 %, during the three seasons, respectively, (Table, 2). In 2003, the efficiency was higher: this
is may be due to the timing of parasitoid releases, as it was released four days before B.r. appheation.

- The percentages of increase in cars’ weight than control reached 1.2768, 1.478 and 3.9369% in 2001;
(3.2959, 4.1420 and 4.9290% in 2002 and 1.1030, 1.4725 and 2.5754% in 2003 for B.¢t., T evanescens and
B.f + T. evanescens plots, respectively. Ears' weight did not differ significantly among the T. evanescens
release, B.¢. treatment and the control. The integration of B.r. and T. evanescens did not result in additional
significant increase in corn ears' weighis as compared to the control, B.7. and 7. evanescens treated alone in
the three seasons.
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Table (2) Percentages of reduction of pores, infested nodes, damaged ears& tassels; ears weight and average numbers of O. nubilalis larvac and other

corn borers in different treatments/ 10 maize at Kafr El-Sheikh Governorate, seasons 2001, 2002 and 2003.

of % L. Aver. % L. Aver, % L. Fars % Aver. %, L. Aver % L.
S. S. No. of S. . Increase | No. of S No.of S.
Treatments { Infested | Redu- D No. of | Redu- D Infested Redu- D Weight/ | . E Infested Redu- O. nubilali Redu- D
Nodes | ction ). Pores ction . nfeste ction . Kg in bars nfeste ction D. -mubdlalis | .
5% 5% Ears 5% ' Weight | Tassels 5% | Population 5%
In 2001 .
Control 12.54 2 2133 a 3.00 1.6917 11.33a 18.67a
Bt 1056ab | 158 | — | 1633b | 23.44 | « 2.67 11.11 17133 | 0.0700 |833b | 2647 | & 1133 [ 3929 | @
T.evanescens | 9.06b | 27.80 § 14670 | 31.25 § 233 | 22221 ¢ | L7167 | 0038 | 7000 | 3824 § 900b | 51.79 §
I-e‘;“:’e-“’e"s 554¢c | 55.8 9.00c | 57.81 133 55.56 17583 | 3.8604 |3.33¢ | 70.59 5.00¢ 73.21
In 2002
Control 1117 a 30.67 a 3133 1.6900 — 6.00a 14002
Bt 825 b | 2619 | = | 2200b | 2826 | g 267 | 20.00 1.6950 | 0.2760 | 4.33b | 27.78 | = 833b | 4048 | o
T.evanescens | 7.40 b | 33.86 | & [ 2067b {3261 | = [ 200 |4000 | ' | 17600 | 3.8600 | 3.67b | 3890 | & [ 6670 | 5238 | 9
’i e;‘;"e“c“"”‘ 484c | 56.68 13.00c | 57.61 1.33 60.00 1.7733 | 45940 | 1L67¢ | 72.22 1.67 ¢ 73.81
In 2003
Control 10.84 2 27.67a 3.00 1.8133 - 567a 16.672
B.t. 770b | 2819 | o | 1733b | 3735 | 233 | 222 1.8333 | 1.1030 | 3.67b | 3500 | 9.67b | 4200 |
~ — ' =} e
T. evanescens| 6.67b | 3845 | | 1500b | 4578 | 3 167 | 4444 | 1 | 1.8400 | 14720 | 333b | 4100 | = 733b | 5600 | §
— -t — o~
I’ eB";’”em"“ 458¢ | 57.71 10.00¢ | 63.86 1.00 | 66.67 1.8600 | 2.5750 | 1.33¢ | 76.00 4.00c | 76.00
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Fig.(3): Weekly percentages of O, mibilalis egg mass parasitism by Trz'chogv'amma in the three
seasons, 2001, 2002 and 2003 for different treatments.

Lines with different letters are significantly different, P. at 5%= (34.8701 at 2001, 35.8392 at 2002 and 37.2159 at

- 2003).
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The results proved that Trichogramma is a reliable and effective pest control agent for . nubilalis in
maize fields. B.t. treatments showed effective integration with 7¥ichogramma without negative interaction
between them. Inundate maize fields with the egg parasitoid, in proper time and in integration with B.¢. can
be diminished Q. nubilalis attack to more than 70%, as mentioned by Bigler and Brunetti (1992). Mertz et
al., (1995) who found that O. nubilalis egg masses survival decreased by at least 45% in Trichogramma
brassicae Benzdenko released plots. Other control options, however, are limited by the extreme sensitivity of
adult Trichogramma to pesticide drift; e.g. B.t. is one of the options that had no toxicity to adult
Trichogramma (Losey et al., 1995).

From the above discussions, it could be concluded that the uses of both 7. evanescens and 8.4, as two
biological control agents reduced the number of European cotn borer larvae per corn plant and its amount of
damagge significantly. This reduction was lower when ecither treatment was used alone. T. evanescens was not
competitive with B.1. as a control agent for controlling O. rubilalis but they well integrated.
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