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 The ability of Trichogramma ostriniae (Peng & Chen) to locate and parasitize 

Ostrinia nubilalis Hübner eggs was assessed in both green and mature (colored) bell 

pepper, Capsicum annuum L. and potato, Solanum tuberosum L.  Despite a greater 

plant surface area to search, parasitization of O. nubilalis eggs has been shown to be 

consistently higher in sweet corn than dicotyledonous crops such as pepper, snap bean, 

broccoli, potato, and melon, in choice and no-choice experiments.  Nonetheless, in 

2002 and 2003, four to five separate inundative releases of ≈ 30,000 to 50,000 T. 

ostriniae per 0.02 ha were made in nine green pepper fields in Virginia, Pennsylvania, 

and Massachusetts.  Ostrinia nubilalis egg parasitization and fruit damage in the release 

plots were compared with spatially-isolated non-release plots.  Egg parasitization 

averaged 48.7% in T. ostriniae release plots, which was significantly higher than non-

release plots (1.9%).  Also, cumulative green pepper fruit damage averaged 8.7% in 

release plots, which was significantly less than non-release plots (27.3%).  In 2002 and 

2003, two releases of ≈ 75,000 T. ostriniae per 0.02 ha were made in nine fields in 

Maine and Virginia.  Damage caused by O. nubilalis in these plots were compared with 

non-release plots.  Trichogramma ostriniae releases significantly reduced the number of 

tunnel holes and number of O. nubilalis larvae in potato stems.  These data 

demonstrate that this parasitoid has great potential as a biocontrol agent for O. nubilalis 

in solanaceous crops.   

  In 2002 through 2004, additional experiments were conducted on four colored 

pepper varieties to evaluate the biological control agent, T. ostriniae alone, and in 

 



combination with conventional (acephate rotated with esfenvalerate) and certified 

“organic” (spinosad) insecticides to control O. nubilalis.  In the first experiment, the red 

bell cultivars ‘4 Star’, ‘Crusader’, and ‘Red Knight’, the pink cultivar ‘Blushing Beauty’, 

and the yellow cultivars ‘Early Sensation’ and ‘Lafayette’ produced the highest number 

of marketable fruit; ‘Red Knight’, ‘Blushing Beauty’, ‘Queen’, and ‘Aladdin’ required the 

fewest days to maturity (≈ 47- 49 days) from fruit set.  The colored bell cultivars lost 

between 33 - 69% of fruit to O. nubilalis infestations and soft rot.  In the second 

experiment, significantly less fruit was damaged in T. ostriniae release plots (47.8% and 

34.6%) compared with control plots (89.1% and 52.4%) in 2003 and 2004, respectively.  

In 2003, cumulative fruit damage in T. ostriniae release plots was significantly lower (P 

= 0.0023) compared with organic and conventional spray plots.  No significant 

differences in cumulative fruit damage among treatments were observed (P = 0.0849) in 

2004.  However, in biological systems such as this, use of an α = 0.10 would not be 

unreasonable and would alter some of the assumptions made here.  

 To improve the efficacy of T. ostriniae in both green and colored bell pepper, 

selected pesticides were tested for compatibility with T. ostriniae.  Pesticides tested 

against T. ostriniae were spinosad and methoxyfenozide.  Spinosad adversely affected 

adult T. ostriniae producing 100% mortality at the field rate of 498 mg [AI]/L for both the 

preimaginal and adult toxicity tests.  The LC50 and LC99 values of spinosad for adult T. 

ostriniae were calculated to be 1.16 mg [AI]/L and 125.4 mg[AI]/L, respectively.  Field 

rate applications of methoxyfenozide resulted in no mortality in both the preimaginal and 

adult toxicity tests, as a result no LC50 could be calculated.  Field experiments 

demonstrate that the use of spinosad does not significantly reduce the effectiveness of 
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T. ostriniae to locate and parasitize O.  nubilalis eggs.  However, the proportion of 

damaged fruit was not significantly reduced when the two methods were combined. 

 To determine the behavioral differences of T. ostriniae and its response to O. 

nubilalis in green bell peppers, experiments were carried out to classify likely areas of 

O. nubilalis oviposition within the green pepper plant canopy.  Twelve spatially isolated 

field plots (≈ 0.01 ha) of bell pepper were established at three locations in eastern 

Virginia.  Plants were sampled approximately weekly beginning at first bloom (mid-Jul) 

until harvest (Sep).  Fifty to 100 plants per site were thoroughly inspected and once an 

egg mass was located, its location on the plant was classified as either in the upper 

third, middle third, or lower third strata of the plant and as either on the upper leaf 

surface, lower leaf surface, or other structure.  

 A total of 426 O. nubilalis egg masses were found on pepper plants during the 

study.  In 2002 over 92% of egg masses were found on the lower surface of the leaf 

compared with the upper surface indicating a significant ovipositional preference for the 

undersides of leaves (χ2 = 9.68; df = 1; P < 0.05) followed by similar results in 2004 (χ2 

= 4.34; df = 1; P < 0.05).  Only three egg masses (0.7%) were found on plant structures 

other than a leaf, including one on a stem and two on fruit.  No significant differences 

were found in the observed spatial distribution of egg masses among the three vertical 

strata in either 2002 or 2004 (χ2 = 1.75; df = 2; P < 0.05 and χ2 = 5.69; df = 2; P < 0.05, 

respectively).   

 Further experiments were conducted between 2002 and 2004 at nine locations in 

Virginia, Massachusetts, and Pennsylvania from which data were collected to determine 

the functional response of T. ostriniae to O. nubilalis egg mass density.  The number of 
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O. nubilalis egg masses/100 plants contributed significantly to the number of egg 

masses attacked by T. ostriniae in the field (y = 0.75x – 1.48; R2 = 0.89; F = 239.92, df 

= 1, 27; P = <0.0001).  Proportion of egg masses parasitized against the number of egg 

masses collected from 100 plants showed a significant increase as the number of egg 

masses per 100 plants increased (y = 0.20Ln(x) + 0.08; R2 = 0.34; F = 7.43, df = 1, 27; 

P = 0.0111) and approximated a Type I functional response.  In addition, laboratory 

cage experiments were performed using whole plants in experiments by restricting leaf 

area to discreet classes based on field-collected data.  Leaf area did not contribute 

significantly to the number of egg masses parasitized by foraging female T. ostriniae 

wasps (F = 0.64, df = 1, 29; P = 0.431).  Increasing the number of wasps significantly 

increased parasitization of O. nubilalis egg masses (F = 4.66, df = 2, 28; P = 0.021).  

Linear regression of T. ostriniae density versus O. nubilalis egg mass parasitization 

provided a slope of y = 5.6981x – 14.748.  This was used to estimate 17.0 foraging T. 

ostriniae females needed per plant to achieve an 80.0% parasitization rate.  

Experiments performed here suggest that 51.0 T. ostriniae foraging females/plant are 

present after the first day, decreasing to 24.6/plant by the second day and finally to 11.8 

T. ostriniae/plant by day three after release.   The estimates of Trichogramma 

necessary to achieve 80% parasitization of O. nubilalis egg masses fall into the middle 

of the calculated range (51.0 – 11.8). 

 In summary, four to six separate inundative releases of ≈ 30,000 to 50,000 T. 

ostriniae per 0.02 ha significantly reduced damage by O. nubilalis in bell pepper.  Use of 

T. ostriniae can provide effective control of O. nubilalis in pepper compared to the 

conventional and organic spray regimes.  Augmentative releases of T. ostriniae 
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integrated with methoxyfenozide with its limited toxicity to both preimaginal and adult 

stages indicate that it is a superior candidate for control O. nubilalis.  Field release rates 

of 17.0 foraging T. ostriniae females can achieve 80.0% parasitization rate of O. 

nubilalis egg masses distributed throughout the pepper plant canopy and found 

primarily on the undersides of leaves.  These data demonstrate that T. ostriniae has 

great potential as a biocontrol agent for O. nubilalis in solanaceous crops.   
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Introduction and Literature Review 

  

 Peppers (Capsicum annuum L.), are a native of the new world (Mexico and 

Central America, and the Andes of South America).  They are part of the large 

Solanaceae (nightshades) family that totals 90+ genera and 2, 500 species worldwide.  

The Solanaceae include many other important edible species of plant such as potato 

(Solanum tuberosum L.), eggplant (Solanum melongena L.), tomato (Lycopersicon 

esculentum Miller), and Tomatillo, (Physalis species).  Peppers are an increasingly 

valuable crop grown widely across the United States for both processing and fresh 

market use. 

 One of the most important insect pests of peppers, in particular sweet peppers, is 

the European corn borer, Ostrinia nubilalis Hübner (Lepidoptera : Crambidae).  Ostrinia 

nubilalis is a polyphagous introduced pest present in all but seven of the contiguous 

United States (Fig.1).  Ostrinia nubilalis was first discovered in North America over 89 

years ago and is thought to have been accidentally introduced into North America in 

broom corn (Smith 1920, Caffrey and Worthley 1927, Welty 1995).  Given the reported 

host range of O. nubilalis that includes over 200 plants species and ecological 

adaptations permitting an extensive geographical distribution, it is not surprising that it 

adapted readily in North America (Caffrey and Worthley 1927, Beck 1987).  Although 

the plant host range of O. nubilalis is reported at 200 plants, which includes plant 

species from 131 genera of 40 families, it is most likely much greater (Hodgson 1928).  

Ostrinia  nubilalis can survive in plants with stem diameters as small as 3.8-mm, and 
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are 40 times more likely to survive as plant stem diameter approaches that of corn 

(18.5-mm in diameter) (Wilson 1980, Losey et al. 2002).   

 Since its early introduction into North America it has been thought that there were 

multiple genetic strains of O. nubilalis.  This was confirmed when it was determined that 

three distinct populations of O. nubilalis existed based on voltinism (diapause response) 

and sex pheromones (Klun 1975, Showers et al. 1975, Roelofs et al. 1985, Coates et al. 

2004).  Ostrinia nubilalis complete one to four generations per year depending on 

latitude (Mutchmor and Beckel 1958).  Initially O. nubilalis produced one generation per 

year but by the late 1930s, a bivoltine population appeared in the eastern and north 

central states.  This bivoltine O. nubilalis spread rapidly and soon became dominant in 

the central corn belt reaching Illinois in 1939, Iowa in 1942, Nebraska in 1944, and 

South Dakota in 1946.  Meanwhile, the univoltine O. nubilalis spread northward into 

northern Minnesota, North Dakota.  Later, populations of O. nubilalis with three and four 

generation per year appeared along the Atlantic Coast and southwestward in Missouri, 

Arkansas, Kansas, Oklahoma, and the Gulf states.  Population changes of O. nubilalis 

whether through the progression of O. nubilalis generations of through migratory 

influxes are important when considering control in cropping systems (Holmstrom et al. 

2001). 

 In peppers, O. nubilalis is a season-long pest that causes direct injury to the fruit, 

premature fruit ripening and fruit rotting, which is a result of pathogens such as Erwinia 

carotovora subsp. carotovora (L. R. Jones) Bergey, Harrison, Breed, Hammer and 

Huntoon entering the feeding wound (Mazzucchi and Dalli 1973).  Control of O. nubilalis 

presents a serious challenge to pepper growers, particularly in the Mid-Atlantic region, 
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and is best achieved at either the egg or early-larval stage.  Larva of O. nubilalis tunnel 

below the stem cap and enter the pepper fruit which acts as a refugia from chemical 

applications.  In corn, control of damaging populations of O. nubilalis in the field with 

insecticides is often difficult due to the continuous movement of adults into fields from 

areas of dense vegetation bordering fields called “action sites” (Showers et al. 1976, 

Hellmich et al. 1998).  Aggregation of O. nubilalis populations in these action sites may 

be the result of pheromone emission by female O. nubilalis (Showers et al. 1976).  

Although much of this work has been done in corn it has implications for pepper.  As a 

result, control of O. nubilalis in bell pepper necessitates weekly applications of 

insecticides to protect developing pepper fruit (Jones et al. 1939, Burbutis et al. 1960, 

Welty 1995, Barlow et al. 2004).   

Since its accidental introduction into North America, efforts have been made to 

introduce natural enemies of O. nubilalis (Clausen 1978).  A number of parasitoids have 

been imported from Europe and Asia, but few have become established (Mason et al. 

1996).  A tachinid fly, Lydella thompsoni Herting (Diptera: Tachinidae) and two wasps, 

Macrocentrus grandii Goidanich (Hymenoptera: Braconidae) and Eriborus terebrans 

Gravenhorst (Hymenoptera: Ichneumonidae), are the primary parasitoids attacking O. 

nubilalis in North America (Mason et al. 1994).  Additional biological control methods for 

managing populations of O. nubilalis, should be sought (Hoffmann et al. 2002).   

A newly imported biological control agent of O. nubilalis, Trichogramma ostriniae 

Pang et Chen; (Hymenoptera: Trichogrammatidae) is widely used in Taiwan and China 

and has generated interest as a management option here in the Unites States (Hassan 

and Guo 1991, Pavlík 1993).  In China, T. ostriniae has been shown to parasitize 70 - 
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90% of eggs of a congener insect, the Asian corn borer, Ostrinia furnacalis Guenee 

(Lepidoptera: Pyralidae) (Wang et al. 1984, Zhang 1988).  Despite the fact that intensive 

studies have been conducted on Trichogramma Westwood, further studies to select 

species and strains for controlling lepidopterous pests on a given crop within specific 

regions is still important (Wang and Ferro 1998, van Lenteren 2000).  Early tests 

evaluating the use of T. ostriniae in sweet corn in the U.S. showed more than 97% 

parasitization of O. nubilalis eggs (Mason et al. 1996).  Based on these findings, 

performance of T. ostriniae may be better than some naturally occurring populations of 

Trichogramma such as T. minutum Riley, T. pretiosum Riley and T. nubilale Ertle and 

Davis, which exert little natural biological control (fortuitous biological control) of O. 

nubilalis and generally contribute little to controlling this pest (Losey and Calvin 1995).  

More recent research has demonstrated T. ostriniae to be highly effective in controlling 

O. nubilalis in sweet corn (Seaman et al. 1997, Wang and Ferro 1998, Wang et al. 

1999, Wright et al. 2001, Hoffmann et al. 2002, Kuhar et al. 2002, Wright et al. 2002).  

This suggests that T. ostriniae would be a good candidate for biological control in other 

cropping systems, such as bell pepper.  Many of the pesticides currently used for 

control of O. nubilalis in the U.S. are likely to be lost as a result of compliance with the 

Food Quality Protection Act (FQPA) which makes the development of T. ostriniae as a 

biological control agent of O. nubilalis vital (FQPA 1997, GAO 2001).   

 Trichogramma ostriniae shows great promise for controlling O. nubilalis.  In it’s 

native range, it is found over a large geographic and climatic area extending from 

Hunan in southern China (approx. 25°N) to Jilin in the northeast (approx. 42°N) (Pang 

1988, Zong et al. 1988).  Trichogramma ostriniae has a strong host preference for O. 
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nubilalis, and has been shown to disperse rapidly in fields and efficiently locate egg 

masses.  Once an O. nubilalis egg mass is found by a female T. ostriniae wasp, ≈ 

90.0% of eggs will be parasitized. The wasp reproduces quickly and passes through 

multiple generations, resulting in season-long suppression of corn borer infestations and 

damage (Hoffmann et al. 2002) and can successfully parasitize O. nubilalis eggs 

throughout most of their embryonic development (Hoffmann et al. 1995) and are not 

prone to superparasitization (Lobdell et al. 2005).  Use of T. ostriniae as a biological 

control agent is enhanced by the fact that it is easily reared (Hoffmann et al. 2001), can 

be cold stored for short periods of time (Pitcher et al. 2002) and reared through multiple 

generations on factitious hosts such as Ephestia or Sitotroga (Hoffmann et al. 2001).   

 Work performed in this dissertation seeks to address the usefulness of T. 

ostriniae as part of an improved Integrated Pest Management (IPM) program in bell 

pepper.  In the first chapter I use inundative releases of T. ostriniae in pepper plots to 

determine 1) Potential of Trichogramma ostriniae (Hymenoptera: Trichogrammatidae) 

for biological control of European corn borer (Lepidoptera: Crambidae) in solanaceous 

crops.  In chapter two I used inundative releases of T. ostriniae in combination with 

organic and conventional spray programs to develop 2) an integrated pest management 

(IPM) program for colored bell pepper using a biological control agent, Trichogramma 

ostriniae in combination with organic and conventional pesticides.  Results of the work 

in chapter two indicated a need to determine the toxicity of some of the newer 

chemistries that were developed to use against O. nubilalis.  As a result work was done 

to determine the 3) Compatibility of spinosad and methoxyfenozide with the biological 

control organism Trichogramma ostriniae (Hymenoptera: Trichogrammatidae).  To 
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estimate the impact of the architecturally different pepper plant in comparison to corn I 

examined the distribution of O. nubilalis egg masses by looking at the  4) Within-plant 

distribution of European corn borer, Ostrinia nubilalis Hübner, egg masses on bell 

pepper.  Finally I wanted to make an approximation of the numbers of T. ostriniae 

necessary as part of an inundative release program in bell pepper for 5) Optimizing 

Trichogramma ostriniae (Hymenoptera: Trichogrammatidae) release rates in field bell 

peppers. 
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Chapter 1 
 
 

Potential of Trichogramma ostriniae (Hymenoptera: 

Trichogrammatidae) for biological control of European corn borer 

(Lepidoptera: Crambidae) in solanaceous crops 

 

ABSTRACT 
 
 The ability of Trichogramma ostriniae (Peng & Chen) to locate and parasitize 

Ostrinia nubilalis Hübner eggs was assessed in crops other than corn along with 

evaluation of the efficacy of inundative releases of the parasitoid in two solanaceous 

crops, pepper and potato.  Despite a greater plant surface area to search, parasitization 

of O. nubilalis eggs was consistently higher in sweet corn than dicotyledonous crops 

such as pepper, snap bean, broccoli, potato, and melon, in choice and no-choice 

experiments.  Nonetheless, in 2002 and 2003, four to five separate inundative releases 

of ≈ 30,000 to 50,000 T. ostriniae were made per 0.02 ha in nine pepper fields in 

Virginia, Pennsylvania, and Massachusetts.  Ostrinia nubilalis egg parasitization and 

fruit damage in the release plots were compared with spatially-isolated non-release 

plots.  Egg parasitization averaged 48.7% in T. ostriniae release plots, which was 

significantly higher than non-release plots (1.9%).  Also, cumulative pepper fruit damage 

averaged 8.7% in release plots, which was significantly less than non-release plots 

(27.3%).  In 2002 and 2003, two releases of ≈ 75,000 T. ostriniae per 0.02 ha were 

made in nine potato fields in Maine and Virginia.  Ostrinia  nubilalis damage in those 

plots were compared with non-release plots.  T. ostriniae releases significantly reduced 
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the number of tunnel holes and number of O. nubilalis larvae in potato stems.  These 

results demonstrate that T. ostriniae has great potential as a biocontrol agent for O. 

nubilalis in solanaceous crops.   

 

 

KEY WORDS  Ostrinia nubilalis, Trichogramma ostriniae,  parasitoid, pepper, potato, 

biocontrol, integrated pest management 
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Introduction: 

Trichogramma ostriniae (Peng & Chen) (Hymenoptera: Trichogrammatidae) has 

received particular attention in recent years as a biological control agent of European 

corn borer, Ostrinia nubilalis Hübner (Lepidoptera : Crambidae), in corn (Wang et al. 

1999, Wright et al. 2001, Hoffmann et al. 2002, Kuhar et al. 2002, Wright et al. 2002, 

Kuhar et al. 2003a).  The parasitoid is endemic to China where it is an effective natural 

enemy of the Asian corn borer, Ostrinia furnicalis Guenée (Hassan and Guo 1991, 

Smith 1996).  Laboratory research has shown that T. ostriniae can successfully 

parasitize O. nubilalis eggs through most stages of embryonic development (Hoffmann 

et al. 1995) and sustain a relatively high fitness level after many generations of 

development on factitious hosts such as Ephestia kuehniella (Zeller) (Lepidoptera: 

Pyralidae) or Sitotroga cerealella (Olivier) (Lepidoptera: Gelechiidae) eggs (Hoffmann et 

al. 2001).  In addition, T. ostriniae is cold hardy and can survive prolonged storage 

(Smith 1996, Pitcher et al. 2002).   

Field research with T. ostriniae in the United States has focused on releases in 

sweet corn in the Northeast.  Wang et al. (1997) and Wright et al. (2001) demonstrated 

proficient dispersal and host-finding.  In Massachusetts, Wang et al. (1999) achieved 

>40% parasitization of O. nubilalis eggs with 4 releases of ≈ 34,000 T. ostriniae per ha.  

More recently in New York, Hoffmann et al. (2002), Kuhar et al. (2002), and Wright et al. 

(2002) demonstrated that a single inoculative release of T. ostriniae (≈ 70,000 per ha) 

could provide season-long parasitization of O. nubilalis eggs and reduce ear damage by 

50%.  Also, Hoffmann et al. (2002) demonstrated that T. ostriniae persisted in 

commercial fields following insecticide applications, that parasitization of O. nubilalis 
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egg masses was not density dependent, and that T. ostriniae populations were distinctly 

female biased under field conditions.   

In addition to sweet corn, O. nubilalis is a pest of other vegetable crops including 

beet, cowpea, eggplant, lima bean, pepper, potato, snap bean, swiss chard, and tomato 

(Capinera 2001).  In pepper, O. nubilalis larvae tunnel into and feed on fruit, causing 

direct damage, premature ripening, and entry points for fruit-rotting pathogens (Hazzard 

and Ghidiu 2001). If control measures are not taken in pepper, the percentage of 

damaged fruit can exceed 40 -60% in Ohio (Welty 1995) and Virginia (Kuhar and 

Speese 2002, Kuhar et al. 2003b).  The insect is difficult to control because larvae are 

only exposed to insecticide sprays from egg hatch until tunneling.  In many regions, 

effective protection of fruit is only achieved with multiple insecticide applications 

beginning at early fruiting (Welty 1995, Hazzard and Ghidiu 2001).    

In potato, O. nubilalis larvae damage the plant by tunneling near the base of stems 

causing breakage and lodging and entry points for stem rot pathogens such as Erwinia 

carotova (Kennedy 1983).  Nault and Kennedy (1996) showed that O. nubilalis larvae 

exit and reenter a potato stem an average of 4.7 times during their development.  In 

most cases, the potato plant can tolerate low to moderate levels of insect tunneling 

without impacting tuber yield (Nault et al. 1996, 2001).  However, over the past five 

years, pest pressure from O. nubilalis has increased in potato in Maine and other 

regions because growers are no longer applying broad-spectrum foliar insecticides to 

control Colorado potato beetle, Leptinotarsa decimlineata (Coleoptera: 

Chrysomelidae)(E.G. and T.P.K., unpublished data).  Potato growers in North Carolina 
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and Virginia routinely apply one to two foliar sprays of insecticides each year solely for 

O. nubilalis control (Nault and Kennedy 1996, Nault and Speese 2000). 

Given the success of T. ostriniae in sweet corn, there is interest in its potential to 

control O. nubilalis in peppers and potatoes.  The objectives of this study were to 

assess the ability of T. ostriniae to locate and parasitize O. nubilalis eggs in crops other 

than corn and to evaluate the efficacy of inundative releases of the parasitoid in pepper 

and potato.       

 

Materials & Methods: 

Prior to use in these studies, T. ostriniae was reared for four generations on O. 

nubilalis and then onto E. kuehniella for mass production following the methods of 

Morrison (1985).  The parasitoids were maintained at Cornell University, Ithaca, NY 

under conditions of 16L:8D; 25°C:23°C; ~80% RH with access to undiluted honey 

(Hoffmann et al. 2001).   For all experiments, release containers used were made from 

150-ml cone-shaped paper cups that contained parasitized E. kuehniella eggs.  Release 

cartons were stapled shut and perforated to allow T. ostriniae emergence. 

 

Multiple-crop No-choice Experiment:  In a preliminary experiment in 2001, T. 

ostriniae parasitization was compared in four different vegetable crops that were 

spatially isolated from each other by >50m at the Cornell University Entomology 

Research Farm in Freeville, NY.  The crops included: sweet corn (a mixture of ‘Sprint’, 

‘Dynamo’ and ‘Bonus’ planted on 1 June with 0.9-m row spacing); potato (a mixture of 

‘Atlantic’ and ‘Seneca Gold’ planted in mid-May on 4-row strips); melon (‘Athena’ 
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cantaloupe set on black plastic with drip irrigation); and sweet pepper (a mixture of 

‘Boynton’ and ‘Paladin’ also set on black plastic with drip irrigation).   Plant surface area 

was not assessed.  On 1 Aug, all crops were producing fruit, and we released 1,000 T. 

ostriniae in each of four separate 0.01-ha plots of each crop.  Release cartons were 

fastened to plant stems in the field using flagging tape.  Egg masses of O. nubilalis were 

obtained on wax paper from a colony at Cornell University.  Sentinels were made by 

cutting around a section containing two or three egg masses and gluing them onto a 2 x 

5-cm strip of wax paper.  Twenty O. nubilalis sentinels were pinned to the undersides of 

leaves within 20-m from each release point.  Sentinels were collected on Aug 3 and 6.  

Collected sentinels were carefully removed from the wax paper, placed in size 00 

gelatin capsules and held in the laboratory at room temperature where they were 

observed daily for parasitization.  Because plantings of each crop were not replicated, 

data were not compared among crops.  However, means and standard errors of 

percentage parasitization were calculated to show the potential of T. ostriniae to find 

and parasitize eggs of O. nubilalis in different crops. 

 

Multiple-crop Choice Experiment:  Also in 2001, at the same research farm, 

parasitization of O. nubilalis was compared among crops planted together.  Sweet corn, 

pepper, snap bean, and broccoli were arranged in four randomized complete blocks, 

with each separated by > 300 m to avoid parasitoid movement among blocks.  Each 

block was 20 rows (0.9-m apart) by 20 m and each crop occupied 10 rows by 10 m in a 

corner of the block.  In early June 2001 a mixture of ‘Primetime’ and ‘Sprint’ sweet corn 
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and ‘Hystyle’ snap bean was direct seeded.  Approximately 2 wk later, transplants of 

‘Boynton’ pepper and ‘Southern Comet’ broccoli were set in the field.   

On 13 Aug, we estimated total plant surface area of each crop within a block by 

measuring leaf and stem area from five randomly selected plants and multiplying by the 

number of plants within the block.  Also on 13 Aug, approximately 5,000 T. ostriniae 

females were released into the center of each block at the juncture of the four crops.  

On 13, 17, and 21 Aug, O. nubilalis egg mass sentinels were pinned to the undersides 

of leaves on 25 randomly selected plants of each crop per block.  After 3 days in the 

field, the sentinels were collected and assessed for parasitization as described in the 

previous study.  Analysis of variance (PROC GLM, SAS Institute 1999) was used to 

analyze differences in plant surface area and proportion parasitization.  Percent 

parasitization data were arc-sine square-root transformed prior to analysis in order to 

stabilize variance (Ott 1984).  Differences in percentage parasitization among crops 

were tested using Fisher’s LSD at the α < 0.05 level of significance. 

 

Evaluations in Pepper:  An experiment was conducted at six locations in 2002 

and three locations in 2003 (Table 1.1).  Each location represented a replicate in the 

experiment.  Trichogramma ostriniae release and non-release plots (each ≈ 0.02 ha and 

≈ 300 plants) of bell pepper were established at each location.  Release and non-

release plots were separated by at least 200 m.  No insecticides were applied to pepper 

plots.  Four or five separate releases of ≈ 30,000 to 50,000 T. ostriniae per release plot 

(Table 1.1) were made.  Release densities varied somewhat on each date because of 

differences in percent emergence of the parasitoids.  Beginning on the day of first 
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release until last harvest, 50 to 100 plants were inspected approximately weekly in each 

plot for O. nubilalis egg masses.  Egg masses were collected from the field, placed in 

gel caps (size 00), and held at room temperature in the laboratory until O. nubilalis 

eclosion or emergence of adult parasitoids.   

Peppers were hand-harvested and evaluated for damage in Aug and Sept (Table 

1.1).  At each harvest, a sample of 100 fruit per plot was inspected for insect injury.  

Infested fruit was dissected and the presence/absence of O. nubilalis or other insect 

larvae were recorded.  Data were pooled across years in order to increase the sample 

size for statistical analysis.  Paired t-tests (SAS Institute 1999) were used at the α < 

0.05 level of significance to analyze potential treatment differences in proportion egg 

parasitization and cumulative proportion of fruit infested at harvest.  Proportion 

parasitization data were arc-sine square-root transformed prior to analysis in order to 

stabilize variance (Ott 1984).   

 

Evaluations in Potato:  In 2002 T. ostriniae release and non-release plots (0.2 

ha) were established in potato fields at four locations: the Eastern Shore AREC near 

Painter, VA; two University of Maine Research Farms, Roger’s Farm in Old Town, ME 

and Aroostook Farm in Presque Isle, ME; and a commercial farm in Presque Isle, ME.   

Potato crops were established and maintained according to standard grower practices.  

In Maine, monitoring of O. nubilalis moth activity was accomplished using wire cone 

traps containing the ‘E’ and ‘Z’ strain pheromone lures.  Beginning at first moth catch 

(early July), 50 random plants were sampled per plot each week for O. nubilalis egg 

masses.  Additionally, each week from 15 July to 19 Aug, ≈ 30 to 100 sentinels were 
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installed in each plot by pinning them to the undersides of randomly-selected plants.  In 

Virginia, sampling for natural O. nubilalis egg masses was not done, but ≈ 30 sentinels 

were installed in each plot weekly from 23 May to 12 June.  On 22 May and 12 June in 

Virginia, and 15 and 22 July in Maine, 75,000 T. ostriniae were released per plot.  

Ostrinia nubilalis sentinels and natural egg masses were collected weekly and assessed 

for parasitization as described previously.   

In 2003 T. ostriniae release and non-release plots (0.2 ha) were established in 

potato fields at five locations:  four commercial fields near Cape Charles, VA and 

Aroostook Farm in Presque Isle, ME.  Natural O. nubilalis egg masses were sampled in 

the field by examining 100 plants per plot on 3 and 10 June in Virginia and 7 and 30 

July in Maine to assess for parasitization.  On 14 May and 5 June in Virginia and 17 and 

24 July in Maine 75,000 T. ostriniae were released per plot.   

 In mid-June in Virginia and in late Aug in Maine of both years, before potato 

plants dried down, 200 randomly selected potato stems per plot were examined for 

signs of O. nubilalis infestation.  Stems with tunnels were dissected and 

presence/absence of O. nubilalis larvae were recorded.  Data were pooled across years 

in order to increase the sample size for statistical analysis.  Paired t-tests (SAS Institute 

1999) were used at the α < 0.05 level of significance to analyze potential treatment 

differences in number of stems with tunnels and number of O. nubilalis larvae per 200 

stems. 

 

 23



 

Results: 

Multiple-crop No-choice Experiment:  At three days after T. ostriniae were 

released, parasitization of O. nubilalis egg masses was low in all crops, and the only 

sentinel egg masses that were parasitized were collected from the sweet corn plots 

(Fig. 1.1).  At six days after release, parasitization of O. nubilalis egg masses was 

detected in the sweet corn, pepper, and potato plots, with sweet corn having a much 

higher parasitization than all other crops.  

 

Multiple-crop Choice Experiment.  On the date of release of T. ostriniae, total 

plant surface area was different among crops (F = 17.4; df = 3, 15; P < 0.001), with 

sweet corn having the greatest surface area (167.6 ± 25.3 m2), followed by snap bean 

(118.7 ± 6.3 m2), then broccoli (41.0 ± 2.2 m2) and pepper (32.7 ± 1.8 m2), which did not 

differ from each other.  Differences in parasitization of O. nubilalis egg masses occurred 

among the crops at 4 days (F = 4.09; df = 3, 15; P < 0.05), 7 days (F = 4.13; df = 3,15; P 

< 0.05), and 10 days (F = 8.34; df = 3,15; P < 0.05) after T. ostriniae release.  

Parasitization was significantly higher in sweet corn than other crops, followed by 

pepper, snap bean, then broccoli (Fig 1.2).    

 

Evaluations in Pepper.  In 2002, heavy pest pressure from O. nubilalis occurred 

at all four Virginia locations and moderate pressure occurred at the Pennsylvania 

locations (Fig. 1.3).  In 2003, low to moderate pest pressure from O. nubilalis occurred 

at all three locations.  Very little (1.9 ± 1.6%) parasitization occurred in O. nubilalis egg 

masses collected from non-release (control) plots, whereas, 48.7 ± 6.8% of the egg 
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masses collected from release plots were parasitized by T. ostriniae (Table 2).  This 

difference in parasitization was highly significant (t = 8.54, df = 8, P < 0.0001).  At 

harvest, the percentage of fruit damaged averaged 27.3 ± 6.3% in non-release plots, 

and was significantly lower (t = 4.17, df = 8, P = 0.0031) in release plots, averaging 8.7 

± 1.6% (Table 1.2).  Of the insects found in pepper fruit, 95% were identified as O. 

nubilalis.  The remaining 5% were the noctuid pests, Helicoverpa zea (Boddie), 

Spodoptera exigua Hübner, S. frugiperda (J. E. Smith), and S. ornithogalli (Gueneé) or 

pepper maggot, Zonosemata electa (Say) (Diptera: Tephritidae).   

 

Evaluations in Potato.  In both years, very few natural O. nubilalis egg masses 

were encountered in the potato plots and sentinels had very little (<1%) parasitization.  

Thus, parasitization data were not analyzed.  The number of potato stems damaged by 

O. nubilalis was significantly less in T. ostriniae release plots (t = 3.00, df = 8, P = 

0.0171) (Table 1.3).   Similarly, the number of O. nubilalis larvae per 200 stems was 

significantly less in T. ostriniae release plots (t = 2.39, df = 8, P = 0.0439).   

 

Discussion: 

Smith (1996) suggested that Trichogramma find host eggs by random searching, 

and it is hypothesized that parasitization by the parasitoid is inversely proportional to the 

size (Ables et al. 1980, Burbutis and Koepke 1981, Wang et al. 1997) and complexity 

(Andow 1990, Gingras and Boivin 2002) of the host plant.  In general, the greater the 

plant surface area to search, the lower the parasitization rate.  In these multiple crop 

experiments, however, sweet corn had the greatest plant surface area, yet the highest 
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parasitization of O. nubilalis egg masses by T. ostriniae.  Plant complexity may have 

been a factor, with corn having a fairly simple monocotyledonous architecture with 

relatively few connections of leaves, buds, and stems (Gingras and Boivin 2002).  

Nonetheless, these results suggest a habitat selection or preference by T. ostriniae for 

corn over dicotyledonous plants.  Smith (1996) suggested that Trichogramma species, 

in general, are much more habitat-specific than host-specific. This has been 

demonstrated in T.  pretiosum and T. minutum (Altieri et al. 1982; Keller et al. 1985; 

Thorpe 1985).  Some host plants provide volatile cues (kairomones) that arrest and 

stimulate searching and parasitization in Trichogramma (Altieri et al. 1982; Noldus 

1989).  More research into the environmental cues (visual and chemical) used by T. 

ostriniae for host finding may help to explain these differences.     

Although dicotyledonous plants may not be the preferred habitat or most efficient 

habitat for finding hosts, this study showed that four to five inundative releases of T. 

ostriniae in pepper resulted in significant O. nubilalis egg parasitization and concomitant 

reductions in fruit damage.  Pepper fruit damage averaged 8.7% in our T. ostriniae 

release plots, which is comparable to peppers sprayed up to six times with standard 

insecticides such as acephate, spinosad, methoxyfenozide, indoxacarb, or pyrethroids 

(Kuhar and Speese 2002, Kuhar et al. 2003b).  Moreover, in potatoes, two releases of  

≈ 75,000 T. ostriniae per 0.2 ha significantly reduced the number of tunnel holes and 

number of O. nubilalis larvae in potato stems.  A review of the scientific literature 

indicates that results presented here are one of the most efficacious uses of a parasitoid 

to control O. nubilalis in peppers or potatoes.  Working with a similar species, 

Trichogramma nubilale Ertle & Davis, in sweet pepper in Delaware, Burbutis and 
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Koepke (1981) achieved 80% parasitization of O. nubilalis eggs with a release rate of 

12 females per plant.  Unfortunately, fruit damage was not assessed in that study.  Also, 

T. nubilale was later found to be expensive to mass produce commercially, unlike T. 

ostriniae (Wang et al. 1999).   

Tolerance for crop injury plays an important role in the level of O. nubilalis control 

required.  Potato can withstand reasonable levels of O. nubilalis tunnel injury without 

significant yield loss (Nault and Kennedy 1996, 2001), but tolerance for O. nubilalis in 

pepper is much lower because the marketable portion of the crop is directly injured 

(Hazzard and Ghidiu 2001).  Therefore, combined O. nubilalis mortality rates from 

parasitization and other factors would need to be higher in pepper than potato for 

economic control.  European corn borer eggs and early instars are attacked by 

naturally-occurring predators, parasitoids, and pathogens (Mason et al. 1996).  These 

natural enemies along with abiotic factors contribute to a relatively high natural mortality 

(60–90%) of O. nubilalis eggs and early instars in corn (Frye 1972, Showers et al. 1978, 

Ross and Ostlie 1990).  In sweet corn, Kuhar et al. (2002) showed that 60 to 80% of O. 

nubilalis eggs and early larvae perished from natural causes, and that increasing egg 

parasitization to 37% with augmentative releases of T. ostriniae increased the total 

mortality to more than 90%.  This resulted in a concomitant 50% reduction in ear 

damage.   

Thus, depending on the degree of pest pressure, the tolerance for injury in the 

host plant and the market, and the level of natural control, T. ostriniae may provide an 

effective management option for O. nubilalis in solanaceous crops.  More work is 
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needed to optimize release rates and strategies, as well as compatibility with other 

management tactics such as insecticides.   
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Table 1.1.  Crop information and Trichogramma ostriniae release dates for each location of the pepper experiments in 2002 and 2003.  

 

 

Location Variety 
 

Transplant date
Crop production method 

T. ostriniae  
release dates 

Harvest dates 

 

2002
     

Eastern Shore 1, VA ‘Paladin’ 18 June Ground with overhead irrigation 17, 23, 30 Jul, and 6, 22 Aug 16 Aug, and 10 Sept 

Eastern Shore 2, VA ‘Paladin’ 18 June Ground with overhead irrigation 17, 23, 30 Jul, and 6, 22 Aug 16 Aug, and 10 Sept 

Tidewater, VA ‘Paladin’ 19 June 
Single rows on black plastic with drip-line 

irrigation 
17, 23, 30 Jul, and 6, 22 Aug 16 Aug 

Virginia Beach, VA ‘Paladin’ 18 June Ground with drip-line irrigation 17, 23, 30 Jul, and 6, 22 Aug 16 Aug, and 4 Sept 

Landisville, PA ‘King Arthur’ 3 June 
Double-staggered rows on black plastic 

with drip irrigation 

11, 24 Jul, and 7, 14, 30 Aug 

 

24 Jul, 7, 14, 21, 27 Aug, and 3, 

10, 17 Sept 

Rock Springs, PA ‘King Arthur’ 10 June 
Double-staggered rows on black plastic 

with drip irrigation 
15, 26 Jul, and 6, 13, 29 Aug 

6, 15, 20, 30 Aug, and 5, 12, 18 

Sept 

2003      

Eastern Shore, VA ‘Paladin’ 18 June Ground with overhead irrigation 16, 23, 30 Jul, and 6 Aug 14, 21 Aug, and 2 Sept 

Virginia Beach, VA ‘Paladin’ 24 June Ground with drip-line irrigation 16, 23, 30 Jul, and 6 Aug 12, 20 Aug, and 1, 9 Sept 

South Deerfield, MA “Aristotle’ 4 June 
Double-staggered rows on black plastic 

with drip irrigation 
30 Jul, and 6, 12 and 19 Aug 15, 25 Aug, and 9 and 24 Sept 
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Fig 1.1.  Parasitization of sentinel O. nubilalis egg masses (± SE) after simultaneous 

releases of 1,000 Trichogramma ostriniae into replicated plots of four vegetable crops 

spatially isolated from each other near Freeville, NY. 
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Fig. 1.2.  Percentage of O. nubilalis sentinel egg masses parasitized (± SE) after a 

single release of 5,000 Trichogramma ostriniae into a 0.02 ha block of four vegetable 

crops at Freeville, NY.   Bars with the same letter are not significantly different; Fisher’s 

protected LSD, α < 0.05. 
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Fig. 1.3.  Total numbers of O. nubilalis egg masses (represented by the black diamond) 

and egg masses parasitized by Trichogramma ostriniae (represented by open square) 

in release and control plots of pepper from the following locations: A) Landisville, PA; B) 

Rock Springs, PA; C) Tidewater, VA; D) Virginia Beach, VA; E) Eastern Shore 1, VA; 

and F) Eastern Shore 2, VA.
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Table 1.2.  European corn borer egg parasitization and damage to sweet pepper with 

and without inundative releases of Trichogramma ostriniae.  

 

 

 

Percent parasitization of 

total collected O. nubilalis  

egg masses 

 

Percentage of cumulative 

harvested fruit damaged 

by O. nubilalis 

Location 
T. ostriniae 

release 
Control  

T. ostriniae 

release 
Control 

2002     

Eastern Shore 1, VA  54.9 
 

0.3  14.0 53.0 

Eastern Shore 2, VA 56.7 2.6  18.0 65.5 

Tidewater, VA 52.1 0.0  9.0 19.0 

46.3 0.0 5.5 26.0 

Landisville, PA 12.5 0.0  8.5 20.6 

Rock Springs, PA 20.0 0.0  3.6 16.7 

2003

Virginia Beach, VA  

     

58.1 0.0 8.4 14.2 

Virginia Beach, VA 60.9 0.0  8.5 13.3 

South Deerfield, MA 76.9 14.3  3.2 17.2 

Mean ± SE 48.7 ± 6.8% 1.9 ± 1.6%* 8.7 ± 1.6% 27.3 ± 6.3%* 

Eastern Shore, VA  

 

 

* indicates significant difference between T. ostriniae release and control according to 

paired t-test (α < 0.05).
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Table 1.3.  European corn borer damage in potato fields in Maine and Virginia with and 

without inundative releases of Trichogramma ostriniae.  

 

 

 

 

* indicates significant difference between T. ostriniae release and control according to paired t-

 Number of tunnel holes
per 200 stems 

Number o  
larvae per 200 stems 

Location 
T. ostriniae 

Control 
T. ostriniae

release 
Control 

f O. nubilalis

 

release 

   2002  

Aroostook Farm, Presque Isle, ME 74 
 

125  62 104 

Roger’s Farm, Old Town, ME 4 28  10 18 

re e Isle, ME 31 67  31 67 

Eastern Shore, VA 16 12  8 4 

2003

Commercial Farm, P squ  

     

Aroostook Farm, Presque Isle, ME 100  54 67 

 22 19  13 11 

Cape Charles 2, VA 10 10  4 4 

Cape Charles 3, VA 5 46  5 26 

Cape Charles 4, VA 4 19  3 8 

27.3 ± 9.9% 47.3 ± 13.9%* 21.1 ± 7.5% 34.3 ± 12.0%*

80 

Cape Charles 1, VA  

Mean ± SE  

test (α < 0.05). 
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Chapter 2 

An Integrated Pest Management (IPM) Program for Colored Bell 

 a Biological Control A ent, Trichogramma ostriniae in 

Combination with ga ent o

 

 

 Mature (colored) bell pepper is a high value crop that is also highly vulnerable to 

attack by insect pests, in particular European corn borer, Ostrinia nubilalis übner.  In 

periment was condu ted to evaluate the best varieties of red, 

orange, and yellow bell peppers, and their potential for loss due to insect pests.  In 2003 

and 2004, additional experiments were conducted on four colored pepper cultivars to 

acy of multiple i ndative releases of the biological control agent, 

Trichogramma ostriniae (Peng & Chen) alone, and in combination with conventional 

(acephate rota ith esfenvale ied “organic” (spinosad) insecticides to 

the red bell cultivars ‘4 Star’, 

‘Crusader’, and ‘Red Knight’, the pink cultivar ‘Blushing Beauty’, and the yellow cultivars 

nd ‘Lafayette’ roduced the highest number of marketable fruit, and 

‘Red Knight’, ‘Blushing Beauty’, ‘Queen’, and laddin’ requ r  the fewest ays to 

ays) from fruit set.  All bell cultivars lost between 33 – 69 % of fruit to 

O.nubilalis infestations and soft rot.  In the second experiments in 2003 & 2004, 

 

Pepper Using g

dOr nic an  Conv i nal Pestici es  d

ABSTRACT 

 H

2002, a small plot field ex c

evaluate the effic nu

ted w rate) and certif

control O. nubilalis.  In the first experiment in 2002, 

‘Early Sensation’ a  p

‘A i ed  d

maturity (~47-49 d
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significantly less fruit was damaged in T. ostriniae release plots (47.8% and 34.6%) 

 In 2003, cumulative fruit damage in T. ostriniae release plots were significantly 

lower (P = 0.0023) compared with organic and conventional spray plots.  No significant 

differences in cumulative fruit damage among treatments were observed (P = 0.0849) in 

2004.  Trichogramma ostriniae alone can provide effective control of O. nubilalis in 

mature (colored) bell pepper compared to the conventional and organic spray regimes.  

 

 

KEY WORDS  Ostrinia nubilalis, parasitoid, pepper, biocontrol, insecticide, integrated 

pest management 

 

 

 

 

 

 

 

compared with control plots (89.1% and 52.4%) in 2003 and 2004, respectively.  
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Introduction: 

 Colored (red, orange, or yellow) matu  to senescent stage bell peppers 

(Capsicum

consumption has increased substantially over the past decade (Jovicich et al. 2004).  

Producers report that colored bell peppers are one of the most valuable products they 

can grow e the 

uit must remain in the field an additional 15 – 20 days in order to ripen to full maturity, 

colored bell peppers are extremely vu ack from insect pests, such as 

uropean corn borer, Ostrinia nubilalis Hübner (Lepidoptera : Crambidae), which 

 

t 

ers the 

toid, 

bilalis 

re

 annuum L.) have become a popular produce item in the United States, and 

, particularly for specialty stores and organic markets.  However, becaus

fr

lnerable to att

E

tunnels into and feeds on pepper fruit causing direct damage.  Injured pepper fruit often 

result in premature ripening and entry points for soft-rot pathogens such as Erwinia 

carotovora (L. R. Jones) Bergey et al. (Mazzucchi and Dalli 1973).   

For growers in the Mid-Atlantic states interested in colored bell pepper 

production, effective control of O. nubilalis is essential.   Conventional growers typically

use multiple applications of organophosphate or pyrethroid insecticides beginning a

early fruiting through the extended harvest period (Welty 1995, Hazzard and Ghidiu 

2001).  Control of O. nubilalis is best achieved at either the egg or early-larval stage 

because the pepper fruit acts as refugia from pesticide contact once the larva ent

fruit.  A more integrated approach to pest control that reduces the use of insecticides by 

incorporating alternative pest control strategies would be beneficial to production of 

mature (colored) bell peppers (FQPA 1997, GAO 2001).  The use of the egg parasi

Trichogramma ostriniae (Peng & Chen) (Hymenoptera: Trichogrammatidae) has 

received particular attention in recent years as a biological control agent of O. nu
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(Rowell et al. 2002, Kuhar et al. 2004, Russel et al. 2005).  Previous work has shown

that inundative releases of 30 - 50,000 T. ostriniae per 0.02 ha reduced fruit dama

 

ge by 

 

arketable cultivars and to assess potential fruit loss to pests and environmental 

ffects.  Subsequent studies in 2003 – 2004 focused on protection of maturing fruit, 

ntional (acephate rotated with esfenvalerate) and certified “organic” 

pinosad) programs.  This information would allow us to design the best Integrated 

est Management (IPM) system incorporating the use of argumentatively released T. 

striniae in a commercial production system. 

 

aterials & Methods: 

Crop Production Methods Used for all experiments:  Experiments were 

onducted at Virginia Tech Kentland Research Farm near Blacksburg, VA.  Site soil 

type was a Hayter loam (fine-loamy mixed, mesic Ultic Hapludaf, pH 6.8).  Field plots for 

all experiments were established utilizing greenhouse-grown pepper transplants.  Seeds 

were sown in 72 cell plastic trays (3.5 x 3.5 x 6 cm) filled with Sunshine Mix #1 (Premier 

Horticulture Inc., Quakertown, PA).  Plants were grown for 6 - 8 weeks under air 

temperatures of 20-24ºC:18ºC D:N, on a LD 17:7 photophase at 80 % RH in the 

more than 50% in green bell peppers (Kuhar et al. 2004).   

Experiments were conducted from 2002-2004 at Virginia Tech’s Kentland 

experimental farm near Blacksburg, Virginia (elevation  ≈ 550 m) to determine the 

optimum systems for producing colored pepper varieties in Virginia that could satisfy

market demand.   An initial experiment in 2002 was conducted to identify viable and 

m

e

using the egg parasitoid, T. ostriniae alone, and in combination with, spray regimes 

consisting of conve

(s

P

o

M

c
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greenhouse.  Beginning at 4wks, plants were fertilized weekly with 100 mg/L-1 (ppm) 

d in a 

 

vels 

rrigation line (high 

vol., 30

ith 

nitrogen using a formulation of 20N-10P-20K.  Prior to planting, trays were place

wind-sheltered outdoor location for 6-10 days to harden seedlings and/or until favorable

field conditions prevailed.   

In the fall of each experimental season, field sites were seeded into a winter 

cover crop using cereal rye (Secale cereale L.) that was later mowed and incorporated 

8-12 weeks prior to planting.  Pre-plant fertilizer was broadcast and disked in prior to 

bedding, with phosphorus (P), and potassium (K) rates adjusted to recommended le

based on soil tests.  Each season a minimum 56 kg/ha P, and 168 kg/ha K were 

applied, with a base nitrogen (N) rate of 56 kg/ha for starter fertilizer. Fertilizer products 

used were not organically certified.   

Raised beds were formed on 0.9 m centers with a single drip i

 cm emitter spacing), buried 2.5 cm deep off center.  Embossed black 

polyethylene plastic, (1.25 mil) thickness was laid over the bed.  Pepper transplants 

were planted directly through the plastic and placed 10 cm off-center in a single row 

with 45.7 cm spacing between plants.  At transplant, a drench of 20N-20P-20K       

[(2g/L –1), 400ppm N)] was applied at a rate of 250 ml/plant. Starting one month after 

transplanting, supplemental fertilizer was injected through the drip irrigation system 

through the growing season, with timing and rate following standard vegetable field 

guide recommendations for pepper (Bratsch et al. 2005).  Crops were irrigated 

according to crop demand, with soil moisture monitored by tensiometer, and irrigated at 

≈ 15 - 20 centibars tension.  A minimum of 2.5 cm of water was applied weekly, w

adjustments made depending on rainfall.  Weeds in planting holes were controlled by 
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hand.  When plants reached approximately 35 cm tall they were string-trellised (3 

strings over the course of the season) to allow plants to support their full compliment of 

developing fruit.  Individual crop production details including transplanting date, number 

of ferti ted in 

 

d 

 Inc., Wauseon, OH; Stokes Seeds Ltd., 

St Catharines, ON).  The experiment was arranged in a randomized complete block 

ations.  Individual plots consisted of two rows with 28 

plants/ ith 

rvest 

lizer applications and harvest dates for each of the experiments are presen

Table 2.1. 

 

 2002 Experiment:  This experiment was conducted to identify profitable and 

adaptable bell pepper cultivars suitable for full-color production in the Mid-Atlantic 

region based on characteristics of yield, quality, and pest tolerance.  Ten Capsicum 

annuum cultivars were evaluated including: four red cultivars - ‘4-Star’ 72d (days to 

harvest), ‘Red Knight’ 64d, ‘Wizard’ 73d, ‘Crusader’ 74d; two Pink/Orange cultivars – 

‘Blushing Beauty’ 72d; ‘Queen’ 72d; and four yellow cultivars - ‘Early Sunsation’ 69d,

‘Lafayette’ 72d, ‘X3R Aladdin’ 72d (uniform ripening gene), ‘Chalice’ 72d (seed provide

by: Seedway, Elizabethtown, PA; Rupp Seeds

(RCBD) with three replic

plot.  All plots were treated weekly with acephate (586 g [AI]/ha) in rotation w

esfenvalerate at  690 g [AI]/ha in addition to a fungicide (chlorothalonil at 1,296 g 

[AI]/ha) as needed to protect maturing bell pepper in the field (Bratsch et al. 2005).  Fruit 

yield, percent fruit loss attributed to sunburning, visible insect damage and overall soft 

rot was noted for each cultivar.  Mean days to full color maturity (DTM) for each cultivar 

were determined by randomly tagging newly set fruit and recording respective ha

dates.    
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 2003 & 2004 Experiments:  Based on the 2002 fruit loss percentages, two of th

most promising along with two of the worst performing (for contrast) cultivars were used 

in these experiments includi

e 

ng: two red cultivars, ‘Red Knight’ and ‘4-Star’, and two 

yellow

 

 

ations in addition to T. ostriniae releases.  In order 

to estim

eviously 

ed 

 

he 

 of 

 cultivars ‘Early Sunsation’ and ‘Aladdin’.  Experiments were arranged in a 4 

(variety) x 3 (pest management treatment) factorial design with three replications in 

2003 and four replications in 2004.  Individual plots consisted of single rows with 7 - 8

plants spaced 30 cm apart.   Pest management treatments consisted of: 1) 

Trichogramma ostriniae releases alone; 2) conventional insecticide (acephate and

esfenvalerate) applications in addition to T. ostriniae releases; and 3) organic (OMRI-

certified) insecticide (spinosad) applic

ate fruit damage in the absence of any pest management strategy, spatially-

isolated untreated control plots were established following the same design pr

described except that only two replicates using four cultivars (see above) were includ

due to availability of space because plots had to be spatially separated (137.2 m) from

main treatment plots to minimize contamination with T. ostriniae.    

Trichogramma Releases:  Trichogramma ostriniae were reared for four 

generations on O. nubilalis and then onto Ephestia kuehniella Zeller (Lepidoptera: 

Pyralidae) for mass production following the methods of Morrison (Morrison 1985).  T

parasitoids were maintained at Cornell University, Ithaca, N.Y., under conditions

25:230C and a photophase of LD 16:8 with unrestricted access to diluted honey to 

induce optimal development of the T. ostriniae (Hoffmann et al. 2001).  Field release 

containers consisted of 150-ml triangular-shaped containers constructed out of heavy 
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waxed paper that contained parasitized E. kuehniella eggs (Smith 1996).  The 

perforated release containers were evenly distributed throughout the field and affixed to 

plants with a small piece of flagging tape.  Trichogramma emergence in the field was 

determined by sub-sampling numbers of E. kuehniella eggs in release containers that 

were retrieved from the field for emergence holes made by adult Trichogramma 

emerging from the host egg.  Approximately 30,000 T. ostriniae were released weekly in 

al 

l 

ith 

 

d color 

oft-

 using split-plot analysis (PROC Mixed) (SAS-Institute 1990), P < 0.05.  Data 

the experimental plots (6 releases in 2003 and 7 releases in 2004).    

Insecticide treatments were applied weekly beginning at first fruit set until fin

harvest resulting in 8 applications in 2003 and 11 applications in 2004.  Conventiona

insecticide applications included acephate at 586 g [AI]/ha for 2 sprays and rotated w

esfenvalerate at 690 g [AI]/ha for the remaining 6 – 7 applications. Organic treatments

included weekly sprays of spinosad 39.8 g [AI]/ha.  The organic and T. ostriniae 

experimental plots in both years received applications of hydrogen dioxide for organic 

plant pathogen control beginning weekly at first fruit set until final harvest (resulting in 8 

applications in 2003 and 11 applications in 2004).     

At harvest, mature pepper fruit that developed characteristic yellow or re

change of 30% or greater (Fig. 2.1) were harvested weekly and carefully placed into 

labeled paper-bags for transport back to the laboratory for assessment.  Heavily s

rotted fruit that could not be transported were counted and removed from the plot area.  

Individual pepper fruits were visually inspected for presence/absence of physical 

damage (O. nubilalis, pepper rotting pathogens and sunburn), weighed, and then sorted 

into marketable or unmarketable categories.  Data on pepper yields and damage were 

analyzed
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were transformed using square root transformations (SQRT(x +1)) or 

 

ross all 

y 

 

 

no influence on 

degree d 

F = 

ble 

 

 

arcsin(SQRT((x)/100)) prior to analysis (Hogg and Craig 1995, Ott and Longnecker 

2001).  Statistical significance in percentage damage to pepper fruit among pepper 

varieties was tested using Tukey's HSD mean separation test determined at α < 0.05

level of significance. 

 

Results:  

 2002 Experiment:  Bell pepper fruit losses averaged 47.6 ± 3.3 % ac

color groups and cultivars (Table 2.2).  Bacterial soft rot and insect damage primaril

from O. nubilalis were the major causes of fruit losses.  About 3% of the fruit loss was 

from sunburn.  The red cultivar ‘4 Star’, ‘Crusader’, and ‘Red Knight’, the pink cultivar 

‘Blushing Beauty’, and the yellow cultivars ‘Early Sensation’ and ‘Lafayette’  produced

the highest number of marketable fruit, and ‘Red Knight’, ‘Blushing Beauty’, ‘Queen’, 

and ‘Aladdin’ required the fewest days to maturity (≈ 47 - 49 days) from fruit set.  Fruit 

loss without an identifiable cause affected 31.0 ± 2.9 % of fruit when fruit was left on the

plant to reach full-color maturity (Table 2.2).  Pepper fruit color had 

 of loss (F = 1.59, df = 2, 27; P = 0.224).  Significant differences were note

between cultivars as related to yield (F = 2.41, df = 9, 20; P = 0.053), percent loss (

6.52, df = 9, 20; P = 0.0004) and time to maturity (F = 3.64, df = 9, 20; P = 0.008) (Table 

2.2).  Both ‘Red Knight’ (red) and ‘Early Sunsation’ (yellow) had the highest marketa

yield (85.7 and 81.0 pepper fruit/treatment, respectively), and exhibited some of the

lowest percentage fruit loss (33.4 and 39.2% respectively), while the highest loss was

noted in ‘4-Star’ (red, 49.7%) and ‘Aladdin’ (yellow, 68.4%) (Table 2.2). 
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2003 & 2004 Experiments:  In 2003, O. nubilalis pest pressure was high and 

resulted in lower yields with 89% of pepper fruit damaged from insects and disease in 

the untreated control plots (Tables 2.3 & 2.4).  There was no significant treatment effec

on average marketable pepper yield (F = 2.36, df = 3, 40; P = 0.1883) (Table 2.3

average number of marketable fruit (undamaged) and average fruit weight were 

significantly less in control plots (F = 9.50, df = 3, 40; P = 0.0166 and F

t 

).  The 

 = 9.61, df = 3, 

40; P =

 = 

ther 

 or conventional sprays (Table 

2.4).   

F 

ed 

s 

 

 0.0162, respectively) compared to all other treatments (Table 2.3).  Also, the 

percentage of damaged fruit (F = 9.65, df = 3, 40; P = 0.0023), rotted fruit (F = 21.5, df

3, 40; P = 0.0028) and insect damaged fruit (F = 6.14, df = 3, 40; P = 0.0395) were 

significantly higher in control plots compared to all other treatments (Table 2.4).  

Percentages of sunburn damaged fruit were not significantly different among all o

treatments (F = 0.59, df = 3, 40; P = 0.6458) (Table 2.4).  Use of T. ostriniae alone 

resulted in significantly reduced percentages of damaged pepper fruit compared to all 

other treatments of T. ostriniae combined with organic

    

In 2004, there was no significant treatment effect on either total number of fruit (

= 0.87, df = 3, 52; P = 0.4998), number of marketable fruit (F = 2.73, df = 3, 52; P = 

0.1236), or weight of pepper fruit (F = 3.41, df= 3, 52; P = 0.0823) (Table 2.3).  Also, no 

observed significant differences were observed among the total amount of damag

peppers (F = 3.35, df = 3, 52; P = 0.0849), insect damaged fruit percentage (F = 2.61, df 

= 3, 52; P = 0.1332), and rotted fruit (F = 3.13, df = 3, 52; P = 0.0968) among treatment

(F = 3.13, df = 3, 52; P = 0.0968) (Table 2.4).  The average damage caused by sunburn
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(abiotic) to pepper fruit was significantly different from other treatments

3, 52; P = 0.0023) (Table 2.4).  

 

Discussion: 

In Virginia, the red

 (F = 14.23, df = 

 bell cultivars ‘4 Star’, ‘Crusader’, and ‘Red Knight’, the pink 

variety ‘Blushing Beauty’, and the yellow cultivars ‘Early Sensation’ and ‘Lafayette’  

he highest number of marketable fruit among colored bell cultivars.  

owev al 

l 

 

s (Smilanick et 

produced t

H er, the loss of mature pepper to insect damage and fruit rot is an equally critic

factor to successful pepper production.  Pepper fruit that has been attacked by pests 

such as O. nubilalis invariably decay, a result of larvae tunneling into the fruit and thus 

creating entry points for fruit-rotting pathogens.  In my experiments, effects of 

treatments to control O. nubilalis varied between years (2003 & 2004) reflecting natura

fluctuations of O. nubilalis populations.  Control of O. nubilalis and other lepidopteran 

pests in bell pepper has traditionally only been effective with routine insecticide 

applications (Burbutis et al. 1960, Welty 1995, Barlow et al. 2004). 

Inundative releases of the biological control agent, T. ostriniae appear to be an 

alternative option for O. nubilalis control in bell peppers.  Kuhar et al. (2004) 

demonstrated that five inundative releases of T. ostriniae could reduce fruit damage by 

more than 50% in experimental plots of green bell pepper in Virginia, Pennsylvania, and 

Massachusetts.  In the present experiment, 6 - 7 inundative releases of T. ostriniae 

alone were as effective as T. ostriniae releases in combination with weekly sprays of

spinosad or acephate followed by esfenvalerate.  Integrating insecticides with 

hymenopteran parasitoids in vegetable crops has met with mixed succes
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al. 1996, Consoli et al. 1998, Brunner et al. 2001, Lundgren et al. 2002, Lewis et al. 

2005).

 

s 

-

  In my experiments, it appeared that the use of spinosad or acephate rotated 

with esfenvalerate significantly reduced the effectiveness of T. ostriniae to control O. 

nubilalis in the field (Tables 2.3 & 2.4).  These chemicals have been shown to be highly 

detrimental to adult T. ostriniae in the field (Stapel et al. 2000, Suh et al. 2000, Brunner 

et al. 2001, Takada et al. 2001).  Trichogramma parasitoids tend to be highly 

susceptible to many insecticides, with some insecticides having a direct impact on 

adults as well as an indirect effect on adult emergence and parasitization of host eggs

(Bull and House 1983, Campbell et al. 1991, Takada et al. 2001, Hewa-Kapuge et al. 

2003).  Use of inundative T. ostriniae releases alone or in combination with other les

harmful insecticides such as the insect growth regulator, methoxyfenozide (Hewa

Kapuge et al. 2003) may be a better option for O. nubilalis control in colored bell 

pepper.  
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Table 2.1 rop informat and tre ent dates for colored bell pepper experiments conducted at Virginia Tech Kentland 
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   Colored bell pe rcentage  and average  to maturity from flower set. Kentland F  2002. 
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Data were analyzed using split-pl t anal by Tuke tudentized ran s t erform  on squ re root or arcsi qrt 

transformed umn ol oup/year followed by the same lette cantly different (α > 0.05). 

iv e t
fruit ± SEM 
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M an to al  

ge te t tha was p
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an % fruit  
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Red or u   

4 Star 79 3  4  d .5 0
Red Knight 8 ± 33.4 ± 5.5a .5 0
Wizard 5  6  ± b .0 1
Crusader 9 ± 4  e .5 0

   

 Col  Gro p  

3 
3 
3 
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211.3  ± 4.3a 
162.0 ± 15.1bc 
162.3 ± 11.3bc 

205.9 ± 8.1a 
 

 

.0 ± .8 ab  
5.7 5.8a  

2.0 ± .0cd  
2.0 3.6a  

 

 

54  ± 1. a 
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55  ± 2. a 
53  ± 2. a 
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Early Sunsa 0 .7 8  7  ± e .6 5
Lafayette 7 .1 74. 16 c 4  d .7 8
Aladdin .3 . 4 ± 68.4 ± 2.1  7 a
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9.7 ± 3.4bc  

58.7 4.0a
2.6 ± 1.3cd  
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auty 
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177. ± 19 abc 

 

 

7.0 ± 4.1a  
6 7 ± 1 .0bc   

 

 

49  ± 1. b 
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w Color Gr
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3 
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.7 ± 9c 
 

 
1.0 ± .2ab  
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50. ± 2.1 b 
54.7 ± 0.8a 

 
51.9 ± 0.9 
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a
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47.6 ± 3.3 Mean ± SEM 188 8 ±72.0  5.8  .8 ± .0   
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ored) bell peppers after harvest.  

fru  harvested, the fruit will continue to 

olor until the fruit is fully mature which only takes a few days.  

 
 
 
 

Fig 2.1 Examples of mature (col

Pepper fruit was considered mature when color development was advanced 

enough for harvest.  Once pepper

change in c

 

 it is



 

Table 2.3   Cumulative season harvests of colored bell pepper under conventional and organic spray regimes with 

undative releases of the parasitoid Trichogramma ostriniae: Kentland Farms 2003 - 2004. in

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Data were analyzed using split-plot analysis followed by Tukey’s studentized range test that was performed on square 

oot or arcsine sqrt transformed data.   Means within a column by year followed by the same letter are not significantly 

different  (α > 0.05). 

ent n Mean total 
#fruit ± SEM

M n mkt.
#fruit ± SEM 

Mean fruit 
weight (g) ± SEM 

 

Treatm ea  

    
2003 

Untreated control .5a a ± 363.
. ostriniae + organic 0.0a 9b 1,356

T. ostriniae + conventional 12 146.1 ± 5.4a 41.2 ± 5.1b 11, 1 ± 1,416.8b 
12 110.1 ± 10.0a 41.9 ± 5.5b 12, 4.7 ± 1,496.4b 

     

    
8 102.9 ± 11
1 1

5.3 ± 1.6 1,238.1 7a 
T 2 115.8 ± 29.8 ± 4.  8,310.2 ± 

.1 
.9b 

 60
T. ostriniae alone  26

2004 
Untreated control a a
T. ostriniae + organic 16 165.8 ± 5.2a 69.7 ± 2.8 19,858.7 ± 961.9a 

nventio al 16 167.5 ± 6.3a 77.6 ± 5.8a 22,429.2 ± 1,830.6a 
iniae alone 3a a  1,41

    
8 163.4 ± 11.2 53.3 ± 5.8  13,952.7 ± 1,298.4a 

a 
T. ostriniae + co n  
T. ostr 16 155.8 ± 4. 83.4 ± 4.4  24,595.0 ± 2.5a 
     

r

 60



61

er conventional and organic spray regimes with 

inundative releases of the parasitoid 

 

Observable damage to mature harvested bell pepper und

Trichogramma ostriniae 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 Tukey’s studentized range test that was performed on arcsine 

sqrt transformed data.   Means within a column by year followed by the same letter are not significantly different   

(α > 0.05). 

Treatments n Damaged Pepper Fruit 

2003 

Mean % total 
fruit damage 

 ± SEM 

Mean % total 
insect damaged 

fruit  ± SEM 

Mean % total 
rotted fruit 

 ± SEM 

Mean % total 
sunburned 
fruit ± SEM 

Data were analyzed using split-plot analysis followed by

 

Untreated control 89.1 ± 2.0a 14.4 ± 2.5a 77.1 ± 4.3 a 2.3 ± 0.5a 8 
T. ostriniae + organic 1 66.1 ± 4.8b 9.1 ± 1.1ab 56.2 ± 5.4 b 2.5 ± 0.4a 
T. ostriniae 1 59.5 ± 3.4b 6.3 ± 1.2b 51.5 ± 3.8 b 3.1 ± 0.4a 

1 47.8 ± 4.2c 7.5 ± 0.7b 38.2 ± 4.2 c 3.0 ± 0.5a 
    

2
2
2

  

 + conventional 
T. ostriniae alone 

2004  

 + conventional 

    
Untreated control 52.4 ± 3.0a 5.5 ± 0.9a 43.8 ± 3.5a 3.4 ± 0.4b 
T. ostriniae + organic 1 46.1 ± 1.8a 8.9 ± 0.8a 32.5 ± 2.3a 6.0 ± 0.7a 
T. ostriniae 1 42.5 ± 3.6a 6.2 ± 0.7a 32.3 ± 3.4a 5.3 ± 2.0a 
T. ostriniae alone 1 34.6 ± 2.8a 5.6 ± 0.6a 25.0 ± 2.8a 4.5 ± 0.4c 

8 
6
6
6
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Chapter 3 

Compatibility of spinosad and methoxyfenozide with the  

biological control organism T ma ostr e
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candidate for integration with augmentative releases of T. ostriniae in the field to 

trol O. nubilalis. 

Y WORDS  Ostrinia nubilalis , parasitoid, spinosad,  

thoxyfenozide , biocontrol, integrated pest management 

con

 

 

KE

me

, Trichogramma ostriniae
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Introduction: 

The integration of compatible insecticides with augmentative releases of the 

egg parasit

Trichogrammatidae), has the potential to provide even better control of European 

corn borer, Ostrinia nubilalis Hübner (Lepidoptera : Crambidae), in bell pepper 

than either tactic a eases of T. 

ostriniae in pepper have demonstrated that O. nubilalis egg masses can be 

significantly reduced in the field with a corresponding reduction of damaged 

ep

al 

 

and 

 

et al. 

ntal 

in 

. 

nd 

oid, Trichogramma ostriniae (Peng & Chen) (Hymenoptera: 

lone.  Previous studies using augmentatve rel

p per (Kuhar et al. 2004, unpublished data 2006).   

The use of augmentative release of T. ostriniae in combination with several 

promising biorational insecticides with unique modes of action has the potenti

to increase control of O.  nubilalis in pepper.  One such product, spinosad, is an

aerobic fermentation product of the soil actinomycete, Saccharopolyspora 

spinosa, which is made up of two macrocyclic lactones, spinosyn  A (85%) 

spinosyn D (15% ) (Mertz and Yao 1990).  Spinosad residues degrade quickly in

the field, with little residual toxicity after 3 – 7 d post application (Cisneros 

2002, Williams et al. 2003).  Spinosad is classified by the U.S. Environme

Protection Agency as an environmentally and toxicologically reduced risk 

material (Bret et al. 1997, Saunders and Bret 1997).  Insecticide efficacy trials 

bell pepper in Virginia have shown that spinosad provides effective control of O

nubilalis comparable to that of commercial standards such as acephate a

pyrethroids (Kuhar and Speese 2002, Kuhar et al. 2003).   
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Another biorational insecticide registered on pepper is the insect growth 

regulator methoxyfenozide, which induces premature molting by stimulating the 

cdysteroid receptors in the insect (Dhadialla et al. 1998).  Use of 

ethoxyfenozide has no adverse effects on mammals, birds, and most beneficial 

lis in field trials on 

bell pepper (Kuhar et al. 2003).  

The aim of this study was to evaluate the effects of spinosad and 

methoxyfenozide on T.  ostriniae.  Assessment of toxicity will be useful in 

evaluating the potential for integration of these insecticides into a pest 

management program with T.  ostriniae in the eventuality that additional control 

of O. nubilalis is necessary.  Three experiments were performed: 1) field trials 

evaluating the impact of spinosad sprays on T.  ostriniae, 2) in vitro bio assays to 

determine the LC50 of spinosad and methoxyfenozide against adult T.  ostriniae, 

and 3) preimaginal development bioassays to assess the effect of surface 

application of spinosad and methoxyfenozide to T.  ostriniae parasitized eggs.  

 

Materials & Methods: 

Field Experiment:  Trichogramma ostriniae used in experiments were 

reared for four generations on O. nubilalis and then onto E. kuehniella for mass 

production following the methods of Morrison (Morrison 1985).  The parasitoids 

were maintained at Cornell University, Ithaca, NY under conditions of 16L:8D; 

25°C:23°C; ~80% RH with access to undiluted honey (Hoffmann et al. 2001).   

e

m

insects (Smagghe and Degheele 1998, Schneider et al. 2003).  Like spinosad, 

methoxyfenozide has shown good efficacy against O. nubila
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Release containers used in field experiments were made from 150-ml cone-

sha

e. 

iniae 

.3 g 

re applied at 

rec

 

0 m 

ize 

 a 

 week after T. 

ostriniae were released, approximately 20 sentinels containing 2-3 egg masses 

ped paper cups that contained parasitized E. kuehniella eggs.  Release 

cartons were stapled shut and perforated to allow T. ostriniae emergenc

The experiment consisted of a split plot field design that was replicated 

three times from 2003 to 2004 at the Virginia Tech Eastern Shore AREC near 

Painter, VA.  The 2 x 2 factorial design included a whole plot factor of T. ostr

inundative releases versus no-releases, and the sub-plot factor of weekly 

applications of spinosad using  a back-pack sprayer at the labeled rate of 106

[AI]/ha.  Fungicides (chlorothalonil or azoxystrobin) we

ommended rates (Bratsch et al. 2005) for disease control when warranted.  

Whole plots consisted of ≈ 600 Capsicum annuum cv. ‘Paladin’ bell peppers 

(each ≈ 0.04 ha) with sub-plots of ≈ 300 (≈ 0.02 ha) established at each location. 

Trichogramma release and non-release plots were separated by at least 20

to avoid contamination of control plots.  Weekly releases of ≈ 100,000 T. 

ostriniae in the release plot were made for 5 weeks beginning at first fruit set.  

Beginning on the day of first release until last harvest, ≈100 plants were 

inspected every 5 – 10 d in each plot for O. nubilalis egg masses.  Any egg 

masses that were found were collected from the field, placed in gel caps (s

00), and held at room temperature to assess parasitization.  In 2004, O. nubilalis 

egg sentinels were used in addition to wild egg masses to assess parasitization.  

Fresh (< 24 h old) O. nubilalis egg masses on wax paper were obtained from

colony of caged moths.  On two separate dates, at least one
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were p

sitization. 

d 

nificance to analyze potential treatment 

differences in proportion egg parasitization and cumulative fruit damage at 

harvest.  Proportion parasitization and fruit damage data were arc-sine square-

root transformed prior to analysis in order to stabilize variance (Ott and 

Longnecker 2001).   

 

Adult Mortality Bioassay:  The LC  for spinosad and methoxyfenozide was 

determined for adult T. ostriniae using in vitro bioassays.  Technical grade 

solutions of each insecticide were obtained from Dow AgroSciences Inc. 

(Indianapolis, IN), and were used to make separate 50 ml stock solutions that 

matched a typical field rate tank-mix concentration.  Stock solutions were used to 

make 6-step 10% serial dilutions replicated 14 times using analytical grade 

6).  Controls included acetone alone.  Spinosad and 

metho g 

inned to the abaxial side of leaves in each sub-plot.  After four days, 

sentinels were collected from plants, and egg masses were carefully removed 

from the wax paper and placed in gel caps (size 00) to assess para

Damage by O. nubilalis was assessed by sampling ≈100 pepper fruit per 

plot at each harvest and inspecting for insect injury.  Infested fruit were dissecte

and any insect larvae were recorded.  Paired t-tests (SAS Institute 1999) were 

used with the α < 0.05 level of sig

50

acetone (Adan et al. 199

xyfenozide dilutions ranged from 498 – 0.005 mg [AI]/L and 996 – 0.01 m

[AI]/L, respectively.  Test vials consisted of glass scintillation vials with an inside 

surface area of 43.74cm2 that were treated with 250 µl of solution.  Vials were 

laid on their sides and rolled from side to side to allow the acetone to fully 
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evaporate and ensure that all surfaces were evenly coated.  Colony reared T

ostriniae were used on their first day of emergence.  To each vial, 10 – 30 ad

T. ostriniae were introduced by aspiration method.  Vials were stoppered w

. 

ult 

ith 

cotton 

lyzed 

Preimaginal Bioassay:  To determine the impact of spinosad and 

methoxyfenozide on parasitized O. nubilalis eggs and emergence of adult T. 

ostriniae, I conducted egg dip toxicity assays.  Approximately 60 fresh (< 24 h 

old) O. nubilalis egg masses oviposited on wax paper were obtained from a 

maintained O. nubilalis colony.  Wax paper discs approximately 5 cm  in size 

were cut around individual O. nubilalis egg masses and placed into a T. ostriniae 

colony box to allow parasitization After 24 h, egg masses were removed from the 

T. ostriniae colony and subjected to chemical dips within the same 24 h.  Wax 

discs (n = 20) with attached parasitized O. nubilalis egg masses were immersed 

for 10 s in each of the 50 ml stock solutions, and then placed onto filter paper to 

dry for 2-hr.  Egg masses were carefully removed from the wax discs and placed 

into gel caps (size 00), and held at room temperature in the laboratory until O. 

nubilalis eclosion or emergence of adult parasitoids.  Egg masses that failed to 

produce either O. nubilalis or T. ostriniae were discarded.  Analysis of variance 

balls moistened with 200 µl of a 20% sugar solution to serve as a food 

source.  Visual observations of mortality were made at 3 and 9 h following 

introduction of T. ostriniae into individual vials.  Adults were considered dead if 

they failed to move during the observation period.  Mortality data were ana

using the EPA Probit analysis program (Ver. 1.5) to determine the slope of the 

toxicity curve and LC50. 

 

2

 68



 

(PROC GLM) was used at the α < 0.05 level of significance to analyze poten

treatment differences in proportion T. ostriniae adult emergence from treated 

eggs.  Proportion emergence data were arc-sine square-root transformed prio

tial 

r to 

analys

Field Experiment:  There was a significant treatment effect on parasitization 

of natural O. nubilalis egg masses (F = 23.19, df = 3, P = 0.0023).   

Trichogramma ostriniae release plots with or without spinosad applications had 

significantly higher parasitization (60.3% and 70.3%, respectively) compared with 

spinosad alone (0.0%) or control plots (5.7%) (Table 3.1).  The effect of spinosad 

applications was not significant on parasitization levels.  Parasitization of sentinel 

O. nubilalis egg masses was generally low, and there was no significant 

treatment effect on parasitization (F = 2.32, df = 3, P = 0.1750); however, the 

numeric trends were similar to that of the naturally deposited egg masses 

collected (Table 3.2).   

There was a significant treatment effect on cumulative fruit damaged by O. 

nubilalis (F = 30.26, df = 3, P = 0.0005) (Table 3.1).  All treatments had a 

significantly lower percentage of fruit damaged than the untreated control, and no 

differences were found between T. ostriniae release plots alone or with spinosad, 

or spinosad alone.   

 

Adult Mortality Bioassay:  Adult mortality of T. ostriniae was significantly 

affected by spinosad, but not methoxyfenozide (Table 3.3).  Overall, adult T. 

is in order to stabilize variance (Ott and Longnecker 2001).    

 
Results: 

 69



 

ostriniae exposed to spinosad suffered 100% mortality at the field rate of 498 m

[AI]/L.  The LC

g 

ntrol) and methoxyfenozide-treated egg masses; 

respectively, 0% of T. ostriniae adults successfully emerged from spinosad-

treated egg masses (Table 3.4).  Adults died after they initiated chewing 

emergence holes in chorion of the O. nubilalis egg.    

 

s 

f 

50 and LC99 values for spinosad were calculated to be 1.16 mg 

[AI]/L and 125.4 mg[AI]/L, respectively.  The field rate of methoxyfenozide 

resulted in no mortality of adult T. ostriniae (Table 3.3). 

 

Preimaginal Bioassay:  Emergence of T. ostriniae adults from O. nubilalis 

eggs was significantly impacted by insecticide treatments (F = 27.60, df = 2, P < 

0.0001).  Whereas 96% and 75% of T. ostriniae adults successfully emerged 

from acetone-treated (co

Discussion: 

Trichogramma parasitoids occur worldwide and play an important role a

natural enemies of a wide range of lepidopteran pests in agricultural crops (Smith 

1996).  The use of biological control is the preferred tactic to control pests in 

systems when timing and frequency of chemical sprays is difficult.  Integration o

pesticide applications with biological control releases may be beneficial when 

control of a pest needs to be increased.  Any pesticide used during the growing 

season has the potential to disrupt biological control efforts.  Development of 

integrated control programs that are based on ecologically compatible use of 

chemical and biological methods is essential for effective use of beneficial 
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organisms in cropping systems (Croft and Brown 1975, Franz et al. 1980, 

Hassan et al. 1991).   

 The results of the work presented here demonstrate that the insecticide 

spinosad can have a significant impact on survival of T. ostriniae.   Laboratory In 

ivo assays showed that spinosad is highly toxic (100%) to adult T. ostriniae 

ied at field rates of 498 mg/L.  A LC50 of 1.16 mg/L against adult T. 

ostriniae also indicates a high insecticidal activity of spinosad.  The preimaginal 

bioassay also showed 100% of teneral adult T. ostriniae failing to survive soon 

after the parasitoid opened an emergence hole in the O. nubilalis host chorion 

(Consoli et al. 2001).  These results showed that the LC50 value for T. ostriniae is 

lower (more toxic) than what other researchers have reported  for spinosad (LC50 

3.3 µg [AI]/ml) when testing against other Trichogramma species (Suh et al. 

2000).  However, side by side comparison of LC50 values may be difficult due to 

the differing testing methods used (glass vial versus leaf dip).  Results of the 

adult and preimaginal experiments of T. ostriniae exposed to spinosad places it 

into International Organization of biological control (IOBC) class 4 which is similar 

to the 14 species of Trichogramma tested in the literature, which were similarly 

placed into IOBC-classes 3 or 4 (laboratory scale: 1 = harmless (< 30% 

mortality), 2 = slightly harmful (30 – 79%), 3 = moderately harmful (80 – 99%), 4 

= harmful (> 99% mortality) (Williams et al. 2003).  However, in the field, multiple 

applications of spinosad (106.3 g [AI]/ha) did not significantly reduce 

parasitization of O. nubilalis in release plots of T. ostriniae, and resulted in similar 

levels of fruit damage.  This indicates that the use of spinosad does not appear to 

v

when appl
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reduce effectiveness of the T. ostriniae parasitoid to control O. nubilalis in the 

field.   

 Two possibilities exist that explain why there was no significant impa

the insecticide on parasitization of O. nubilalis egg mass

ct of 

es by T. ostriniae.  The 

rst is that rapid degradation of spinosad in the field resulted in a significant 

cha

 

thrin 

al. 

hemicals that can resist 

photodecomposition in the field may be beneficial but are more likely to affect 

natural enemies for longer periods of time and are therefore likely to have a 

much greater impact on releases of biological organisms (Hassan et al. 1998).  

The second possibility may be that when the spinosad was applied, not all of the 

large heavy leaves of the pepper plants were equally treated.  Pepper plants 

have dense canopies of pendant leaves that resist penetration into the canopy by 

sprays (unless a high pressure sprayer is used).  The result of uneven 

applications of spinosad through the canopy would have created a mosaic of 

refugia within the plant allowing T. ostriniae to reduce their exposure to the 

toxicant and even possibly escape exposure as the spinosad degrades.  This in 

effect would allow T. ostriniae to persist in spinosad applied fields.   Both 

fi

nge in toxicity of the product (Huang et al. 2004).  Spinosad is quickly 

converted to degradation products by sunlight (absorption maxim at ~ 340 nm) 

on the leaf surface and has a half-life of about 1.6 – 16 days depending on the

amount of sunlight that reaches the leaf surface (Saunders and Bret 1997, 

Anonymous 2002).  Photodecomposition also occurs in parathion and perme

insecticides, which affects their longevity in the field similarly (Frawley et 

1958, Holmstead et al. 1978).  The use of persistent c
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situations most likely have an impact on T. ostriniae survival and parasitiza

O. nubilalis egg masse

tion of 

s in the field. 

 

 

e 

 The work presented here demonstrates that augmentative releases of T.

ostriniae can provide effective control of O. nubilalis equal to that of 4 -6 

applications of spinosad in pepper.  Depending on O. nubilalis densities in the

pepper field, control can be increased with addition of an insecticide.  Use of th

insect growth regulator methoxyfenozide appears to be non-toxic to adult T. 

ostriniae and would be ideal for integration with inundative releases of T. 

ostriniae in the field.   In summary, the use of carefully timed augmentative 

releases of Trichogramma in conjunction with insecticide applications of either 

methoxyfenozide or spinosad appear to be compatible control tactics for the 

integrated pest management of O. nubilalis in pepper.   
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Table 3.1.  Os  nubil egg parasitization d damage to pepper fruit with and wit s of 
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Cumulative mean ± SEM  
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T. o ia s s 7 6 ± 0.3
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Spin d n 2 ± b 9 ± 1.1a osa alo e 2 0.0  0.0 3.
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Table 3.2.  Trichogramma ostriniae parasitization of European corn borer sentinel egg masses in bell pepper with and 

without inundative releases of Trichogramma ostriniae and/or applications of spinosad1 in Virginia in 2004. 

 

 

Treatment 
Total sentinel O. 

nubilalis egg masses 
used 

Mean ± SEM percentage eggs 
parasitized 

T. ostriniae + spinosad 87 17.9 ± 5.9a 
T. ostriniae alone 66 26.7 ± 17.4a 
Spinosad alone 92 0.0 ± 0.0a 
Untreated control 82 1.5 ± 1.5a 

 

 
Data were analyzed using split-plot analysis followed by Tukey’s studentized range test performed on arcsine sqrt 

transformed data.   Means within a column by year followed by the same letter are not significantly different (P

1SpinTor 2SC applied 4 to 6 times at a rate of 106.3 g [AI]/ha. 

 
 

 

 > 0.05). 
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says. Table 3.3.  Effect of spinosad and methoxyfenozide on mortality of adult Trichogramma ostriniae in glass vial bioas

 

 

 
Both spinosad and methoxyfenozide were technical grade solutions that were mixed in acetone for serial dilutions. 

 

 

 

Adult Trichogramma ostriniae toxicity 
Treatment 

lope ± SE df 

aConcentrations in milligrams of active ingredient per liter. 

 
 
 

 LC50
a LC99

a χ2S

Spinosad 0.81 ± 1.16 10 - 0.97) 125.40 2 1.16 (0. (9.44 – 1.94 x 106) 17.44

Methoxyfenozide NA icity No toxic NA 2 No tox ity 
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able 3.4.  Effect of spinosad and methoxyfenozide on mortality of adult Trichogramma ostriniae emerging from 

 

T

insecticide treated O. nubilalis eggs. 

 

 

 
Data were analyzed using analysis of variance by Tukey’s studentized range test that performed on arcsine transformed 

data.   Means within a column by year followed by the same letter are not significantly different (α > 0.05). 

Both spinosad and methoxyfenozide were diluted in acetone.

Adult Trichogramma ostriniae emergence 

Treatment 
Concentration

er 

Aver
me

T.  ostriniae 
adults per 
egg mass 

T. 
ults 

Average # hatched 
O. nubilalis per 

egg mass 
# of egg 
masses mg ai/lit

Average #  
parasitized 
eggs per 
egg mass 

age # 

rged Average (%) 
emerged 

e

ostriniae ad

Spinosad 498 0.0 ± 0.0 a 0.0 ± 0.0 13 14.3 ± 1.9 0.0 ± 0.0

 

 

Methoxyfenozide 16 498 5.5 ± 0.9 5.0 ± 1.0 75.0 ± 11.2b 0.0 ± 0.0 

Control 13 Acetone only 13.2 ± 1.8 11.8 ± 1.9 96.0 ± 2.3b 0.0 ± 0.0 



 

Chapter 4 

ithin-Plant Distribution of European Corn Borer, Ostrinia 

nubilalis Hübner, Egg Masses on Bell Pepper 

 

ABSTR

 

 xperiment r er o classify likely areas of O. nubilalis 

ovipo n within e r nopy. elve spatially isolated field plots (≈ 

0.01 ha) of ‘Paladin’ bell pepper at three locations in eastern Virginia were 

established.  Plants were sampled approximately weekly beginning when plants 

were in first bloom (mid-Jul) until harvest (Sep).  Fifty to 100 plants were 

thoroughly inspected and onc n g mas a en located, its location on the 

plant was classified as either upper third, middle third, or lower third strata of the 

plant  as either upper leaf surface, lowe a face, or other structure.  

  total of 426 O. nubilalis egg masses were found on pepper plants during 

our study.  In the first year of the study ove % egg masses were found on 

the lower surface of the leaf compared with the upper surface indicating a 

signi t ovipositional preference for the undersides of leaves (χ2 = 9.68; df = 1; 

P < 0 ) followed by ilar results in 200 2 P < 0.05).  Only 

three egg masses (0.7%) were found on pl s ures other than a leaf, 

inclu  one on a stem and ruit.  N ig ant differences were found in 

the o rved spatial distribut g ma  ng the three vertical strata in 
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either 2002 or 2004 (χ2 = 1.75; df = 2; P < 0.05 and χ2 = 5.69; df = 2;  < 0.05, 

respectively).  In summary, I conclude that O. nubilalis

he time) oviposit on the undersides of leaves on pepper plants, but with no 

arent preference for ve ion on the plant. 
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Introduction: 

The European corn borer, Ostrinia nubilalis Hübner (Lepidoptera: 

Crambi

in much of the eastern and central U.S.  

damaging to sweet peppers, Capsicum annuum L., because it causes direct 

injury to the fruit, premature fruit ripening, and fruit rot resulting from bacterial 

pathogens entering the feeding wound.   

Control of O. nubilalis in peppers typically relies on multiple preventative 

insecticide applications, often with little or no knowledge of the pest density in the 

field.  Virginia growers typically make 6 -11 applications of insecticide per season 

to protect pepper from O. nubilalis.  An effective sampling program for O. 

nubilalis could better determine timing of insecticide applications as well as 

reduce the total number of applications (Welty 1995).  A scouting program based 

on larval sampling is not feasible for O. nubilalis because neonates are difficult to 

see on plants and they quickly bore into plant tissue, often the fruit, where they 

are protected from control measures.   

Sampling the egg stage of O. nubilalis is a more logical strategy for an 

IPM scouting program.  Ostrinia nubilalis typically deposits eggs in aggregated 

masses of 15 to 20 eggs on leaves. However, given the numerous leaves and 

architectural complexity of a pepper plant, sampling O. nubilalis egg masses can 

be laborious and time-consuming. The objective of our study was to classify likely 

areas of O. nubilalis oviposition within the pepper plant canopy. This information 

may enable us to optimize an egg mass sampling strategy.  

dae), is one of the most economically important pests of agricultural crops 

Ostrinia nubilalis is particularly 
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Materials & Methods: 

 In conjunction with another experiment in 2002 (Kuhar et al. 2004) and 

further supplemented in 2004, we established twelve spatially-isolated field plo

(≈ 0.01 ha) of ‘Paladin’ bell pepper at three locations 

ts 

in eastern Virginia.  Six 

lots were transplanted on bare ground with overhead irrigation at the Virginia 

ech Eastern Shore Agricultural Research and Extension Center (AREC) near 

 with drip-line irrigation at 

the Virginia Tech Hampton Roads AREC in Virginia Beach, and the remaining 

two were transplanted on black plastic mulch with drip irrigation at the Virginia 

h Tidewater AREC near Suffolk.  Beginning when plants were in first bloom 

id-Jul) until harvest (Sep) at approximately weekly intervals, we thoroughly 

inspected 50 to100 plants for O. nubilalis egg masses in each of the plots.  Once 

an egg mass had been located, its location on the plant was classified as either 

upper third, middle third, or lower third strata of the plant and as either upper leaf 

surface, lower leaf surface, or other structure.  Seasonal location of egg masses 

was used to reflect the critical period for control of O. nubilalis for pepper fruit 

protection, i.e. first fruit set through final harvest.  A chi-square contingency table 

(α = 0.05) was used to determine if the proportion of egg masses found in the 

three vertical strata of the plant deviated from an expected distribution of 0.33 

(indicating a non-uniform distribution among the three strata).  Similarly, a chi-

square contingency table was used to determine if the proportion of egg masses 

on the upper or lower surface of leaves deviated from an expected distribution of 

0.5. 

p

T

Painter.  Four plots were transplanted on bare ground

Tec

(m
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Results & Discussion: 

 during 

of egg 

 

l 

2 = 9.68; df = 1; P < 0.05) followed by 

similar

a vertical preference for oviposition in the 

canop et 

ts, but with no 

A total of 426 O. nubilalis egg masses was found on pepper plants

our study.  Only three egg masses (0.7%) were found on plant structures other 

than a leaf, including one on a stem and two on fruit.  In 2002 over 92% 

masses in both years of the study were found on the lower surface of the leaf

compared with the upper surface (Fig. 4.1), indicating a significant ovipositiona

preference for the undersides of leaves (χ

 results in 2004 (χ2 = 4.34; df = 1; P < 0.05).  Ovipositional preference for 

the lower leaf surface by O. nubilalis on pepper is consistent with that observed 

on other plants (Capinera 2001).  This may be a strategy to reduce egg mortality 

from fluctuating environmental conditions as well as predation by natural 

enemies.   

No significant differences were found in the observed spatial distribution of 

egg masses among the three vertical strata (Fig. 2) in either 2002 or 2004 (χ2 = 

1.75; df = 2; P < 0.05 and χ2 = 5.69; df = 2; P < 0.05 respectively).  These data 

suggest that O. nubilalis does not have 

y of a bell pepper plant.  These data are similar to those collected in swe

corn that showed a uniform vertical distribution of O. nubilalis egg masses on 

plants (Spangler and Calvin 2001).  Possibly the uniform egg mass deposition 

within the plant canopy is a strategy to minimize intraspecific competition by O. 

nubilalis for food resources (Harmon et al. 2003).   

In summary, I conclude that O. nubilalis females (>92% of the time) 

oviposit primarily on the undersides of leaves on pepper plan
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apparent preference for vertical region on the plant.  An egg sampling strategy 

r O.  of fo nubilalis in peppers should concentrate on leaf undersides on all regions

the plant. 
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  Fig 4.1. Mean percentage (± SEM) of Ostrinia nubilalis   

  egg masses found on the upper and lower leaf surface of   

  pepper plants 
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  Fig. 4.2.  Mean percentage (± SEM) of Ostrinia nubilalis   

  egg masses distributed vertically within the pepper canopy. 

Vertical strata of plant
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Chapter 5 

 

Optimizing Trichogramma ostriniae (Hymenoptera: 

richogrammatidae) release rates in field bell peppers 

ield experiments were conducted in 2002 through 2004 at nine locations 

in Virginia, Massachusetts, and Pennsylvania from which data were collected to 

determine the functional response of Trichogramma ostriniae (Peng & Chen) to 

Ostrinia nubilalis Hübner (Noctuidae: Crambidae) egg mass density.  The 

number of O. nubilalis egg masses/100 plants contributed significantly to the 

number of egg masses attacked by T. ostriniae in the field (y = 0.75x – 1.48; R2 = 

0.89; F  239.92, df = 1, 27; P = <0.0001).  Proportion of egg masses parasitized 

against the number of egg masses collected from 100 plants showed a 

egg masses per 100 plants increased (y = 

2

Type I functional response.  In addition, laboratory cage experiments were 

performed using whole plants in experiments by restricting leaf area to discreet 

classes based on field-collected data.  Leaf area did not contribute significantly to 

the number of egg masses parasitized by foraging female T. ostriniae wasps (F = 

0.64, df = 1, 29; P = 0.431).  Increasing the number of wasps significantly 

increased parasitization of O. nubilalis egg masses (F = 4.66, df = 2, 28; P = 

T

 
 

ABSTRACT 
 
  F

 =

significant increase as the number of 

0.20Ln(x) + 0.08; R  = 0.34; F = 7.43, df = 1, 21; P = 0.0111) and approximated a 
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0.021).  Linear regression of T. ostriniae density versus O. nubilalis egg mass 

parasitization provided a slope of y = 5.6981x – 14.748.  This was used to 

determine that 17.0 foraging T. ostriniae females per plant were needed to 

achieve an 80.0% parasitization rate.  Experiments performed here suggest that 

51.0 T. ostriniae foraging females/plant are present after the first day, decreasing 

to 24.6/plant by the second day and finally to 11.8 T. ostriniae/plant by day three 

after release.   The estimates of Trichogramma necessary to achieve 80% 

parasitization of O. nubilalis egg masses fall into the middle of the calculated 

range (51.0 – 11.8). 

   

 

KEY WORDS  Ostrinia nubilalis, Trichogramma ostriniae, parasitoid, functional 

response,  biocontrol, integrated pest management 
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Introduction: 

 Trichogramma wasps occur naturally in almost every terrestrial habitat, 

and parasit

Trichogramma wasps are some of the most widely used biological control agents 

that attack pests of crops and forests (van Lenteren 2000).  However, in most 

crop production systems, the number of lepidopteran eggs destroyed by native 

populations of Trichogramma is not sufficient to prevent the pest from reaching 

 

fic 

 

e) 

 

ize insect eggs, particularly those of the Lepidoptera (Smith 1996).  

damaging levels.  Different species and strains of Trichogramma typically prefer 

different host eggs and crop habitats and have different searching abilities and 

tolerance to weather conditions (Debach and Rosen 1991).  Efficacy is improved

by selecting the most effective and adapted species or strains for the speci

crop/pest situation.  One method that can aid in the selection of appropriate 

species is the functional response of the insect to the pest (Kfir 1983, Reay-

Jones et al. 2006). 

The European corn borer, Ostrinia nubilalis Hübner (Lepidoptera:

Crambidae), is an introduced insect that has become a widespread and serious 

pest of corn and other crops such as bell pepper.  The use of inundative releases 

of Trichogramma ostriniae (Peng & Chen) (Hymenoptera:Trichogrammatida

has shown great potential for controlling O. nubilalis in bell pepper (Rowell et al. 

2002, Kuhar et al. 2004, Russel et al. 2005).   However, a more predictable 

control of O. nubilalis might be achieved if the interaction between T. ostriniae 

and the leaf surface area (phytoplane) of the bell pepper plant could be 

determined.  The success of T. ostriniae as a parasitoid of O. nubilalis may be
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constrained by plant leaf area impacting searching.  This is in agreement with 

studies that have shown that the seasonal increase in plant size may affect

of parasitization of O. nubilalis (Need and Burbutis 1979, Ables et al. 1980, 

Andow and Prokrym 1991).  Plant leaf area might have a significant impact on 

Trichogramma spp. searching times resulting in decreased parasitization rates 

(Bigler et al. 1988). 

Experiments conducted here were performed to better estimate the o

parasitization rates of O. nubilalis by T. ostriniae in bell pepper.  This informat

will allow for improve

 rates 

verall 

ion 

d estimations of numbers of T. ostriniae necessary for 

ective inundative releases of O. nubilalis.  Two experiments were performed: 

1) field trials to determine the functional response of T.  ostriniae to O. nubilalis in 

n 

s  egg masses by adult T.  

ostriniae. 

 

Materials & Methods: 

 Field Experiment to Determine Functional Response:  Prior to use in 

field studies, T. ostriniae was reared for four generations on O. nubilalis and then 

onto E. kuehniella for mass production following the methods of Morrison 

(Morrison 1985).  The parasitoids were maintained at Cornell University, Ithaca, 

NY under conditions of 16L:8D; 25°C:23°C; ~80% RH with access to undiluted 

honey (Hoffmann et al. 2001).   Field releases utilized containers made from 150-

ml cone-shaped paper cups that contained parasitized E. kuehniella eggs.  

eff

bell pepper, and 2) cage experiments to assess the impact of pepper leaf area o

searching efficiency and parasitization of  O. nubilali
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Release cartons were stapled shut and perforated to allow T. ostriniae 

e of 

 last 

lants were inspected approximately weekly in each plot for O. 

nubilal n gel 

 

er 

asses 

emergence. 

Field experiments were conducted between 2002 and 2004 at nine 

locations in Virginia, Massachusetts, and Pennsylvania to determine the 

relationship between O. nubilalis egg density in the field and T. ostriniae 

parasitization levels.  Each location represented a single data point in a 

regression analysis.  Bell pepper (cv. = ‘Paladin’, ‘Aristotle’, or ‘Camelot’) plots 

(each ~0.02 ha and ~300 plants spaced approximately 31 cm apart within rows) 

were established at each location in May of each year.  No insecticides were 

applied to pepper plots.  During Jul and Aug, four or five separate releases of ≈ 

30,000 to 50,000 T. ostriniae were made using perforated release cartons in 

each plot (Kuhar et al. 2004).  Release densities varied on each date becaus

differences in percent emergence.  Beginning on the first day of release until

harvest, 50 to 100 p

is egg masses.  Egg masses were collected from the field, placed i

caps (size 00), and held at room temperature in the laboratory until O. nubilalis 

eclosion or emergence of adult parasitoids.   

  Data were pooled across years in order to increase the sample size for

statistical analysis.  Percentage parasitization data were arc-sine square-root 

transformed prior to analysis in order to stabilize variance (Ott and Longneck

2001) and analyzed using a linear regression model (PROC REG) for 

determining the effect of O. nubilalis egg density on the number of egg m

parasitized (SAS Institute 1999).  The independent variable evaluated in the 
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model was egg mass density for every 100 plants versus the dependant variab

of rate of field parasitization of O. nubilalis egg masses. 

 

 Establishing Bell Pepper Plant Parameters:  Work was performed in 

2004 to establish standard growth parameters for bell peppers in the field.  A plo

of ‘Paladin’ bell pepp

le 

t 

ers was transplanted at the Virginia Tech Eastern Shore 

AREC

 

s 

removed from individual plants.  Leaf area (one side only) was 

determined by processing leaves through a LI-COR (LI-3100) (Li-COR 

) leaf area meter which were then summed per plant, 

= 

 near Painter, VA.  Plants were spaced 31 cm apart within rows spaced 0.9 

m apart.  Starting in early July, ten whole plants were sampled destructively 

weekly to establish typical plant growth characteristics over the course of the

growing season.  Several plant parameters were recorded; plant height (cm), 

total number of leaves per plant, and total leaf area per plant (cm2) (Table 5.1).  

Sampling consisted of clipping individual plants at soil level and placing them into 

plastic bags for transport back to the lab.  Total numbers of leaves were tallied a

they were 

Biosciences, Lincoln, NE

and multiplied by two (X 2) to determine total leaf area (abaxial + adaxial 

surfaces).  Sampling of plants continued until data trends indicated leaf 

senescence (Table 5.1).  From these data I was able to establish three 

experimental classes using the leaf area from only one side of the leaf that 

approximates plant growth stages over the course of the growing season; small 

1,300 cm2, medium = 2,050 cm2, and large = 4,250 cm2. 
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 Effect of Bell Pepper Leaf Area on Parasitization of O. nubila

Masses by T

lis Egg 

. ostriniae:  Prior to use in these laboratory studies, colonies of T. 

ostrinia

 Zeller 

D; 

2, Xueqi 

eet 

e additive leaf area (using one side 

only) o

 

dditional 

 a 

e and O. nubilalis were established.  Trichogramma ostriniae were 

maintained on eggs of the Mediterranean flour moth, Ephestia kuehniella

(Lepidoptera: Pyralidae) as an ovipostional source under conditions of 24

30°C; ~80% RH with access to undiluted honey (Volden and Chiang 198

1988, Hoffmann et al. 1995, Wang et al. 2004).  Ostrinia nubilalis adults were 

maintained under conditions of 15L:9D; 27°C; ~80% RH with access to free 

water (Leahy and Andow 1994, Andow 2001). 

 Laboratory cage experiments were performed that sought to remove the 

variability of using whole plants in experiments by restricting leaf area to discr

classes based on field-collected data (Table 5.1).  Green bell peppers, cv. 

‘Paladin’ were grown in the greenhouse using standard horticultural practices.  

Whole potted plants were brought into the lab to maintain freshness of the leaves 

to be used.  Intact leaves were picked from plants and immediately processed 

through a Li-Cor (LI-3000) leaf area meter to determine leaf area.  Leaves were 

processed through the leaf area meter until th

f all leaves fell into the pre-determined class (see above).  Leaves were 

placed into 250 ml plastic containers to form a “bouquet” that approximated a 

plants total leaf area.  Cages were constructed of clear extruded plastic 50.7 cm

tall with an inside diameter of 24.5 cm.  The top of each cage and two a

11.5 x 19.5 cm holes in the sides of each cage were covered with muslin cloth 

that was affixed with adhesive.  Naive female T. ostriniae were obtained from
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maintained colony and placed into gelatin capsules (size 00) with diluted honey 

for 1-h prior to release in cages.  Less than 24-h old O. nubilalis egg masses 

ttached to wax paper were obtained from a maintained colony (see above).  

ive eg  

 

 of 

e 

-

mber of 

g 

R2 = 

 of egg 

0 plants 

p approximates a Type 

a

F g masses on wax paper strips were pinned to the abaxial side of leaves

along the leaf rib. Trichogramma ostriniae wasps were introduced into cages.  

After 24 h the O. nubilalis egg masses were removed and carefully placed into

gelatin capsules (size 00) for maturation.  Numbers of T. ostriniae that emerged 

and the numbers of O. nubilalis that hatched were recorded.  Four replicates

each plant size/ number of Trichogramma combination were performed with fiv

O. nubilalis egg masses per replicate.  Percentage parasitization data were arc

sine square-root transformed prior to analysis and analyzed using a linear 

regression model (PROC REG SAS Institute 1999). 

 

Results: 

 Field Experiment to Determine Functional Response:  The nu

O. nubilalis egg masses/100 plants contributed significantly to the number of eg

masses (Fig. 5.2 A) attacked by T. ostriniae in the field (y = 0.75x – 1.48; 

0.89; F = 239.92, df = 1, 27; P = <0.0001).  Regression of the proportion

masses parasitized against the number of egg masses collected from 10

showed a significant increase as the number of egg masses per 100 plants 

increased, for pooled data from all fields (y = 0.20Ln(x) + 0.08; R2 = 0.34; F = 

7.43, df = 1, 27; P = 0.0111) (Fig. 5.2 B).   The relationshi
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I functional response (Oaten and Murdoch 1975) of T. ostriniae to O. nubilalis 

egg mass density (Fig. 5.2 A).   

 

 Laboratory Experiment:  From the cage experiments where host density

remained constant and parasitoid density and leaf area varied, leaf area did n

contribute significantly to the number of egg masses parasitized by foraging 

female T. ostriniae wasps (F = 0.64, df = 1, 29; P =  0.431).  This indicates that

the increasing leaf area over the course of a growing season for bell pepper i

not an ecological barrier to location and parasit

 

ot 

 

s 

ization of O. nubilalis egg masses 

y T. o

data 

 

e 

b striniae.  However, increasing the number of wasps did significantly 

increased parasitization of O. nubilalis egg masses (F = 4.66, df = 2, 28; P = 

0.021) (Table 5.2).  Use of a general linear model applied to the laboratory 

showed that the proportion of egg masses parasitized was dependent on 

parasitoid density (y = 5.70x – 14.75; R2 = 0.52; F = 23.14, df = 1, 21; P = < 

0.0001) (Fig. 5.3).  This suggests that on the local scale the functional response

of T. ostriniae is ratio independent on the number of egg masses, or more 

specifically a Type II functional response, dependent on the number of females 

foraging in the same patch for egg masses.  This is in conflict with the 

independence of the functional response on the number of egg masses from th

field data (see above).  To estimate the influence of parasitoid numbers on 

parasitization of O. nubilalis egg masses, the slope equation of the line (Fig. 5.3) 

from the laboratory data (y = 5.6981x – 14.748) was used with a parasitization 
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rate of 80.0% which resulted in 16.6 (≈ 17.0) foraging T. ostriniae females 

needed per plant.    

 

Discussion: 

 Type I and Type II functional responses are the most typical for 

Trichogramma species in laboratory studies (Kfir 1983).  The success of 

inundative releases using Trichogramma rely on the ability of the natural enemy 

to locate O. nubilalis egg masses which can be estimated with the functional 

response (Smith 1996).  The functional response characterizes a relationship 

between the rate of attack (parasitization in this case) and host density and has a

prominent influence on the stability of the host-parasitoid system (Oaten an

Murdoch 1975).  This relationship is represented by t

 

d 

hree types of functional 

sponses (Holling 1959a, b).  The relationship may be represented by a 

Type I), a decreasing curve (Type II), and an increasing curve or Type 

nal 

here do depart from Hoffmann et al.’s work by having a significant relationship 

re

constant (

III functional response.  The most closely related Trichogramma species to T. 

ostriniae is T. pretiosum Riley (Trichogrammatidae: Hymenoptera), which has a 

Type II functional response to the potato tuber moth, Phthorimaea operculella 

Zeller (Lepidoptera: Gelechiidae).   

 Work performed by Hoffmann et al. (2002) in corn using numbers of O. 

nubilalis egg masses attacked and proportion of egg masses attacked with 

increasing egg mass density suggested a Type I (density independent) functio

response, which is similar to the results presented here.  The data presented 
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between the proportion of O. nubilalis egg masses parasitized and egg mass 

density.  This is not what is expected in a Type I functional response (Fig. 5.2 B), 

ut could possibly be due to variation in the data collected.  Hoffmann et al. 

esult 

r 

0C a 

8).  

 

sses 

 realistic 

g 

density necessary to detect an increase in parasitization rate at low host 

b

(2002) suggest that the lack of density dependence (Type I) observed may be 

the result of the use of pooled data.  Data collected from various fields under 

variable environmental conditions as shown by Wang and Ferro (1998) can r

in a change in the type of observed functional response.  Their results 

demonstrated that changes in temperature, under controlled conditions can alte

the functional response of T. ostriniae.  They found that an ambient temperature 

of 200C T. ostriniae will produce a Type II functional response and under 27

Type III functional response best represented their data (Wang and Ferro 199

Their data however differed from the data collected here because they measured

the number of O. nubilalis eggs attacked and not the proportion of egg ma

attacked as Hoffmann et al. (2002) and I have done.   

 This may explain why the results presented here are different from those 

of Wang and Ferro (1998) who suggested that T. ostriniae have a Type II 

functional response.  The results presented here are from field collected data 

utilizing natural O. nubilalis egg masses and probably represent a more

approach to determining the functional response of T. ostriniae when compared 

to the methods of Wang and Ferro (1998) that used 90 – 540 O. nubilalis eg

densities in their field experiments.  This could have affected the type of 

functional response since their lowest host density may have exceeded the 
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densities (Reay-Jones et al. 2006).  Two parasitoid genera have been repo

with a type I function

rted 

al response, Trichogramma egg parasitoids (Faria et al. 

000, Mills and Lacan 2004) and Eretmocerus whitefly parasitoids (Hoddle et al. 

t al. 1999) and suggests that a Type I functional response is not 

ted here 

f egg 

 

 

 

f the 

 

es, the number of egg masses parasitized 

 

2

1998, Jones e

atypical for T. ostriniae and is supported by my cage-study data presen

that showed the functional response of T. ostriniae as ratio independent o

mass density (Fig. 5.3). 

 Data from the caged experiments using variable leaf area and foraging

wasps suggested that leaf area on the small scale had no effect on 

Trichogramma foraging (Table 5.2).  Burbutis and Koepke (1981) observed that a 

leaf area increase of 2,500 cm2 above the average 5000 cm2 leaf area for bell

pepper plants would significantly decrease parasitization by T. nubilale Ertle &

Davis (Trichogrammatidae: Hymenoptera).  This suggests that the scale o

cage experiments performed here was not sufficient enough to capture any effect

of leaf area on parasitization by the foraging wasps to locate and utilize egg 

masses.  However, parasitization of O. nubilalis egg masses did increase with 

increasing numbers of foraging wasps (Table 5.2).  As the number of foraging 

female wasps increases within patch

increases and the frequency of non-parasitized egg masses decreases which 

results in increased searching behavior by the parasitoid resulting in greater

parasitization of O. nubilalis  egg masses (Mills and Lacan 2004).   

 The functional response is a fundamental element of host-parasitoid 

interactions and contributes to a more precise use of species and/or strains of 
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Trichogramma for effective control in a crop setting.  However, a strategy for fi

releases of T. ostriniae needs to be determined if O. nubilalis is to be effectively 

controlled in bell pepper.  Using data presented here and empirical data I wil

suggest a simple model to estimate numbers of Trichogramma ostriniae 

necessary to achieve 80% control of O. nubilalis in the field.  Using the data fr

the laboratory studies (Fig. 5.3), I have estimated that 16.6 ≈ 17.0 foraging T. 

ostriniae females are needed per pant.  This estimate is slightly greater

proposed by Burburtis and Koepke (1981) that suggested that 12 female T. 

nubilale are necessary to achieve 80% parasitization on individual mature bell 

pepper plants.  I propose the model below as a way of estimating numbers of T. 

ostriniae necessary to achieve 80% parasitization of O. nubilalis in the field. 

 

 

eld 

l 

om 

 than that 

 plants 

 

Mt = Proportion mortality – adults perish after 2. 9 days under an average daily thermal 

among Trichogramma release sites (McDougall and Mills 1997).  Mortality of 

# T. ostriniae/plant = 40,000 – (40,000 x Ep) – (40,000 x Rd) - 

(40,000 x Mt) - (40,000 x Sr)/300

accumulation of 250D  (Mills 2003) 

Ep = Proportion emergence of parasitoids = 0.74 (Barlow unpublished data) 

Rd = Rate of disappearance - -0.52 ± 0.03/day (Andow and Prokrym 1991) 

Sr = Sex ratio of emerging adult Trichogramma - 0.44 - 0.60 (Oliveira et al. 2003) 

 

 It has proven difficult to estimate the survivorship of Trichogramma in the 

field since adult Trichogramma mortality is temperature dependent and will vary 
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adult Trichogramma in all cases has been inferred indirectly from the duration of

parasitization of sentinel egg masses (Bourchier and Smith 1996).  However, 

solving the equation without incorporating temperature dependent mortality 

results in 51.0 T. ostriniae foraging females/plant after the first day, decreasing 

24.6/plant by the second day and finally to 11.8 T. ostriniae/plant by day three 

after release.  At the end of the 3

 

to 

ft the release site.  Continuing control of O. nubilalis at 

 of 

 O. 

y 

 

rd day all of the Trichogramma are assumed to 

have either perished or le

this point will rely on additional releases and/or recycling of Trichogramma 

populations from parasitized egg masses in the field.  The estimates

Trichogramma necessary to achieve 80% parasitization of O. nubilalis egg 

masses proposed by Burburtis and Koepke (1981) and the results presented 

here both fall into the middle of the calculated range (51.0 – 11.8).  Our 

estimations may be more accurate since use of the model may result in an 

overestimation of adult survivorship due to unknown variables. 

 This study demonstrated that the functional response of T. ostriniae to

nubilalis egg masses in bell pepper varies.  A release density of approximately 

17 T. ostriniae per plant should provide 80 % effective parasitization of O. 

nubilalis eggs.  Nonetheless, continuing work on the functional response of T. 

ostriniae may provide a better estimate of the numbers of T. ostriniae necessar

for effective control. 
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Table 5.1.  Growth parameters of “Paladin’ bell of a growing se n on t irginia stern 

shore in 2004. 

 

peppers over the course aso he V n ea

 

Sample D A  

t

Plant g m S L es ± SEM f a id cays fter

Plan ing 

Plants (n)  Hei ht (c ) ± EM # eav   Lea es ( m2) Are - 2 s ± SEM 

1 0  5.  3  10 2 06 ± 0.49 83.3 ± 5.33 2640.92 ± 185.64 

2 8  5.  4612.27 ± 300.81 3  10 3 27 ± 0.92 89.9 ± 5.25 

3 4  9.  4113.04 ± 243.81 4  10 3 25 ± 0.94 94.5 ± 7.75 

4 2  1.  6878.73 ± 370.02 5  10 4 03 ± 1.26 96.8 ± 8.19 

5 9  4.  9795.08 ± 587.77 5  10 4 73 ± 0.80 100.4 ± 8.73 

6 6  3 5 6762.06 ± 431.94 7  10 57.4 ± 1.06 102.  ± 8. 1 

7 2  108.6 6 7300.23 ± 374.66 8  10 59.3 ± 1.12  ± 8. 0 
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. 5.2.  Relation ween the numbers of Ostrinia nubilalis egg masses 

nsity) and the n attacked (A) and proportion egg masses parasitized (B) 

 after inundative releases in bell pepper field plots.
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Table 5.2.  Effect of increasing T. ostriniae density on parasitization of O. 

nubilalis 

 

egg masses in caged experiments. 

 

 

 

 

 

 

 

 

 

 
 

 
Data were analyzed using analysis of va entized range test 

perform llowed by the same 

letter are not significantly different (

 egg 

riance by Tukey’s stud

ed on arcsine transformed data.   Means within a column fo

α > 0.05). 

Numbers of 
T. ostriniae 

released 
into cage 

n 
replications

Mean parasitization 
of O. nubilalis

masses ± SEM 

4 8 36.46 ±  11.50ab 

8 11 14.55 ± 4.72a 

16 12 44.58 ± 11.57b 
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Research Summary 

 The overall objective of this research w
 

as to evaluate the effectiveness of 

richogramma ostriniae (Peng & Chen) (Hymenoptera: Trichogrammatidae) to 

ontrol Ostrinia nubilalis Hübner (Lepidoptera : Crambidae) in bell pepper.  

iological control alternatives are imperative with increasing regulation and 

striction and/o ective chemical inse  been 

aditionally used to tect bell pep r against

In chapter one I was able to determine that four to five separate inundative 

leases of ≈ 30,000 to 50,000 T. ostriniae can be used effectively to control O. 

ubilalis in bell pepper.  Parasitization of O. nubilalis egg masses averaged 

8.7% in T. ostrinia ease plots, ch was s r than non-

lease plots with 1.9%.  Cumulative green pepper fruit damage was also 

ignificantly reduced from 27.3% in non-release plots compared to an average of 

.7% in release plots.  This is less than what is experienced in sweet corn with 

an average of 61.0% parasitization and a high of 97.0%, but does indicate that T. 

ostriniae can successfully locate and parasitize O. nubilalis egg masses and that 

searching is not limited by the differing architecture of the bell pepper plant 

compared to sweet corn plants. 

 Effectiveness of the biological control agent T.  ostriniae in combination 

with conventional (acephate rotated with esfenvalerate) and certified “organic” 

(spinosad) insecticides to control O. nubilalis was tested in chapter two.  Use of 

inundative releases of T. ostriniae used alone produced significantly less fruit 

damage (47.8% and 34.6%) compared with control plots (89.1% and 52.4%) 

T

c

B

re r loss of eff cticides that have

 O. nubilalis.   tr pro pe

 

re

n

e rel4  whi ignificantly highe

re

s

8
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which is similar to results in chapter one.  Inundative releases of T. ostriniae used 

alone were demonstrated to give equal or greater control of O. nubila nd a 

125.4 mg[AI]/L, respectively.  Methoxyfenozide was not found to be harmful and 

resulted in no mortality in both the preimaginal and adult toxicity tests.  However, 

field experiments showed that the use of spinosad does not significantly reduce 

the effectiveness of T. ostriniae to locate and parasitize Ostrinia nub  Hübner 

eggs.  The differences between laboratory and field data suggests that spinosad 

is undergoing photodegredation which resulted in reduced toxicity in the field 

allowing T. ostriniae to persist. Use of augmentative releases of T. o ia

integrated with methoxyfenozide with its limited toxicity to both preim a d 

adult stages indicate that it is a superior candidate for control O. nubilalis. 

lis a

ilalis

strin e 

agin l an

corresponding reduction of pepper fruit damage when compared with organic 

and conventional spray plots.  This suggests that use of T. ostriniae is an 

effective alternative to chemical control of O. nubilalis in the pepper cropping 

system.  This information is extremely useful when you consider situations where 

reductions and/or eliminations of chemical applications are desired. 

 Experiments were performed in chapter three evaluating the compatibility 

of selected pesticides with T. ostriniae.  This was done so that a “best fit” 

integrated pest management program with T. ostriniae could be developed.  The 

pesticides tested were spinosad and methoxyfenozide.  Spinosad adversely 

affected adult T. ostriniae producing 100% mortality in the lab using the field rate 

of 498 mg [AI]/L for both the preimaginal and adult toxicity tests.  Spinosad LC50 

and LC99 values for adult T. ostriniae were calculated to be 1.16 mg [AI]/L and 
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 In corn plants the majo asses are laid within the 

 

f O. 

opy.  

 92% for 

of the leaf.  Unlike 

rmly 

in 

to 

 

ity as 

roximate a Type I functional response.  

 

s 

rity of O. nubilalis egg m

ear zone and searching Trichogramma restrict their foraging to these zones.  In 

chapter four I sought to determine the behavioral differences of T. ostriniae and

its response to O. nubilalis in green bell peppers by classifying likely areas o

nubilalis oviposition within the architecturally different green pepper plant can

I found that O. nubilalis had a significant ovipositional preference of over

the lower surface of the leaf compared with the upper surface 

corn, no significant differences were found in the observed spatial distribution of 

egg masses among the three vertical strata.  This suggests that restricted 

foraging on the part of Trichogramma would not be affective at locating unifo

distributed egg masses in the pepper plant canopy.  This could help to expla

the decreased parasitization of O. nubilalis in bell pepper when compared 

parasitization found in sweet corn (see above). 

 Determination of the functional response is useful in selecting parasitoids

for biological control.  In chapter five I showed that the attack rate of T. ostriniae 

significantly increased as the density of O. nubilalis egg masses/100 plants 

increased.  This along with an increase in the amount of egg masses mortal

egg mass density increased app

However, mortality and egg mass density was only explained by an R2 of 0.34 

and suggests that other factors were influencing egg mass mortality.  I conclude

that T. ostriniae is able to maintain a consistent level of O. nubilalis egg mass 

mortality over varying levels of density.  Additional laboratory cage experiment

showed that leaf area did not contribute significantly to the number of egg 
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masses parasitized by foraging female T. ostriniae wasps which indicates that 

leaf area is not a limiting factor of attack rate by T. ostriniae.  As the number of 

foraging female wasps is increased, a corresponding increase in parasitization

O. nubilalis egg masses is also increased.  As a result I was able to estima

17.0 foraging T. ostriniae females/ plant were needed to attain an 80.0% 

parasitization rate.  This allowed me to estimate release numbers of T. ostriniae 

in the field which ranged from 51.0 - 11.8 T. ostriniae foraging female

 of 

te that 

s/plant-day.  

d 

% 

My estimate of 17.0 foraging T. ostriniae females/ plant fall in the middle of this 

estimate.  This suggests that of ~30,000 to 50,000 T. ostriniae can be use

effectively to control O. nubilalis in bell pepper since this maintains the minimum 

requirement of 17.0 foraging T. ostriniae females/ plant needed to attain 80.0

parasitization.
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