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ABSTRACT 13 

BACKGROUND: Oregon produces 99% of the hazelnuts grown in the United 14 

States. The key pest threatening commercial hazelnut orchards in Oregon is 15 

Cydia latiferreana (Tortricidae), filbertworm moth (FBW). Currently, most growers 16 

control FBW with one to two applications of esfenvalerate (Asana XL), a broad-17 

spectrum pyrethroid. Pheromone mating disruption is an alternative or 18 

accompaniment to pesticides that are used to control related lepidopteran pests. 19 

Trials were conducted during 2009 and 2010 in two commercial orchards in the 20 
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Willamette Valley of Oregon using a synthetic sex pheromone. Dispensers 1 

containing components of FBW sex pheromone were placed at two densities 2 

(high, low, and untreated control) during 2009 and low density and control during 3 

2010. Traps containing septa of the compound at two strengths (1x and 10x) 4 

were placed in each test plot.  5 

RESULTS: Greater mean FBW per trap counts were recorded in control plots 6 

than in the treatment plots in one orchard in 2009. Greater numbers of FBW were 7 

captured in control plots versus treatment plots in all replications. Nuts examined 8 

for infestation of FBW were below the industry rejection threshold of 1%. 9 

Percent-trap-shutdown rates ranged from 58.2% to 81.7% 10 

CONCLUSION: Observed trends in FBW trap counts using mating disruption 11 

management method warrant further research. 12 

1 INTRODUCTION 13 

The Willamette Valley of Oregon is the major hazelnut-growing region of the 14 

United States, producing 99% of hazelnuts domestically.1 There are three 15 

species of native hazelnuts in the United States, including Corylus cornuta and C. 16 

californica in the western U.S.,2 cultivated hazelnuts (C. avellana L.) have been 17 

produced commercially in the state for over 100 years, with an increasing 18 

acreage of 30,000 in 2008,3 and an annual crop value of $75.5 million.4 19 

 The key insect pest threatening hazelnut production in the United States is 20 

filbertworm, Cydia latiferreana (Walsingham) (Lepidoptera: Tortricidae).5 21 

Filbertworm is native to the Willamette Valley, utilizing acorns in oaks ( as an 22 
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alternate host to the native and cultivated hazelnut species.2 The adult moths 1 

emerge from June to October, as hazelnuts develop in the orchards.2 Males are 2 

attracted to the females by a sex pheromone released by the female when she 3 

reaches sexual maturity.6 After mating, the female deposits her eggs on the 4 

adaxial sides of leaves within 15 cm of the developing hazelnut clusters.2 Upon 5 

hatching, the larvae find their way to the developing nut cluster and penetrate the 6 

nut through the soft area where the shell attaches to the husk.2 The larvae then 7 

consume the nut meat, constituting the damaging stage for the crop. Larval 8 

development is complete within 4-6 weeks, at which point it will bore through the 9 

shell of the nut,2 leaving a hole that can serve as an indication of damaged nuts 10 

and pest infestation. Mature larvae construct hibernacula on the orchard floor 11 

from detritus and silk. Here, they pupate while overwintering on or just below the 12 

ground surface.7  13 

 Filbertworm can cause serious damage if left unmanaged, infesting 25-14 

50% of the nuts in an orchard.7 Currently, the primary pest management program 15 

relies mainly on the use of pesticides. Of the 17 products registered, the most 16 

widely used compound currently is esfenvalerate (Asana XL, DuPont, Wilmington, 17 

Delaware, U.S.A.), a broad-spectrum synthetic pyrethroid, which offers 24 days 18 

of protection after each application.8 The only known potential biological control 19 

agents for filbertworm are entomopathogenic nematodes.7 Current integrated 20 

pest management (IPM) strategies involve monitoring for pest activity using 21 

synthetic sex pheromone lures placed in traps before adult moth emergence in 22 

June.8 Monitoring with sex pheromone has been successful in helping to reduce 23 
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pesticide sprays by increasing the accuracy of timing for applications.9 Once a 1 

threshold of 2-3 moths/trap or 5 moths per any one trap is reached,8 pesticide 2 

applications follow. Applications are repeated if needed, indicated by continued 3 

high moth counts in pheromone traps. Nearly entire suppression of the pest is 4 

desired. If infestation is >1%, the crop will be rejected or growers must pay 5 

additional handling charges.9 6 

 In 1984, Davis and colleagues identified the main components of female 7 

filbertworm sex pheromone: (E,E)- and (E,Z)-8,10-Dodecadien-1-ol acetates.9 8 

These compounds were immediately tested as attractants to be used for pest 9 

monitoring in orchards.6,11 Based on the success of sex pheromone-mediated 10 

mating disruption to manage codling moth Cydia pomonella (L.) (Lepidoptera: 11 

Tortricidae),10 and other related orchard pests, it was hypothesized that similar 12 

management methods could be applied to filbertworm. However, initial mating 13 

disruption tests conducted in 1996 on filbertworm were inconclusive.11  14 

The estimated cost to control filbertworm was over $2 million in 2006.7,12 15 

Growers desired new management methods are desired to reduce the 16 

dependence on chemical applications per season or offer an extended period of 17 

crop protection (Walton et al., in prep). The reduction of pesticides is necessary 18 

to reduce the non-target effects that pesticides potentially have on the parasitoid 19 

wasp Trioxys pallidus (Haliday) (Hymenoptera: Aphidiidae) introduced to control 20 

aphid pests in hazelnuts.7, 8 In addition to a reduction in pesticide use, sex 21 

pheromone-mediated mating disruption could potentially reduce application and 22 
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labor costs, as the dispensers are designed to last throughout a growing season, 1 

and use requires no specialized training or equipment. 2 

In this study, we investigated the use of using sex pheromone-mediated 3 

mating disruption to manage filbertworm infestations.  4 

2 EXPERIMENTAL METHODS 5 

2.1 Orchard sites  6 

Trials were carried out in two commercial hazelnut orchards near Monmouth 7 

(Orchard 1) and near Amity (Orchard 2), Yamhill Co., Oregon.  Orchard 1 8 

consisted of hazelnut cultivar ‘Barcelona’ trees, and Orchard 2 of ‘Barcelona’ and 9 

‘Casina’ trees. Trees in both orchards were approximately 30 years old and 10 

planted at 6 m x 6 m (20 x 20 ft.) spacing with 121 trees/ha. Both orchards had a 11 

history of filbertworm infestation, with Orchard 1 historically displaying higher 12 

filbertworm activity compared to Orchard 2. At each site, two trial plots and one 13 

control plot were established. Each plot was approximately 3.035 hectares in size 14 

(35 x 26 trees) in Orchard 1, and 3.24 hectares (31 x 31 trees) in Orchard 2. 15 

2.2 Pheromone dispenser placement 16 

Two types of dispensers with filbertworm pheromone were tested: twin tubes and 17 

ring (or meso) dispensers. Ring dispensers contain 5 times the quantity of 18 

pheromone compared to that of twin tubes. All dispensers were provided by 19 

Pacific Biocontrol Corporation (Litchfield Park, Arizona, U.S.A.) and 20 

manufactured by Shin-Etsu Chemical Company Co. Ltd. (Tokyo, Japan). 21 
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Pheromone dispensers were placed over hazelnut branches in the upper one-1 

third of the tree canopy using an extendable pole with a hook attached. In all 2 

mating disruption plots (two per orchard), twin tube dispensers were placed in 3 

each tree of the border row as well as every second tree alternating in the 4 

second and third row from the plot border (Figure 1). The meso dispensers were 5 

evenly distributed throughout the remaining inner plot area. In 2009, the meso 6 

dispensers were placed in two different densities: low (approximately 8/hectare= 7 

LD) high (approximately 16/hectare = HD). The dispensers were placed in 8 

Orchard 1 on 11-12 May 2009, and in Orchard 2 on 14 May 2009. In 2010, the 9 

trial was repeated using only the low density. The dispensers were placed in both 10 

orchards on 22 April 2010. No pheromone dispensers were placed in the control 11 

plots in either year. In both orchards, the control plots were situated West 12 

(upwind) from the mating disruption plots, and the HD plots east (downwind) from 13 

the control and LD plots in order to avoid potential interference caused by drifting 14 

pheromone plumes. Wind direction was determined using available 15 

meteorological data.  16 

2.3 Pheromone release and longevity 17 

To determine the release rate and longevity under field conditions, meso and 18 

twin-tube dispensers were hung on a hazelnut tree in a non-treatment area of 19 

Orchard 2 downwind from the mating disruption plots. On 21 April 2010, 40 20 

dispensers of each type were hung approximately 2.0 m from the ground for easy 21 

retrieval during the season. Five dispensers of each type were collected when 22 

the dispensers were deployed and thereafter every four weeks, wrapped in 23 
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aluminum foil and plastic freezer bags, and stored at -20° C until shipment on 29 1 

October 2010. Chemical residue analysis of the dispensers was performed by 2 

Shin-Etsu Chem. using gas chromatography in January 2011. 3 

2.4 Flight Monitoring   4 

Filbertworm male flight activity was monitored using white “Pherocon VI” delta 5 

traps lined with sticky-cards (3314-30, Trécé, Adair, OK, U.S.A). Within each trap, 6 

1x (Trécé 3203-25) and 10x pheromone septa, 1cm semi-permeable rubber 7 

cylinders impregnated with active ingredient, were placed. These contained 8 

0.64mg and 6.4mg of active ingredient per lure, respectively. In each mating 9 

disruption and control plot, five 1x traps were placed, 1 trap at each corner 10 

(within the first 2 rows) and 1 trap in the center of each plot. Four 10x traps were 11 

placed in trees in each plot 6-9 rows in from the border (Figure 1). The 12 

pheromone traps were set up in Orchard 1 on 8-9 June 2009 and 3 June 2010, 13 

and in Orchard 2 on 3 June 2009 and 2010. All pheromone traps were inspected 14 

for filbertworm weekly from 16 June until 8 September 2009, twice a week from 15 

2-22 July, and on 22 September 2009. In 2010, traps were inspected weekly 16 

from 10 June to 3 October. 17 

In addition to the pheromone traps, two delta traps baited with unmated adult 18 

females were hung in each plot starting on 2 July 2009 in Orchard 1 and on 7 19 

July 2009 in Orchard 2. Female-baited traps consisted of 50.8 cm PVC pipe with 20 

1 mm mesh gauze on either side in order to contain the females, and fitted inside 21 

orange “Pherocon VI” traps lined with sticky cards (Trécé 3315-14). Filbertworm 22 
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females used in our trials were obtained from filbertworm-infested hazelnuts 1 

collected at the USDA National Clonal Germplasm Repository (NCGR) in 2 

Corvallis (Benton Co.), Oregon in October 2008. The larvae were sexed and 3 

overwintered in the laboratory at 2° ± 1°C and dark from October 2008 until June 4 

2009. Starting on 19 June 2009, 30-35 female larvae were taken out of diapause 5 

each week and transferred to a growth chamber (model E30BHOC8, Percival 6 

Scientific, Perry, IA) with 30° ± 2°C (16:8 L:D, 60% R.H.). The last group of 7 

female larvae was taken out of diapause on 24 July 2009. These larvae were 8 

inspected daily for adult emergence. Emerged adult females were kept at 20° ± 9 

2°C (16:8 L:D, 60% R.H.) until placed in the field. Depending on availability, 10 

females in the field were replaced once or twice per week.  11 

To determine the overall filbertworm activity at our trial sites, additional traps 12 

were placed throughout the entire orchard outside of the trial plots. In Orchard 1, 13 

three 1x traps were placed in surrounding hazelnut trees outside of the research 14 

plots. In Orchard 2, seven traps were set up in surrounding hazelnut trees 15 

outside of research plots, primarily at edge locations of the orchard. 16 

High filbertworm pressure necessitated an application of esfenvalerate on 9 July 17 

2009, and 15 and 16 July 2009 to the control, and LD and HD of Amity 18 

respectively, to maintain consistency between all plots at Orchard 1. Leverage 19 

2.7 (Imidachloprid, Cyfluthrin, Bayer CropScience, Research Triangle Park, North 20 

Carolina, U.S.A.) was also applied to these areas at a rate of 150.8 mL / hectare). 21 

Esfenvalerate was also applied near the borders of the mating disruption plots of 22 
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Orchard 1 on 8 August 2009, due to increased trap catches in non-research 1 

areas of the orchard.  2 

2.5 Crop Damage 3 

To assess the filbertworm nut damage, 30 nut clusters (100-120 nuts total) per 4 

plot were randomly sampled at a bi-weekly interval from 7 July until 1 September 5 

2009 and from 24 June to 30 Sept 2010. These nuts were examined for signs of 6 

filbertworm damage in the form of feeding tracks and entrance holes. Directly 7 

preceding harvest, On 15 September 2009 and on 6 October 2010, 400 nuts 8 

were collected from the ground of each plot. Of these nuts, 200 were randomly 9 

collected in the border rows, up to 4 rows into trial plots and another 200 from the 10 

center areas, which were approximately 45 meters long and wide each. These 11 

nuts were opened and examined for signs of filbertworm infestation, such as 12 

larvae, exit holes, or frass. During 2010, the nut collection was repeated in the 13 

same areas between the first and second harvest, on 20 October.  14 

2.6 Efficacy of Pheromone Traps 15 

The efficacy of virgin-female traps and 1x- and 10x-pheromone traps to attract 16 

filbertworm males was tested in the unsprayed hazelnut trees of the NCGR. 17 

Traps with newly emerged (1-2 days old) adult females and new 1x- and 10x-18 

pheromone lures were placed approximately 25 m apart, 5 replicates each (15 19 

traps total).  All traps were placed on 5 August 2009 and checked on 7 and 10 20 

August 2009. All females were replaced on 7 August 2009.  21 

2.7 Statistical Analysis 22 
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Data were analyzed using one-way analysis of variance (ANOVA; Statsoft 2005) 1 

for variation in mean trap counts, combining data for all treatment and all control 2 

plots. Reduction in moth populations (percentage trap shutdown) was calculated 3 

as [1-(no. moths captured per week in treatment/no. moths captured per week in 4 

control) x 100] 13,14. The values calculated were averaged in order to compare 5 

efficacy of treatment plots versus control plots over the course of a growing 6 

season. Weeks in which no trap catches were recorded in any plots were not 7 

included in percent-trap-shutdown calculations (i.e. all zero counts).   8 

3 RESULTS 9 

3.1 Pheromone dispenser analysis 10 

For both dispenser types, the quantity of pheromone decreased linearly from the 11 

date of placement until final removal (Figure 2).  Greater than 30% of the 12 

compound loaded still remained on 28 October 2010, 27 weeks after placement). 13 
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3.2 Efficacy of Pheromone Traps 1 

In traps placed at the USDA repository from 5-10 August 2009, traps baited with 2 

unmated female filbertworm captured 29 filbertworm moths, with a mean of 2.9 3 

moths per trap for the trapping period.. Traps containing 1x pheromone lures 4 

captured, 27 filbertworm moths, with a mean of 2.7 moths per trap. Traps 5 

containing 10x pheromone lures captured 17 filbertworm moths with a mean of 6 

1.7 moths per trap. One way ANOVA showed that there were no significant 7 

differences between traps baited with females or either lure type (p=0.504, 8 

F2,27=0.20)  9 

3.3 Flight Monitoring 10 

Differences in trap counts between the 1x and 10x lure strengths were not 11 

significant at p=0.05 for each experimental replication (ANOVA), and these data 12 

were therefore combined for statistical analysis. There were greater total 13 

filbertworm trap counts in the control plots in each experimental replication (Table 14 

1). However, this difference was only significant in the control plot versus the 15 

combined treatment plots in Orchard 1 during 2009 (Table 1).  16 

The treatment plot traps of Orchard 1 in 2010 collectively captured a total of 27 17 

moths. The recommended action threshold of five moths per any one trap was 18 

exceeded in the high-density plot of Orchard 1 on 19 August 2010 8, resulting in 19 

an application of esfenvalerate in the treatment and control plots of Orchard 1 on 20 

20 August  2010 by the grower. 21 
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3.4 Crop damage 1 

Of the nuts collected from both treatment and control plots, the percentages of 2 

infestation were consistently below the industry threshold of 1% (Table 2). The 3 

number of infested nuts did not differ significantly between the HD, LD, and 4 

control plot in both orchards in 2009.  No differences in damage were found 5 

between LD and control plots at both sites in 2010. This plot was sprayed with 6 

esfenvalerate on 12 August 2010 after filbertworm monitoring trap thresholds 7 

levels were reached. No signs of damage or infestation were detected from the 8 

young nut clusters collected during the experiment.   9 

4 DISCUSSION 10 

4.1 Analysis of dispensers  11 

Greater than 30% of the loaded pheromone remained at the end of the season. 12 

The amount of pheromone currently loaded into the dispensers is sufficient to 13 

sustain consistent levels of pheromone release during a typical growing season.  14 

4.2 Flight monitoring  15 

Only Orchard 1 during 2009 had significantly greater mean filbertworm trap 16 

counts (Table 1). However, we observed that the numeric total number of moths 17 

captured was greater in the control plots versus the individual treatment plots in 18 

each of the experimental replications (Table 1). Filbertworm counts from 19 

surrounding traps were not included in the statistical analysis because of their 20 
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location outside of experimental plots. These plots were not treated with insect 1 

pheromone dispensers, and had relatively high filbertworm trap catches (Table 1).  2 

The pesticide sprays applied to Orchard 1 in 2009 and 2010 may have 3 

negatively affected the trap counts. It is also important to note that, while 4 

filbertworm were found in more than one of the traps in the treatment plots, the 5 

trap that captured the most moths during 2010 in Orchard 1 (12 moths in total for 6 

the season) was the single closest trap in proximity to the untreated control plot. 7 

This trap was also close in proximity to a plot unmonitored in our study. This area 8 

contained the first traps to produce the initial filbertworm catches reported by the 9 

grower. Future studies should consider increasing the distance to control plots to 10 

reduce these potential edge effects, which are common in pheromone mating 11 

disruption trials.15 Mating disruption treatments did not reduce the number of 12 

pesticide applications in Orchard 1 compared to previous years; esfenvalerate 13 

was applied to high-risk areas of Orchard 1 from 2006 to 2008.  14 

Trap shutdown rates should be at a minimum above 95% to indicate successful 15 

mating disruption.16 Our percent-trap-shutdown rates were not as high as 16 

required for any of the experimental replications in our trials. The low weekly trap 17 

counts may have overly-influenced the percent rates (i.e., a single moth in a 18 

treatment trap versus no moths in control in one week equaled 0% trap shutdown, 19 

or 100% if the trap counts were reversed). In Orchard 2 during 2010, there were 20 

just four weeks when any trap catches were recorded.  21 

4.3 Tethered female traps 22 
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Results from the trials at the USDA repository suggest that the current 1 

formulation of pheromone being dispensed is as or more effective at attracting 2 

male moths as pheromone produced by female filbertworm. Results from the 3 

trials within the orchards suggest that the current formulation in the dispensers is 4 

sufficient to prevent male moths from detecting female moths in the field. 5 

However, the absence of any moths captured at all in the orchard trials (Table 1) 6 

of either season could potentially be a false positive. Future trials should ideally 7 

include a greater number of tethered female traps in orchard trials.  8 

4.4 Crop damage assessment  9 

The number of infested nuts in Orchard 1 during 2010 was greatest of all plots, 10 

(Table 2) and could have potentially been greater had pesticide sprays not been 11 

applied, resulting in crop and economic losses for the grower. Crop damage 12 

assessment is a necessary measure of efficacy of mating disruption techniques 13 

as a pest management strategy.15, 17 14 

5 CONCLUSIONS 15 

Consistently higher total trap counts in control plots indicate that male filbertworm 16 

moth behavior may be altered by pheromone inundation and prevent successful 17 

mating. However, more research is needed to determine pheromone release 18 

rates, dispenser type and placement, and the influence of various population 19 

pressures using this technique. As mentioned above, larger and more isolated 20 

test plots are desireable to reduce potential edge effects in these studies. 21 

Hazelnut managers must compare the cost effectiveness of utilizing synthetic sex 22 
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pheromones as a management strategy to the current methods of pesticide 1 

application to determine feasibility and acceptance. Pheromone mating disruption 2 

also has the potential to be a supplement to pesticides to reduce the number of 3 

applications per season.  4 

 5 
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 1 

 2 

FIGURES AND TABLES  3 

	  4 

Fig.1: Example mating disruption dispenser and trap layout. 1=twin-tube dispenser 5= meso-ring 5 
dispenser. X = 1x lure baited trap. T = 10x lure baited trap.  6 
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	  1 

Fig. 2: Percent of remaining active ingredient from twin-tube and ring dispensers of FBW 2 
pheromone placed in the field (Orchard 2 site) from 22 April to 28 October 2010 (analysis by 3 
Shin-Etsu Chem. and Pacific Biocontrol, Inc., 2011). 4 

	  5 

	  6 

	  7 

	  8 

	  9 

	  10 

	  11 

	  12 

	  13 

	  14 
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Table 1:Total captured FBW, mean FBW per trap and percent-trap-shutdown for mating 1 
disruption trials in Willamette Valley hazelnut orchards during 2009 and 2010. 2 

	  3 

Orch. 2009 No. Traps Total FBW 
Mean FBW/trap/week 

(±SEM) 
% Trap 
shutdown 

1 Control 9 25 0.19±0.04a 

 

 

LD 9 3 0.02±0.01b 81.67 

 

HD 9 5 0.04±0.02b 65.28 

 

Combined 18 8 0.03±0.01b 71.05 

 Surrounding 3 48   

      

2 Control 9 5 0.04±0.02a  

 

LD 9 1 0.01±0.01a 75.00 

 

HD 9 4 0.03±0.02a 33.33 

 

Combined 18 5 0.02±0.01a 51.85 

 Surrounding 7 6   

  

 

2010 No. Traps Total FBW 

Mean FBW/trap/week 

(±SEM) 

% Trap 

shutdown 

1 Control 9 25 0.17±0.05a 

 

 

LD1 9 10 0.08±0.03a 68.75 

 

LD2 9 18 0.78±0.66a 58.33 

 

Combined 18 28 0.43±0.33a 63.54 

 Surrounding 3 32   

      

2 Control  9 4 0.03±0.02a 

 

 

LD1 9 1 0.01±0.01a 75.00 

 

LD2 9 1 0.01±0.01a 66.67 

 

Combined 18 2 0.01±0.00a 71.43 

 Surrounding 7 3   

 

Mean Values combine values in traps for each season. Combined FBW catches are 
summed; Percent-trap-shutdown was recalculated (not an average). Difference in letters 
following values of mean FBW/trap indicate significant difference (p < 0.05), as calculated 
using one-way ANOVA). 

 4 

	  5 
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 1 

Table 2: Hazelnut crop damage assessment of nuts collected due to filbertworm 3 
infestation in Willamette Valley orchards during 2009 and 2010.  4 

 

Site Plot 
No. nuts 

examined 
No. infested 

nuts % Infestation 
2009 Orchard 1 Control 455 0 0.0 

  LD 444 1 0.2 

  HD 421 0 0.0 

 Orchard 2 Control 438 0 0.0 

  LD 457 1 0.2 

  HD 450 1 0.2 

2010 Orchard 1 Control 821 0 0.0 

  LD 1  809 1 0.1 

  LD 2 846 3 0.4 

 Orchard 2 Control 807 0 0.0 

  LD 1 814 0 0.0 

  LD 2 816 0 0.0 
 During 2010, Orchard 1 received an application of esfenvalerate on 12 August after FBW trap 
catches exceeded threshold.  
 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 
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Appedix  2 

Appendix Table 1: One-way ANOVA tables for mean filbertworm trap count per week 3 
data for mating disruption trials in Willamette Valley hazelnut orchards during 2009 and 4 
2010.  5 

Orchard	   plot FBW FBW FBW FBW n F  p value 
2009	    Mean Std.Err. -Std.Err +Std.Err   

	   	  1	   Control 0.185185 0.043589 0.141597 0.228774 135 (2,	  404)=9.9893	  	   0.000600 

	  
LD 0.022222 0.012734 0.009488 0.034956 135 

	   	  
	  

HD 0.037037 0.019409 0.017628 0.056446 135 
	   	  

	   	   	   	   	   	   	   	   	  2	   Control 0.039683 0.020781 0.018902 0.060463 126 (2,	  375)=1.1054,	  	   0.332140 

	  
LD 0.007937 0.007937 0.000000 0.015873 126 

	   	  
	  

HD 0.031746 0.015681 0.016065 0.047427 126 
	   	  2010	  

	   	   	   	   	   	   	   	  1	   Control 0.165563 0.051836 0.113726 0.217399 151 (2,	  454)-‐0.97985	   0.376160 

	  
LD 0.078431 0.030092 0.048339 0.108523 153 

	   	  
	  

HD 0.777778 0.662281 0.115497 1.440058 153 
	   	  

	   	   	   	   	   	   	   	   	  2	   Control 0.026144 0.015922 0.010222 0.042066 153 (2,	  456)=1.1343	   0.322540 

	  
LD 0.006536 0.006536 0.000000 0.013072 153 

	   	  
	  

HD 0.006536 0.006536 0.000000 0.013072 153 
	   	   6 


