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Synthetic sex pheromones released in a loblolly pine, Pinus tuedu L. (Pinaceae),
seed orchard interfered with the ability of male coneworm moths, Dioryctria Zeller
spp. (Lepidoptera: Pyralidae), to locate traps baited with sex pheromones or live fe-
males. Pherocon lC@ traps baited with synthetic pheromones or live conspecific fe-
males were hung near the center of two 1.2-ha  circular plots during emergence of
Diotyctria  amatella (Hulst), Dioryctria disclusa (Heinrich), and Dioryctria merkeli
(Mutuura and Munroe). In a paired design, trap catches for the mating-disruption
treatment with synthetic pheromone dispensers consisting of three polyvinyl chlo-
ride rods placed in every tree were compared with the control treatment. Treatments
were alternated at intervals of 2-3 d. Trap catches of D. amatella were reduced by
91% when plots were treated with 2.5 g/ha of Z-l 1-hexadencenyl acetate. Catches
were reduced by 99.5% for D. disclusa and by 97% for D. merkeli when plots were
treated with 12.5 g/ha of Z-9-tetradecenyl acetate, whereas catches of D. amatella
were unaffected by this mating-disruption treatment. Daily disappearance of Z-9-
tetradecenyl acetate from the dispensers averaged 0.46 g/ha or less. Manually plac-
ing dispensers on nylon lines in the tops of trees was an effective method for releas-
ing synthetic Dioryctria pheromones in the orchard. These data suggest it may be
feasible to prevent mating of Dioryctria spp. in pine seed orchards by using syn-
thetic pheromones for mating disruption, but large-scale tests will be required to
demonstrate cone protection.
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RCsumC
La liberation de pheromones sexuelles synthetiques dans une plantation a semence
de pins taeda, Pinus tueda L. (Pinaceae), entrave la capacite des males de Dioryc-
tria Zeller spp. (Lepidoptera : Pyralidae) de localiser des pieges garnis de pheromo-
nes sexuelles ou de femelles vivantes. Des pieges Pherocon lC@ garnis de
pheromones synthetiques ou de femelles vivantes conspecifiques ont CtC suspendus
prbs du centre de deux enceintes circulaires de 1,2  ha pendant l’emergence  de Dio-
ryctria amatella (Hulst), Dioryctria disclusa (Heinrich) et Dioryctria merkeli
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(Mutuura et  Munroe).  Dans un montage pair,  des pieges  concus  pour perturber les
accouplements ont  CtC  munis d’appareils  dispensateurs de pheromone synthetique
constitues  de trois batonnets de chlorure de polyvinyl et  places dans chaque arbre
pour fins  de comparaison  avec  les  temoins.  Les traitements ont CtC administres  en
alternance a intervalles de 2-3 jours. Les captures de amatellu  ont Cte  reduites  de
91% apres administrat ion de 2,5  g/ha d’acetate de Z-1 1-hexadecenyle.  Les captures
de D. disclusa  ont  CtC  reduites  de 99,5%  et celles  de D. merkeli  de 97% apres traite-
ment a 2,5  g/ha  d’acetate de Z-9-decenyle,  enfin  les captures de D. amatella sont
demeurees  inchangees  apres le trai tement perturbateur des accouplements.  La dimi-
nution d’acetate de Z-9-decenyle  dans les dispensateurs Btait en moyenne de
0,46  g/ha par jour ou moins. L’installation manuelle de dispensateurs le long de fils
de nylon a la time  des arbres s’est avCrCe  une m&ode  efficace  de diffusion des
pheromones synthetiques  de Dioryctria  spp.  dans la  plantat ion.  Ces resultats  indi-
quent qu’i l  est  possible de perturber la reproduction de Dioryctria spp. dans les
plantat ions  de pins  a semence en uti l isant  des pheromones synthetiques  capables
d’empecher  les accouplements, mais  il faudra  proceder  a des tests sur une grande
Cchelle pour demontrer  que ce traitement protege les c&es.

[Traduit  par la Redaction]

Introduction

Coneworms in the genus Dioryctria  (Lepidoptera: Pyralidae) damage and kill
cones of many conifer species throughout North America (Hedlin et  al. 1980). Four
sympatric species of Dioryctria infest the cones of loblolly pine, Pinus  tuedu  L. (Pina-
ceae), in the southern United States: Diolyctria  umutellu  (Hulst), Dioryctriu cluriorulis
(Walker), Dioryctriu disclusu  Heinrich, and Dioryctriu merkeli Mutuura and Munroe
(Ebel et al.  1980). Coneworm infestations threaten the production of genetically im-
proved seed in southern pine seed orchards.

Males of three species of Dioryctria found in loblolly pine seed orchards are at-
tracted to .Z-9-tetradecenyl  acetate (Z-9-14:Ac) (Hanula et al.  1984~); it is the only at-
tractive compound identified from female D. disclusu  (Meyer et al.  1982) and the major
component of the sex pheromone of D. clurioralis  (Meyer et al.  1984). The sex
pheromone produced by D. merkeli has not been identified, but this species is also at-
tracted to Z-9-14:Ac (Cameron 1981; Hanula et al.  1984~; Meyer et al.  1984). The ma-
jor component of the D. umutellu  pheromone is Z- 1 1-hexadecenyl acetate (Z-l l-16:Ac)
(Meyer et al.  1986). Only about 5 ng of pheromone or less is present in a female moth
(Meyer et al.  1986), but male Dioryctriu spp. respond to very small amounts of sex
pheromones (Meyer et al.  1982, 1984, 1986; Grant et al.  1987).

Synthetic pheromones are used to detect and monitor Dioryctriu populations in
pine seed orchards across the southern United States (DeBarr  et al. 1982; Weatherby et
al. 1985). For survey purposes traps are baited with 100 pg of Z-9-14:Ac for
D. disclusu,  D. clariorulis,  and D. merkeli and 100 pg  of Z-l l-16:Ac for D. amutellu
(Weatherby et al.  1985).

Pheromone-mediated mating disruption reduces damage in pine plantations
caused by the ponderosa pine tip moth, Rhyucioniu  zozana (Lepidoptera: Tortricidae)
Kearfott (Niwa et al.  1988), and the western pine shoot borer, Eucosmu sonomunu
(Lepidoptera: Tortricidae) Kearfott (Overhulser et al.  1980; Sartwell et al.  1980).
Dioryctriu  spp. are good candidates for suppression by mating disruption because this
control method is most effective for forest insect pests that cause extensive damage at
relatively low population levels (Daterman et al.  1980). This could be an attractive al-
ternative to chemical insecticides that now are repeatedly applied in seed orchards. Seed
orchards are ideal sites for insect control with pheromones or other semiochemicals
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because they are usually less than 40 ha in size and the high value of their genetically
improved seed crop makes the economics favorable.

Our objective was to determine if a high density of synthetic pheromone dispensers
would affect the chemical communication behavior of male D. amatella, D. clarioralis,
D. disc&a, and D. merkeli moths in a loblolly pine seed orchard. Treatments were de-
signed to demonstrate the potential of mating disruption as a technique for protecting
cone crops from attacks by these Dioryctria spp.

8
Materials and Methods

Three mating-disruption field tests were conducted in the Briarpatch loblolly pine
* seed orchard (33”48’N, 83”16W),  Putnam County, Georgia, United States. There were

about 86 trees/ha, and two 1.2-ha circular plots were used for each test. The trees were
15 years old and 10.7-13.7 m tall for the test with D. amatella, and 20 years old and
13.7-17 m tall for the tests with D. disclusa and D. merkeli, respectively.

Pheromone Deployment. Synthetic pheromone containing less than 2% impurities was
incorporated into polyvinyl chloride (PVC) rods at about 5% active ingredient by
weight, as described by Daterman (1974). Z-l l-16:Ac (Albany International Corpora-
tion, Needham,  Massachusetts) was used for D. amatella, and Z-9-14:Ac (AgriSense
Inc., Fresno, California) for D. disclusa and D. merkeli. Each pheromone dispenser con-
sisted of a piece of fiberglass screen folded and stapled to form a 2.5 x 7 cm envelope
containing three 5-cm-long pieces of 3-mm-diameter PVC rod. Two dispensers were
manually deployed per tree in all tests as follows. Two l-cm wire eyes, spaced about
0.5 m apart, were twisted onto a primary branch located within 2 m of the top of each
tree within the plots. A large loop of nylon cord was threaded through the eyes and tied
off on the bole of each tree at 1.5 m above the ground. During mating-disruption peri-
ods, two dispensers were attached to small loops in the nylon cord with safety pins and
raised so they were located in the upper and midcrown  positions. During control periods
the dispensers were detached from the lines, removed from the plot, and stored in a
freezer.

Assessment of Mating Disruption. Male moth response was measured using male
catches in Pherocon lC@  (Zoecon Corp., Palo Alto, California) traps baited with syn-
thetic pheromones or live conspecific female moths (D. amatella test only) and placed
in the upper crowns of 10 trees in each test plot as described by DeBarr  et al. 1982.
Traps baited with synthetic pheromone are as attractive as those baited with feral
D. amatella (Meyer et al. 1986), D. clartoralis  (Meyer et al. 1984), or D. disculsa fe-

” males (Meyer et al. 1982). Although not identified from the females, Z-9-14:Ac is a
strong attractant (Cameron 1981; Hanula et al. 1984a) and most likely the major com-
ponent of the D. merkeli pheromone, We assumed that a significant reduction in male
moth catch during mating-disruption periods indicated that normal pheromone commu-

b nication between males and females had been disrupted. Mean numbers of moths
caught per trapping period (weighted for number of days in the D. amatella test) were
ranked and treatment means were compared using the Wilcoxon T distribution approxi-
mation for the rank-sum test in SAS NPARlWAY (SAS Institute Inc. 1990).

Dioryctria amatella. Using the paired design of Hendricks et al. (1982),  we applied the
mating-disruption treatment to both plots and continued to alternate it with the control
at 2- to 3-d intervals from 10 September to 29 October 1984. A rate of 2.5 g/ha of Z-l l-
16:Ac was used during mating-disruption periods. Plot 1 had 110 trees and plot 2, lo-
cated about 0.2 km to the east, had 106 trees.
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Six traps were baited with red rubber septa (Thomas Scientific Co., Philadelphia,
Pennsylvania) impregnated with 300 pg of Z-l l-16:Ac (Meyer et al. 1984). Four addi-
tional traps were baited with female D. amatella moths from a laboratory colony (Fedde
1982) and we assumed that these females were competitive with feral females. Two vir-
gin females held in separate compartments of a small cylindrical wire cage were sus-
pended in the center of each trap. Females were replaced at death or at 7-d intervals,
whichever came first. A synthetic pheromone baited trap was hung at the center of the
plot and traps with septa or females were alternated in a circular pattern around it.
Female-baited traps were located about 26 m from the center of each plot, whereas
those baited with synthetic pheromone were about 20 m from the center.

*-

I

Dioryctria disclusa. Methods and procedures were the same as those for the
D. amatella test, with the following exceptions. Plot 1 had 107 trees, and plot 2, about ?

0.4 km to the north of plot 1, had 103 trees. We randomly assigned the mating-
disruption treatment to one plot and the control to the other plot, then repeated this pro-
cedure at 2-d intervals from 24 May to 12 June 1989. A rate of 12.5 g/ha of Z-9-14:Ac
was used during mating-disruption periods.

Traps were baited with red rubber septa loaded with 100 pg of Z-9-14:Ac (Meyer
et  al. 1982) and hung in the upper crowns of the 10 trees nearest to the center of each
test plot. Distances from the plot center to the traps varied from 7 to 20 m. Release of
synthetic pheromone over the trapping period in this test was estimated by comparing
the amount of Z-9-14:Ac in 10 PVC rods held in the laboratory at -30°C with the
amount found in PVC rods from 10 dispensers that were randomly selected from those
used in the orchard. A piece weighing about 150 mg was cut from the center of each
PVC rod and extracted in 3 mL of hexane for 24 h. The quantity of pheromone was
then determined by injecting measured hexane fractions into a Hewlett Packard 5880A
gas chromatograph  (GC) (Hewlett Packard, McMinneville, Oregon) equipped with a
flame ionization detector. Analyses were made on a 30 m x 0.25 mm i.d. (internal di-
ameter) capillary column (DB-1, J&W Scientific Co., Folsom, California) with Z-6
heneicosen-1 l-one as an internal standard.

Dioryctria merkeli. This test was conducted from 21 August to 21 October 1989. Plots
and procedures were the same as those for the D. disclusa test, but new dispensers, trap
bottoms, and rubber septa impregnated with 100 pg of Z-9-14:Ac were used (Hanula et
al. 1984a; Meyer et al. 1984). On 27 September 1989, new trap bottoms and red rubber
septa impregnated with 100 pg of Z-ll-16:Ac (Meyer et al. 1986) were installed to de-
termine if the Z-9-14:Ac dispensers affected the mate-locating ability of D. amatella
males.

Results

Dioryctria amatella. Trap catches of D. amatella were low during the test with Z-ll-
16:Ac (Fig. 1A).  Twenty-eight males were caught in traps baited with laboratory-reared
females and 20 were caught in traps baited with synthetic pheromone, but only four
were caught during mating-disruption periods. Catch of D. amatella males was reduced
by 91% during the mating-disruption periods and was lower than the catch during con-
trol periods (P > ITI = 0.0002).

Dioryctria disclusa. Trap catch of D. disclusa was reduced by 99.5% during the
mating-disruption periods with Z-9-14:Ac. Male catch totaled 1507 in the control periods
compared with 8 during the mating-disruption periods (Fig. 1B)  (P > ( TI  = 0.0006). GC
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FIGURE 1. Numbers of male Dioryctriu  spp. moths caught in Pberocon lC@  traps baited with synthetic
pheromone or live females during mating disruption (Z-9-14:AC or Z-11-16:AC released) or control
(no pheromone released) in a Pinus  tuedu seed orchard, Putnam County, Georgia. Note the difference
in scale of the y axes.

analyses of the PVC rods containing Z-9-14:Ac revealed that 74% of the pheromone
disappeared from the dispensers. Assuming no loss to degradation and 100% recovery,
the daily release rate was 0.458 g/ha, with a total release of 9.16 g/ha during the 20-d
exposure period.

Dioryctria merkeli. Of a total of 60 D. merkeli males trapped from 21 August to
27 September (Fig. lC),  all but two were caught during control periods. Trap catches
differed between the mating-disruption and control periods (P > 1 TI  = 0.0031). Catches
of D. amatella  males totaled 60 from 27 September to 21 October (Fig. lD),  but did not
differ between mating-disruption and control periods (P > 1 TI  = 0.9756). Hanula et al.
(1984~)  found that the addition of Z-9-14:Ac to traps baited with Z-l l-16:Ac reduced
the catch of D. amatella by about 50%.

Discussion

Two dispensers placed in the upper tree crowns in our mating-disruption treat-
ments significantly reduced the ability of male moths to locate pheromone or female-
baited traps in a loblolly pine seed orchard at rates of 2.5 g/ha of Z-l l-16:Ac for
D. umutellu  and 12.5 g/ha  of Z-9-14:Ac for D. disclusa and D. merkeli. The response of
D. clurioruilis  males could not be evaluated because too few male moths were trapped.

Preemptive, area-wide pest management tactics, such as mating disruption, re-
quire relatively large plot sizes to be effective, thereby limiting opportunities for spatial
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or temporal replication (Schneider 1989). Our 1.2-ha orchard plots were too small to
prevent encroachment by mated gravid female moths from surrounding untreated areas
which can reduce or negate the effectiveness of a mating-disruption strategy. We used
small plots for these tests because they are useful first steps in assessing mating disrup-
tion before undertaking large field trials (Roelofs and Novak 1981). Opportunities for
testing the efficacy of mating disruption for coneworm control in seed orchards have
been limited, but now that advanced generations of loblolly pine orchards produce most
of the seed crops, older orchards may be available for mating-disruption tests. The po-
tential success of mating disruption is greater in seed orchards which are relatively iso-
lated, limiting immigration by gravid females.

Aerial applications of pheromone dispensers have been highly successful for con-
trolling forest insects infesting large areas of pine plantations (Overhulser et al. 1980),
but in pine seed orchards manual distribution of pheromone dispensers would also be
practical, Permanent release points could be established throughout an orchard and
pheromone dispensers could be raised on cords to the tops of trees during emergence
periods for Dioryctria spp. or other species of cone and seed insect pests. Previous re-
search has shown that traps must be located in the tops of orchard trees to be effective
(DeBarr and Berisford 1981; Hanula et al. 1984b; Grant et al. 1987). If dispensers for
mating disruption of Dioryctria spp. must also be in the tops of the trees, manual de-
ployment may be a better method for permeating seed orchards with semiochemicals
than aerial applications, which are likely to distribute much of the pheromone in the
lower crowns or on the ground.

These tests are the first to suggest that mating disruption to control Dioryctriu
may be feasible in pine seed orchards. The inability of male moths to locate synthetic
baits or females in traps in an orchard with a high density of synthetic pheromone dis-
pensers is an indirect measure of mating success, but the measured effect is a prerequi-
site to successful control of Dioryctriu by mating disruption. Our positive results
suggest that it is worthwhile to pursue mating disruption as a pest management alterna-
tive to insecticides in seed orchards.

Acknowledgments

B Arnold and R Smith (Mead Coated Board, Inc.) provided study sites in the
Briarpatch seed orchard. We thank M Cody and C Crowe for field assistance and R
Souter for providing statistical analyses. We also thank RS Cameron, S Katovich, L
Sower, and two anonymous reviewers for many valuable comments on an earlier draft
of this manuscript.

References

Cameron RS. 1981. Toward insect pest management in southern pine seed orchards with emphasis on the bi-
ology of Tetyru  bipuctuta (Hemiptera: Pentatomidae) and the pheromone of Dioryctria clariorulis
(Lepidoptera: Pyralidae). Texas Forest Service Publication 126

Daterman  GE. 1974. Synthetic sex pheromone for detection survey of European pine shoot moth. US De-
partment of Agriculture Forest Service Research Paper PNW-180

Daterman  GE, Sartwell C, Sower LL. 1980. Prospects for controlling forest Lepidoptera with controlled re-
lease pheromone formulations. pp. 213-26 in RW Baker (Ed.), Controlled release of bioactive materi-
als. New York: Academic Press

DeBarr GL, Berisford CW. 1981. Attraction of webbing coneworm  males to female sex pheromone. Environ-
mental Entomology 10: 119-21

DeBarr  GL, Barber LR, Berisford CW, Weatherby JC. 1982. Pheromone traps detect webbing coneworms in
loblolly pine seed orchards. Southern Journal of Applied Forestry 6: 122-7

Ebel BH, Flavell TH, Drake LE, Yates HO III, DeBarr GL. 1980. Seed and cone insects of southern pines.
US Department of Agriculture Forest Service General Technical Report SE-8

t

/ 1, I



Volume 132 THE CANADIAN ENTOMOLOGIST 3 5 1

Fedde V. 1982. Rearing the southern pine coneworm, Dioryctria amatella (Hulst), on artificial diet. Journal
of the Georgia Entomological Society 17: 23740

Grant GG, Prevost YH, Slessor KN, King GGS, West RJ. 1987. Identification of the sex pheromone of the
spruce coneworm, Dioryctria reniculelloides (Lepidoptera: Pyralidae). Environmental Entomology 16:
905-9

Hanula JL, Berisford CW, DeBarr GL. 1984a. Pheromone cross-attraction and inhibition among four
coneworms, Dioryctria spp. (Lepidoptera: Pyralidae), in a loblolly pine seed orchard. Environmental
Entomology 13: 1298-1301

‘r
.

Hanula JL, DeBarr GL, Harris WM, Berisford CW. 19846. Factors affecting catches of male coneworms,
Dioryctria spp. (Lepidoptera: Pyralidae), in pheromone traps in southern pine seed orchards. Journal of
Economic Entomology 77: 1449-53

Hedlin AF, Yates HO III, Tovar DC, Ebel BH, Koerber TW, Merkel EP. 1980. Cone and seed insects of
North American conifers. Canadian Forest Service, US Department of Agriculture Forest Service, and
Secretar’ia de Agricultura  y Recursos, Hidra’ulicos, Mexico.

a Hendricks DE, Perez CT, Guerra RJ. 1982. Disruption of Heliothis spp. mating with chemical sex attractant
components. Environmental Entomology 11: 859-66

Meyer WL, DeBarr GL, Berisford CW, Barber LR, Roelofs WL. 1982. Identification of the sex pheromone
of the webbing coneworm  moth, Dioryctria disclusa. Environmental Entomology 11: 986-8

Meyer WL, Cameron RS, Tamhankar A, DeBarr GL, Berisford CW, Roelofs WL. 1984. Sex pheromone of
the blister coneworm  moth, Dioryctria clarioralis (Lepidoptera: Pyralidae). Environmental Entomology
13: 854-8

Meyer WL, DeBarr GL, Hanula JL, Kovalev B, Cameron RS, Berisford CW, Roelofs WL. 1986. Z-11
hexadecenyl acetate, a sex pheromone for the southern pine coneworm, Dioryctria amatella
(Lepidoptera: Pyralidae). Environmental Entomology 15: 316-20

Niwa CG, Daterman  GE, Sartwell C, Sower LL. 1988. Control of Rhyacionia ZoZanna (Lepidoptera:
Tortricidae) by mating disruption with synthetic sex pheromone. Environmental Entomology 17: 593-5

Overhulser DL, Daterman  GE, Sower LL, Sartwell C, Koerber TW. 1980. Mating disruption with synthetic
sex attractants controls damage by Eucosma sonomana (Lepidoptera: Tortricidae) in Pinus  ponderosa
plantations. II. Aerially applied hollow fiber formulation. The Canadian Entomologist 112: 163-5

Roelofs WL, Novak MA. 1981. Small-plot disorientation tests for screening potential mating disruptants.
pp. 229-42 in ER Mitchell (Ed.), Management of insect pests with semiochemicals. New York: Plenum

Sartwell C, Daterman  GE, Sower LL, Overhulser DL, Koerber TW. 1980. Mating disruption with synthetic
sex attractants controls damage by Eucosma sonomana (Lepidoptera: Tortricidae: Olethreutinae) in
Pinus  ponderosa plantations. I. Manually applied polyvinyl chloride formulations. The Canadian Ento-
mologist 112: 159-62

SAS Institute Inc. 1990. SAS/STAT@ user’s guide, version 6. 4th ed. Cary: SAS Institute Inc.
Schneider JC. 1989. Role of movement in evaluation of area-wide insect pest management tactics. Environ-

mental Entomology 18: 868-74
Weatherby JC, DeBarr GL, Barber LR. 1985. Monitoring coneworms with pheromone traps: a valuable pest

detection procedure for use in southern pine seed orchards. pp. 208-20 in Proceedings of the 18th
Southern Forest Tree Improvement Conference, Long Beach, Mississippi.

(Date received: 11 November 1999; date accepted: 29 February 2000)


