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ABSTRACT. Seed produced in blister
rust-resistant western white pine (Pinus
monticola Douglas) seed orchards is in
high demand. The fir coneworm, Dioryc-
tria abietivorella (Groté), and the lodge-
pole pine coneworm, Eucosma recissor-
iana (Heinrich), cause considerable
damage to seed crops in the Moscow Arbo-
retum seed orchard. Single (May or June)
and repeated (May and June) applications
of 0.025% fenvalerate, and repeated appli-
cations (May and June) of 0.0125% fen-
valerate, a synthetic botanical insecticide,
were evaluated in 1986 for protection of
cone crops. Results in 1986 confirm results
in 1984 (Haverty et al. 1986): an applica-
tion of 0.025% fenvalerate in May and
June significantly reduces insect damage,
regardless of the relative abundance of
cones or insects. The decision to use a
single or repeated application depends on
demand for seed, projected seed crop and
insect populations, and socioeconomic
costs of the treatment.
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Western white pine is valued for its
clear-boled form, soft, white, easily-
processed lumber and rapid growth.
The effect and history of the white
pine blister rust, caused by the fungus
Cronartium ribicola Fisher, on western
white pine, and attempts by federal
and state agencies to combat the
spread of blister rust, are well known
(Haig et al. 1941). Because of western
white pine’s economic importance,
forest managers in the northern
Rockies have made its reestablishment
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a priority management objective,
partly through a breeding program for
blister rust-resistance and the estab-
lishment of seed orchards in Sand-
point, Coeur D’Alene, and Moscow,
Idaho (Bingham 1983). The high cost
of seed-orchard seeds, however,
makes it necessary to protect seed
crops from insect pests.

The effect of such pests on seed pro-
duction varies from year to year, de-
pending on the size of the cone crop
and insect populations during current
and previous years (Shea 1986, Shea et
al. 1987). The perceived importance of
insects in cone and seed destruction
also varies from person to person. For
example, a forest geneticist might
claim that ““good crops of western
white pine cones are so frequent that
the loss of a crop or two is not se-
rious’’ (Hoff and Coffen 1982),
whereas foresters who must plant dis-
ease-resistant western white pines
wish to maximize seed production. To
them, any seed loss may be viewed as
intolerable.

Insecticides for protecting western
white pine cone crops from the pine
cone beetle, Conophthorus ponderosae
Hopkins, were evaluated in the labo-
ratory (Haverty and Wood 1981) and
in a production seed orchard in Sand-
point, ID (Shea’et al. 1984, Haverty
and Shea 1986). The field study dem-
onstrated that single or repeated ap-
plications of permethrin, a synthetic
botanical insecticide, at concentrations
of 0.03, 0.06, or 0.12%, significantly
reduced loss of cones to cone beetles.
In another field experiment (Haverty
et al. 1986, Haverty and Shea 1986),
we demonstrated that western white
pine cones could be protected from
the fir coneworm with single or re-
peated applications of 0.025% fenval-
erate, another synthetic botanical in-
secticide. This later study did not de-
termine whether a single application
at a different time or repeated applica-
tions at a reduced concentration could
also provide adequate protection.

Here we report the results of an ad-
ditional experiment to evaluate single
(May or June) and repeated applica-
tions (May and June) of 0.025% fenval-
erate and repeated applications (May
and June) of 0.0125% fenvalerate for
protection of cones and seeds of
blister rust-resistant western white
pine from insect damage. Our objec-
tive was to protect the seed crop from
the three major pests, the fir cone-
worm, the lodgepole cone moth and
the western conifer seed bug (Lepto-
glossus occidentalis Heidemann), that
attack cones at different times during
the second year of cone development.

METHODS AND MATERIALS

The Moscow Arboretum is a pro-
duction seed orchard located on the
western edge of the University of
Idaho campus adjacent to the Idaho-
Washington state boundary line. It is
rectangular, covers about 4.9 ha, and
has over 1000 blister rust-resistant
western white pine trees of cone-
bearing age.

The exact phenology of the at-
tacking insects is not yet fully under-
stood. From previous studies (Ha-
verty et al. 1986, Shea 1986) we know
that lodgepole cone moth adults
began to appear in pheromone traps
and light traps in the first week of
May in 1984. To assure an effective in-
secticide residue when all pests first
appeared, we selected May 19 as the
time of the first application and de-
layed the second application until
June 19. This is a modification of the
schedule suggested by Nord et al.
(1984) for coneworms and seed bugs
in pine seed orchards in the South,
and verified in our previous study
(Haverty et al. 1986). The first applica-
tion in May should have coincided
with the beginning of oviposition of
the lodgepole cone moth, and a
second application in June should
have coincided with the oviposition of
the fir coneworm and the first appear-
ance of the western conifer seed bug
(Shea 1986, Shea et al. 1987).

The experiment was conducted
using a completely randomized de-
sign. Five treatments were compared:
an untreated check, a single, early ap-
plication of 0.025% a.i. fenvalerate
(May 19, 1986), a single late applica-
tion of 0.025% a.i. fenvalerate (June
19, 1986), a repeated application of
0.025% a.i. fenvalerate (once in May
and once in June), and a repeated ap-
plication of 0.0125% a.i. fenvalerate
(once in May and once in June). Fen-
valerate (Pydrin® Insecticide 2.4 EC)
was diluted in water to a concentra-
tion of 0.0125 or 0.025% (a.i. W/W)
and applied to near the point of runoff
with a trailer-mounted hydraulic
sprayer (tank capacity 1,900 1), set at
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ca. 30-40 kg/cm?, using a hand-oper-
ated gun. Insecticide was applied im-
mediately after mixing. Trees were
sprayed when the wind was minimal
to avoid contamination of adjacent
trees. Between applications equip-
ment was cleaned and rinsed with de-
tergent (Nutra Sol®).

All of the trees in the seed orchard
were examined, and only trees with
an initial cone crop of =20 second-
year cones were used. We only se-
lected trees sufficiently far apart (our
goal was at least one intervening tree)
to avoid contamination of one treat-
ment with another. After the popula-
tion of acceptable trees was deter-
mined, each of the insecticide treat-
ments was randomly assigned to 15
trees. Occasionally we eliminated ran-
domly selected trees if they were too
tall to be effectively treated or too
close to adjacent trees to avoid con-
tamination of another treatment. The
treatment was then assigned to the
next randomly selected tree. Based on
the data from Haverty et al. (1986), 15
trees would allow us to detect a differ-
ence of 16.9 seed/cone (25% differ-
ence) between a treatment mean and
the mean of the untreated check with
90% power at a = 0.05.

When the cones were ready for har-
vest they were collected from each
tree, collected from the ground under
each tree, counted and kept in sepa-
rate buriap bags. Totally damaged
cones were counted then discarded.
All but the totally damaged cones
were air dried and extracted at the
Forest Service Nursery in Coeur
D’Alene, ID. Uncleaned seed lots
from each tree were kept in separate,
plastic bags and mailed to Berkeley,
CA. All seeds were carefully sepa-
rated from debris. Eight groups of 100
seeds from each tree were weighed
and placed in envelopes. (If a tree had
less than 800 seeds, all seeds were
counted.) The remainder of the seed
was weighed, and the total number of
seeds/cone estimated based on the

mean weight of the 800 seeds from the
damaged and undamaged cones for
that tree. The 8 envelopes with 100
seeds per envelope were taped to a
sheet of paper (20 x 25 cm) and radio-
graphed to determine the percentage
of seed that was either filled with an
apparently viable embryo and endo-
sperm, empty, damaged by L. occiden-
talis, or damaged by some unknown
cause.

The response variables were
number of cones harvested/tree,
number of damaged cones/tree, pro-
portion of cones infested {transformed
to arc sine of the square root of the
proportion), number of seed/cone,
and number of filled seed/cone. Dif-
ferences among treatments were eval-
uated by analysis of variance. Dun-
nett’s test (Steel and Torrie 1960) was
used to determine significant differ-
ences between means for each insecti-
cide treatment and the mean of the
untreated check to maintain an experi-
ment-wise @ = 0.05 (Jones 1984). Per-
centages of filled, empty, or damaged
seeds are also presented for each year.

RESULTS AND DISCUSSION

From the results of our insecticide
experiments (Haverty et al. 1986) and
our impact studies (Shea 1986, Shea et
al. 1987) we feel that both the lodge-
pole cone moth and the fir coneworm
are significant pests of blister rust-
resistant western white pine in the
Moscow Arboretum and are respon-
sible for nearly all of the seed losses.
We have yet to determine a significant
impact in seed losses attributable to
the western conifer seed bug in
second-year cones.

The results of our first experiment
in 1984 were dramatic and have been
previously published (Haverty et al.
1986). We concluded that single,
double, or triple applications of
0.025% fenvalerate significantly in-
creased seed yield compared to the
untreated check. The double treat-
ment provided additional cone and

i

seed protection over the single treat-
ment, but the difference was not sta-
tistically significant. We felt the addi-
tional application in July was unneces-
sary. These results did not, however,
allow us to determine whether a
single application in mid-June would
provide the same level of protection as
a single application in mid-May or if a
reduced concentration would provide
the same level of protection. These
questions, which would reduce the
amount of insecticide applied in the
seed orchard, were addressed in this
experiment on the 1986 cone crop.

We observed no statistical differ-
ences among treatments in the
number of cones per tree (Table 1).
The number of cones per tree varied
from 22 to 693. The mean number of
infested cones per tree was 14.1 on the
untreated check. Only the 0.025%
June and the 0.025% May and June
treatments resulted in a statistically
lower number of infested cones per
tree, 6.2 and 3.3, respectively. Eigh-
teen percent of the cones on untreated
trees were infested. All treatments
had a smaller proportion of infested
cones than the untreated check but
only the 0.025% May and June treat-
ment provided a statistically signifi-
cant reduction in the proportion of in-
fested cones.

Two treatments, May only or May
and June 0.025% fenvalerate, differ
significantly from the untreated check
in the number of seed per cone (Table
1). None of the treatments resulted in
a statistically significant increase in
filled seed per cone, although all treat-
ments had an average of at least 43%
more filled seed per cone than the
average for untreated trees. Per-
centages of filled and empty seed are
not significantly different among
treatments. A statistically greater per-
centage of the seed from the untreated
trees was damaged, but this difference
(<2.4%) does not appear to us to be
practically meaningful. The cause of
this damage is due to feeding by L. oc-

Table 1. Number of cones harvested per tree, percentage of infested cones, and number of seeds per cone for trees

treated with fenvalerate.’

Filled Filled Empty Damaged

Fenvalerate No. Cones/ Infested Infested Seeds/ seed/cone seed seed seed

treatment trees tree cones/tree cones (%) cone (n) (n) (%) (%) (%)
0.025% May 15 86.4 (57.9) 8.4 (8.8) 12.7 (17.4) 88.6 (32.8)* 55.7 (33.0) 61.5 36.8 1.7*
0.025% June 15 74.2 (36.7) 6.2 (4.2)* 11.3 (9.7) 75.6 (23.3) 49.8 (17.8) 67.5 31.8 0.7*
0.025% May

+ June 15 62.6 (23.1) 3.3 (4.2)* 5.5 (6.4)* 83.5 (38.1)* 49.2 (36.3) 60.1 38.7 1.2*
0.0125% May

+ June 15 75.3 (33.1) 8.2 (8.8) 11.7 (13.9) 71.6 (28.7) 53.3 (28.9) 71.3 28.1 0.6*
Untreated

check 15 122.12 (161.1) 14.12 (12.6) 18.02 (16.7) 55.2 (20.9) 34.4 (18.8) 62.2 34.7 3.0

80.4% 843 13.53 29.43 28.23

TMean (£5.D.). Means in a column followed by an asterisk are significantly different from the untreated check [« = 0.05; Dunnett’s procedure (Steel and

Torrie 1960)].

2 Means are skewed because one of the untreated check trees had 693 cones, of which only 6 were infested. If this highly unusual tree were omitted from the
experiment the mean number of cones/tree would be 81.4, the mean number of infested cones would be 14.6, and the mean percent infested cones would
be 19. The statistical inferences, however, would not change.
3 Root mean square error for the response variable in the same column.
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cidentalis, attacks by fungi, and other
unknown causes.

The results of the test conducted in
1986 generally corroborate the results
of the 1984 test (Haverty et al. 1986).
All insecticide treatments resulted in
reduced damage to cones and an in-
crease in filled seed per cone. Thus all
treatments apparently provide suffi-
cient residue at an appropriate time to
protect the seed crop from both of the
dominant pests in this seed orchard,
E. recissoriana and D. abietivorella.
Cone damage and seed losses are re-
duced for all treatments but are not
always significantly (a = 0.05) less
than no treatment at all. The treat-
ment most consistent in reducing seed
losses to a statistically significant level
is the repeated application of 0.025%
fenvalerate in May and June.

The decision to use the consistently
effective, repeated application of
0.025% fenvalerate instead of a single
application or a repeated application
of 0.0125% fenvalerate must be made
with consideration for the demand or
“value”” of the seed, the projected
seed crop and insect populations, and
the socioeconomic costs of the treat-
ment (Shea et al. 1984). Also to be con-
sidered is the confidence the pest
management specialists have in the
treatment and the amount of risk they
are willing to take. Selecting a treat-
ment on statistically significant differ-
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ences with an experiment-wise a =
0.05 might be more stringent than
most pest management specialists or
seed orchard managers require.

The incidence of cone damage was
much reduced in 1986 compared to
1984: 18.0% versus 46.6% of the un-
treated cones. We suspect this is the
result of a significant reduction of the
resident insect populations by re-
peated insecticide applications in 1984
and 1985 over two thirds of the seed
orchard (see Haverty et al. 1986). The
18.0% cone-infestion rate with an ap-
parent 40% reduction in seed yield we
observed in 1986 would probably jus-
tify the cost of at least one application
of fenvalerate. Furthermore, failure to
suppress the lodgepole cone moth
and fir coneworm populations one
year might result in unacceptable
losses in subsequent years (similar to
1984) due to a buildup of the resident
populations in the seed orchard. [
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