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Abstract.--1n 1985, two studies involving western |arch

cone and seed producti on were begun.

The first determ nes the

i nfl uence of spacing on seed cone production of 30- to 32-year-
old larch in western Montana. The second identifies factors
limting western | arch cone production in forest stands of |daho and

Mont ana.

| NTRODUCTI ON

The Intermountain Research Station's
Silviculture Research Wirk Unit located in
Bozeman and M ssoul a, Mont., began four western
larch (Larix occidentaZis) cone and seed studies
during the past 20 years. Two have been
conpl eted, two are underway. A brief review of
results of two conpl eted studi es appear here;
details are available in three publications
cited. The renmi nder of this paper reports
prelimnary results of the two new, ongoing
st udi es.

COVPLETED STUDI ES

From 1964 t hrough 1967, we studied the
reliability of several factors for predicting
western larch seed maturity on five larch grow ng
at 4,000 feet on a north aspect near M ssoul a,
Mont. (Shearer 1977). This study al so determ ned
if the period of cone collection (usually from
| at e August through m d- Septenber) coul d be
extended. Enbryo devel opnent (ratio of enmbryo
length to seed cavity |length) was conplete in
seeds fromthree study trees by early August and
for two others by mi d- August 1964. Specific
gravity (about 0.75) and noi sture content (about
25 percent) accurately predicted when cones woul d
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Nursery Council Meeting. [Vance Tyee Hotel,
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open. Al though both indices decreased with
advancing cone maturity, they did not give a
clear indication of when cones were sufficiently
mature to pick. Color is a poor indicator of
cone maturity because of the wi de range in cone
colors within and anong individual trees as
cones mature. The study showed that cones on an
i ndividual tree open within a week, but cone
openi ng anong the trees varied considerably.
Nearly all sound |arch seed germ nated when cone
col | ecti on began by m d- August and cones were
stored in well-ventilated areas for several weeks

bef ore seed extraction.

A second study began in 1980 at four
locations in western Montana to determ ne the
extent of damage to | arch cones by western spruce
budwor m ( Chori st oneura occi dentalis) and ot her
insects. Shearer (1984) reported 3-year results.
In 1980 and 1982, about two-thirds of the larch
seeds were killed by insects. Cone production
failed in 1981 because few, if any, ovul ate buds
formed in 1980. Second- and third-stage budworm
larvae killed the small, devel oping larch cones
soon after the ovul ate buds opened.
Cccasionally, the budworm | arvae ate seeds while
randomy feeding within the devel oping | arch
cones, as described earlier by Fellin and Shearer
(1968). A woolly aphid and a cone nmaggot caused
heavy | osses of cones and sone | oss of seed
(Shearer 1984). A seed chalcid and a seedbug
also killed a very few seed. Only 19 and 8
percent of the seeds were filled in 1980 and
1982. Enpty and aborted seed nade up 45 and 16
percent of the larch seed in 1980 and 1982.
Larvae fed on filled, hollow and aborted seed
of mature cones, so the actual nunber of each
wer e unknown.



The second study al so determ ned t he nunber
of cones that matured on larch trees within each
of the four study areas from 1980 through 1983
(Shearer 1986). A good cone crop in 1980
accounted for 80 percent of all cones counted
during the 4-year study. In 1980, cones natured
on 85 percent of the larch in the 12- to 14-inch
di ameter class but only 38 percent matured on
trees in the 4- to 6-inch dianeter class. Cone
production al so was influenced by tree size. The
average nunber of cones per tree in 1980
increased 27 tines as the dianeter classes
increased from4 to 6 inches to 12 to 14 inches
In years of fair or poor cone production the
aver age nunber of cones per tree was about 15
tines greater in the 12- to 14-inch dianeter
class than in the 4 to 6-inch dianeter class
More than half of the larch in the 4 to 6-inch
diameter class failed to mature any cones during
the study; only 7 percent of the trees in the 12-
to 14-inch dianeter class failed to mature cones
during the sane period

ONGO NG STUDI ES

In 1985, two additional studies began on
western |larch cone and seed production

Study 1

Young, nmanaged st ands of western larch are
gradual ly replacing the virgin forests that have
domi nated the Northern Rockies. Because of the
i nportance of know ng the cone produci ng
capabilities of young larch, this study, Cone
Production on Immature Larch as Influenced by
Spacing in Wstern Mntana, is designed to
identify the effects of stand density (spacing)
on the frequency and ambunt of seed cone
production. Initial results (spring 1985) are
reported by Shearer and Schmidt (in press) and
summari zed in this paper.

Study 2

Western | arch has produced few mature cones
for many years within nuch of the panhandl e of
I daho and in sone nearby Montana stands, even
when excel |l ent cone crops occurred el sewhere in
west ern Montana. Reasons for the lack of cone
producti on are unknown. This study, Larch Cone
and Seed Potential in Northern |daho and Western
Mont ana- - Magni t ude and Causes of Cone and Seed
Failure, will identify the major factors reducing
| arch cone and seed potential in northern |daho
and in adjacent western Montana. Early results
(1985 through early July 1986) are summari zed
here from a paper by Shearer and Theroux (in

press).

STUDY AREAS AND METHODS

Only brief descriptions of study areas and
types of data collected are presented. | n-depth
descriptions are contained in the study plans
short descriptions are given in the "in press"
publications cited

Study 1

Study 1 was superinposed on |ong-term
research plots designed to evaluate the effects of
spacing on the growh of young western |arch
Four sets of plots were established in western
Mont ana: two at Coram Experinental Forest near
d aci er National Park; one at Cottonwood Lakes
near Seel ey Lake, about 93 miles south of Coram
and one at Pi nkham Creek near Eureka, about 93
m | es northwest of Coram Elevations at the Coram
pl ots averaged 3,820 feet, at Cottonwood 5,300
feet, and at Pinkham 4,870 feet. Site indices at
50 years were about 59 at Coram 52 at
Cot t onwood, and 69 at Pinkham |n 1985, the
average heights and ages of the sanple trees were:

Coram 1 - 46 feet, 32 years
Coram 2 - 43 feet, 32 years
Cottonwood - 30 feet, 30 years
Pi nkham - 43 feet, 30 years

Four densities were selected to study cone
production at all four |ocations. An additiona
two densities were selected at the two Coram
| ocations, resulting in 20 plots used to neasure
cone production. Densities and spaci ngs were

Densities

Trees Average
Locations per acre spacin
(feet

Coram 1 and 2 only
(unthinned plots) ~15,000 n2.0
All locatiomns 1,740 6.5
All locations 680 8.0
All locations 360 11.0
All locations 200 15.0
Coram 1 and 2 only 110 20.0

Cone production is being nonitored on the 10
tallest trees per plot. Binocular counts of cones
in May and | ate August each year are made from
one point for each tree

Study 2

Study 2 identifies (1) frequency and anount
of potential cone production, (2) cone
devel opnent, and (3) factors reducing cones and
seeds. Nine study areas were selected in
nort hern I daho, ranging fromnear New Meadows



In the south to near Bonners Ferry in the north.
Two sites were chosen in western Mntana, one
near St. Regis and the other close to Libby. Al
areas are within larch forests originating after
wildfires earlier this century. At each study
area, 10 opengrow ng domi nant |arch were sel ected
that met three selection criteria: (1) crown
length at least 40 percent of the total tree

hei ght, (2) accessible for clinbing, and (3)

evi dence of prior cone production. Potential cone
production and actual number of nature cones were
determ ned on the five sanple trees that were
judged (from binocular counts) to have the
greatest cone potential. Cone devel opnent and
condition were determned at each visit for cones
marked on two trees of each study area. Factors
reduci ng cone and seed production were identified
at each visit to the study areas by exam ning the
mar ked cones and ot her evidence found in the
trees. Unnarked cones were collected at each visit
and di ssected |later to determnm ne danage to cones
and seeds.

RESULTS

The results shown here are prelininary
because they represent only 1 or 2 years' data
from each 5-year study

Study 1

Al t hough seed cone production in young
western | arch began several years ago, nobst trees
had relatively few if any devel oping cones at the
time of the first neasurenent in May 1985. The
maxi nrum was 65 on a tree in the 15-foot average
spaci ng

Al'l seed cones were produced on ascendi ng
branches or on the 1981 to 1984 term nal |eaders
except, within the 20-foot average spacing plots
at Coram There, half the trees produced cones on

bot h ascendi ng and

hori zontal branches. Mst seed cones at al

| ocations were produced within the upper third of
the cromn. OF the trees with cones, 76 percent
had cones only in the upper third of the crown,
19 percent had cones in the upper two-thirds of
the crowmn, and 5 percent produced cones only in
the central third of the crown.

In 1985, nore trees produced cones at both
of the noderately productive sites at Coram and
at the nore productive site at Pinkhamthan at
the |l ess productive Cottonwood site (table 1).
About 19 percent of all sanple trees produced
cones in 1985, ranging fromO0 and 2.5 percent in
the unthi nned and 6.5-foot spacing plots to 30
and 50 percent in the 15- and 20-foot spacing
plots. These early results show that trees
desi gnated for seed production nmust be open grown
and full crowned to produce | arge nunbers of

cones.

Table 1.--Percent of trees in May 1985 that had
new devel opi ng seed cones by | ocation and
average spacing. Sanple size: 10 trees per
| ocation and spaci ng. Adapted from Shearer

and Schmdt (in press)

Spacing (feet)

Location 20 15 11 8 6.5 Unthinned
Coram 1 40 60 10 10 0 0
Coram 2 60 0 30 30 0 0
Cottonwood !—- 20 10 0 0 l__
Pinkham l.— 40 20 30 10 —

INo plot established.

W der spacing of trees produced nore seed
cones (table 2). No cones were found on any of
the unthinned-plot trees. Only one of the 40
sanple trees in the 6.5-foot spacing produced
cones--it had 18--for an average of 0.4 per

sanpl e tree. The nunber of devel opi ng

Tabl e 2. -- Average nunber and standard deviation (t) of new devel opi ng seed
cones per tree in May 1985 by | ocation and average spaci ng. Sanpl e si ze:
10 trees per location and spacing. Adapted from Shearer and Schmdt (in

press)
Spacing (feet)

Location 20 15 11 8 6.5 Unthinned
Coram 1 6 9 1021 2+ 8 122 0 0
Coram 2 1318 0 6t10 4+8 0 0
Cottonwood | <1t 1 1% 4 0 0 1.
Pinkham - 817 <1t 1 1%2 2+6 1.
Average 210+14 5+14 2+ 6 116 <143 29

INo plot established.
2Coram average only.



seed cones per tree averaged 9.5 in the 20-foot
spacing, 23 times greater than in the 6.5-foot
spaci ng.

Study 2
I n 1985 and 1986, cones potentia

(devel opi ng cones) occurred at all study sites
and on nearly all study trees. There was a broad

range i n cone potential anmong these trees, both
within and anong stands (table 3). The four study
areas with the greatest cone potential in 1985

al so had the best potential in 1986

Buds of larch seed cones open nuch before
those of other conifer species, often when snow
still covers the ground. In 1985 and 1986, seed
cone buds opened in late March to early Apri
within the four study areas between 2,500 and
3,900 feet elevation. The ovul ate buds probably
opened by md-April at the five sites between
4,500 and 4,800 feet elevation, and by late Apri
at the two study areas at 5,000 and 5,800 feet
el evation. Approximate dates for bud opening are
gi ven because snow bl ocks nost of the roads,
preventing early access to the study sites

Cone el ongation quickly followed bud openi ng
and was conplete or nearly conplete by early
July. Cone maturity occurred in August after the
enbryos were fully devel oped within the seeds, as
descri bed previously by Shearer (1977)

Insects and frost killed nearly al
potential cones in 1985 and 1986. Even the few
cones that matured usually contai ned seeds

that were damaged by insects. As a result,

al rost no viable larch seed was di spersed on our
study areas in northern |Idaho in 1985 and even
fewer are expected in 1986.

After the ovul ate buds opened, frost killed
all or nost of the devel oping seed cones at al
but the |ower elevation sites. A though we are
unsure of the threshold tenperature that freezes
and kills young cones, tenperatures as |ow as 25
Fin 1986 did not kill or visibly damage the
young cones at the |low-elevation Twi n study

area. Al other sites, where frost was a
problem had | ower mninum tenperatures (as |ow
as 17 F).

Periodi c cone collections fromareas with
survi ving cones showed that insect damage began
by late April. In 1985, a woolly aphid (probably
a speci es of Addges was found on cones at Meadow,
Standard, and Twin, but not at Twelve Mle or
Beacon. None were found in 1986. In 1985 and in
1986, one or nore cone maggot |arvae (probably a
speci es of Hyemfed within many cones that
survived the frost. An unidentified scal e nidge
was found on many cones in |ate June, 1985

In 1985, frost killed all cones at four
of nine study areas, killed from40 to
71 percent of the cones at three other sites
and caused no | osses at the two | owest el evation
sites (table 4). Al of the cones at Twin were
killed by insects, about
90 percent by woolly aphid, and 10 percent by
cone maggot |arvae. In 1986, no wool |y aphids
wer e observed on the devel opi ng cones. At Meadow
in 1985, 44 and 47 percent of the cones were

killed by woolly aphids and cone maggot s,

Tabl e 3.-- Average nunber of cones per tree estinated soon after bud opening in 1985 and 1986 on 11

study areas.

From Shearer and Theroux (in press)

1985 1986
Study area Cones Sx Range n Cones Sx Range n
(No.) (No.)

Meadow 1,220 354 416-2,288 5 2,879 905 892-6,137 5
Standard 199 70 1- 432 5 24 9 3- 58 5
Twin 656 197 304-1,232 5 56 28 9~ 160 5
Twelve Mile 267 110 42- 563 5 287 168 76- 957 5
Beacon 828 113 471-1,082 5 1,354 400 36-4,039 10
Cairn - 322 122 2- 688 10
Brushy Fork P 284 164 0-1,722 10
Savage 163 143 0- 736 5 111 100 0- 512 5
Ericson 981 351 121-1,937 5 1,527 343 553-2,383 5
Peter 1,270 494  366-2,795 5 1,181 357 178-2,275 5
Brush Mountain 318 180 75-1,029 5 485 228 81-1,316 5

INot established, no data collected.



Table 4.--Percent cone survival and mortality by cause.

Theroux (in press)

From Shearer and

1985 1986
Mortality Mortality
Location Survival Frost Insects Survival Frost Insects

Meadow 12 0 88 0 100 0
Standard 2 40 58 0 1100 0
Twin 0 0 100 2. 0 2
Twelve Mile 10 63 27 0 100 0
Beacon 16 71 13 0 100 0
Other?3 0 100 0 0 100 0

1Two nonplot trees had a few cones that survived the frost.

2Data not complete on July 7, 1986.

35avage, Ericson, Peter, and Brush Mountain in 1985 and 1986; Cairn and

Brushy Fork 1986 only.

the remaining 9 percent by unidentified insects
At the other three | ocations, the cone naggot
caused nost of the insect-caused nortality.

killed all cones on 10 of the 11 sites
al t hough a few cones survived on two
trees at Standard (not on the study plots) (table
4). For the second year no cones were killed by
frost at Twin. No insect data are available at
this tinme

Fr ost
in 1986,

Less than 10 percent of the seed extracted
fromcones collected at four sites in 1985 were
sound (table 5). The average nunber of sound
(potentially viable) seed per tree ranged from
about 32 at Standard to 1,466 per tree at Meadow.
I nsects damaged 26 to 55 percent of the potentia
seed at the four locations. Enpty and abnorma
(often aborted) seeds made up 38 to 65 percent
of the potential seed on these areas.

Tabl e 5. --Estimated nunber of seeds produced per
tree at four study areas in 1985 and the
percent of filled, danaged, and other
nonvi abl e seed. From Shearer and Theroux (in

press)
Estimated

seeds Insect Other
Location per tree Filled damaged nonviable

(No.) - --- = Percent- - - - -
Meadow 20,950 7 55 38
Standard 355 9 26 65
Twelve Mile 3,442 8 46 46
Beacon 13,520 3 35 62

A sanpl e of 100 mature cones fromthe four
study areas in 1985 averaged only 9.4 sound of
104.5 potential seeds (table 6). Insects damaged
or destroyed 43.4 of these seeds, 40.1 were
hol l ow, 9.3 were abnornal, 2.3 had nal fornmed
enbryos. The cone nmaggot nost frequently caused
danage within cones, followed by the woolly aphid
and the scal e m dge. Feedi ng by cone naggot
larvae left spiral tunnels around the axes
condition of the seed (sound, hollow, etc.)
bef ore damage was obscured by this feeding. An
exam nation of only undanaged cones and of cones
damaged only by cone mmggot, by wool ly aphid, or
by scal e midge, gave a better understandi ng of
the i nmpact of each insect on viable seed

The

Tabl e 6.--Analysis of 100 mature western larch
cones from Meadow, Standard, Twelve Mle,
and Beacon study areas. Data shown as
average nunber and range and Sx of seeds per
cone and percent germnation of total and
potentially sound seed. From Shearer and

Theroux (in press)

Condition Average and range Sx
Damaged 43.4 (0-131) 3.8
Empty 40.1 (2-105) 2.4
Abnormal 9.3 (0- 67) 0.9
Malformed embryo 2.3 (0- 22) 0.4
Potentially viable 9.4 (0~ 56) 1.2

Total 104.5 (52-158) 2.1
Germinated seed 7.9 (0~ 56) 1.1

percent of total 7.6

percent of 84,2

potentially viable




Cones wi thout insects had no danaged seeds
(table 7). Cones that were infested only by cone
maggot | arvae, however, averaged 85 (79 percent)
damaged seeds; cones with only wool |y aphids
averaged 33 (33 percent) danaged seeds, and cones
with only scale mdges averaged 17 (17 percent)
damaged seeds (table 7). Undamaged cones had about
14 (16 percent) seeds that were abnornal or the
enbryos were nal formed; those with cone naggots
had 5 (5 percent); those with woolly aphids 11 (11
percent); and those with scale m dges 18 (18
percent). Cones with no insects had 21 (24
percent) potentially viable seed contrasting to 2
(2 percent), 5 (5 percent), and 14 (14 percent)
for cones infested only by cone maggots, only by
wool Iy aphids, and only by scal e m dges
respectively.

SUMVARY

In 1985, the number of seed cones
general ly increased as average spacing increased.
Cone production was so low in 1986 that no
pattern was evident. Unthinned trees had neither
new nor old seed cones in 1985. The |east
productive site produced the fewest seed and
pol I en cones, while the nore productive sites
produced the npbst cones.

Frost caused the greatest reduction in
cone potential by killing all cones within four of
the nine stands examned in 1985 and wi t hi n ni ne
of the 11 stands exam ned in 1986.

Table 7.--Analysis of nature western larch cones by cause of damage

One stand escaped frost-caused cone nortality both
years. A cone nmaggot caused heavy cone nortality at
the five sites least affected by frost in 1985 and
was present in cones collected in 1986. A woolly
aphi d caused sone cone nortality in 1985 but
none in 1986. A cone naggot, a woolly aphid, and
a scale mdge caused seed nortality in mature cones
in 1985. Results from 1986 were not available. In
1985, cones with no insect damage averaged 24
percent sound seed, conpared to 2, 5, and 13
percent sound seed in cones damaged only by a cone
maggot, wool |y aphid, or scale mdge

respectively.

CONTI NUI NG RESEARCH

At least three nore field seasons will be
devoted to docunenting cone production for both
studi es and causes of cone nmortality in study 2.
About 1989, when the fieldwrk on these studies
may termnate, we will begin to deternine the
effects of cultural treatnents on cone
production of western larch. This effort will
interest managers of seed production areas and
seed orchards. In addition, the current studies
will identify other factors we should study in
greater depth

Results fromour studies will help predict
where natural regeneration of larch shoul d succeed
and where artificial means are necessary to ensure

mai ntai ning the species it in forest stands

Data shown as average nunber and

range and standard error of the mean (Sx) of seeds per cone and percent germination of tota
and potentially sound seed. From Shearer and Theroux (in press)

Cause of damage

Undamaged Woolly aphids Cone maggots Scale midges
n=11 n=7 n=26 n=32

Condition Avg. Sx Avg, Sx Avg, Sx Avg. Sx
Damaged 0 (0) 0 33 (3- 99) 14 85 (53-131) 4 17 (0- 99) 4
Empty 52 (22- 78) 5 51 (17- 87) 10 16 (2- 46) 2 53 (17-105) 3
Abnormal 12 (2- 20) 2 9 (5- 16) 2 4 (0-12) 1 14 (2- 67) 2
Malformed embryo 2 (0-11) 1 2 (0- 5) 1 1 (0- 2) T 4 (0- 22) 1
Potentially viable 21 (2- 56) 5 5 (0- 15) 2 2 (0- 11) 1 14  (0- 47) 2

Total 87 (52-112) 7 100 (82-130) 7 108 (68-144) 4 102 (58-158) 4
Germinated seed 20 (2~ 56) 5 5 (0~ 15) 2 2 (0~ 10) 1 13 (0~ 47) 2

percent of total 23 5 2 13

percent of 96 100 85 90

potentially

viable
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