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FOREST TREE IMPROVEMENT PROGRAM FOR THE
NATIONAL FORESTS IN THE LAKE STATES
1/
R. G. Miller and J. D, Murphy

ABSTRACT. --The Eastern Region of the USDA Forest Service
has been conducting a Forest Tree Improvement Program on the
national forests in the Lake States since the early 1960's.

This paper presents a general review of the program, including
objectives, organization, species priorities, and basic steps
and procedures. Also discusses accomplishments and future plans.

A

A tree improvement program for the more than 5.6million acres of
commercial forest land on the eight national forests in the Lake States
was begun in the early 1960's. Objectives for the program are: (1) to
develop an aggressive, practical tree improvement program; (2) to pro-
duce seed for seedling production and/or direct seeding that will yield
fast-growing, high-quality, pest-resistant forest trees; and (3) to
develop and demonstrate cultural methods for producing timber and other
products by applving sound genetic principles.

The program is carried on by a Regional Geneticist, a Zone Geneticist;
in addition each forest has one or more technicians. The Regional
Geneticist develops and coordinates the tree improvement, mursery, and
seed procurement programs. The Zone Geneticist implements and coordinates
the tree improvement program which includes training and supervising a
full-time seed orchard manager, training technicians for each national
forest, and keeping all personnel informed of progress and status of the
tree improvement program. The technicians perform the initial screening
of superior tree selections, do the seed and scion collection work, and
assist in collecting data and maintaining records.

SPECIES

The first step in the program was to establish species priorities and
program intensities. Factors considered included acres of commercial
forest land in the various timber types, genetic variation within the
species, plantability of the species, current research programs, estimated

1/ Regional Geneticist, USDA Forest Service, Eastern Region,
Milwaukee, Wisconsin 53203, and Zone Genticist, Nicolet National Forest,
Rhinelander, Wisconsin 54501,
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KEY:
1-9=Seed Collection Zones
A-D=Breeding Zones

Figure 3.--Seed collection zones and breeding zones.




economic gains, and, to some extent, development programs carried on by

sthers {table 1).

-

Table 1.--Species priority and types of programs

: : Program

Species : : 8CS : : :
{in order of : Priority : and : 1 Seed : : Evaluation

priority) : group : SPA : Selection : orchard : Breeding : plantation
White Pine A X X X X
White Spruce A X X X X X
Aspen A X
Jack Pine A X X X X X
Black Spruce A X X X X X
Red Pine A X X X X X
Yellow Birch A X X X X
Paper Birch B X X
Black Cherry B X X
Sugar Maple B X X
Red Oak C X X
Basswood C X X
Red Maple C X X
Larch C X X

The program has been divided into 16 basic steps.(fig. 1). The
program for each species varies considerably in scope and degree. Time
schedules are used to show the anticipated work for each species and to
coordinate the work that involves several species over a period of years,
The schedule for white spruce (fig. 2) is one of the most involved.

SEED COLLECTION ZONES AND BREEDING ZONES

The second major action in the program was to delineate seed collection
zones for the eight national forests (fig. 3). The zones are based on the
average January temperature and the total number of degree days above 50°F
during the growing season (Rudolf 1956). To simplify the establishment of
the seed orchards, the nine seed collection zones have been combined into
four breeding zones. (fig. 3). These breeding zones are based on the
desired adaptability of the improved materials and may have to be modified
as data become available from evaluation plantations.

SEED COLLECTION

Seed collection stands (SCS) have been located for black spruce and
red pine within each seed collection zone. Timber sales within these
selected stands are coordinated with good seed crops, and cones are



collected from the downed tops. White spruce and red

-

areas (SPA) were established in each seed ;an@.ghgre
naturally. Cones have been collected in the white spruc
good crop years by shooting or cutting the tops out ot ¢
picking the cones off the tops on the ground. The ?r?gg usually produce
four to six new tops and another bumper cone crop within o
Nienstaedt 2/ has included white spruce seed collected ¢
SPA's in his research and found that the SPA seedlings were
taller than the control seedlot at age 4. Small amounts of
harvested in the red pine SPA's, mainly by climbing the trees.
red pine cones in SPA's has been more difficult and expensive
work in white spruce SPA's. The time is rapidly approaching
used on national forest land will origimate from SCS, SPA, or
tree collections.

1
ook
~
ot
-
o
o
£

SELECTION

Individual trees exhibiting fast growth, good form, and pest resistance
are located on each national forest by trained technicians. Comparison
trees are used to guide selection. Although there are inherent weaknesses
in this process, comparison trees do provide a guide for the initial phases
of the selection work (Ledig 1974). As workers become more familiar with
the selection process, they depend less on comparison trees and more on
how the candidate compares with previous selections., Several outstanding
trees have been included in the program based on their own merit. More than
2,000 selections representing 11 species have been made.

VEGETATIVE PROPAGATION

All grafts are made at the J. W. Toumey Nursery, Watersmeet, Michigan,
or at the Oconto River Seed Orchard. The scion collection work during
January and February is closely coordinated with the grafting operation,
enabling the grafting of all scions within 7 days of collection. The
completed grafts are removed from their pots and lined ocut at the nursery
or seed orchard after the danger of frost is past. The grafts are cared
for ?rom 1 to 3 years, depending on the species, and then moved to their
specific seed orchard. Between 1969 and 1973, grafting success averaged
87 percent for white pine, 74 percent for white spruce, 81 percent for
black spruce, and 83 percent for yellow birch. During the past 2 years,
secondary scions have been collected from established grafté growing 1in
the seed orchard. There has been no problem with graft incompatibility.

SEED ORCHARD

In }967, we consolidated all seed orchards for the Lake States national
forests in one area called the Oconto River Seed Orchard, about 30 miles

2/ Personal communication. USDA Forest Service, North Central

quest Experiment Station, Institute of Forest Genetics, Rhinelander
Wisconsin 54501, ’



east of Antigo, Wisconsin on the Nicolet National Forest., This made it
possible to employ and train a crew, as well as purchase the necessary
equipment and supplies to intensively manage the seed orchard. The area
includes 500 acres of cultivated farmland, 180 acres of woodland, a pond,
and a trout stream.

During the summer of 1968, a survey crew established a grid system
and constructed a topographic map using a 1-foot contour interval. Soil
pits were dug adjacent to several grid stakes, and soil types were plotted
on the topographic map. The soil in the cultivated fields is mostly
Antigo silt loam, deep and shallow phases. This is an excellent agri-
cultural soil and no fertilization was recommended for tree species at the
time. A deer exclosure fence was erected around the entire section in the
summer of 1969. The administrative site, including warehouse, office,
headhouse, and greenhouse, was developed between 1970 and 1974. The
warehouse also serves as an inoculation chamber for the blister rust-
resistant eastern white pine program.

Pollen contamination among seed orchards of a particular species is
reduced by locating the individual orchards far apart and by planting orchards
of other species between them. The wooded areas, composed mainly of aspen,
maple, and balsam fir, also serve to reduce pollen contamination.

The first seed orchards were established on cultivated fields during
the spring of 1969. A computer program developed by Stairs et al. at
the University of Wisconsin was used to generate a completel}wiaﬁaom
planting design that maximizes out-crossing. The grafts are planted,
staggered 30 feet apart in rows 15 feet apart--an actual spacing of
about 22 feet by 22 feet, The initial orchards were kept clean-cultivated
for about 3 years, and the grass was mowed around several extra grafts
that were planted at a 10 feet by 10 feet spacing. Because the cone
production on clones (white pine and white spruce) growing in both mowed
and cultivated seed orchards seemed to be about the same, cultivation was
reduced and the orchards were seeded to grass. Now the grafts are planted
in the sod, the area around each graft is treated with an herbicide, and a
mulch of sawdust or other suitable material is placed around the grafts.
This method has increased accessibility within the orchards, reduced
maintenance costs, and maintained excellent survival and growth.

Cone production in the white and black spruce and white pine orchards
has been increasing each year. In 1974 it ranged from 18 to 31 percent of
the total number of grafts in two white pine orchards, from 12 to 55 per-
cent in white spruce and from 2 to 41 percent in black spruce. White pine
and black spruce produced no male strobili. Most of the seed collected in
the orchards is being reserved for establishing evaluation plantations.

The eastern white pine blister rust-resistant development program is
also centered at the Oconto River Seed Orchard (Miller 1972).



EVALUATION PLANTATIONS

The evaluation plantations, like the seed orchards, are being
consolidated as much as possible to facilitate the work and ensure proper
care. Five major evaluation sites have been selected--one in Minnesota,
Upper Michigan, and Lower Michigan, and two in Wisconsin.

Efforts have been concentrated on producing and evaluating full-sib
material, but half-sib evaluation plantations are planned for white spruce,
black spruce, and jack pine. Whenever possible, plant materials will be
evaluated in each of the five major evaluation plantation sites. One
objective is to identify material that will perform well In several of the
sites. Seedlots that produced these selected materials would be sown in
the nursery each year as a small part of the normal production and used
within appropriate zones where stock shortages exist.

CONTROLLED POLLINATION

After reviewing several mating designs, it was decided to use a
multiple four-parent disconnected half diallel (Squillace 1973). This
design provides great flexibility in making crosses within and among the
seed orchards for specific zones, with the production of a minimum number
of half-sib families. 1In order to broaden the genetic base of the breeding
program, the program was developed in cooperation with the North Central
Forest Experiment Station, Institute of Forest Genetics, and will include
their selections. This design was used in the white spruce breeding
program, which began in the spring of 1975.

Evaluation plantations will be established as the full-sib seed
becomes available from a sufficient number of crosses. As soon as the
trees begin to flower, selections will be made in these plantation and
used to upgrade existing orchards and/or establish new ones, and will
also be included in an advanced generation breeding program. The main
objective will be to create new generations as rapidly as possible with
the available material and data. The older plantations will continue to
be evaluated and new selections added to, or previous selections eliminated
from, the breeding programs and seed orcahrds. This will result in a
continuous genetic gain in the seed orchards.

RECORDS

An ADP system has been developed to help maintain the identity and
status of all plant material used in the tree improvement program. The
system also summarizes and analyzes the data collected in seed orchards,
evaluation plantations, and breeding programs.
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WHITE PINE POLLEN SPECIES AND YEAR DO NOT
AFFECT CONELET DROP OR CONE SIZE IN PINUS STROBUS

H. B. Kriebel1

ABSTRACT--Statistical analysis of 6 years' breeding
experiments on Pinus strobus L. showed that conelet drop was
controlled by female parent but not by white pine pollen
species or year of pollination. Crossing with a species
never yielding viable seed did not increase conelet drop.
The degree of loss was the same after self- and open-
pollination as it was after controlled crossing. The
length and weight of mature cones also depended only on
female parent. A possible relation is suggested in pines
between the presence or absence of a pollen effect on cone
retention and the type of crossability barrier.

Premature cone drop in pines is a widespread and seriocus problem in
many species. It is especially frequent in the first part of the conelet
stage, i.e., early in the first year of cone development.

Abscission of conelets during the first few weeks after pollination
may result from severe competition with vigorously growing vegetative
shoots for photosynthates and mineral nutrients (Sweet and Bollman 1970).
It also appears to be associated with a threshhold proportion of aborted
ovules per cone (Burdon and Low 1973b).

. In regions where pollen supply is limited, wind pollination may be
insufficient for cone retention. If most of the ovules are not pollinated,
they collapse in a few days and the conelet drops off (Sarvas 1962).

Cone losses due to wind, animals, birds, and insects may occur at any

timg during cone development but are most common at later stages, expecially
during the second year.

The degree of maternal control over conelet drop varies among individuals.
Clonal tests of Pinus sylvestris L. have shown that trees vary widely in the
amount of pollen required to retain conelets (Brown 1970). Clonal variation
in conelet drop in Pinus radiata D. Don, where pollen supply is not a problem,

1 Professor, Department of Forestry, Ohio Agricultural Research and
Development Center, Wooster, Ohio 44691, Approved for publication as
Journal Article No. 86-75 of the OARDC.
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may be due to clonal differences in spring growth patterns because of the
critical competition with vegetative growth (Sweet and Bollman 1970} .

The po‘iﬁw parent had no effect on conelet drop in intraspecific
crosses of Pinus resinosa Ait. (Fowler 1965b). In Hagman's crosses be-
tween 5pe\1£% and between subgenera of pines, there was no effect in
crosses of Pinus peuce Griseb, and Pinus cembra L. with other white
pines, regardless of crossability. A pollen parent effect was apparent,
however, in crosses of these pines with hard pines. In P. sylvestris,
the male effect varied from nil to high in species crosses within the
hard pines and was pronounced in crosses with white pines.

Conelet drop is a serious problem in P. strobus. In Ohio, heavy
losses occur during the first 4 weeks after pollination. Records sug-
gest that there were differences in conelet drop among trees used in
breeding experiments in Ohio. This led to analysis of crossing records
to estimate male and female parental effects as an aid in the selection
of breeding materials. The availability of 6 years' data permitted analy-
sis of the possible effect of year of pollination as an indication of
nongenetic effects.

METHODS
Crossing Technique

Crosses were made in young stands and plantations of P. strobus in
north central Chio. They included selfs, P. strobus CTOSSES, and Crosses
with other white pines. Standard pollination procedures were used with
adequate precautions for protection from contamination. For each cross
combination, records were kept of the pollen parent, number of strobili
pollinated, number of conelets bagged for insect protection, and number
of cones collected at maturity. Yield of filled and empty seed was re-
corded. Lengths and weights of cones from 4 years' collections were
measured after alr-drying and seed extraction.

Analysis

Analysis of conelet drop in interspecific crosses followed the pro-
cedure in the generalized least squares program for partial regression
developed by Barr and Goodnight (1971). An analysis of variance was run
on cone yield data per tree x tree combination for the 6 years 1962, 1963,
1964, 1965, 1966, and 1969 in relation to the number of strobili pol-
linated. Estimates of the effects of year, male species, and female tree
were obtained. Because of the large number of levels involved, the indi-
vidual male parent effect was excluded from the analysis. This effect,
if any existed, would be smaller than the effect of pollen species, If
pollen species were nonsignificant, the individual male parent could

7 Personal communication with M. Hagman.
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therefore be assumed to have no significant effect on conelet drop.

Comparisons of the effects of selfing vs. outcrossing and of con-
trolled vs. open pollination on cone yield per flower were made by !
tests of trees on which both types of cross were made.

Estimates of the effects of year, pollen species, individual pollen
parent, and female tree on cone length and cone weight were also thained
from a least squares analysis of variance. The analysis was based on the
mean of each tree x tree combination for all crosses made from 1962
through 1965,

The effects of selfing vs. outcrossing and of controlled vs. open-
pollination on cone length and weight were compared by ''t'' tests.
RESULTS

Mean cone yield, cone length, and cone weight are summarized in
table 1 by species cross. Analysis by tree combination showed:

1. Conelet drop was strongly controlled by the individual female parent
(p of a larger F = 0.0001).

2. Pollen parent had no significant effect on conelet drop even when it
was another species of white pine, either crossable or noncrossable

in terms of sound seed yield.

3. Neither selfing nor open pollination affected conelet drop in compar-
ison with controlled intraspecific cross-pollination,

4. Year of pollination had no effect on conelet drop when adjusted for
male and female parent.

5. There was no effect of pollen species, pollen parent, year, selfing,
or open pollination on length or weight of dry mature cones.
DISCUSSION
Biological Relations
’ Thg absence of a pollen parent effect on conelet drop in P. strobus
1s typical of at least two other white pines, as previously noted. A
negligible pollen parent effect on cone length has also been observed

in other pines (Fowler 1965a, Burdon and Low 1973a}.

'The gccumulated evidence from these experiments and others covers
a diversity of species and suggests that there is a common factor in

12



the pollen of white pines favoring cone retention, cone scale develop-
ment, and seed coat formation,

Table 1.--Cone yield, cone length and weight,
and sound seed yield of P. strobus

INTERSPECTFIC CROSSES

: Mean : Mean : Mean
: : :Mean : dry : dry : sound
: Female : Strobili :cone 1y cone i cone 1y seeds
Cross combination : parents :pollinated :yield—élength :weight—iper cone
No. No. Percent cm gm No.
P, g}robus X
griffithii 15 1,067 21 10.6 7.9 9.4
monticola 14 3,619 21 9.0 5.4 4.4
peuce 17 2,572 19 8.4 5.4 1.7
peuce X strobus 5 334 19 10.4 6.8 .5
parviflora 9 360 18 9.5 5.9 6.8
flexilis 10 1,056 23 9.4 5.8 .0
albicaulis 2 343 05 10.0 5.8 .0
cembra 10 879 15 12.0 7.3 .0
koraiensis 4 274 11 2/ 2/ .0
INTRASPECIFIC CROSSES
P. strobus x
T “strobus outcross 41 10,464 19 9.4 6.3 19.3
strobus open 9 438 20 9.6 6.8 19.6
strobus self 17 911 19 9.4 5.9 11.5

1/ Differences nonsignificant at p = 0.05 (see Methods).
2/ No measurements taken.

Diffusible pollen-wall enzymes appear to play a role in pollen-tube

nutrition and growth (Stanley and Linskens 1965, Knox and Heslop-Harrison

1970) and might be involved in cone nutrition. Genetic factors in polle
controlling the production of sugars and critical to ovule development
may function in the nucellar tissue (Hagman 1975) but in at least some
species, e.g., Pinus thunbergiana Franco, pollen viability is not a re-
quirement for conelet retention (Katsuta 1971).

White pines seem to have embryo inviability as an isolation
mechanism (Hagman and Mikkola 1963, Kriebel 1972). It is possible that

n
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a common pollen factor in these pines initially induces cone scale
development and later stimulates pollen tube growth and fer?lllzatimnm
Subsequent control is through genome interaction, leading either to
full seed formation or embryo abortion, depending on the species
combination.

In contrast, incompatibility with arrested pollen tube growth
is the typical reproductive barrier in P. sylvestris and other hard
pines investigated (McWilliam 1959, Vidakovicsand Jurkovic-Bevilacqua
1970). Hagman found that P. sylvestris, unlike the soft pines,
has a higher rate of conelet drop in inter- or intra-sectional
crosses than in crosses within the species. Clearly, some pollen
stimulus to cone retention occurs in P. sylvestris, because all
the cones in incompatible species crosses do not abort, but the
effect on the strobilus is insufficient for full pollen tube growth
and fertilization. All hard pines may not have male-induced conelet
drop, but it is evident that they do not share a pollen factor
favoring cone retention in interspecific crosses.

The finding that conelet drop was no higher in P. strobus after
selfing than after outcrossing agrees with results of other selfing
experiments on both soft and hard pines. Pollen-tube incompatibility
has never been observed in either subgenus of pines in response to
self-pollination (Hagman 1964, 1975). The reaction to selfing
occurs after fertilization. Therefore, the results of selfing
P. strobus tend to support the suggested relation between post-
fertilization ovule abortion and polen-induced cone retention in
inviable crosses.

Practical Implications

From the standpoint of the breeder or silviculturist, the
dominant female influence on conelet drop in P. strobus implies that
individual tree selection for cone retention is of critical importance,
especially for seed orchards. Past performance is a good indication
of future cone yield. This criterion must, of course, be integrated
into the overall selection index and not made at the expense of
desirable tree characteristics.
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JACK PINE SEEDLING SEED ORCHARD ESTABLISHMENT AND
PROJECTED SEED YIELDS

. 1
Richard M. Jeffers

ABSTRACT.--Jack pine test plantings of open pollinated
progenies from proven seed sources can be converted to seedling
seed orchards. A combined selection index based on individual
as well as family performance can be used to select the best
individuals to retain in the orchards. Use of the index will
result in retention of more families than under alternate
schemes and permit more rigorous selection within families.

A broad genetic base is maintained, the dangers of inbreeding
are reduced, and the greatest genetic gain is assured. This
scheme was applied to a set of data from a 90-seed-source test,
a complement of seed sources was selected, and flowering and
cone data from these seed sources were used to predict early
seed yields in jack pine seedling seed orchards. After initial
thinning, 1 hectare of orchard established according to the
suggested scheme may yield 266.8 M full seed annually. This

is probably a conservative estimate.

When grown under short rotation on good sandy soils, jack pine grows
rapidly and produces a greater volume of pulpwood than red pine (Wilde et
al, 1965). Although small amounts of jack pine are being planted in the
Lake States, it is expected to play an increasing role in Lake States
planting programs as the demand for paper and paper products increases
(King 1973).

Jack pine grown under standard nursery and field conditions produces
male and female strobili at 3 to 6 years of age. However, by forcing growth
with long photoperiod, fertilization, and wide spacing in the greenhouse
and nursery, flowering can be advanced to as early as 17 months after
sowing seed (Rudolph 1966, Jeffers and Nienstaedt 1972). Thus, the time
between sexual generations in jack pine can be reduced to less than 3 years
(Rudolph 1966). With rapid generation turnover, repeated cycles of
selection, progeny testing, and breeding can be used to genetically improve
jack pine in a short time (King 1973). |

Plant Geneticist, USDA Forest Service, North Central Forest
Experiment Station, Institute of Forest Genetics, Rhinelander, Wisconsin 54501.
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Pstabl%ghimg Seﬁdling seed orchards appear to be the best method for
mass producing genetically improved jack pine because this species flowers
at an early age and presents serious graft incompatibility problems. 2

Methods for establishing jack piné seedling seed orchards have been
suggested by King (1973), Yeatman (1974a) and Klein (1974). This paper
includes a brief outline of their schemes. Results obtained from a nursery
and field test of jack pine seed sources are used to describe an alternate
scheme and to estimate projected early seed yield from the seed orchards.

JACK PINE SEEDLING SEED ORCHARD ESTABLISHMENT

King's Method

King's (1973) scheme begins with selecting--on the basis of seed
source tests--the better seed collection areas for the planting region.
Between 300 and 400 trees are chosen--no more than 15 individuals per
stand--and open-poliinated seed collected and sown in a replicated nursery
test. After 2 years' nursery growth, the 200 fastest growing families are
selected and used to establish 2 or 3 test plantings on different sites in
the planting area. The progeny test plantings are converted to seed orchards
when the trees begin to bear regular pollen and cone crops--about 7 to 8
years after field planting. The plantings are measured at this time and
thinned by removing all trees from below-average seedlots and some of the
poorer trees from above-average seedlots. The plantings are remeasured at
age 12 to 14 years and thinned to leave 1 out of every 4 trees of the best
25 seedlots.

Yeatman's Method

Yeatman (1974a) suggests improving the natural populations for seed
collection by converting seed production areas into seedling seed orchards.
When original stands are cut, replant them with local plus-tree progenies.
Yeatman recommends systematically sampling 100 to 200 plus-trees on a unit
area basis to avoid selecting close relatives. Selected trees are grafted
and included in breeding archives. Open-pollinated progenies are used in
first generation orchards followed by controlled-pollinated families (full-
sib) from selected parents. Parents are selected for their breeding value
determined initially from clonal tests (stem and branch form) and sub-
sequently from progeny tests (survival and growth). Small half-sib family
plots are initially established at 1.0 to 1.5 m spacings. A two-stage
thinning operation is used: first thinning at 6 to 8 years to abogt half
the original stocking, and second thinning at 11 to 14 years. UltlmaFely,
30 to 50 percent of the families are selected and family plots are thinned

to a single tree per plot.

Unpublished data on file at the Institute of Forest Genetics,
North Central Forest Experiment Station, Rhineliander, Wisconsin.
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Klein's Method

Klein (1974) reports a design composed of 20 half-sib families, that
have little or no co-ancestry from each of 11 geographic areas. The
orchard consists of 24 blocks; each block contains 11 plots (area
collections); each plot contains one tree from each of the 20 half-sib
families from each area collection. Selection thinnings ultimately reduce
the number of trees to one per plot. After thinning, each block contains
11 trees, each from a different area; thus, mating occurs predominantly
among sources.

My Method

The scheme I suggest follows King's (1973) closely, deviating only in
the selection processes used to rogue the orchards. All families are
field tested and selections are based on a combination of seed source,
family and individual tree performance. Some outstanding individuals
within below average families may be selected but more families are
included in the orchards and the dangers of inbreeding are reduced.

The scheme will be applied to a set of data from a 90-seed-source
test, a complement of seed sources will be selected, and flowering and
cone data from these seed sources used to predict early seed yields in
jack pine seedling seed orchards.

THE EXAMPLE SEEDLING SEED ORCHARD
Seed Source and Parent Tree Selection

The 20 most promising seed sources were chosen in our northern
Wisconsin planting of the rangewide seed source study initiated by the
Canadian Forestry Service, Petawawa Forest Experiment Station at Chalk
River, Ontario, in 1962 (Yeatman 1974b).(Table 1). Total heights of the
trees from the 90 seed sources at age 11 was the sole selection criterion.
The local source from Nokomis, Wisconsin, (2233) ranked 13 among the 20
selected sources. Trees from the Cloquet, Minnesota, source (2242)--the
best of the 20 seed sources--were about 9 percent taller than those from
Nokomis, while the poorest trees from the Constance Bay, Ontario, source
(2208) were about 4 percent shorter than local trees.

For our purpose, the procedure used rather than the actual seed sources
selected is the important point. 1In a seed source study of 90 to 100
sources tested at a single location in the planting area, we should select
10 to 25 of the most promising sources for retesting at additional test
locations in the planting region. Inclusion of material from 10 or more
sources will help to assure a broad genetic base for advanced generation
breeding. And increased adaptive variability may result from crosses
between individuals with different adaptive characteristics (Zobel 1971).
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The example in Table 1 includes only 12 seed sources trom the Lake
States: more Lake States seed sources would have been desirable. The
other eight seed sources are from Manitoba, Ontario, and Quebeat Of
these, the Manitoba source probably is very similar to sources in northern
Minnesota. Early results in our Wisconsin test suggest that the other
seven seed sources are adapted to environmental conditions similar to
our test site. The choice of such geographically widely separated seed
sources for inclusion in a regional breeding program may be questionable.
Advantages of such broad sampling have not been proven biologically and
collection from widely separate origins may not be economically feasible.
Until more research data is available, one may choose to restrict selection
of seed sources to the planting region.

Phenotypic selection of 10 trees in each of the 20 selected stands
will provide 200 half-sib families for establishing the progeny test
seedling seed orchard. Selected trees should be at least 500 feet apart
in a stand to minimize common ancestry. Consequently, it is best to select
from relatively '"'large" stands on good sites, rather than from 'small"
stands on poor sites. The trees selected should be dominant and with good
stem form, a wide branch angle, little evidence of serious second flushing
characteristics (Rudolph 1964), and no insect or disease damage. Tt will
not be worthwhile to spend much time and money on the selection of the
parent trees using systems such as the "comparison tree method."” Simple
phenotypic selection of the individual parent trees after a quick survey
of the stand is all that is required.

Establishment of Progeny Test-Seedling Seed Orchard

For the greatest return from a jack pine breeding program, genetically
improved stock should be planted on the best jack pine sites. Therefore,
the test plantings should be established on better sandy loam soils with
a climate similar to the planting region (Wilde et al. 1965).

A randomized, complete block design with two to four tree family
plots is recommended. Rows should be spaced wide enough (2.5 m) to permit
use of equipment in the planting for the first few years after establishment.
Trees within rows should be planted at close spacings (0.5 m) to permit
early culling of the poorest trees. Thus, at an initial spacing of 0.5 by
2.5 m, 1 hectare of planting will contain 8,000 trees (20 sources, 10
families per source, and 40 seedlings per family).

Six to 8 years after establishment the trees in the progeny test should
be evaluated for height and diameter growth, form, and pest incidence. A
combined selection index based upon individual as well as family performance
is then used to select the best individuals (Falconer 1960).

Thinning schemes similar to those recommended by King (1973), Yeatman
(1974a), and Klein (1974) that result in elimination of a large proportion
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of families based on average family performance ignore differences in
variation patterns among individuals within the families. Combined
selection assures the greatest genetic gain and because a large number
of families are retained after roguing, a broader genetic base will be
maintained in first generation orchards. This may result in greater
potential genetic gain in advanced generation orchards (Canavera 1975).

A second generation of orchards can then be established using controlled
pollinated full-sib families produced from the best individuals from the
first generation orchard. Selected parents from two or more orchards in
the planting area should be included in the crossing scheme and new
selections should be added to the program periodically to keep the
genetic base as broad as possible,

PROJECTED SEED YIELD

The number of female strobili per tree (table 1) at the beginning of
the fifth growing season in a nursery test was used to estimate annual
seed production from a young jack pine seedling seed orchard established
according to the scheme recommended in this paper.

If an average of 160 individuals from each of the 20 seed sources
are retained in the seed orchard after the initial thinning, then 1
hectare of orchard may produce 266.8 M full seed annually, an equivalent
of 213.4 M plantable seedlings. The basic assumptions used in this
example are: (1) the trees in the orchard will produce the same number
of females as in the nursery test, (2) 50 percent of the female strobili
will mature into cones, (3) there will be 25 full seed per cone, and (4) 80
percent of the full seed will yield plantable seedlings.

The 50 percent female abortion rate is based on actual observation
over a number of vears. Twenty-five full seed per cone is an average
based on a preliminary study of the seed yield from individual cones
(Jeffers 1972). Newer studies now in progress suggest that 25 seeds per
cone may be a conservative estimate. We set the percent plantable seed-
lings at 80 percent of full seed because the USDA Forest Service (1974)
reports germination capacities from 69 to 87 percent and because seed from
seed orchards should be of high quality in a physiological sense as a
result of insect control and optimum growing conditions. However, the
goal should be germination capacities exceeding 90 percent because plant
production should be under optimum conditions in the nursery or greenhouse
and culling should not exceed 10 percent.

Thinning is likely to remove some of the provenances and perhaps
some families within the remaining provenances from the production seed
orchard. Depending on the provenance and family variation in strobili
production, this could affect the potential for seed yield after roguing.
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The seed sources are arranged in order of decreasing heights in
(352 cm to 310 cm); it is clear that the correlation between h 3 )
seed potential is not significant (r = 0.170). ?harefore,wthe efﬁgc; of
roguing on the basis of heights would be random in terms of S?Qd X}Qid,
Family variation within provenances in potential seed production is
significant (Jeffers and Nienstaedt 1972), but there is noth?ng that

would suggest that the roguing would reduce the seed production potential,

T
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The projected seed yields are probably conservative. Because seed
for the rangewide seed source test was sown directly in the nursery and
the trees were grown at a 1 by 1 foot spacing, the number of females
produced per tree probably is less than the number produced by orchard
trees grown at wider spacings. By sowing progeny test seeds in the green-
house and raising the seedlings under intensive greenhouse, nursery, and
field techniques, earlier and heavier flowering will occur (Rudolph 1966,
and thinning of seed orchards will promote crown development resulting in
additional increased flower production among remaining trees.

The projected seed yield data indicate that a five-fold difference
in seed yields may exist among trees from different seed sources. And
variation in number of females per tree among trees within sources in our
nursery test were even greater. This great variation in seed yield among
different genotypes will continue to exist throughout the 1life of a seed
orchard, but we have no assurance that the early good seed producers will
continue to be the best. And we don't know if the best seed producers
will have continued fast 'vegetative growth. Studies on other species
suggest that this will not be the case. This lack of information necessitates
continued research on flowering and potential seed yield. 1In addition,
much valuable information may be obtained if seed orchard managers in the
future will keep accurate records of growth, flowering, and seed production
throughout the life of the orchards.
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CONTROLLED POLLINATION IN EASTERN REDCEDAR
AND ROCKY MOUNTAIN JUNIPERI

Gilbert H. Fechnerz

ABSTRACT. -~Pollination with forced and fresh eastern redcedar
pollen was compared to wind pollination (and unpollinated controls).
This is the first attempt at controlled pollination in juniper.
Seeds were extracted, and cutting tests and germination tests
were conducted to evaluate the success of pollinations. Artificial
crosses were also made with eastern redcedar pollen on a single
Rocky Mountain juniper female tree. First-year fruits were
collected and evaluated. Preliminary results indicate that wind
pollination is less reliable than control-pollination in obtaining
sound seed set of eastern redcedar. This may explain the high
proportion of empty seeds found and the low reproduction obtained
in many natural stands.

INTRODUCTION

The low proportion of filled seeds in developed fruits of Juniperus L.
has been observed frequently. This low set of sound seeds may be the
result of poor pollination due to a lack of synchronization between pollen
release from male trees and ovular receptivity on female trees in the
vicinity. If this were true, artificial pollinations could enhance sound
seed set, provided that pollen viability could be maintained, However,
the only previous report of artificial pollination in juniper is that of
Djavanshir (1974) in which pollen was applied to non-isolated female
strobili of Juniperus polycarpos C. Koch in Iran.

Rocky Mountain juniper (J. scopulorum Sarg.) has long been considered

a western form of eastern redcedar (J. virginiana L.). In fact, early
western explorers and botanists (James 1823; Torrey 1828) did not
recognize the subtle differences that were later used to separate these
two species. Recently field studies of several North American junipers
have revealed individuals possessing combinations of morphological
characteristics belonging to different species. Intergrades have been
noted between eastern redcedar and Ashe juniper (J. ashei Buchholz)

(Hall 1952a, 1952b, 1955), between eastern redcedar and Rocky Mountain

Ithis research was supported in part by the McIntire-Stennis Co-
operative Forestry Research Program.

Professor of Forest Genetics, Colorado State University, Fort
Collins. The author wishes to thank Karim Djavanshir, University of
Tehran, Iran, Jon Johnson and Karen Southward, Colorado State University,
for field and laboratory assistance on this study.
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Between October 1974 and January 1975, all of the developed fruits
were measured to the nearest 0.1 mm, and the seeds of 90 percent of the
fruits were cut to determine whether they were filled or empty. Seeds
from 10 percent of the fruits from each female x male combination were
washed, their tips cut (Djavanshir and Fechner 1975b)4, and the seced
stratified between moist paper toweling in petri dishes at 5°C.

On May 6, 1975, the stratified seeds were divided into two replicates
from each of the pollination bags and transferred to an incubator for
germination tests under an 18°C, 14-hour day/8°C, 10-hour night regime.
Germination of seeds was recorded at approximately 3-day intervals until
June 12, 1975. Seedling length was also measured, and when the cotyledons
had shed their seed coats, the seedlings were transplanted into plastic
pots containing vermiculite; they were watered and kept at the same
temperature-light regime as the seeds. Beginning on June 17, Hoagland's
nutrient solution was used for watering at 3-day intervals until the
study was terminated July 8, when the seedlings were measured and their
dry weights obtained.

RESULTS AND DISCUSSION

Fruit Set

No fruit was set on branches of either eastern redcedar or Rocky
Mountain juniper in the absence of pollination,s but undeveloped female
strobili were still identifiable on unpollinated control branches when the
branches were collected,

Average fruit set per unit dry weight of bagged branchlet varied
among the pollen sources and among the three eastern redcedar female
trees. Higher fruit set was obtained on each female tree with fresh
pollen than with stored pollen from the same male tree. Fresh pollen
from Tree B produced a higher fruit set than fresh pollen from Tree A
or wind-borne pollen. Pollen from Tree A produced a lower fruit set than
wind-borne pollen on two of the trees (table 1). Variation in fruit set
among the female trees may simply reflect difference in the number of
strobili produced in the study year.

4 Djavanshir, K. and Gilbert H. Fechner. 1975b. Epicotyl and
hypocotyl germination of eastern redcedar and Rocky Mountain juniper.
Unpublished manuscript.

5 An exception was a single fruit containing a single empty seed
that may have resulted from unknown contamination (see table 1).
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Table 1.--Fruit set from controlled polliation on eastern

redcedar and Rocky Mountain juniper

INTRASPECTFIC CROSSES

Date, type

: pollination : ; Fruit set
Female o by 2y : Per gram
parent = : male parent~ : Bags ¢ Total branch weight
Number ~  ~--eew-w Number ------~--~
Jv-1 A Feb. 10 1 2 0.26
A Fresh 2 162 5.83
B Dec. 31 3 48 2.50
B Feb. 10 3 94 1.82
B Fresh 2 300 6.22
Wind 5 117 1.70
Unpollinated 3 1 0.04
JV-2 A Jan. 31 1 11 1.01
A Fresh 3 55 1.52
Wind 5 152 1.66
Unpollinated 2 0 0.00
JV-3 A Jan. 31 2 26 0.56
A Fresh 4 140 1.22
B Jan. 10 3 148 1.71
B Fresh 3 192 2.60
Wind 5 201 1.48
Unpollinated 2 0 0.00
INTERSPECIFIC CROSSES
JS-1 A Fresh 17 122 0.36
Wind 5 218 2.48
Unpolliinated 4 0 0.00

/ JV = J. virginiana; JS = J. scopulorum.

2/ "A" and "B" are J. virginiana male trees
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Fruit set was obtained in 13 of 17 bags on Rocky Mountain juniper
cross-pollinated with eastern redcedar, but fruit se? per unitwbwgnch
weight was only about 1/7 that cobtained by wind pollina§1on, }{u1§ set
per cross-pollinated bag was extremely variable, averaging 7.6 fruits per
bag * 5.46 (2S.E.); 1in contrast, wind pollination resulted in an average
set of 43.6 fruits per bag. The most likely source of wind-borne pollen
is several Rocky Mountain juniper male trees near the JS-1 female,

The fruits of both study species are irregularly ellipsoidal in
shape, usually elongated along the cone axis. Fruit length varied from
4.0 to 8.1 mm (average 5.8 mm) for the four trees, and fruit width varied
from 2.8 to 6.5 mm (average 4.5 mm). The Rocky Mountain juniper fruits
were significantly larger than those of the grouped eastern redcedar
trees, primarily due to exceptionally small fruits on one of the latter,
according to Duncan's multiple range test (95 percent level of probability).

Seed Set

The set of sound seed on eastern redcedar varied among the female
trees studied, JV-1 averaging 0.90 sound seeds per fruit, significantly
higher than the other two trees (table 2). Seed set differed significantly
among the pollen sources within the JV-2 and JV-3 female trees, primarily
due to one pollen treatment, Tree A Jan. 31, which was high on one tree
and low on the other tree. Of particular interest, however, is the fact
that stored pollen was usually as effective, or more so, in bringing about
sound seed set as fresh pollen from the same male parent or wind-borne
pollen were. This supports the suggestion that tube length of eastern
redcedar pollen in vitro after storing is a measure of its ability to
affect in vivo fertilization (Djavanshir and Fechner 1975a). The
considerable bag-to-bag variation observed suggests that other factors
were more important in affecting sound seed set than simply the pollen
sources used. No doubt the precise timing of receptivity of the female
strobili varied from bag-to-bag, and even though several pollen applications
were made, ideal pollination conditions may not always have existed.

Seed set did not differ significantly between the cross-pollinated and
the wind-pollinated branches of the Rocky Mountain juniper female, averaging
0.90 sound seeds per fruit. Eastern redcedar pollen was as effective in
producing sound seed in fruits that were set as was wind-borne pollen.

Thus, incompatibility barriers between these two species are not absolute.

The set of empty seeds was high. In 28 percent of the fruits set on
both species studied, only empty seeds were found. In an additional 14
percent, one or two empty seeds were found with at least one filled seed.
The presence of pollen is apparently essential to the development of fruit;
furthermore, the presence of pollen in the fruit or in the ovule also
assures seed development.® It therefore seems clear that empty seeds in

6 In a single fruit on one eastern redcedar tree, no seeds were found.
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Table 2.--5eed set from controlled pollinations in eastern
redcedar and Rocky Mountain juniper

INTRASPECIFIC CROSSES

Date, type : :
*  pollination : : : Filled seed set
Female / : by 2/ : ©  Empty ' Average
parent— ! male parent~ - Fruits ° seeds ' Total @ per fruit
~~~~~~~~~~~~~~~~~ Number -------mccemaen-
Jv-1 A Feb. 10 2 0 2 1.00
A Fresh 145 71 119 0.84
B Dec. 31 43 19 49 1.143/
B Feb. 10 84 40 66 0.79
B Fresh 267 118 279 1.04
Wind 105 50 73 0.70
Unpollinated 1 1 0 0.00
Mean 0.90
JV-2 A Jan. 31 9 8 2 0.22
A Fresh 49 35 33 0.67
Wind 137 91 73 0.53
Mean 0.55
JV-3 A Jan. 31 23 5 25 1.09
A Fresh 128 80 91 0.71
B Jan. 10 135 88 99 0.73
B Fresh 172 96 141 0.82
Wind 179 90 111 0.62
Mean 0.74
INTERSPECIFIC CROSSES
JS-1 A Fresh 112 50 98 0.88
Wind 196 78 180 0.92
Mean 0.90

1/ JV = J. virginiana; JS = J. scopulorum.
2/ "A" and "B" are J. virginiana male trees.

3/ Differed significantly from wind pollination of same female tree.
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the study species cannot be attributed to the lack of synchronization
between pollen release and ovular receptivity. However, the high
proportion of empty seeds suggests either that fertilization 1s not
essential to seed development, or that some post-fertilization incompat-
ibility reaction brings about a tissue breakdown within the ovule.

There was no noticeable difference in the size of filled or empty seeds,
so the presence of pollen must trigger some mechanism which allows
ovular development to proceed. As long as 50 years ago, the Russian
physiologist Doroshenko (1928) claimed that the function of pollen in
ovules is physical and that development could take place without fertiiiza-
tion. Our results in juniper do not discount Doroshenko's claim.

The number of seeds per fruit varied from 1 to 3 in both eastern
redcedar and Rocky Mountain juniper. A single seed developed in 69.0
percent of the eastern redcedar fruits and in 66.1 percent of the Rocky
Mountain juniper fruits. Three seeds per fruit occurred in very low
frequency, 1.9 and 1.3 percent, respectively, for the two species.
There was no significant difference in the number of seeds per fruit
among the female trees nor among the pollen sources.

According to Mathews (1939), three types of female strobili are found
in eastern redcedar:

1. Only one ovule, borne in the axil of one member of a sporophyll
pair (2/3 of the fruits are of this type).

2. Two cvules, side by side in the axil of one member of a sporophyll
pair; the other sporophyll is sterile (1/6 are of this type).

3. Two ovules, each separately on a fertile member of a sporophyll
pair (1/6 of this type).

Mathews further found that if three seeds develop, a combination of the
latter two types is usually the explantation. More than four seeds are
produced rarely, and only when a second pair of sporophylls participates.
Thus, one and two seeds per fruit are expected to be in the approximate
proportions that our data show.

Seed Germination

The real germination percent (germination percent of filled seeds) was
generally high among all eastern redcedar female x male parental combinations
producing adequate numbers of seeds to test (table 3). On all three female
trees, however, real germination of wind-pollinated seed was somewhat lower
than control-pollinated seed from the same mother trees. Possibly, the
presence of foreign pollen (e.g., that of another juniper species) could
bring about seed filling without a viable embryo.
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Table 3.--Germination of eastern redcedar and Rocky Mountain 1/,2/

juniper seeds from controlled and wind pollinations

INTRASPECIFIC CROSSES

: Date, type
: pellination

°/ Plantable

Female.,, by : Seeds Real
, 4/ . . ) o .
pdrentw : male parent—' : Total : germinated : germination : seedlings
______ Number ~--wme-- Percent Number Percent
Jv-1 A Fresh 21 16 94,2 12 75.0
B Dec., 31 8 7 100.0 5 71.4
B Feb. 10 13 9 90.0 1 11.1
B Fresh 37 32 88.9 17 53.1
Wind 12 6 60.0 0 0.0
JV-2 A Fresh 2 2 100.0 0 0.0
Wind 6 2 40.0 1 50.0
JV-3 A Jan. 31 4 4 100.0 2 50.0
A Fresh 10 10 100.0 9 90.0
B Jan. 10 10 10 100.0 9 90.0
B Fresh 12 12 100.0 10 83.3
Wind 10 9 90.0 6 66.7
INTERSPECIFIC CROSSES
JS~1 A Fresh 15 0 0.0 0 0.0
Wind 25 0 0.0 0 0.0

1/ From two petri-dish replications for each parental combination.

2/
juniper);

3/

4/

5/

AT and

Real germination =

tips cut.

scogulorum.

J. virginiana; JS = J.
"BY are J.

virginiana male trees

germination percent of filled seeds.

Following 150 days stratification at 59C (98 days for Rocky Mountain
seed
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Although real germination was surprisingly uniform, the number of
plantable seedlings obtained varied among the eastern redcedar mother
trees and among the pollen parents. Whereas, the JV-1 female was superior
to the JV-3 in fruit set per unit branch weight and in the set of sound
seeds per fruit, the reverse was true for the percentage of plantable
seedlings developing from germinated seeds. The percentage of plantable
seedlings was usually higher for fresh pollen than for stored pollen,
but this difference was not statistically significant. The factors
influencing early seedling vigor are not clear.

No germination of the one-year seeds from the Rocky Mountain juniper
female was obtained from either the wind- or cross-pollinated treatments.
Following the completion of the germination tests, the central portion of
the filled seeds, considered to be an embryo cavity, was removed, killed
in FAA, and prepared for microscopic examination to determine the stage
of development. A total of 27 microscope slides were thus prepared. The
material examined was entirely cellular female gametophyte tissue, with
no evidence of the presence of archegonia. Seeds from both the cross- and
wind-pollinations contained this material; no difference could be detected.

Interpretation of the one-year seed development in Rocky Mountain
juniper is difficult. Unfortunately, the reproductive cycle of this
species has not been worked out. However, the sequence of its develop-
mental stages is evidently different from that observed in other juniper
species and other gymnosperm genera. For example, in the one-year-maturing
eastern redcedar, the female gametophyte develops during the spring, a
few weeks after pollination, the archegonia differentiating and fertilization
occurring by late June or July (Ottley 1909; Mathews 1939). This is not
a great deal different from other one-year-maturing gymnosperms such as
spruce (Picea A. Dietr.), whose female gametophyte is at the free-nuclear
stage at the time of pollination (Fechner 1964).

In the three-year-maturing common juniper (J. communis L.), the
female gametophyte develops during the second season, the megaspore mother
cell not differentiating until April of the year following pollination
(Ottley 1909). And in the two-year-maturing pine (Pinus L.), the mega-
spore mother cell is differentiated at the time of pollination, and the
ovules overwinter in the early free-nuclear gametophyte (Ferguson 1904;
McWilliam 1958).

None of the above examples describes the two-year-maturing Rocky
Mountain juniper seeds observed in this study. We found that the cellular
female gametophyte stage was reached by late autumn of the first year,
although it had only replaced about one-fourth of the nucellus tissue.

It is not known if interspecies crosses occurred, since no developimg
embryos were found. However, the similar first-year development of the
cross-pollinated and wind-pollinated seeds strongly suggests that
hybridization is possible between Rocky Mountain juniper and eastern
redcedar.
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Seedling Development

Seedling survival to 27 to 46 days following transplanting was
variable among both eastern redcedar female trees (JV-1, JV-3). Nor
could a pattern be recognized relative to seedling vigor; some of the
seedlings resulting from stored pollen were as vigorous as those from
fresh pollen.

Pollen source did not significantly affect the dry weight of the
surviving seedlings. Average seedling weight at the end of the study
was 0.0034 grams, ranging from 0.0018 to 0.0055 grams. The retio of
top length divided by root length was variable within and between female
x male parental combinations (table 4), ranging from 4.20 for the smallest
tree (0.0018 grams dry weight, 52 mm total length) to 0.60 for the
largest tree (0.0055 grams dry weight, 134 mm total length). The average
ratio was 1.00, and the average length was 94 mm.

Table 4.--Development of eastern redcedar seedlings
from controlled and wind-pollinations

Female ; ;2;§;HEZ§EH Surviving seedlings July 83/
parenti‘ : by 2/ ' Number :Percentil: Average .
. male parent=’ : rtop-root ratio
Jv-1 A Fresh 4 33.3 1.41
B Dec. 31 3 60.0 .79
B, Feb. 10 1 100.0 .69
B Fresh 9 52.9 1.10
Jv-3 A Jan. 31 2 100.0 2.13
A Fresh 5 55.6 1.51
B Jan. 10 8 88.9 .95
B Fresh 8 80.0 .80
Wind 3 50.0 1.93

1/ Jv=J. virginiana. 2/ "A" and "B" are J. virginiana male
trees. 3/ Seedlings apparently living but without root systems
not included. 4/ Percent of seedlings tranmsplanted, May 23-June 12.

CONCLUSIONS

This study shows that the presence of pollen is necessary for the
development of fruit in both eastern redcedar and Rocky Mountain juniper,
and the presence of pollen in the fruit or in the ovule assures seed
development. The occurrence of empty seeds cannot be attributed to lack
of synchronization between pollen release and ovular receptivity.
Furthermore, pollen of eastern redcedar extracted as much as 2 months -
prior to normal pollen shedding and then stored is effective in producing
sound seed set and vigorous seedlings to at least 40 days.

The results of this study also suggest that on the basis of fruit
set, sound seed set, and first-year female gametophyte development,
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hybridization is possible between eastern redcedar and Rocky Mountain
juniper. Further study is necessary to determine the degree of compat~

ibility between them.
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GEOGRAPHIC VARIATION OF GROWTH AND WOOD PROPERTIES
IN JAPANESE LARCH IN SOUTHWESTERN LOWER MICHIGAN!

Chen Hui Lee2

ABSTRACT--Growth and wood characteristics at age 10 from
planting were assessed on the 22 seedlots of Japanese larch
outplanted in the Kellogg Forest, Augusta, Michigan using a
randomized complete block design. Results did not indicate
any geographic trends for most traits studied but did suggest
the operation of genetic drift and inbreeding. Fast growing
seedlots continued to perform well in southwestern Lower
Michigan. Recommends that seed for plantings in the Lake
States area should be from the Mt. Nantai area in the north-
east species range.

Japanese larch (Larix leptolepis (Sieb. et Zucc.) Gordon) is one of
the most important economic species of Japan. It is found in the subalpine
regions of Central Japan and attains sizes up to 30 meters in height and
1 meter in diameter (Japan For. Tech. Assoc. 1964). The wood is heavy,
decay resistant, holds nails well, and pulps readily using the sulfate
process. The species is extensively used for reforestation outside its
natural range in northern Japan, Europe, the United States, and Canada
because it grows fast and is valued for ornamental uses. It can be
propagated readily from cuttings collected from young trees (Chandler
1967).

The natural range of Japanese larch is small (about 200 kilometers
square, from 900 to 2,500 meters in elevation) and is composed of several
genetically isolated small populations, the largest being several kilo-
meters across and the smallest a hectare or so in size (Wright 1962).
Considerable improvement of this species can be expected through a careful
selection and breeding program because previous studies indicated that
there were significant differences in growth performance. These include

1 This study was financed by the Deans' Council Research Grant,
University of Wisconsin-Stevens Point.

2 Associate Professor of Forestry, College of Natural Resources,
University of Wisconsin-Stevens Point, Wisconsin 54481.
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Figure 1.--Natural range (shaded) and location (numbered dots)
of seedlots of Larix leptolepis after Farnsworth

et al. (1972).
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Alcohol-benzene extractives were removed because their presence
tends.to overestimate specific gravity (Taras and Saucier 1967). The
specific gravity was determined following Smith's recommendation (1954) .

Wood fibers were macerated in an equal mixture of glacial acetic
acid and 30 percent hydrogen peroxide at 50-55°C for 72 hours. After
several changes with distilled water, the macerated fibers (tracheids)
were stained with 1 percent Bismarck Brown Y aqueous solution overnight
and then mounted on slides. No dehydration or cover glass was used
(Echols 1969), but fibers were measured directly to the nearest milli-
meter with 90 X magnification under the Bausch and Lomb No. 2700
projector.3 They were then converted back to the actual tracheid length.
Mean lengths of 20 tracheids were used as items in statistical analysis.

In the analysis of variance of growth and wood data, the degrees of
freedom were 21, 9, and 189 for provenances, replication and error,
respectively. However, there were 16 missing plots; the error term
degrees of freedom were reduced accordingly. Rank correlation
(d.f. = 20) was used to study the relations among growth, wood, and
origin data of parent stands.

VARIATION IN GROWTH TRAITS
Height Growth

The between-seedlot differences in total height were significant
at the 1 percent level (table 2). At age 10 after planting, seedlot
15 from Mt. Nantai continued to outgrow others.

Significant differences in juvenile height growth among 25
provenances were also reported by Langner (1961) at Schmalenbeck, North
Germany, and by Hattemer {1968, 1969) at 13 localities throughout
Germany; by Farnsworth et al. (1972) on the 18 test sites in north-
central United States using 7 and 22 of the seedlots; By Lester (1964)
who observed 6 seedlots in Wisconsin; by Stairs (1966) in New York
(20 seed sources); and by Genys (1972) in Maryland (16 seedlots).

A1l these studies were part of the international Japanese larch
provenance testing program.

Despite it's narrow species range, variation in height growth was
large. At age 10 from planting, seedlot means varied from 540 to 714 cm,
a difference of 32 percent. This is roughly equivalent to 300 kg/m3
or 20 1lbs/ft3 (62.4 1bs. x (1.32 - 1.00) ) more wood production. The
corresponding values obtained for eastern white pine (Pinus strobus L.)

z Mention of trade names does not constitute endorsemeént of the
product by the USDA Forest Service.
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Table 2.--Growth and wood properties of 22 Larix leptolepis provenances
at age 12 from seed in southwestern Lower Michigan

Origin No.,: : Diameter : Height/ : : © Index
Mountain  : : at stump : diameter : Specific : Tracheid: wood 1/
of origin : Height : height ratio : gravity : length :production
{cm) (cm) (cm/cm) {number) {rmm) (number)

1 Fuji 663 11.7 57 0.400 2.08 1.05

2 Fuji 674 12.0 56 L424 2.11 1.19

4 Azusa 696 12.9 54 .392 2.17 1.31

5 Yatsuga 714 12.2 59 . 388 2.12 1.18

6 Yatsuga 670 12.3 54 .374 2.06 1.09

7 Yatsuga 693 12.5 55 . 405 2,07 1.27

8 Yatsuga 600 10.4 58 . 404 2,08 .76

9 Yatsuga 673 12.1 56 .378 2.09 1.08
10 Yatsuga 683 12.6 54 . 399 2.07 1.25

11 Akaishi 594 10.0 59 L412 2,13 .71

12 Akaishi 615 10.9 56 .393 2.13 .83
13 Nantai 636 11.4 56 .398 2.006 .95

14 Nantai 686 12.9 53 . 386 2.03 1.27
15 Nantai 714 12.6 57 .405 2.13 1,32
16 Shirane 609 10.8 56 .403 1.99 .83
17 Asama 673 12.3 55 .390 2.00 1.14
18 Asama 655 11.1 59 . 405 2,08 .95
19 Asama 540 9.5 57 .413 1,98 .58
23 Komaga 600 10.4 58 441 2.05 .83
22 Hida 649 11.2 58 L411 2.06 .96
24 Hida 626 11.9 53 .379 2,03 .97
25 Hida 600 11.5 52 .366 2,04 . 84
Mean 647 11.6 56 0.398 2.07 1.02
F 3.26%% 2.49%* 1.58* 1.79* 1.27 -

1/ Index = Height (Diameter)? Specific Gravity
Mean Height (Mean Diameter}z Mean Specific Gravity

and European black pine (Pinus nigra Arnold) from the same Kellogg
Experiment Forest were 23 and 34 percent, respectively (Lee 1974, Lee and
Wright 1975). These three species are test planted in the same general
area with a high degree of precision as reflected in the small-sized

(2.45 to 3.88 percent) coefficients of variability (the standard deviation
to mean ratio).

The correla?i9ns petween growth rate and the latitude, altitude, and
mean annual precipitation at localities of parent stand were not significant.
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Similar results have also been reported by Pauley et al, 1965; Lester
1964; Farnsworth et al. 1972; Langner 1961; SchBnbach et al. 1966,

and Genys 1972). Fast growing seedlots were from the nortnern as well

as the southern species range and, likewise, from low as well as high
altitudes. However, I observed a distinct geographic trend between the
1971 height growth, longitude, and the mean annual temperature at seed
origin. The rank correlation coefficients were 0.497 and 0.514; both
significant at the 5 percent level. Schinbach et al. (1966) also observed
a clearcut correlation between early frost resistance and the time of
growth cessation. This suggests that clinal variation patterns in height
growth essentially are temperature related; trees from the species' eastern
range and from localities where mean annual temperatures are high grew
faster and suffered less from the early autumnal frost.

‘ -Professor Jonathan W. Wright of Michigan State University generously
furnished the 1974 height data (13 years after planting). Therefore, it
was possible to compute the following age-age correlations.

in years - 2 5 6 10 13
2 1.00 0.65 0.63 0.46 0.51
5 1.00 0.97 0.75 0.83
6 1.00 0.82 0.88
10 1.00 0.91
13 1.00

The rank correlation coefficients were all statistically significant
at the 1 percent level; however, they tended to decrease as the plantation
grew older. 1In general, fast growing seedlots at two years of age were
still growing well at age 13, but some changes in the growth pattern have
occurred. For example, seedlot 15 from Mt. Nantai ranked fifth in 1963 at
age 2. It was the top performer in 1964, when it was 60 percent taller than
the slowest growing seedlot. In 1966 (age 5) it was 70 percent taller than
the shortest seedlot. This figure dropped to 37 in 1967 and to 32 percent
in 1971; by 1974 - 13 years from seed - seedlot 15 ranked sixth. The story
is somewhat similar to that of the southern Appalachian seedlots in eastern
white pine (Lee 1974). Therefore, continued observation on the growth
pattern is necessary because changes in relative height may continue to
occur in the future.

It is important to determine the genotype x environment interactions
for each provenance. My study was based on a single plantation and
provided no information. However, according to Wright (1962), the Germany-
Michigan correlation in height data was low. Provenances that were fast-
growing in Germany were not necessarily good in Michigan. Langner and
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Stern (1965) attributed the absence of a growth relation to severe

winters in Michigan. In the recent study by Farnsworth et al. (1972),

there were 7 common seedlots represented in 18 plantations throughout the
north-central United States. They reported a strong genotype X environment
interaction in height performance. Seedlot 15 was tallest at most test
sites but grew poorly in Nebraska and Ohio. The interaction was described
as unintelligible. Hattemer (1969) was not able to explain genotvpe x
environment interactions in height growth of Japanese larch. This means
that the tallest seedlots in one plantation may not be the best in other

plantations.

H

However, Genys (1972) found that Maryland growth data were more strongly
correlated to data from Germany than to data from north-central United
States. = His study was based on 16 different seed sources.

Diameter Growth 1 Ft. Above Cround

There were significant (1 percent level) differences in diameter growth
among the 22 seed sources (table 2). No geographic pattern was observed.
The rank correlation coefficients between the diameter and origin data
were weak.

The range in seedlot means varied from 9.5 to 12.9 cm, a difference
of 36 percent. This range was far smaller than that observed at the two
Maryland test plantations (Cenvs 1972). However, Genvs' and mv data are
similar in one respect--both have established a strong positive height-
diameter correlation (r = 0.720 in my study). The two growth traits
may be inherited together.

The between-seedlot differences in the height-to-diameter ratios
(cm/cm) were significant at the 5 percent level (table 2). A seedlot
having a high h/d ratio is more desirable because it has less stem tamper.

The h/d ratios were correlated with the 1971 height and diameter.
Both correlation coefficients were insignificant (r = 0.170 and -0.297,
respectively).

DIFFERENCES IN WOOD QUALITY

Specific gravity and tracheid length are the most extensively studied
wood properties, both are under moderate to strong genetic control
(Smith 1967, Zobel 1961); thus, significant gains can be expected
through selection breeding. The wood characteristics of Japanese larch

are not well known and information based on rangewide material is not
available.

) Use of increment core sample extracted at the breast height or stump
height (1 foot above ground) has been a common practice for the evaluation

42



of wood quality. However, whether the entire increment core (pith to
bark) or portion of the core should be used is not known. I found
that a single growth increment formed during the same growing season
was adequate to show the geographic variation pattern.

The stump height (or breast height)-whole tree values relation was
not determined. However, there are numerous studies for pines that
indicate a strong correlation between the two values (Wahlgren and
Fassnacht 1959).

Specific Gravity

The between-seedlot differences were significant at the 5 percent
level (?able 2). A single seedlot (Schmalenbeck No. 23) from Mt. Komaga
had a higher specific gravity than those from the rest of the species range.

There was no clearcut geographic variation pattern in specific
gravity; the correlations between specific gravity and origin data were
weak (the rank correlation coefficients were from 0.044 to 0.326). Heavy
wood may be characteristic of seedlots from northern as well as from
southern localities, or from both high and low altitudes.

Nor was there a significant correlation (r = 0.0El)mbetween specific
gravity and height growth measured in 1971, 10 years after planting. This
is similar to loblolly pine (Pinus taeda L.), for which Matziris and
Zobel (1973) attributed only 7.3 percent of the total variation in specific
gravity to growth rate (r = 0.271 with 353 degrees of freedom). Selection
of fast growing seedlots may not be accompanied by a desirable wood
quality. The specific gravity-diameter growth correlation was also nil
(r = 0.003) in Japanese larch.

The overall mean for the trunkwood specific gravity was 0.398,
comparable to that observed for loblolly pine (Matziris and Zobel 1973).
In both studies, juvenile wood was used as the study material. The range
in seedlot means varied from 0.366 to 0.441--a difference of 20 percent.
This is equivalent to 75 kg more wood/m3 (4.68 1bs/ft3). The between-tree
range was from 0.311 to 0.525, a difference of 69 percent. The greater
between-tree variation was expected; it has been found in eastern white
pine and European black pine growing in the same area in Michigan. The
larger the variation among individual trees, the faster and more efficient
improvement can be made through selection.

Tracheid Length

There were no significant differences in tracheid length among the
22 Japanese larch seed sources.

Bannan (1965) studied fiber morphology for members of several

coniferous genera and concluded that species or races growing on favorable
sites in general had longer fibers. Although the tracheid-height and the
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tracheid-diameter correlations were statistically significant {1 percent
level) in Japanese larch, they are of little practical importance. Mean
tracheid length of the five tallest seedlots was only 0.04 mm longer than

that of the five shortest ones.

Overall mean tracheid length was 2.07 mm. The seedlot means ranged
from 1.98 to 2.17 mm, a difference of only 10 percent. The between-tree
range was from 1.75 to 2.39 mm, a difference of 37 percent. Both ranges
were much narrower than those of specific gravity.

The tracheid length-specific gravity correlation was weak (r = 0.370).
This was also the case with a number of pine species such as loblolly
pine (Jackson and Strickland 1962, Matziris and Zobel 1973), eastern white
pine (Lee 1974) and European black pine (Lee and Wright 1975). The two
wood properties may be inhérited independently.

PRACTICAL APPLICATION

Based on my observations, seed sources from Mt. Nantai in the north-
eastern species range should be recommended for planting in the Lake
States area. They are tall and grow at least 5 percent taller than the
plantation mean (647 cm at age 10 from planting). Trees from Mt. Nantai
are efficient wood producers (table 2); they started growth early in
the spring (the time of leafing not correlated with the latitude and
altitude of seed source according to Yanagisawa 1961}, tended to shed off
their leaves early, and suffered little damage from winter cold (Farnsworth
et al. 1972). Schbnbach et al. (1966) indicated that the resistance to
early autumnal frost was closely associated with time of growth cessation.
Mt. Nantai is located at a northern latitude; thus, trees from that area
lignify early which contributed to frost-damage being less than that
found in trees from more southerly seed sources (Yanagisawa 1961). The
wood quality of trees from Mt, Nantai is average. Genys (1972) reported
that trees from Mt. Nantai are not as susceptible to larch sawfly and
offer better stem quality (straightness) when compared to trees growing
further south.
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TEN-YEAR PERFORMANCE OF DOUGLAS-FIR PROVENANCES
IN EASTERN NEBRASKA
1/
Ralph A. Read and John A. Sprackling

ABSTRACT--Seedlings from 55 seed sources were established in
a field test as 1+1+1 potted transplants on a silt loam soil near
Plattsmouth, Nebraska. Mortality was 76 percent in the nursery
the first year, increased to 89 percent for potted seedlings the
second year, and reached 98 percent 1 year after field planting.
All coastal types died and survival was low for north-central
provenances, Arizona and New Mexico seed sources gave the best
survival (20 percent). Height-latitude correlation was r = 0.81,
southern Colorado, New Mexico, and Arizona seed sources grew best.
Some north-central provenances have grown well in recent years,
Spring growth flush is earlier in southern than in northern
material. The pattern agrees with the spring frost pattern in
Michigan: southern sources are damaged while northern sources
are not, In Nebraska the southern material suffered fall frost
damage perhaps as a result of delayed growth cessation. A
Durango, Colorado, provenance is recommended for landscape,
greenbelt, and Christmas tree plantings in eastern Nebraska.
A Mt. Lemmon, Arizona, provenance is recommended for Christmas
trees in eastern Nebraska sites protected from spring frosts and
winter winds.

Douglas~-fir (Pseudotsuga menziesii (Mirb.) Franco) is the most
important commercial timber tree in the United States. In this paper, how-
ever, we speak of Douglas-fir not for timber purposes but as a tree for the
enhancement of the environment and for use as Christmas trees. The Great
Plains region of North America needs conifers for protection and for
ornamental purposes, and Douglas-fir trees can help fulfill these needs
in selected locations if the source of the seed is carefully chosen,

A study to identify better adapted seed origins of trees for planting
in the central Great Plains is being conducted as part of the Cooperative
Regional Tree Improvement Project (NC-99) of the North Central States
Agricultural Experiment Stations. Credits go to Jonathan W. Wright,
Professor of Forestry, Michigan State University for initiating the study

1/ Principal Silviculturist and Forest Research Techn?cian,‘
respectively, Rocky Mountain Forest & Range Experiment Station, Lincoln,
Nebraska.
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and maintaining the plantation.
PAST RESEARCH

Douglas-fir has been successfully introduced in Europe. The interior
(Rocky Mountain) variety has been planted in mountainous areas with severe
climates and the coastal form restricted to milder climates of England and
parts of Germany ({(Frothingham 1909). In the United States, rangewide
provenance tests east of the Rocky Mountains have consistently revealed
that West Coast origins are highly susceptible to winter damage and that
trees from southern Rocky Mountain origins grow fastest.
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Figure 1.--Natural distribution of Douglas-fir, and provenances tested in
eastern.Nebraska. Origin numbers denote those that have survived;
black circles, those that died in the first 3 years (Little 1971).
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Geographic patterns of variation within the range of the species
(fig. 1) have been recognized but there is some lack of agreement on them.
Frothingham (1909) divided the range into five silvical regions: (1) North
coast, (2) Sierra, (3) Northern Rockies, (4) Central Rockies, and CS)
Southern Rockies. The first two comprise the area known as var. menziesii,
and the other three are in the regions of var. glauca.

Wright et al. {1971) delineated 8 to 10 geographic areas based on
performance in 3- to 8-year-old provenance plantations in Michigan and
Nebraska., Some of these groups were similar to Frothingham's pattern and
others were not. Arizona and New Mexico sources grew tallest and had bluer
foliage at 8 years of age, but were damaged by winter cold in the Michigan
plantings. Origins from west of the Cascades suffered extreme winter
damage, and practically all of them died in the nursery.

Heit (1968) recognized three separate forms of Douglas-fir based on
a New York nursery study of seedlings from range-wide sources. He re-
ferred to a Pacific Coast form viridis (now var. menziesii); a
continental inland form caesia (presumably northern Idaho, Montana, and
northern Wyomingy; and a lower Rocky Mountain form glauca (remainder of
range from central Rockies southward). Heit found, that of 11 interior
origins, those from Coconino National Forest, Arizona, and the Carson
National Forest, New Mexico, grew fastest and had the bluest foliage. A
Montana origin of the Lewis and Clark National Forest grew slowest, and
Colorado origins had average growth. He concluded that southern origins
grew later into the summer when annual growth ceased for others, and that
frost damage to these origins as seedlings was light and temporary because
they grew normally the following season without any apparent leader deformity.

A Pennsylvania test of 19 origins from the Pacific Coast to the
Rockies resulted in 55 percent mortality in western Washington and Oregon
origins, compared to 21 percent for those from Colorado and New Mexico.
Yet growth rate of surviving Pacific northwest trees slightly exceeded
that of interior origins. Late spring frosts damaged interior origins,
but they recovered rapidly and grew well (Byrnes et al. 1958).

Gerhold (1966) tested 67 of Wright's origins in a nursery near Potters
Mills, Pennsylvania. West Coast origins were severely damaged by‘winter
cold but the survivors were tallest of all origins at age 3. As in ‘
Wright's study, the Arizona and New Mexico origins outgrew other interior
origins but suffered more winter injury.

Past studies all seem to indicate that the natural range of Douglgsf
fir in the United States is composed of the following groups: (1) Pacific
Coast, (2) northern Rockies (and Wright's inland Empire), (3) central
Rockies, and (4) southern Rockies. Moreover, all studies appear to
indicate that the Pacific Coast variety does not survive east of the
Rockies, and that the southern Rocky Mountain origins grow fastest.
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The relation between mean rust score and diameter sguarcd
a relative measure of tree volume, at 15 years of age Is sl
figure 1. The solid line shows the relation for trees
through the 15th growing season following planting. I
shown by the broken line is a better indicator of vi
accounts for mortality. Accumulated mortality to age 15, whic
averaged about 15 percent of the trees in the lower three rust
classes, increased to 33 percent of the trees in rust class
50 percent in rust class 5. The essentially linear relation be
D2H and rust score suggests that an increase in one rust score class
reduced yield at age 15 by about 20 percent.

Information on the economic impact of Marssonia disease on
cottonwood in American plantations is not presently available,
mature defoliation caused by this disease occurs earlier and is
least as extensive in the central United States as that caused by lc
rust, hence there is reason to expect that economic losses may be as
serious as those caused by leaf rust. Marssonina leaf diseases have
caused severe economic losses on euramericana poplars in Burope
(Meiden 1962, Castellani and Cellerino 1964).

SELECTION AND BREEDING

T@e wi@e_range of resistance to Melampsora leaf rust among geo-
graphic origins, progenies, and clones of eastern cottonwood, and
the reliable and rapid assessment of rust reaction argues well for
the development of resistant clones and varieties.

Geographic Origin Tests

<Ev?dence from NC-99 tests suggests that utilization of geographic
variation is one approach to obtaining rust resistance. In the Ohio
test (Thielges and Adams 1975), trees of Missouri origin were more
resistant than were trees of local or other midwestern origins. In
the Illinois test most clones of Louisiana or Mississippi origin
remained practically rust free until very late in the growing season.
Correspondence with world-wide recipients of eastern cottonwood seed
d1§tributed by the Poplar Council suggests that seed from certain
or%gins has yielded large numbers of resistant trees. This type of
un}fgrm resistance appears to be due to an interaction between seed
origin and environment and it may be specific to the locations of
the planting. Northward movement of seed enhances rust resistance
but incurs the risk of planting trees where they are not winter hardy.
Because a reliable assessment of winter hardiness requires many year%.
NC-99 test plantings, which are already 10 years old, are a logical
place to search for this type of resistance. Resistance to Marssonina
might be selected for simultaneously. We have selected a number of
Clones of Mississippi and southern I1linois origins that are field
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