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INTRODUCTION

This premiere Forestry Research Review has been published in connection with the
first annual Forestry Field Day, Sept. 7, 1973, at Wooster. Different aspects of the For-
estry research program will be featured each year. Subject matter presented in this
Research Review supplements the 1973 Field Day activities. Through this approach, the
total research program over a 3-year period will be summarized.

Forestry research at the Ohio Agricultural Research and Development Center is con-
ducted by scientists with specialties in forest genetics, tree physiology, tree nutrition
and forest soils, and forest ecology. Their primary task is to conduct biological research,
provide genetically superior trees, and identify optimum cultural methods for planting,
establishing, and managing trees for a multitude of uses. Diversity of tree growth is an
inherent requirement of modern forest management. Silvicultural methods, based on a
sound biological understanding of the tree and its environment, make possible the di-
versity of management needed to satisfy the many users of Ohio woodlands.

This years?s research topic is forest tree improvement. The objective is to acquaint
the public with the types of forest genetics research underway and to give genetic infor-
mation for management which will provide the best utilization of OhioTs forest resources.

Gordon E. Gatherum, Chairman
Albert R , Vogt, Associate Chairman

Department of Forestry



This page intentionally blank.



GENETIC IMPROVEMENT OF NORTHERN RED OAK

Daniel B. Houston
Department of Forestry

Northern red oak, Quercus rubra, is one of the most widely distributed tree species
in the woodlands of Ohio, and is one of the most important species from the standpoint of
commercial and wildlife value. It comprises 8.5% of the volume of sawtimber in the state,
with 47% of its total volume in the top two log grades (Grades 1 and 2) as compared with
36% for white oak, the next highest quality species. The wood is used for lumber, floor-
ing, and veneer. Red oak is also cut as pulpwood for container manufacture. Red oak
acorns are an important food for wildlife.

From the standpoint of Ohiofs wood-using industries, the critical factor affecting the
efficient utilization of native northern red oak is the quality of the trees (stem form, wood
properties, soundness of logs) more than volume production or accessibility. On the
other hand, the major limitation to growing red oak for profit by individual landowners
is the slow growth rate which restricts the ability of forestry ventures to compete with
alternative land uses. The management of forest land is generally not very intensive,
and only a minimum of cultural treatments are possible or economically feasible during
the period of time required to grow red oak to commercial size.

Because of these limitations, one of the best means of attaining faster growth, and
therefore a shorter harvest cycle, is through genetic improvement of growth rate and
timber form of the species and the use of improved nursery stock for the establishment of
plantations.

To obtain some degree of genetic gain in growth rate and form of northern red oak,
an applied tree improvement program is now in progress in the Department of Forestry,
OARDC, utilizing a two-pronged approach. The first technique involves provenance test
evaluation. A provenance test is an assemblage of trees grown from seed or seedlings
collected from various portions of the range of the species. By growing all of these in
the same plantation, the effect of the environment is minimized and the genetic composi-
tion of trees from the different geographic areas may be evaluated. Two such tests have
been established at the OARDC to provide this kind of information. One, planted in 1962-
1964, includes trees from 37 sources from across the northern half of the species range.
The second, established in 1973, is comprised of 176 progenies from the southern portion
of the red oak distribution. These tests have and will continue to be evaluated for survi-
val, growth rate, tree form, frost resistance, and other characteristics. This information
will help determine if certain of these geographic sources produce trees superior for gen-
eral reforestation or for planting in specific areas such as droughty regions.

The selection of superior individual trees or stands of trees and the collection of seed
from these trees represents the second approach. A program to accomplish this has been
established at the OARDC in cooperation with the Ohio Department of Natural Resources,
Division of Forests and Preserves. The objectives of the program are:

1. To provide genetically superior seed of northern red oak for use in re-
forestration programs in Ohio.





2. To do basic research on the heritability of growth rate and timber form
in this species.

3. To aid in the initiation and development of hardwood tree improvement
programs for state and private agencies in Ohio.

The initial phase of the project involved the location and selection of potentially
superior seed-producing trees and stands and evaluation of these on the basis of growth
rate and timber form (absence of heavy branches, bole straightness). More than 50
stands of northern red oak were selected throughout the state. Re-evaluation of the
original stands narrowed the final selection to 18 stands, representing the best northern
red oak growing on typical sites throughout Ohio. Most stands are located on privately
owned land and cooperation of landowners was secured. Ten outstanding trees were
selected in each stand and measured and marked for future seed collection. The locations
of the selected stands are indicated in Figure 1, and further information is included in
Table 1.

Selected trees are used to produce seed for evaluation of the genetic potential through
study of seedling offspring or progeny. Progeny testing provides a means of evaluating

TABLE 1.—Location of Selected Northern Red Oak Stands and Average Heights and
Diameters of Selected Parent Trees.

Stand
Number

1A
2A
3A
3B
3C
4A
5A
5B
6C
7A
8A
9A
10A
13A
14A
15A
17A
17B

County

Williams
Hancock
Rich land
Ashland
Huron
Mahoning
Geauga
Lake
Wayne
Tuscarawas
Athens
Ross
Adams
Licking
Shelby
Monroe
Columbiana
Jefferson

Av. Total
Height
(feet)

99
94
95
84
92
82
100
89
94
104
105
99

101
116
109
105
91
105

Av.
Merchantable

Height*
(feet)

48
50
54
46
54
46
53
45
50
40
54
48
48
63
58
45
50
54

Av. Dia.
Breast Ht.
(inches)

21.8
24.3
20.7
14.4
15.9
14.5
20.5
15.6
17.3
20.8
17.9
17.8
22.2
26.6
23.1
18.0
16.0
21.5

Seed
Collected
in 1972
(X)

X

X

X
X

X

Merchantable height is that portion of the tree from which logs can be cut.
As measured in this study, it is the clear length of bole of the tree from stump
level to the first heavy branch or fork.



different parental genotypes in a plantation where all seedling offspring are exposed to
the same environmental factors. By replicating progeny tests in several different field
locations, it is possible to evaluate the3 performance of the tested progenies in different
environments. This information can be used to determine the suitability of various geno-
types (parent trees or stands) for providing seed for planting in specific' areas.

In fall 1972, all of the selected stands were checked for acorn production. Because
1972 was not a good red oak seed year throughout the state, seed was available in only
5 of the 18 otands. Acorns were collected from several selected trees as well as from
additional randomly located trees in each of the five stands. The performance of seed-
lings from the combined random collections in each stand will be compared with that of
the selected tree progenies to evaluate the extent of inbreeding within each stand. If
trees in stands are inbred to the extent that each tree is closely related to all others,
phenotypic differences among the parent trees may be due primarily to the environment.
If this is the case, and progeny of the general stand collections perform as well as those
of selected parents, then future selections and seed collections could be on a total stand
basis. This would simplify the selection procedure and increase the efficiency of the
program.

In 1972, sufficient seed was collected to produce seedlings for three partial replica-
tions of the progeny test in spring 1974. Collections from the remaining 13 stands will
be incorporated into these progeny tests over the next 2 years. Progeny tests will be
evaluated regularly as they grow to maturity. Results of these tests will determine which
parent trees should be reserved for seed collection or propagated by cuttings, grafts, or
seedlings to establish seed orchards. This third phase would represent actual production
of improved seed for the state nurseries. Meanwhile, it should be possible to obtain some
degree of genetic gain by using early progeny test results and collecting seed from better
parent stands.
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SELECTION AND BREEDING OF SUGAR MAPLE

Howard B. Kriebel
Department of Forestry

Studies of Geographic Patterns of Genetic Variation

Three field tests, two at Wooster and one at the OARDC Southeastern Branch, Meigs
County, were initiated in 1954. They include selections from about 50 geographic origins
of the seed, covering the entire distribution of the sugar maple complex in eastern North
America from Canada to the Gulf Coastal Plain, They include subspecies nigrum, the
black maple, and floridanum, the southern sugar maple. These forms have often been
considered to be separate species.

Results of the tests indicate that these sugar maples are best considered to be a
single species with intermediate forms. There are three major ecotypes:

1. Appalachian - Northeastern-Canadian - Lake States sugar maple

Characteristics:

a. Susceptibility to heat injury and drought
b. High level of winter hardiness
c. Early leafing-out (except Appalachian)
d. Early onset of dormancy
e. Straight stem and good form
f. Moderate to good vigor

2. Central States Region sugar maple (Southern Michigan and Ohio
west to southern Minnesota and Iowa)

Characteristics:

a. Resistance to heat injury and drought
(highest in western part of the region)

b. High level of winter hardiness
c. Intermediate in time of leafing-out
d. Intermediate in time of onset of dormancy
e. Fairly good form
f. Deep root system in west
g. High vigor

3. Southern sugar maple (Southern Atlantic and Gulf Coastal Plains,
Mississippi Valley to southern Illinois)

Characteristics:

a. High resistance to heat injury and drought
b. Moderate to low winter hardiness



c. Late leafing-out
d. Late onset of dormancy
e. Bushy, poor form

Selection and Breeding for Sap Sugar Content

Selected individual trees have been under test at Apple Creek (near Wooster) since
1956. The original trees were selected in Ohio, Vermont, New Hampshire, and New York
on the basis of sugar percent over a period of years. They were propagated by grafting
and budding. Crosses were made of OARDC trees of high, intermediate, and low sugar
yield in 1955.

Seed orchard: The seed orchard or seed plantation was established with grafted and
budded trees between 1958 and 1962. It includes 19 clones and 1 seedling progeny, each
replicated 10 times. The spacing is 30 x 30 triangular. The objective is to produce seed,
by natural or artificial crossing, superior with regard to sugar content. The seed will
be supplied to the state nursery for propagation of planting stock. A few trees have
flowered but the orchard is not yet in production.

Progeny test from controlled pollination: Trees from crosses made in 1955 have
been tested for sugar content for several years. Results show that crosses of high-test
trees gave superior progeny, Five trees in the progeny of the two best parents have
some test readings higher than the maximum reading ever obtained from either parent.
Readings of 5% and 60 have been obtained, with one reading reaching 7,4%. Heritability
of sugar content is high, roughly 60%.

Progeny test from open pollination: The trees in this test were grown from seed
collected from 12 large trees in Williamstown, Mass., which had been tested repeatedly
for sugar content. Differences among these families have not been as great as in the
control-pollinated families.

By wide spacing and use of superior selections, it should be possible to double the
sugar percentage of production trees in Ohio. Since sugar percentage and sap volume
yield are correlated, large gains in productivity of Ohio sugar bushes will eventually be
achieved. Maximum cultural care will be needed to promote fast growth to commercial
size.



CLONAL SELECTION OF COTTONWOOD

Daniel B. Houston
Department of Forestry

Eastern cottonwood, Populus deltoides, is the most important poplar species in the
eastern United States. It is a very fast-growing tree adapted to a wide range of site con-
ditions . Cottonwood has been used extensively in reforestation programs, and the wood
of the species is utilized for a wide variety of purposes, including lumber for boxes and
crates, core stock for veneer manufacture, and furniture parts. Its most extensive use
is for pulpwood, however, because of its excellent fiber qualities.

While natural stands of cottonwood grow best on moist, well-drained sandy loam or
silt soils near rivers or streams» the species tolerates extremely harsh soil conditions
and is fairly drought-resistant. Based on many years of planting experience, the Ohio
Reclamation Association has recommended the use of cottonwood for the reforestation of
strip-mined land.

In the past, several factors have limited successful large-scale plantings of cotton-
wood by state and private agencies. Among these is finding genetic strains of cottonwood
which are adapted to specific sites, will grow rapidly, and are resistant to diseases.
Cottonwood is very easily propagated by rooting stem cuttings and, once suitable geno-
types are found, it is possible to produce superior clones by this method of vegetative
propagation.

To investigate the possibilities of producing such superior clones for commercial
planting in Ohio, a research program was developed in the Departments of Forestry and
Plant Pathology at OARDC in cooperation with the Ohio Division of Forests and Preserves,
The research consists primarily of selecting clones of cottonwood on the basis of growth
rate and disease resistance, and testing them in field plantings at various locations in
Ohio. The performance of the clones in these initial tests will be used as the basis for
further selections of suitable clones for large-scale propagation.

A replicate planting of the North Central-51 Regional Cooperative cottonwood proven-
ance and progeny test growing at the OARDC in Wooster provided the basis for the selec-
tion program in Ohio. This test» initiated by Dr. J. J. Jokela of the University of Illinois,
was established in 1966 and includes selections from Ohio, Indiana, Illinois, Missouri,
Kansas, Nebraska, and Minnesota. In the plantation, there are 228 individual genotypes
or clones derived from seed of 76 parent trees.

Selection of clones for inclusion in the Ohio program was accomplished by evaluating
the 228 clones in the regional test on the basis of several desirable characteristics, in-
cluding height and diameter growth at age 2 and 3 years, tree form (mainly bole straight-
ness and freedom from forking and heavy branches) , and resistance to diseases (Melamp-
sora leaf rust and Fusarium stem and twig canker) . A combined selection index was used
to evaluate the 228 clones for all of the desirable characteristics, and a total score was
determined for each individual clone. The maximum score was 10. The 20 clones with the
highest scores were selected for further propagation and testing representing a selection
intensity of less than 10%. Table 1 provides a comparison of selection scores and height
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and diameter growth at ages 2 , 3 , and 5 years from cuttings. These figures represent
excellent growth rates for cottonwood in northern Ohio.

In 1970-71, rooted cuttings obtained from the 20 clones were successfully outplanted
into two replications, one at Wooster and the other at the Gifford State Forest, northeast
of Athens, Ohio. Each planting consisted of 640 test trees.

This series of clonal tests greatly expands the potential of the cottonwood selection
program. The tests represent an increase of the original genetic material to 64 individual
trees or ramets for each of the 20 selected clones, increasing the efficiency of evaluation
and providing a source of material for further tests, The replicated plantations provide
a means of evaluating and comparing the performance of the selected clones on different
sites, thus increasing the range of application of results.

The clonal tests will be evaluated regularly for survival, growth, form, and freedom
from disease. Based on the results of early evaluations of the test plantations, it may be
advisable to further test certain of the selected clones in other environments, such as
strip-mined or droughty sites.

TABLE 1.--Origins, Selection Index Values , and Growth Data for 20 Selected
Cottonwood Clones.

Clone
Number

61-1
164-2
169-1
176-2
190-3
232-2
234-1
234-3
235-3
241-3
242-2
244-2
246-3
248-1
248-3
256-2
265-3
273-2
289-1
289-2

Origin
(State)

Kansas
Minnesota
Minnesota
Minnesota
Minnesota
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Missouri
Illinois
Illinois
Illinois

Selection
Score*

6
7
7
8
6
9
7
6
7
7
7
6
6
7
7
7
8
9
6
8

Average
Age 2

11.2
10.6
11.4
11.3
10.4
13.1
11.2
9.6
11.7
13.1
10.0
11.6
10.6
11.0
11.5
13.7
13.4
12.8
11.0
11.9

Height
Age 3

15.0
17.3
16.0
17.8
16.0
16.8
15.9
17.4
17.8
17.8
16.7
14.0
17.5
13.6
18.3
17.3
16.0
17.5
15.9
--

(feet)
Age 5

25.0
27.5
25.8
32.5
26.8
31.0
28.5
32.0
29.8
30.2
28.8
24.5
31.8
29.6
36.8
30.0
27.0
31.5
25.5
27. 5t

Average
Age 2

1.3
1.6
1.7
2.2
1.4
2.0
1.7
1.4
1.4
1.8
1.8
1.7
1.3
1.8
1.6
1.9
2.0
1.9
1.6
2.0

Diameter
Age 3

2.8
2.6
2.9
3.4
2.7
2.8
2.4
2.7
3.2
2.8
2.7
1.8
2.6
1.9
2.7
2.1
2.2
2.6
2.6

—

(inches)
Age 5

3.8
4.0
4.6
5.1
4.6
4.6
4.2
4.6
4.2
4.4
4.0
2.9
4.4
3.0
4.6
3.4
3.4
4.4
4.2
3.9t

*Score from combined selection index for height and diameter growth rate, tree
form, disease resistance. Maximum score = 10.

t4th-year growth data.



Disease problems will receive special attention in future research. While trees of
the genus Populus have many attractive characteristics, it is true that most poplars, in-
cluding cottonwoods, are afflicted with a number of diseases limiting their usefulness.
Because cottonwood is a native species, it is possible that the selected clones already
have a high degree of inherent resistance to disease organisms. Future evaluations of
selected clones at the two locations in Ohio will include screening by Dr. Curt Leben,
Department of Plant Pathology, OARDC, for resistance to several types of leaf spot dis-
eases and cankers. Preliminary disease inoculation trials under controlled conditions
have indicated that inherent resistance to Fusarium canker may exist in some of the
clones under test.

If the selected cottonwood clones prove to be genetically superior» the improved
stock will be available for large-scale planting in a relatively short period of time. With
complementary research results on planting site preparation, weed control, and other
cultural practices, planting selected eastern cottonwood clones for pulpwood and saw-
timber production and for the reclamation of strip-mined land should be economically and
ecologically rewarding in many areas of Ohio „



SELECTION OF BLACK WALNUT FOR TIMBER PRODUCTION

Howard B. Kriebe!
Department of Forestry

The OARDC black walnut experiment is a test of the survival and growth of trees
from seed of native trees in various locations throughout the species distribution. It is
one of eight such tests established in the spring of 1967 with 1-year-old seedlings throug-
out the midwestern United States as part of a cooperative regional project.

The seed was collected from 25 sources; each source consisted of progeny from an
average of six parent trees. The planting consists of a randomized complete block de-
sign with six replicates of four-tree plots.

Weed control has been practiced in the plantation. The area was cultivated and
sprayed (2 Ib. each per acre of Simazine and Atrazine) prior to planting. Subsequently,
band spraying has been used with mowing between the bands. Some corrective pruning
was done during the first 2 years to maintain a straight stem by eliminating forks.

The following results were obtained by the end of the 1971 growing season, after 5
years in the field:

Survival 70%
Average diameter at 12 inches above ground (inches) 1.8
Average height (feet) 8.1
Height (feet) -r diameter (inches) 4.6

By selecting the tallest 20% of the families, collecting seed from those trees when
available, and starting another plantation, about a 10% increase in height over what is
presently in this plantation could be expected.

Trees from local sources grew about as much as those from sources farther north and
south of the plantation. Nothing in the data suggests that it would be unwise to collect
seed from 200-300 miles south of the plantation. However, trees from three of the four
sources located more than 350 miles south of the planting site had less than average
growth. Seed collection for Ohio should probably be limited to not more than 300 miles
south of the planting site.

Height appears to be the best character for evaluating the proper seed sources at an
early age in black walnut. In addition to growth rate, it indicates winter dieback and
susceptibility to late-spring frosts. Affected trees are shorter than non-affected trees.



WOOD PROPERTIES IN BLACK LOCUST CLONES

F. W. Whitmore
Department of Forestry

Black locust is widely planted on strip mine spoils because it survives on acid soil
and has nitrogen-fixing ability. Commercial utilization of black locust has been low,
partly since it is susceptible to locust borer damage.

In 1960, the Forest and Disease Laboratory at Delaware, Ohio, and the Forestry De-
partment at OARDC installed a test planting of 10 black locust clones near Apple Creek,
Ohio. Each clone was represented by 50 trees propagated from the parent by cuttings,
The original purpose of the test was to assess the resistance of clones to borer attack.
Most of the trees have been damaged by the insect, but eight clones have grown well
enough to provide material for a wood characteristics study.

This clonal test provided a good opportunity to study genetic control, or heritability,
in several wood properties. Clonal tests of sufficient age to evaluate wood qualities are
rare. The properties studied in this test were specific gravity, extractive content, and
lignin content. The average values of these properties, as well as the average diameters
and heights of the 11-year-old clones, are in Table 1.

The alcohol-benzene extractive content showed the highest degree of heritability,
exceeding both height and diameter growth (Table 2) . The other wood properties were
inherited to a fairly low degree, including the water soluble extractives.

The extractive content of wood is important in paper making. Wood extractives,
which are mainly phenolic compounds, neutralize the alkali cooking liquor used for pulp-
ing. More alkali is needed, increasing the cost of pulping* Extractives also impart color
to pulp, requiring additional bleaching.

While black locust is not a preferred pulping species, partly because of its extractive
content, it may be used more in the future. This clonal test indicates that extractive con-
tent might be lowered through propagation of clones selected for this characteristic.
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TABLE 1.--Average Values of Black Locust Characteristics by Clones.

Clone

1

2

3

4

5

6

7

8

Diameter,
1971

in.

5.09

4.86

5.32

4.71

6.10

5.20

4.69

4.82

Height,
1971
ft.

33.6

34.4

35.0

32.7

36.9

34.4

31.4

31.2

Specific
Gravity

0.673

.658

.669

.636

.657

.670

.650

.650

Alcohol -
Benzene

Extractives
o/ nf

3.32

4.42

4.22

4.79

4.10

4.88

5.24

5.40

Water
Soluble

Extractives
oven-dry weight-

5.25

7.48

6.43

6.20

5.81

6.38

5.08

5.26

Lignin

22.09

24.18

22.00

22.87

22.85

21.02

22.50

21.54

TABLE 2.—Heritability of Some Characteristics in Black Locust
Clones. Heritability Is Expressed as a Range from 0, the Lowest,
to 1.0, the Highest.

Characteri sti c Heri tabi1i ty

Diameter 0.23

Height .17

Specific gravity .07

Alcohol-benzene extractives .54

Water soluble extractives .05

Lignin .17
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EVALUATION OF SPECIES AND SEED SOURCES FOR
CHRISTMAS TREE PLANTING IN OHIO

James H. Brown
Department of Forestry

Christmas tree production and marketing are important industries in Ohio, and the
potential for expansion is good. Approximately 2.5 to 3 million Christmas trees are sold
each year in Ohio, with the retail value reaching $15 million. However, less than 20%
of these trees are actually grown in Ohio. The remainder are imported from surrounding
states, the West Coast, and Canada.

Most Christmas trees grown in Ohio are exotics which are native to other portions of
the United States and other countries. Of the species planted, only eastern white pine
is native to Ohio and plantations of this species are often established by using seed
gathered from areas outside of the state. Scotch pine, the most extensively planted
species used for Christmas trees, is native to Europe and Asia. Norway spruce is also
native to Europe, while Douglas-fir, balsam fir, Fraser fir, white spruce, and blue
spruce are native to other parts of the United States and Canada. These species have
often been planted without proper consideration of site requirements and their native
habitats. In addition, genetic differences within species have often been ignored. As a
consequence, survival and growth in many plantations have been disappointing.

One major objective of Christmas tree research at OARDC is to study characteristics
and adaptability of species and varieties planted in Ohio. Work is currently underway
on a number of different species.

Scotch Pine Pinus sylvestris

Variation among geographic origins of Scotch pine has been studied extensively in
many areas outside of Ohio and at least 21 geographic varieties of the species have been
recognized. Seedlings of the southern varieties (from southern France and Spain) have
usually been considered best for Christmas tree planting. However, Ohio growers have
experienced problems with Scotch pine plantations established with seedlings of some of
the southern origins. Survival and growth have often been poor on sites where the water
table is high or where internal soil drainage is restricted. This is a particular problem
on many soils of glacial origin in northern Ohio. It is possible that this may be associ-
ated with the tap-rooted nature of seedlings of many southern varieties. Seedlings from
other areas may prove more adaptable. In addition, the needle cast disease Lophodermium
pinastri and the spotted pine aphid (Eulachnus agilis) seem to be serious on some of the
southern varieties of Scotch pine.

In the winter of 1970-1971, Scotch pine seed of 52 sources was obtained from coop-
erators in 17 countries in western, northern, and central Europe. This seed was planted
at the State Forest Nursery, Marietta, Ohio. In the spring of 1973, replicated test planta-
tions were established on seven sites in four counties (Mahoning, Coshocton, Jackson,
and Brown) in Ohio. These plantations will be evaluated periodically to determine the
adaptability of different seed sources to soil and environmental conditions of the test
sites. In addition, they will be screened closely for possible differences in resistance
to Lophodermium needle cast, spotted pine aphid, and other insects and diseases.
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In addition to field tests being conducted with Scotch pine, greenhouse studies are
being carried out to investigate possible differences among varieties in nutritional re-
quirements. Initial studies with 10 seed sources grown at five nutrient levels indicate
that differences in requirements may be quite pronounced (Figures 1 and 2) . This work
is continuing in an attempt to more clearly define possible variations both between and
within varieties.

Douglas-Fir Pseudotsuga menziesii

Past experiences with Douglas-fir Christmas tree plantations in Ohio have often been
disappointing. However, a few growers are successfully growing the species and it ap-
pears that many of the problems experienced in growing Douglas-fir are associated with
poor site selection, inadequate cultural practices (particularly weed control)» and poor
selection of seed sources for planting. This latter factor can be quite important, for
there is considerable genetic variation within the species. Sources from the West Coast
are fast growing but are not winter hardy in this area. On the other hand, sources from
high elevations in the Rocky Mountains will withstand the most severe winters in Ohio
but are slow growing and often begin to grow so early in the spring that they are killed
back by spring frosts.

In the spring of 1973, Douglas-fir seedlings of 18 seed sources from seven states
were obtained through the cooperation of research personnel at Pennsylvania State Uni-
versity , These seedlings were planted on wet, moist, and dry sites at the OARDC
Pomerene Forest Laboratory in Coshocton County. Evaluations will be made periodically
to determine the suitability of the different seed sources for Christmas tree planting on
different sites in Ohio.

Balsam Fir Abies balsamea and Fraser Fir Abies frasen

Balsam fir has been used extensively for Christmas trees for years. Most trees were
cut from natural stands in the northern United States and Canada and were often of rela-
tively low quality. More recently, particularly in the northern states, balsam fir has been
grown in artificially established plantations. In Ohio, balsam fir has not been planted ex-
tensively for Christmas trees because damage from late-spring frosts has been a problem.
Fraser fir or southern balsam fir is relatively new to the Christmas tree market. However,
it makes an extremely attractive tree and usually begins growth considerably later in the
spring than most balsam fir.

In the spring of 1972, 20 seed sources of balsam fir were obtained from research co-
operators at West Virginia University. These were supplemented with three origins of
Fraser fir and seedlings were planted in test plantations on two sites at the Pomerene
Forest Laboratory and one site in Brown County. Observations are being made on sur-
vival , growth, foliage characteristics, and date of bud-break. Initial evaluations after
a mid-May frost in the spring of 1973 indicated that none of the Fraser fir and only a few
of the most southerly origins of balsam fir (West Virginia) had been damaged by the frost.
Tips of more northerly origins of balsam fir were severely damaged.
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Blue Spruce Picea pungens

Blue spruce or Colorado spruce is one of the most widely planted tree species used
for ornamental purposes. It is also planted extensively in Ohio Christmas tree planta-
tions. Despite the fact blue spruce grows native in scattered locations throughout much of
the central and southern Rocky Mountains, little attention has been directed in the past
to possible differences among origins from different areas.

In the spring of 1973, seedlings of 29 seed sources of blue spruce from five states
were obtained through the cooperation of research personnel at Michigan State University.
These seedlings were planted in a replicated test plantation at the Pomerene Forest Lab-
oratory and periodic evaluations will be made to determine the desirability of different
origins for Christmas trees as well as for ornamental use. Observations will also be made
to evaluate possible differences among provenances in resistance to the Cooley spruce
gall aphid, Adelges cooleyi, a major pest of blue spruce.

Other Species and Varieties

In addition to the studies discussed above» a number of other existing or proposed
experiments should be of interest to Ohio Christmas tree growers. The studies of geo-
graphic variation in eastern white pine and exotic five-needle pines described in the
next article should provide valuable insight into new species as well as seed sources for
planting in Ohio. In addition, it is anticipated that test plantations of several species of
spruces, Picea spp., and firs, Abies spp., will be planted on sites in different parts of
Ohio for evaluation as Christmas tree species.
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Exotic Five-needle Pines

a - Himalayan, Pinus griffithii McClel.

Vigorous; variable winter-hardiness, depending on seed source;
long branches; long needles; large cones; resistant to blister rust;
air pollution sensitivity not known

b. Korean, Pinus koraiensis Sieb. and Zucc.

Very winter-hardy; moderate growth rate, slightly less than eastern
white; appears to have some resistance to white pine weevil injury;
appears to be low in air pollution sensitivity

c- Macedonian, Pinus peuce Griseb.

Hardy; dense, narrow crown, fine branches, straight bole; moderate
growth rate; may be less sensitive to air pollution than eastern white
pine

d. Armand pine, Pinus armandiv Franch.

Very few specimens winter hardy in northern Ohio; somewhat bushy;
moderate growth rate; highly resistant to blister rust; air pollution
sensitivity unknown

e* Swiss stone pine, Pinus cembra L.

Very winter-hardy; very slow growing; deep blue-green needles;
dense habit

f . Siberian stone pine, Pinus sibirica du Tour

Similar to P. cembra but slightly faster growing and with shorter
needles and larger cones

white pine, Pinus parviflora Sieb. and Zucc.

Very slow growing; poor form for timber; attractive ornamental;
susceptible to weevil injury and blister rust

k * Japanese stone pine, Pinus pumila Regel

A semi-dwarf, shrubby form; very slow growing; may be resistant
to SO2 injury

i* Mexican white pine, Pinus ayacahuite Ehrenb.

Somewhat similar to Himalayan white pine but less winter-hardy;
will not survive in northern Ohio



Hybrids of Five-needle Pines

a. Eastern white x Himalayan

Very vigorous, winter-hardy, long branches, long needles, resistant
to blister rust; air pollution sensitivity not yet determined

b. Himalayan x eastern white

One cross tested was not winter-hardy, possibly due to a low-elevation
origin of Himalayan

c. Eastern white x Macedonian

Less vigorous than eastern white, needles similar to eastern white,
some weevil resistance; air pollution sensitivity not determined

d. Eastern white x limber pine

Hybridity not certain; slightly slower growing than eastern white;
resembles eastern white; air pollution sensitivity not determined

e. Limber x Himalayan

Very vigorous; fairly long branches; winter hardy; appears to be
low in air pollution sensitivity

f. Western white x Himalayan

Characteristics somewhat similar to d.

g. Western white x Mexican white

Winter-hardy; very vigorous; long needles; apparently not as
sensitive to air pollution as eastern white

h. Western white x (Macedonian x eastern white)

Apparently very sensitive to air pollution

i. Western white x Japanese white

Faster growing than Japanese white, slower growing than western white
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EASTERN WHITE PINE RESEARCH: AIR POLLUTION

Daniel B. Houston
Department of Forestry

Eastern white pine (Pinus strobus) is the most extensively planted conifer in Ohio,
enjoying utilization for both reforestation and aesthetic plantings. It is utilized as a
Christmas tree species because it responds well to shearing and other cultural practices.
The species grows well on many different sites, including such extremes as dry rocky
ridges and wet bottomlands, but makes its best development on moist sandy loam soils.
The wood has many desirable properties and is used in the manufacture of boxes and
crates, woodenware, and for building construction.

For many years white pine has suffered from a number of poorly understood foliage
disorders limiting its usefulness. Within the last few years, air pollution has been iden-
tified as one of the causes of these disorders. The main feature of the plant injury syn-
drome caused by important air pollutants is variation among individual white pines in
susceptibility to injury. Trees can be found with branches and roots intermingled, yet
one tree may appear vigorous and entirely healthy while another is stunted, chlorotic,
and showing other symptoms of acute and chronic pollution injury.

Research currently in progress in cooperation with the U.S. Forest Service Insect
and Disease Laboratory, Delaware, Ohio, is attempting to assess the impact of polluted
air on reproduction (seed production) in eastern white pine and red pine, another widely
planted species in Ohio. Cones were collected from 20 healthy-appearing trees of each
species in areas of high and low pollution intensity. Preliminary results are detailed in
Table 1. Variation among individual trees was noted for all characters studied, even
in the polluted air area. As pollution levels continue to rise, a greater reduction in the
reproductive capacity of pines can be expected.

Air pollution is known to have a significant effect on the growth and development of
pines, especially in the case of eastern white pine. Cooperative research between the
U.S. Forest Service and the Department of Forestry will study the variation in resistance
and susceptibility in white pine to determine why certain trees are resistant to pollutants
while others are susceptible. This information will then be incorporated into a program
to select and vegetatively propagate resistant clonal lines of white pine and other species
important to forestry in Ohio. These clonal selections will provide the basis for the de-
velopment of resistant varieties of pines for use in private and public reforestation pro-
grams in the state.
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TABLE 1.—Cone and Seed Characters of Pines Growing in Polluted and Clean Air.

Species

Av. Seed
Av. Cone Av. Cone Av. No. Wt. (g.)

Length (mm.) Width (mm.) Seeds/Cone (1,000 Seeds)
Percent

Germination

1. White pine

High pollution
area 123

Low pollution
area 124

2. Red pine

High pollution
area 44

Low pollution
area 47

20

21

23

23

55

67

13.9

15.9

6.7

8.1

Data not
complete

Data not
complete

50

66
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Research at the OARDC on embryo development and hybrid failure in eastern white
pine is in its third phase. The first phase was a study to determine the actual point of
hybrid failure. This phase extended over several years and involved the collection of
immature, control-pollinated cones, the preparation of the developing seeds for micro-
scopic observation, and the analysis of the developmental patterns observed. This re-
search indicated the hybrid embryos abort within the developing seeds at an early stage.
This is in marked contrast to the hard pines where hybrid failure occurs because the
pollen tube is unable to reach the egg cell and accomplish fertilization.

Although the timing of the hybridity barrier has been established, the microscopic
phase of the work is continuing for three reasons. First, more crosses are being exam-
ined, including the use of eastern white pine as the male, rather than female, parent.
Second, the incomplete barrier to self pollination is being examined. Knowledge of self
pollination behavior is essential both for the efficient planning of seed orchards and for
the production of highly inbred trees for genetic studies. Finally, the microscopic
analysis is continuing in order to determine differences in the reactions of individual
trees to foreign pollen. If such genetic differences actually exist, selection for high hy-
brid compatibility could become important in the breeding program.

The second phase of the embryological research, involved the culture on artificial
growth media of immature seeds and in some cases of whole cones. Since hybrid embryos
exist and then abort, it might be possible to grow them to maturity by supplying sub-
stances in culture which they do not receive naturally. Most of the 1970 crop of control-
pollinated seeds was devoted to this experiment. Neither hybrid embryos nor non-
hybrids younger than the normal point of embryo breakdown in inviable crosses survived
in culture. However, many combinations of media and culture conditions have not been
tried. As more information becomes available on the physiological state of young embryos,
a more systematic set of culturing experiments may be in order.

The current phase of the embryological research, which began with the 1971 seed
crop, involves the study of nucleic acids in the young embryo and surrounding seed tis-
sue. This important group of compounds includes both the substance of which genes are
made and the substances which are active in translating genetic information into metabo-
lism and development. Their study should give a great deal of information about gene
action and hybrid failure.

The area of physiology and molecular gene action in plant embryos is almost com-
pletely unexplored. Research at the OARDC on embryo development in eastern white
pine will add significant contributions. Conversely, as basic knowledge in this field
increases, the practical problem of interspecific hybridization in the five-needle pines
can be tackled.
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