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THE IMPROVEMENT OP FOREST TREES 

INTRODUCT ION 

Improvement 3f forest trees is a project that is just 

beginning to receive attention. For several centuries the 

agriculturists have been developing superior strains of 

plants and animals until at present very few original wild 

types are used. Why is it that mankind has been content 

to use the existing wild species of trees while, he has 

developed other forms of plant life? The answer is 

probably because up until now there has been a great 

abundance of virgin timber and because the longevity of 

timber trees has presented exceedingly complex problems to 

the tree breeder. 

Purpose of Investigation 

Because of the apparent awakening of interest in the 

problem of improving forest trees and because of the need 

for stimulating additional interest, we are presenting 

this paper with the intention of painting a clear picture 

of the most important aethods of improvement of coniferous 

species now in use or in the experimental stage. 

The Problem and Its Importance 

The problem facing us is to determine what can be 

done to rectify or improve the present condition consist- 

ing of "the rapid recession of the timber supply access- 

ible to established wood-using industries; the inferior 
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quality of much of the second-growth wood; more stringent 

quality requireaents in the finished product to nieet the 

conipetition of other ifianufacturers or of substitute 

products, necessitating uniforiuity or improvenent in 

quality of the raw wood material; the denudation of forest 

areas by uncontrolled commercial exploitation and the 

necessity for having them restocked and managed by public 

agencies in tkie public interest; the urgency of soil 

conservation on nonagricultural, lands (57).0 

The obvious conclusion is that something must be done 

to maintain one of the basic industries of the nation. Not 

haphazard action, but competent action well directed and 

based on previous thought, study, and experimentation. 

The assertion was made in 1927 that between 25 and 50% of 

all forest plantings in the United States represented 

wasted effort--"in the form either of immediate plantation 

losses, or of eventual terrific disappointment in the 

quality of the timber produced, because of the use of 

poorly adapted species and. races of trees (io)." 

Another example of action based on insufficient 

knowledge is the situation in Germany. The variety of 

Scotch pine growing in that country is Hone of the worst." 

This was not originally the case, but the present forests 

have been produced by artificial planting of inferior seed 

of the same species (58). In any country, whenever a 

natural resource such as the forests is depleted, that 
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country's national wealth is also depleted. If for no 

other reason than this, it is still immensely important 

that a prograìi for improvement of forest trees be carried 

out. 

Possibilities in Improvement 

Perruanent improveaent of forest trees is dependent on 

hereditary characteristics. Undoubtedly there are still 

many heritable qualities not yet discovered or isolated, 

but following is a list of characters which have been 

reported as hereditary. 

"Rapidity of growth. 

Growth habit. 

Crown and stern form. 

Leaf size, form, and color. 

Growth periods. 

Nut qualities and length of catkin. 

Yield and composition of resin. 

Proportion of resin adhering to faces as scrape. 

Color and correlated quality of wood. 

Fiber length in wood. 

Physical and chemical properties of wood. 

Twisted grain in wood. 

Resistance to frost, heat, light, and snow. 

Resistance to disease and mistletoe. 

Resistance to insects (57).P 
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Before it is possible to combine the desirable 

characteristics into one tree, we must first define the 

desired qualities. These will depend on such things as 

the species, the locality where the tree is to be grown, 

and the use foì which it is grown. 

The next step is to determine which potential 

progenitors have a desired heritable quality. This step 

will be elaborated upon later, but suffice it to say here 

that desirable qualities change with the times as evidenced 

by the present trend toward plastics and chemical 

utilization of wood. 

The 1ossibilities in improving trees are relatively 

great now, but they should become infinitely more numerous 

with increased study and experimentation. 

Methods of Procedure 

We have prepared this paper under three main topics. 

These are (i) improvement by environmental control, 

improvement on the trees now in the forest; (2) improve- 

ment by seed source selection, working with the best seed 

of wild trees to secure good reproduction; and. (3) by 

genetical control, working with flowers of desirable trees 

to influence quality of seed produced. 

The first topic is of little or no importance in 

affecting long time characteristics, but it warrants some 

mention in that it is an improvement method. The second 
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tDpic dealing with seed source control is the iinproveaent 

method that can and should be utilized now to produce 

results within the next generation while experinient.ation 

is progressing in the genetical phase. Of course as 

discoveries are made in the latter method, they can be put 

into immediate use. 



I. flTROVEIvITT BY EIVIRON1IENTAL CONTROL 

Introduction 

By environmental control is meant the work done on 

trees throughout their life 1eriod beginning at the 

seedling stage. This phase of tree improvement is a "make 

the best of what you have" proposition, and has no effect 

on heritable qualities with which we are principally cori- 

cerned; however we mention it briefly in this paper for 

the reason that it is a form of tree improvenient. 

Cut ti ng 8 

In general cuttings fall into five categories, namely, 

cleanings, liberation cuttings, thinnings, improvement 

cuttings, and salvage cuttings. All have essentially the 

same final effect of freeing desirable crop trees from 

undue competition in crown and root space, or of removing 

potential breeding places for insects arid infection sources 

for fungi. 

Clearings or weeding are made in sapling stands to 

liberate promising trees from others of poorer form or 

undesirable species that are usually overtopping. 

Liberation cuttings are 'nade to free the sapling 

stands from overtopping and older trees. 

Thinnings are made in immature stands to increase rate 

of growth. The poorest trees are usually removed. 

Improvement cuttings are identical with cleanings 
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except that they are rúade in stands past the sapling stage. 

Salvage cuttings remove trees killed or injured by 

insects, fungi, and other physical agencies. These 

cuttings therefore eliminate a dangerous source of 

infection and infestation. 

Pruning 

Pruning removes the lower branches of trees to 

increase the quality of the final product. There are 

different conceptions as to what degree of pruning is 

proper, but a degree that does not disturb the balance 

between root and crown unduly will not slow down the 

growth appreciably. Unless in the future clear saw logs 

are needed, the economic feasibility of pruning will be 

doubtful or totally non-existent (29). 

Miscellaneous 

Other methods of improvement are planting at proper 

intervals, planting the right species on the right sites, 

and treatment of trees and seedlings with chemicals. Some 

chemicals, such as hormone solutions, have been used in 

nurseries and greenhouses as growth stimulants; others 

have been used to shorten the dorivancy period of plants 

exposed to their vapors (40). Among the vapors used are 

ethylene ohlorhydrin--the most promising, ether, chlorofo, 

ethyl bromide, sodium nitrate, gasoline, etc. At present 

these chemical processes are of greater value to the 



experixnenter than to the producer. 
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II. FROVEILET2 BY SEED SOURCE SELECTION 

Introduction 

Seed source selection is as it implies a selection of 

trees vith desirable qualities to be used as the source of 

seed. Its value lies in the fact that the valuable 

characteristics of various individual trees, species, and 

races can be determined by observation and experimentation 

over a short period of time. Since the conifers are to a 

large extent anernophilous only one parent can be definite]y 

deteriuined, but that one parent contributes one half of 

the gerxu plasm. This is an improvement over the complete 

lack of knowledge concerning both parents. Also with the 

proper control a superior group of trees can eventually be 

sufficiently isolated so that both parents have better than 

average quality. In this way desirable progeny is prac- 

tically assured. 

Selection Methods 

There are three iifl 3election rnethod in use today. 

They are species tests, geographical race tests, and 

individual tree tests. The idea behind these three 

systems is to work progressively from the supertor species 

to the best race in that species, and to select from that 

chosen race the most desirable tree or trees. 

The pecies test 

The species test is perhaps the simplest and most 
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used. Its object is to determine relative differences in 

characteristics between species under identical conditions. 

The differences are easily recognized and show up rather 

early in the lives of the trees. 

ograj»a race tests 

Geographical race tests determine the difference in 

hereditary characteristics between trees of the carne 

species but growing on dissimilar sites. Which character- 

istics are heritable is stili somewhat of a question. In 

the case of rapid growing trees it is not to be concluded 

that under good growing conditions trees acquire the 

quality of rapid growth and pass it on in their germ plasm; 

but rather that certain trees in each locality are capable 

of utilizing the favorable conditions, and in so doing 

crowd out their competitors until after several centuries, 

most of the area has been seeded in by the superior trees 

(2). 

Individual tests 

Individual tree tests are of two kinds, rorest tree 

tests and nursery seedling tests. The former may again be 

subdivided into tree selection and progeny tests. 

Tree selection 

Tree selection is the most difficult because the 

coiparab1e characteristics of trees in the saine race of a 

species are difficult to iaeasure with the degree of 

accuracy desired. In measuring for rapid growth it is very 
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difficult if not practically impossible to determine the 

exact age of the tree8 in question. The procedure used. to 

obviate this problem in the pines was one of measuring 

down a certain number of internodes from the top to 

determine bhe age, but that would necessitate using such 

small trees that they would bear no cones for several 

years. Diameter growth would not be feasible as a 

determinant because it is affected to a great extent by 

competition. Also a uniform site is imperative if 

accurate results are to be expected. The proof of 

accurate selection by this method is a comparison of the 

growth of progeny of an average tree and of the superior 

tree in a nursery. 

Due to the occasional impracticability of the tree 

selection method another system called progeny testing is 

being tried. 

Progeny test 

Progeny testing is a selection based on the relative 

merits of progeny in a nursery rather than on measurements 

of parent trees. This method should show definitely the 

hereditary characteristics since they are the only ones 

passed on to the next generation through seed. The 

advantage of progeny testing in a nursery over testing 

progeny or trees under natural conditions is easy to see 

if one remembers the diverse effects resulting from great 

variation in habitat and environment. 
SCHOOL OF FORESTRY 

OREGON STATE COLLEGE 

CORVALUS, OREGON 
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The procedure is to gather quantities of seed from 

many likely trees and plant them in a nursery. After they 

come up, and it is possible to distinguish characteristics, 

select the best seedlings and transplant them to a planta- 

tian where they can cross pollinate. By growing seed from 

many trees it is possible to get a good average upon which 

a basis for selection can oe ziacIe. 

Nursery seedlings 

The two previous methods aimed at finding the best 

trees in the forest; whereas the nursery seed1in test 

deals entirely with seedlings in the nursery without any 

knowledge of the parentage or provenienee of the seed. 

The advantages of this caethod is the enormous number of 

seedlings to choose between in selecting superior 

individuals. The disadvantages are the long interval of 

time before seeds can be produced, and the lack of 

positive inforaation as to whether lasting qualities can 

'ce predicted by observing seedling tendencies. 

Application of Methods 

The application of the selection methods is being 

manifested in various ways, several of which will bear 

menti oning. 

Tree Seed Farms 

"A seed farm may mean any natural or planted tract of 

timber dedicated to the production of seeds of desirable 

quality (12)»' By setting aside some of the best tracts 
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of timber adequately distributed over the entire range of 

the species, it should be possible to produce enough 

desrab1e seed to su)p1y the nurseries even in bad seed 

years. These stands would, of course, be freed of all 

inferior trees so that they would yield high quality seed. 

The distribution of tracts vou1d take care of the 

variation in all edaphic, biotic, climatic, and 

physiographic factors thich logically lead to the next topic. 

Seed Certification 

The European countries are considerably ahead the 

United States in attention to seed source. This advance- 

ment is only natural when we recall that they are only now 

recovering from a program instigated years ago of sowing 

seeds without a question as to the origin, with the result 

that a relatively large percentage of their stands grew 

into crooked, defective, inferior specimens. 

Object lesson #1 for Europe resulted in the passage 

of statutes which called for seed. certification by 

qualified agencies appointed by the governments. In 

Austria certification included a tag on each batch of 

seeds showing the species, amount of seed, year of harvest, 

purity, germination, place of extraction, origin, altitude, 

and if possible, a description of soil characteristics (9). 

The idea. behind seed certification is to make certain 

that seed produced under a given set of conu.itions will be 

labeled to insure it use in another area under a similar 

set of conditions. 
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Race Ctudies 

Race studies are being carried on at various places 

all over the world to conipare the qualities of different 

races and species under identical conditions. If it were 

possible to get certified seeds froirt all over the world, 

our race study conclusions could be zuore definite and 

specific because of the accurate inforzuation as to con- 

ditions rather than to generai location. 

In Germany there are race studies of Douglas fir from 

the western United States as Luch as 40 years old, and the 

results show marked differences in characteristics (58). 

From the 120 known species and important varieties of pine 

seed., 87 1ave been secured from 40 countries in the world, 

and the seedlings are being studied at the present time (3). 

The practices of leaving defective trees for 

progenitors, high grading, and high thinnings (28) are 

obviously not conducive to improvement of forest trees if 

we accept tle results of seed source study. This is 

another argument in favor of the type of marking for 

cutting that takes out all trees most susceptible to dis- 

ease and ali that are undesirable. 

Some Results ' Seed Source Study 

"The investigations in connection with the iroblems 

of seed origin have shown that in rrany, if not all, 

important forest species there are rather distinct races 
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and strains that differ in their hereditary response to a 

given complex of environmental conditions (57)." 

Of all factors tending to inhibit the versatility of 

a tree in its growth habits, air temperature, especially 

the duration of a certainniininuin temperature during cer- 

tain seasons, seems to be the most important. Altitude is 

probably important to the extent that it affects air 

temperature. In Sweden cone lots are kept separate for 

every 328 feet clange in altitude. 

Height growth is not affected by the age of the 

parent tree, the quality of its growing site, its growing 

space, or its condition as to fungus infection (39). 

"As a result of the basic experiments in seed source 

study plantings the following rules nay be stated. 

1. Plants from seed from northern or higher-lying 

regions, at least in youth, develop slower, and form 

weaker individuals than plants front the same tract where 

the trees are planted. 

2. Seed from lowland trees, planted in the lowland, 

and seed from highland trees planted in the highland, show, 

respectively, the most rapid growth. 

3. Highland plants develop their leaders earlier 

than lowland plants, but the latter continue their growth 

longer wherever they are planted. 

4. In general tI-ere is lesa risk in using seed from 

a region colder than the planting site than vice versa. 
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5. For each locality, naturally occurring local 

trees are the best sources of seed for use in that 

locality (6)." 
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III. ThiPROVE1E1T BY GEEETICAL COIfTROL 

Introduction 

The term genetical control here means that both 

parents are known, and that devices have been used to in- 

sure progeny from the two parents without chances of a 

third tree entering the picture. At first glance this 

method night appear to require centuries for completion, 

but as a result of various short cuts it is possible to 

shorten the necessary time considerably. 

ny trees flower early in life; occasionally seven- 

month-old chestnut seedlings bloom in nursery beds; f our- 

year old pines have matured cones; a Chinese species of 

pine, Pinus sinensis, blossomed profusely in the nursery 

from seed at the age of one year. To-working or grafting 

on closely related mature individuals will usually hasten 

the blooming on more slowly maturing trees. Ringing, a 

light girdling of the trunk, ny possibly bring about the 
same results in some species (57). 

Explanation of Terms (48) 

Chromosomes are microscopic bodies in nuclei of cells 

which are the material basis of heredity. They are 

determiners of characteristics. 

Heterozygous refers to progeny carrying antagonistic 

determiners. 

Homozygous refers to progeny carrying identical 

determiners. 
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A genotypic conposition is a coiposition the characters 

of which can affect heredity. 

A phenotyic conposition is a. composition the charac- 

ters or appearance of which are of outward form only and 

cari not affect heredity. 

Hybrids are the result of crossing individuals differ- 

ing appreciably in genotypic composition. 

Mutations are offspring shoving decided variation 

from the known composition of either parent, and showing 

the germinal character of their variation by transLiitting 

their peculiar characters to later generations. 

The basis of ilant breeding lies in variations which 

are of two kinds, namely, germinal and somatic. Germinal 

variations are heritable and are determined by factors in 

the germ substance. Somatic variationsare of the body 

itself and are supposedly non-inheritable, hut recent 

investigations indicate that external stimuli can 

materially affect mechanism of character inheritance. 

It is assumed, considering experimentation, that 

morphological structure differences (size and shape of 

crown, root system, disease resistance, rapid growth, etc.) 

are particular characters, the resence of which is 

dependent upon individually heritable elements of the 

genotype, modified in individuals of the same race by 

une quai environment. 

Growth habit is an heritable character or combination 
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of characters and will predominate under certain environ- 

mental conditions up to a point where it clashes with 

changing environmental conditions. 

Some Possibilities In Breeding 

Different people have expressed ideas based on theory, 

observation, and experimentation which indicate the value 

that can be derived through controlled breeding. One man 

suggests that as an incentive to the laymen to back the 

reforestation movement, we should create a first-class 

timber species which will also produce food for game or 

domestic life, thereby offsetting the carrying charges in 

forestry. Another states that the value of the finisled 

paper is in the last analysis dependent ori the physical, 

structural, and chemical qualities of the wood. Other 

possibilities are: obtaining a hardy, fast-growing tree 

by crossing mountain hardiness with lowland fast growth; 

securing trees resistant to the various deadly diseases 

now existing; improving the chemical and physical proper- 

ties of trees for pulp and structural uses; and many other 

conibinations not here mentioned. 

Possible Combinations 

Valuable qualities may be combined by hybridization 

and by inbreeding. To date successful crosses have been 

made between genera, species, and geographical races with- 

in a species. 



20 

Hybridization 

Hybridization is used for two purposes, to secure 

hybrid vigor and to combine the good qualities now occur- 

ring in two or more species. Another result of hybridiza- 

tion may be an increase of chromosomes, polyploidy, 

aneuploidy, and mutations. 

Polyploidy, aneuploidy, and mutations 

An increase of chromosomes may originate in the 

somatic cells, in the germ cells, or in the earliest 

divisions of the fertilized egg. The increase may result 

in a balanced or unbalanced condition, the former being 

called polyploidy and the latter being referred to as 

aneuploidy. Polyploidy is a duplication of chromosomes in 

multiples of the basic number. Then the chromosomes of 

only a single individual are multiplied, the condition is 

called autopolyploidy, while a multiplication of the 

chromosomes of both parents is known as allopolyploidy. 

Individuals with unbalanced chromosome complements 

(aneuploidy--the result of a duplication of a single 

chromosome) may be maintained and multiplied as clones if 

vegetative propagation methods can be used. A clone is a 

uniform association of a plant formed by vegetative 

propagation and will not breed true (49). 

"Polyploidy may result advantageously in (1) increased 

vigor; (2) increased variation; certain types of polyploidy 

may also give (3) increased fertility; (4) stability-_that 
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is, new types may breed true (57)." It ay be of interest 

to some to note that polyploidy has been induced by physi- 

cal treatnEnt of both somatic and germinal tissue as well 

as by hybridization. The value of polyploidy as can read- 

uy be seen, lies in the fact that a superior individual 

developed in this way can quickly be propagated from seed 

as a new strain as much removed frou the original species 

as any other natural species. 

Variations arising froia mutations and bud sports, 

which involve basic changes in chromosome comp1eaent other 

than those due to duplication, occur occasionally in for- 

est trees. The value of these variations villi have to be 

proved by further experimentation, but so far they are 

very prortilsing. 

Vegetative propagation 

Wherever possible vegetative propagation can be used 

to multiply any superior individuals that iay be developed 

in any stage of the breeding work. 

Investigation has proved that clones do not degenerate 

by vegetative propagation. The supposed senescence was 

produced by outside agencies such as environment or 

disease-producing organisms. 

The Oxford Paper Co. has been carrying on a project 

in which they are multiplying promising hybrids from 

cuttings at a unit cost lower than that of northern grown 

nursery stock. One hybrid poplar will produce from 100-200 

cuttings annually after attaining an age of three years. 
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If cheap methods can be found whereby species which cannot 

now be reproduced can be propagated by vegetative means, 

the cost of intensive investigation is justified. 
Crosses between genera 

Little has been done to produce hybrids front different 

genera, but in such an unknown quantity as 1'Tature no chance 

or possibility should be overlooked. 

In California a series of experiments were made to 

either substantiate or discredit the theory of a hybrid 

from walnut and oak (Juglans californica x Quercus agri- 

folia). According to . B. Babcock the walnut pistillate 
flowers pollinated with oak pollen produced nuts (59). 

The chance hybrid occurring between Yellow Cedar 

(Cupressus nootkatensis Don.) and Monterey Cypress (C. 

macrocarpa Hartw.) is of unusual interest because the 

parent species a'e separated geographically and belong to 

different sections of the genus, or, as some authorities 
consider, to different genera. 

Crosses between species 

Crosses between two different species offer interest- 
ing possibilities. Often 

species are difficult to 

sterile or partially so. 

often possible to combine 

them in a third species. 

The first-generation 

complications arise in that two 

ross, or the resultant hybrid is 

Then this is the case, it is 
the desired traits by combining 

hybrids are often quite uniform 
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and niore or less intermediate between the two parent trees, 

while the second generation is the one wherein segregation 

and recombination of characteristics occur. 

An example would be crossing Pinus ponderosa and 

Pinus caribaea to secure a hybrid l'ìaving the hardiness, 

adaptability, and rapid diareter growth of the first, and 

the height growth, strength of wood, and high quality naval 

stores of the latter (3). 

Crosses between geographic races 

Intervarietal crosses usually are the least difficult, 

and their offspring is most always fertile. An example of 

this type of cross would be the Rocky Mountain Douglas Fir 

with the Coast fir. 

Results and conclusions of hybri.izing 

1. The first cross is of exceptional vigor. 

2. The first cross never cornes true from seed, but 

the second generation consists of classes of individuals 

which differ fron,. one another and from their parents. 

3. The vigor of the second generation does not match 

that of the first cross. 

mb reed4 

Inbreeding, which is often called pure line breeding, 

self-pollination, or selfing, is the name applied to cases 

where trees pollinate themselves. This is usuallythe most 

rapid method for evaluating hereditary characteristics, but 

is only possible in trees that are hermaphrodite and self- 

fertile. 
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The purpose of inbreeding is (i) to increase the 

accuracy of the Progeny Test Method; (2) to segregate the 

tree "popu1ation of certain species into types which will 

gradually approach pure lines; and (3) to fix desirable 

characters that may be found. Character vigor is said to 

be lost as a result of selfing, but since this does not 

always occur it will not hurt to try. Both giant and 

dwarf strains have been produced by inbreedin; (3), but 

literature tends to consider increased vigor through self- 

ing as exceptional. For field application results will be 

much more favorable if groups of seed trees are left 

instead of individuals to prevent selfing. 

Techniques in Pollination 

Before going into the technique and variations of 

controlled pollination it might be well to describe the 

actions of the flower during the time of pollination and 

after. 

When the staminate flowers start producing pollen, 

the axis of the female cone elongates, forcing open the 

scales which had presented an impenetrable exterior. wo 

ovules are at the base of each scale, not encased as an 

ovary, but exposed as with all gynmosperms. An opening to 

each ovule is surrounded by a collar of cells, forming a 

tube to receive pollen. After a pollen grain enters, the 

tube closes, and shortly afterward the scales of the cone 

close (1). 
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Fertilization (union of sperm and egg cell) unites 

not only nuclei but also cytoplasm. In many flowers it 

takes place almost immediately after pollen has reached the 

ovule. Delay in pine amounts to 13 months at times, while 

that of kbies balsamea amounts to four or five weeks. 

Pollination With Pinus And Abies 

The first step is to cover the pistillate flowers be- 

fore they are receptive and pollen begins to fly. These 

bags can be either cellophane bags or finely woven canvas 

bags with a celluloid window through which development of 

the flower can be observed. If a cellophane bag is used, 

a paper bag will be needed as an additional covering for 

protecti on. 

Pollen from the desired male parent can be collected 

by gathering nearly ripe catkin, drying and shaking then 

into a tight container. Another method used is simply to 

shake catkins in the act of disseminating over an open 

container. The pollen should be subjected to a germination 

test before it is used. to ascertain its viability. These 

tests with pine pollen have been carried out in a 5 or 10% 

sugar solution in a Van Tiegen cell. After 72 hours, the 

pollen grains will have tubes which can be readily seen 

under the microscope. Pine pollen will retain its 

vitality for as long as a year. 

When the female flower opens, pollen is applied. The 

application of pollen may be by daubing with a brush or by 

placing the pollen in a hypodermic syringe and thrusting 
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the needle through the bag for the dusting process. The 

latter method is much better for absolute control since 

only a small needle hole, which can be taped, is made. 

The first method, on the other hand, exposes the whole 

flower to foreign pollen. An ASEPTO SYRflGE No. 2032-1/8 

oz. with a veterinarian's needle, was found to be satis- 

factory for this purpose. 

The pollinated cones should be tagged, and if working 

with Abies, it is necessary to cover the cone with a bag 

to catch it as it disintegrates at maturity. 

Por the complete description of a project in crossing 

Abies grandis with Abies nobilis see the ai;pendix. 

The technique for controlling pollination developed 

at the California Forest And Bange Experiment Station is 

soewhat more scientific, but not necessarily more accurate 

than other methods correctly used. See the extract in the 

appendix for this last method. 

CONCLUSIONS 

Of the controlled pollination methods of improvement 

much is yet to be learned. 'Practically nothing is known 

01' flower behavior, pollen storage possibilities, 

artificial pollen-germination methods, sterilities and 

incoipatibi1ities in forest trees, and the affinitiss 

between species (5?)." Until this information is 

secied, improvement work will be considerably slowed 

down. 
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The seed tree selection method can and should be used 

while the genetical control method is being developed. 

Various practices of cutting and propagation ould be 

altered so that the perpetuation of the unfit is not con- 

tinued. 

If man can develop superior agricultural plants, then 

he also can develop superior trees. It is urgent that we 

improve our forest trees, especially during these advanced 

times when industry is making such varied demands on wood 

qualitie s. 
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CROSS POLLINATIO1 OF ABIES 

(A Silviculture Project 

In Collaboration Yiith The Senior Thesis) 

Obje ctive 

To prove or disprove the theory that a hybrid will 

result from crossing Abies grandis with Abies nobilis. 

Intro t ion 

Observations have been made that would indicate the 

existance of trees having both nobilis and grandis 

characteristics. These observations were made near the 

upper altitudinal limit of A. grandis and the lower limit 

of A. nobilis. Partly to investigate the possibility of a 

natural cross, and partly to develop a technique for con- 

trolling pollination in making studies on improvement of 

forest trees was this project begun. 

It should be understood at the outset that this study 

in controlled pollination involves the staminate and 

pistillate flowers. The latter occur predominantly on the 

upper whorls of branches. 

The Situation 

The area on which this study was to be made is on 

Mary's Peak at the lower limit of the A. nobilis range and 

the upper limit of the A. grandis range. On tMs area, 

however, the A. grandis were too great in diameter and had 

too coarse bark to be climbed with the inadequate pole 
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climbers at our disposal; consequently, it was necessary 

to resort to using smaller A. nobilis near the top of the 

mountain and smaller A. grandis near and at the bottom of 

the mountain. 

This difference in elevation of 1000-2000 feet between 

the two species resulted in separating the dates of 

maturation of their flowers by approximately one month-- 

the exact dates are not known because daily observations 

were impossible under the circumstances. As will be 

brought out later this difference in maturation dates pre- 

vented the cross of A. nobilis pollen on A. grandis 

pistillate flowers. 

The pistillate flowers usually grow from the top, but 

occasionally froni the sides and bottom of the branches. 

They appear as raises on the branch with a circular base 

approximately 1/6 inch in diameter and of varying height 

up to 2/3 of an inch. At this stage these flowers have a 

thin brown covering which becomes papery and scales off' 

leaving a greenish-yellow cone with its megasporophylls 

open like the mouths of' baby birds. 

The staminate flowers appear as very small raises on 

the end branches of the upper half of the tree. One small 

raise or embryonic catkin is near the base of each needle 

and is about i/io inch in diaareter. Aparently the time 

needed for these raises to become mature catkins is rather 

short. The catkins vary from 1/4 to 1/2 inch in length 
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and hang down from the under part of the branchiets. 

Location of Trees Used 

A. nobilie #1 is located in the lower edge of the A. 

nobilis range on the north trail ascending ry's Peak. 

It is 150 feet high and 100 years old. To all appearances 

the tree is sound and is a dominant member of a fairly 
dense stand. Its branches begin several logs up the tree 
and its form is excellent. The other important members of 

the surrounding plant coimmunity are Abies grandis and 

Tsuga heterophylla. The area Ls on a 50% slope and has 

very little understory vegetation. 
A. nobilis "2 is located at the top of Mary's Peak on 

the north trail. 
This tree branches 

is pure A. nobilis 
ground is covered 

area until May. 

It i 40 feet high and 30 years old. 

profusely the whole length. The stand 

in an open grown condition, and the 

with grass. Snow usually covers the 

A. grandis #1 is near the south boundary of the 

McDonald Forest on Oak Creek. It is 90 feet high and 66 

years old. This tree is infested with bugs, is heavily 
branched the whole length, and is growing in a fairly open 

stand. Other trees th the plant community are Pseudotsuga 

taxifolia, A. grandis, Alnus ru.bra, and Acer circinatuni. 

The area is on a gentle slope in a moist habitat. 
A. grandis #2 is about one mile up the road to Mary!s 

Peak which takes off 1/4 mile west of the junction on the 
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Philomath-Waldport highway. It is 50 feet high and 50 

years old. This tree is branched heavily down to the 

ground but has an excellent form and appears to be free 

from defect. Other trees surrounding it are A. grandis, 

Pseudotsuga taxifolia, and Acer circinatuiu growing in a 

very open stand. The ground is gently sloping to a creek 

a few rods away. 

A. grandis #3 which grows 30 yards from A. grandis #1 

fits the same description as the latter except that it is 

20 feet taller and is already dying as a result of 

infestation. 

Equipment 

Pole climbers, % abney, increment borer, #12 paper 

sacks, cellophane bags, string, cotton, metal tags, camera 

knife, water-color brushes. 

Procedure 

Beginning on April 14, we made inspection trips to 

Mary's Peak and Oak Creek every three or four clays in an 

attempt to cover the flowers as soon as they came out. 

These trips also enabled us to become practiced in the 

use of pole climbers. Let me here advise anyone consider- 

ing a similar project to try climbing a few trees to the 

willowy top, lashing himself to the tree, and working with 

both hands free in the waving treetops before he 

definitely undertakes the project. It is fairly easy 
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A bagged tree as it 

appears from a taller tree. 
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though adventurous to a.nyone not affected by height above 

the ground. 

Since we could not observe the staminate catid.ns 

every day, we 9laced cellophane bags over the in order to 

be sure of saving the pollen if it disseminated before we 

couldserve it. In one case we cliìnbed a 100-foot tree, 

and froû it, covered the staminate flowers of a 150-foot 

tree. This was necessary in order to reach the periphery 

of the tree on vthich these flowers grow. There the pollen 

was in the act of being disseminated, we merely shook it 

into a bag, and t1'n put it in a glass vial which was kent 

corked and in a warm, dry place. 

The pistillate flower must be covered before 

dissemination of pollen to prevent pollination before the 

desired pollen can be applied. Long before the staminate 

catkins natured, while the pistillate cones were still 

just knobs about 1/2 inch high, we covered them with a 

cellophane bag. It was necessary to cut off adjacent 

shoots nd sometimes part of the shoot supporting the 

undeveloped cone in order to get the bag over the cone. 

If staminate catkins are growing on the same branch, they 

should be cut off to prevent selfing. We placed a wad of 

cotton around the branch, the mouth of the bag over the 

cotton, a paper sack over the cellophane bag, and tied it 

all on with a piece of string. 

Our aun was to use A. grandis pollen on A. nobiLis 



pistillate flowers and. A. nobilis pollen in A. grandis 

pistillate flowers, but as has been mentioned in the 

situation, it was impossible to get the A. nobilis pollen- 

A. grandis pistillate flower cross because of the differ- 

ent dates of naturation of flowers between the two species 

at such widely separated elevations. However, we did. cover 

the p.tstillate cones of both species, but before the time 

we secured A. nobilis pollen the A. grandis cones were 

closed and growing. Thether pollen reached these covered 

cones notwithstanding the careful covering, or whether 

cones can grow without being pollinated we do not know. 

We have yet to find out whether the resulting seeds are 

viable. 

In the A. grandis pollen-Â. nobilis pistiliate flower 

cross we did succeed in pollinating the cones while they 

were open. When we discovered the cones on the A. nobilis 

atop the mountain, they were already open and ready to be 

pollinated. We pollira ted three cones with pollen from A 

.,randis #2 and. three cones with pollen from A. grandis #3. 

At tiri is s tage the co ne i. s fro m 3/4 t o i 1/2 inche s high, 1/4 

inch in dianeter, greenish-yellow in color, and the scales 

are spread apart. The A. nobilis staminate oatkins were 

still red and unopen which we believe indicated that the 

cones were not yet pollinated. If other trees we did not 

see had mature catkins, our conclusion would be in error, 

but the fact that the three cones pollinated with pollen 
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from A. grandis #3 did not grow confirms our conclusion. 

The other three cones which were pollinated with pollen from 

A. grandis #2 grew, and the seeds had white meat in them 

at maturity. 

Our method of pollinating was crude, but since no 

pollen was flying, it was effective. We used a small 

water-color brush to daub the pollen on the cone or placed 

the pollen on our hands and blew it on. Then we covered 

the cones with the cellophane bag, cotton, and cloth bag, 

all of vthich we tied on with a string and ntal tag bear- 

Ing a number. The cloth bags were used so that they could 

catch the mature cones as they fell off the tree. They 

were very satisfactory, no being affected by the wind, 

rain, and sun. These bags are necessary because the cones 

of the genus Abies disintegrate on the tree and the seeds 

fall to the ground separately, leaving the core of the 

cone remaining on the tree. 

Early in the following October we collected the cones 

which were still covered by the cloth sacks, The seeds of 

the A. nobilis had white meat in them. The seeds from A. 

grandis #2 did not have white meat in them. 

Conclusions and Results 

1. The cones pollinated with pollen from A. grandis 

#3 did not grow. This may have been due to: 

a. The iuethod of storage. 

b. The age of the pollen. 
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The appearance of Abies nobilis cones at 

maturity. iote that part of the top has already 

fallen off. These cones are the result of the 

Abies nobjljs x hbies grandis cross. 



e. The sterility of the pollen. 

d. The vigor of the cone. 

All the pollen was stored in the same manner which 

consisted of being stored in a corked glass vial and 

kept in a warm (room temperature), dark place. This 

would seem to throw out reason (a). 
The ages of the two batches of pollen were 25 

days and 22 days for A. grandis #3 and A. grandis #2 

respectively, which makes it doubtful whether age had 

anything to do with the death of the cones. 

The fact that A. grandis #3 was in very bad 

shape and rapidly dying froìu bug infestation may be 

the reason for lack of fertility if that is the 

reason for the cones' failure to grow. 

The vigor of the cone may be the answer, but we 

deera it unlikely because very few cones on that tree 

did not mature. 

2. We succeeded in crossing A. grandis with A. 

nobilis. This will have to be proved definitely by 

viability tests of the seed, but at least we ot seed with 

white meat inside. Although we did not use a control by 

covering some cones and then not pollinating thera, we did 

have a control in that the three cones that were pollinated 

with pollen from A. grandis #3 did not grow. 

3. The maturation date of the staminate and 

pistillate flowers of A. grandis differs from that of A. 

nobilis only because of the difference in elevation. At 



the low elevation of A. grandis #1, 2, and 3 the date was 

between April 13 and 14; at the higher elevation of A. 

nobilis #2 the date was Ly 14; and at the lower limit of 

the A. nobilis range the date was April 22. These dates 

hold only for the trees we climbed, but they are indicative 

of the approximate maturation dates of the whole stand. 

It is our belief that flowers keep maturing over an 

undetermined interval since many more cones grew than we 

saw at the time of covering. 

Costs 

Man hours ------- 120 

Mileage -------- 298 miles 

Gas and oil ------ 5.0O 

Paper bags ------ 0.35 

Cellophane bags - O.45 

Brushes --------- 
Total 5.9O 
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EXTRACT 

Poliowin, is an extract of a letter from the Calli- 

ornia Forest and Range Experiment Station describing the 

method of controlling pollination in pine. The letter is 

written by F. I. Righter. 

s'The technique developed here consists of isolating 

the ovulate flowers by enclosing them in bags of closely 

woven 10 or 12 ounce army duck. The bags, which are 8 

inches wide and about 14 inches long, are provided with 

windows made of luinarith (cellulose acetate--a plastic 

manufactured by the American Celluloid Corporation), which 

is cemented to the fabric. The windows permit observation 

of the flowers. The bags have cemented seams (Arrowhead 

fabric cement). 

"After sealing the open end with gummed strip paper, 

which comes in rolls of different widths, the bas are 

sterilized in an electric oven (700 C) overnight to kill 

any pollen that may be in them. The seal is broken 

immediately before the bag is attached to the branc]alet, to 

which it is fixed by tying with stout cord. after a strip 

of sterile cotton has been placed around the branch at the 

point of attachment. The flowers are enclosed before the 

buds bave opened, preferably from 2 weeks to a month before 

they are ready for o1lination. 

"The pollen catkins ae collected as soon as pollen 

starts to shed from the tree. Only unopened catkins are 
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collected. They are washed to remove foreign pollen, 

loaded into our extractors under water and hung in a warm 

dry plaoe to ripen. The rie pollen is stored in viale 

stoppered with sterile cotton. 

"Pollination is effected with hypodermic syringes 

equipped with rubber bulbs. We use the Luers typed 

syringe with 16 gauge needles. The 10-cc. syringes are 

very serviceable. The needle is of course thrust through 

the fabric. Upon its removal, the hole in the fabric is 

closed by rubbing it or by covering it with adhesive tape. 

The bags are removed when convenient, but not before the 

flowers ve passed the receptive stage. 

"Our extractors, of which we bave more than a dozen, 

consist of a large bag of army duck, equipped with win- 

dows. It fits over a funnel (12" in dia:ieter), which is 

provided with a 16-mesh screen (near the top) on which the 

catkins are held for ripening, and a 50-mesh screen 

( several inches below) to catch the coarse catkin parti- 

cies and other iiaterial that would clog the needles. The 

bag is sterilized 2rior to use ansi sealed just as are the 

pollination bags. The funnel is washed in hot water 

immediately prior to use. The catkins are washed with 

luke-warm water after being placed in the funnel. The 

seal of the bag is broken uier water and placed ir. a 

warm, dry place. Some of the pollen usually sheds over- 

night and can be drawn off through rubber tubing, which is 
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attached to the spout of the funnel, upon releasing a 

spring clanip. 

"Pollen is stored and carried in vials. They are 

covered with rubber nursing-bottle caps, which have been 

slit for a short distance, and sterilized in an oven. The 

slit closes when not in use and fits tightly around the 

tubing when in use. After the pollen has been drawn off, 

a plug of sterile cotton is forced through the slit, and 

the cap is then reioved." 
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