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4. Provenance research: investigation of
oenetic diversity associated with geography

R.Z. CALLAHAM

Summary

Provenance in forestry refers to the population of trees
growing at a particular place of origin. Provenance re-
search defines the genetic and environmental components
of phenotypic variation associated with geographic source.
Information on provenance is important n assuring
sources of seed to give well-adapled, productive trees
and in directing breeding of interracial and interspecific
hybrids toward adaptation to particular localities. Con-
cepts of the species, of vwriation within species, of contin-
wity in this variation, and of relation of variation o
factors of the environment have developed over the past
century. Studies of provenance should start with a com-

prehensive summary of information on genetic and envi-
ronmental variability within the range of the species.
Objectives and procedures of research should be well defined.
Many questions must be considered in designing and execul-
ing a sample of many provenances to accomplish objectives.
Biosystematic studies utilizing several disciplines should
be most efficient to define patterns of variation and natural
biotic units having similar form and function.  Seed
source studies will demonstrate adaptability, growth, and
yield. They may also serve as seed sources. Seed
source studies in semi-arid lands are faced with unique
problems.

Chapter 4

The choice of seed sources is onc of the main factors
affecting the establishment and productivity of planta-
tions of forest trees. In the present practice of silvi-
culture, provenance research provides a sound basis
for the selection of seed sources. Anyone concerned with
afforestation and reforestation should develop a program
of provenance research to assist in the selection of secd
sources. Such valuable work has been done in the past.
Extensions of this and new research are vitally needed
on an international scale because without it future invest-
ments in afforestation and reforestation will not return
their maximum revenue. Provenance research should
be given highest priority at the outset of any program
of forest tree improvement.

Provenance research means many things to many
men. It is, therefore, useful to begin by defining some
of the terms in common use, outline the scope of the
subject, and mention its general importance. The
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concepts of genetic diversity within species emerging
over the past 140 years can also be profitably reviewed.
The species, variation within species, and the nature
of this variation, whether it be continuous or discontin-
uous, all need to be considered. Finally, considera-
tion must be given as to how to study the great diver-
sity within species. Through the modern biosystematic
approach patterns of variation can be defined. Through
the familiar seed source study the most productive prov-
enances can be found. By combining both approach-
es the goals of provenance research will be most
efficiently attained.

MEANING OF PROVENANCE

Terms referring to that part of the genetic diversity
within species which is associated with geography
must be defined at the outset to provide a common
vocabulary. “ Provenience ” and ‘‘ provenance ” arc
two words having the same meaning. Both refer to
origin or source. They are fully interchangeable, and
for consistency only the word provenance is used here.

Provenance in forestry refers to the particular place
where trees arc growing or the place of origin of sceds
or trees. Provenance may refer either to native or to
planted trees growing at that place, but its common



use is in reference to native trees. By definition and
some usage provenance could also refer to an individ-
ual parent trec. However, provenance should be re-
stricted to refer to the population of trees growing at
a place and not to an individual tree. Hence,  select-
ing the proper provenance ’ means selecting the proper
locality.

Use of the word provenance in reference to a region
is improper. This use stems from provenance experi-
ments. In such experiments trees from one local source
might differ from all others. In some cases reference
has been made to the broad region represented by one
source as a provenance. More refined research undoubt-
edly would show this region to be made up of many
provenances.

Thus, provenance has a biological meaning roughly
equivalent to a local population or deme. A prove-
nance will be some part of a race, ecotype, cline, sub-
species or variety.!

Provenance research aims at defining the genetic and
environmental components of phenotypic variability
between trees from different geographic origins.

The broad scope of provenance research involves
all studies above the level of the individual and below
the level of the species. Langlet (1962) regards the
investigation of provenances as ““ ...the study of eco-
logical variability within species, the relationship be-
tween this variability and the influence of environment,
and the reactions of different populations to transfer
to an environment foreign to them...” The scope of
provenance research in its broadest concept should
include:

1. studies of inherent adaptive variation related to
“ ecological variability within species’;

2. studies of the inherent nonadaptive differences that
might result from isolation or other factors.

This broadened concept coincides with the concept
of intraspecific studies in biosystematics or experi-
mental taxonomy. The classical seed source studies of
North America or the synonymous provenance exper-
iments of Europe (Edwards, 1956) are a part of
provenance research. They only study the reactions
of different provenances growing in the same places.

Information from provenance research has great
practical use in the improvement of forest stands. The
most obvious and most important use at present is to
assure sources of seed that give well-adapted, productive
trees in reforestation and afforestation. Provenance
research may take a long time to find the best seed
source for any particular area, but it should define
an acceptable seed source after one or two generations

1 For original definitions of these taxonomic terms and
interpretation of their use, consult: Turesson (1922, 1925,
1930); Huxley (1938); Clausen, Keck, and Heisey (1940,
1948); Stebbins (1950); Lawrence (1951); Heslop-Harrison
(1953); Snyder (1959) or some modern text on plant taxon-
omy.

of testing. If juvenile characters can be used to eval-
uate performance, then the time may be shortened.

Provenance research also has importance for the
planned breeding of hybrids between species. As was
demonstrated in Chapter 3, crossing species is not
enough. One must direct breeding to produce a hybrid
combination of provenances having the highest adapta-
tion and productivity. Duffield (1954) states, * Perform-
ance of hybrids is greatly influenced by the racial
origin of the parents ...The species hybridizer cannot
escape the provenance problem.”

Another important aspect of provenance research
is the information provided for breeding hybrids within
species. Hybrids combining different provenances often
combine desirable characters of different races and may
result in hybrid vigor for many characters (Clausen,
Keck, and Heisey, 1948; Wettstein, 1958). Such hy-
brids may be adapted to a wider range of environ-
mental conditions than were the parents. With knowl-
edge of inherent geographic diversity the forest genet-
icist can choose the proper seed sources and direct
hybridization of races within species to his advantage.

CONCEPTS OF DIVERSITY WITHIN SPECIES

Concepts of variation within species developed as
species of trees came to be understood from a taxonom-
ic and a biological viewpoint. Long after a firm con-
cept of a species had emerged, the variation within
species became apparent to both taxonomists and
foresters. Foresters preceded other scientists in recog-
nizing this variability, the continuity of this variation
pattern, and its relation to environment (Langlet, 1962).
They recognized that environment has two effects: a
direct effect on the expression or plasticity of the phe-
notype; and an indirect effect in guiding evolution of
population.  Their seed source studies, followed by
modern biosystematic 2 investigations, are beginning
to resolve the patterns of broad variation and local
differentiation in forest tree species.

The species concept

The present concept of species has emerged over
several thousand years. Earliest taxonomists described
similar individuals and gave them a name and this
culminated in the binomial system of nomenclature
credited to von Linné. Names must be assigned on
relatively nonvariable characters; hence, highly herit-
able characters considered to be conservative have
been used to distinguish species. This has caused taxon-
omists to search for and concentrate on stable charac-
ters. Those characters lacking uniformity and showing
diversity have had less attention.

Today the concept of a species as a group of uniform,

? Biosystematics in the unrestricted sense is a phase
of botanical research that endeavors, by study of living
populations, to delimit the natural biotic units. (See
Lawrence (1951) and later in this chapter.)



immutable individuals has been discarded in favor of
the neo-Darwinian concept. Now the science of genetics
has established the genic basis of isolation between
species. It also provides a means to account for the
heritable variation observed within species.

Variation within species

Differences within species were apparent to taxono-
mists who collected them in various locations, and to
foresters concerned with moving seed from place to
place carly in the ninetcenth century. De Vilmorin
was among the first to make comparative plantings of
seed from several sources on a common site at Les
Barres, France, from 1823 to 1850. Subsequent seed
source studies have become more sophisticated in design
and broader in scope. Much of this work has been
summarized by Schreiner (1937), Kalela (1937), Langlet
(1938), Schiitt (1958), and Squillace and Bingham (1958).

Many studies of variation within species made over
the past 140 years have led to these general conclu-
sions and their corollaries:

1. A diverse environment throughout the range of the
species leads to a genetically variable species. Wide-
spread species tend to be more variable than re-
stricted species.

2. Patterns of inherent variation parallel patterns of
environmental variation. Discontinuities in pat-
terns of inherent variation are related to breaks
in the distribution of a species or rapid changes in
environmental factors.

3. Races of a species growing in different climatic
regions may differ in inherent adaptation to envi-
ronmental factors. In one region a certain factor
of the environment may be critical; in another
region this factor may be less important than some
other critical factor.

4. Sympatric species will be similar but not identical

in inherent adaptations to the same environment.

Limiting factors generally are not always the same

for cohabiting species.

Two or three successive seed source trials will be

needed to determine an optimum source. Most

species and environments are too variable to be
analyzed completely in one experiment.

[

6. Seed source studies of native species undisturbed
by man generally show the local seed source to
be the best adapted but not necessarily the most
productive. Exotic populations do not equal local
populations in adaptation to the unique combina-
tion of factors of the local environment.

7. The local seed source is safest if little is known
about variation in a native species.

8. Performance will be unpredictable for species grown
for a long time under cultivation or disturbance
by man or for species transferred to radically dif-
ferent environments, as in the case of species of
Eucalyptus and Cedrus.

Continuity of variation

The continuity of variation in certain characters
has been convincingly demonstrated for a few specics.
Buropean research foresters were pioneers in this work
(Langlet, 1959). Cieslar and Engler were the first to
demonstrate continuous change within species. Wibeck,
Schotte, and Langlet related this inherent variation to
continuously varying factors of the environment, such
as temperature and growing period.

Regression techniques have commonly been used to
demonstrate continuity of variation but their use has a
certain hidden danger. Through regressions one can
bridge discontinuities or fail to recognize individual
populations which deviate significantly from the regres-
sion. Care must be taken in the use of this important
tool of analysis and in interpreting results.

Langlet (1962), considered by many to be the fore-
most proponent of continuous variability, himself points
out: “Of course, not all ecological variability is geo-
graphically continuous. There may be more or less
definite limits and discontinuities. These may result,
for example, from different kinds of genetical or envi-
ronmental isolation, from abrupt changes in environ-
ment, a sharp limit to a high plateau, sharp boundarics
between edaphic conditions, scarcity of suitable ecolog-
ical niches, or simply haphazard geographical distri-
bution.”

Turesson (1922) explained his original observations
of discontinuous variation patterns by the ecotype
concept. Many authors have used this concept in
describing variation in a forest tree species.® A critical
review of past studies shows that an investigator must
use caution in describing ecotypes. The fact that two
populations differ significantly does not justify calling
them ecotypes or assigning them subspecific names. One
must insure that observed discontinuities in a species
are not an artifact of discontinuous sampling (Lang-
let, 1959).

An investigator studying patterns of variation must
avoid a biased approach in studying, interpreting, or
reporting the patterns. Clines and ecotypes, like regres-
sions and analyses of variance, are not mutually exclu-
sive concepts. Continuous versus discontinuous varia-
tion can only be resolved by thorough, well-designed
studies.

If major discontinuities or very steep gradients are
detected from competent investigation, judicious use
of names to define subspecific taxa seems to be appro-
priate. Scientific names, like other words, must have
understandable meanings. Names should only be applied
to discrete segments of a species after comprehensive
studies of patterns of variation throughout its range.
A good example is the thorough study and designation
of subspecies of Pinus contorta Dougl. by Critchfield
(1957).

3 Wright 1944a, 1944b; Pauley and Perry, 1954; Mec
Millan, 1956; Kriebel, 1957; Wright and Baldwin, 1957;
Habeck, 1958; Vaartaja, 1959.



STUDYING GENETIC DIVERSITY WITHIN SPECIES

A complete provenance study has these basic steps:

1. summary of available information on variability
within and between populations;

[S4

decision concerning the objectives and procedures in

the light of known and expected patterns of varia-

tion;

3. design and collection of a sample of many prove-
nances to accomplish the objectives;

4. Dbiosystematic investigations of provenances to de-

scribe patterns of variation;

establishment of seed source tests on representa-

tive sites for a few of the most promising or typical

provenances;

'O‘l

6. integration of the results of biosystematic and seed
source studies to define regions most likely to
produce the most suitable seed.

A combined approach using both biosystematic and
seed source studies should be most efficient (Calla-
ham, 1961). Biosystematic investigations can encom-
pass many more provenances than can seed source
studies. Yet seed source studies provide the actually
growing proof of the suitability of particular provenances.
Extrapolation from the results of seed source tests will
be most efficient if biosystematic investigations have
been completed. Neither biosystematic nor seed source
studies alone will provide the information needed for
designating the optimum seed source.

One should not expect all the required information
from the first provenance studies. TPast research sug-
gests that the ideal provenance test cannot be de-
signed and executed without information on variation
patterns from preliminary tests. Even an ideal test
may have to be followed by other tests to find the best
or optimum sources of seed.

Summary of present knowledge

A critical review of the information available should
provide considerable information on geographic var-
iation within a species. Taxonomic literature may
provide the most leads. Descriptions of subspecific
taxa may show the range of variation from place to
place, and they may indicate locations of discontinui-
ties in the variation pattern. Comparisons of samples
from many herbaria may disclose previously unreported
variation.

Existing seed source studies, if available, will provide
the best leads. They may show broad or local pat-
terns of variation in many characters. Critical environ-
mental factors responsible for dominant variation pat-
terns in the species may be apparent. Comparisons of
results from different studies or plantings may reveal
interactions between seed sources and the environ-
ments of planting sites. The most important contribu-
tion of such studies may be indications of the herita-
bility of individual characters and the plasticity of the
phenotypes.

Surveys of information from other scientific disci-
plines may show patterns of variation in size, form,
or funection within the speccies. Plant physiologists,
ecologists, and silviculturists may have shown the
eritical environmental factors to which the species is
inherently adapted. They may also have compared
trees from different provenances with respect to growth
period, assimilation rates, foliage pigments, and many
other characters. Studies of comparative anatomy,
morphology, and biochemistry may show patterns of
variation.  Morphology of organs, internal anatomy,
biochemistry of ecssential oils and other compounds,
and many other characters, may vary through the
range of the species. Climatologists usually have in-
formation on patterns of variation in temperature and
precipitation during critical growth phases. They may
also know about the oceurrence of other critical climatic
factors, such as early or late frosts, deep or wet snows,
sleet, sudden temperature changes, and unusual winds.
Soil scientists and geologists may provide basic informa-
tion on the nature of parent rocks and of derived soils
throughout the distribution of the species. Starting an
investigation without first bringing together all these
sources of information would be most inefficient.

Planning the study

Surveying the existing literature will bring questions
to mind and will point to the objects of the research
to be undertaken. The objects of the study will in
turn determine the balance between the two approaches.
Biosystematic studies are comparatively inexpensive,
and produce the most information on variation per
unit of investment. On the other hand, while seed
source studies are expensive, they provide proof of
adaptability and productivity. If little or nothing is
known about the species to be studied, biosystematic
investigation should be paramount. If optimum seed
sources have been suggested by previous studies, seed
source studies concentrating on growing trees from
certain regions in a crop experiment (Edwards, 1956)
may be most important. Any comprehensive investi-
gation will use both approaches, giving one more or
less weight than the other.

Sampling the species

The next step is to sample the species to provide
the material for study. Many questions now arise:
Where to sample? Which trees to sample? What and
how many specimens to take? When to sample? Who
is to sample? How to document the samples?

Locations. The investigator must determine the extent
of coverage desired, how many locations can be sam-
pled, and what particular locations should be sampled.
Broad coverage of the entire range of the species will
be required if little or nothing is known about patterns
of variation. TIf the existence of a region producing
well-adapted, productive trees is suspected or known,
intensive coverage of major and minor environmental



COLLECTION DATA

SPECIES: Scientific name and author

Common name

ORIGIN: Country State or province County
Tatitude__ Tongitude__ FElevation_ __ feet or meters

Detailed location (section, township, range, meridian; direction and distance to town

or other landmark)

Slope direction Slope steepness %

Forest type - SAF type number — Site index

Soil pH (basic, neutral, acidic)

Soil moisture-site econdition (dry, moist, wet)

Other tree species in stand

CoLLECTION: Date of collection
Number trees in collection Age
Average height Average diameter

Cross out word NOT applicable:

Collected from: (standing trees) (felled trees) (rodent caches)

Trees are in: (plantations) (natural stands)

Trees are in: (open) (thin stands) (dense stands)

Shedding of seed or fruit: (not started) (starting) (underway) (complete)
Method of extraction: (air dried) (kiln dried at . °C.)

(crown form, branching, vigor, disease, insect damage, etc.)

REMARKS:
Date Signatures
Collector
Address
Dealer
Forester

Ficure 15 - Suggested form for documenting seed collections. (Prepared by the Committee on Forest Tree Improvement.
Society of American Foresters)




variables plus a few samples representative of other
regions might be in order. For biosystematic studies,
thousands of trees from hundreds of locations might
be sampled. For seed source studies, the size of the
sample might be limited to hundreds of trees from
tens of locations.

Deciding which specific locations to sample within
the desired coverage is most difficult. Primary sampling
should be done parallel to major environmental gra-
dients within taxa. For example, samples could be taken
along specified degrees of latitude, on both sides of
every major mountain range, and at specified intervals
of elevation, such as 300 to 500 meters. Ideally, at
least 3 to 5 samples should be taken along each
major gradient in the environment. Secondary sampl-
ing should complete the picture by filling in samples
along mountain chains and by bringing in unique
populations. These latter populations might be outlying
stands or suspected plus or minus stands.

Kind of trees. After deciding which locations to
sample, the investigator must decide which trees to
sample. A sample representing all classes of trees in
proportion to their frequency in the stand would show
the range of natural variability in the population.
This type of collection is neither practical nor desirable.
Probably a sample of the dominant and codominant
trees in a stand, avoiding immediate neighbors, would
be most satisfactory. However, this too may be imprac-
tical if co-operators have to be relied upon to make the
collections. Seed should never be collected from iso-
lated seed trees because of the high chance of self-
pollination.

Preserving the identity of individual trees through
the collection stage is commendable. This permits bio-
systematic study of genetic variation within and be-
tween populations. An investigator will not, however,
be able to retain the identity of many individual trees
when establishing seed source studies in the field.

Number of trees. Ideally, the number of trees to be
sampled at any locality should fluctuate with the phe-
notypic variation between trees at that locality. More
specifically it should fluctuate with the variation of
the most important or most variable trait. If the trees
to be sampled were relatively homogenous, perhaps 5
to 10 individuals would suffice. If the sample trees
were heterogeneous, 25 to 50 or more might be appro-
priate. Since the investigator usually does not have an
estimate of the variance between trees at each location,
common practice is to collect from 10 to 25 individuals
at each location. In no case should the sample to repre-
sent an area be limited to only one or a few trees. As
far as possible every tree should be equally represented
in each seed lot.

Timing. Collections should be organized at least two
months before seed ripening and should be made only
in years of abundant seed production. This gives the
collector an opportunity to search for stands and trees
to meet specified requirements. Collections in years of

meager seed production will result in collection from
atypical trees, seclection of undesirable alternate loca-
tions, and high costs of collection. General or regional
failures in seed production doubtless will occur. These
require repeated collections in key regions or key local-
ities in subscquent years. In this event, long-lived
seed can be stored in refrigerators without serious loss
in viability. If this is done, crop year effects may have
to be considered in subsequent nursery tests (Callaham
and Hasel, 1961).

Docwmentation. The investigator should specify the
kind and amount of information required to describe
and document the origin of his material (Rohmeder,
1962). Forms should be provided for entering the re-
quired information. Detailed descriptions will be needed
of the sample trees and locations (Figure 15). A map
showing the location of each collection should be request-
ed from the collector.

Collections by co-operators. To effect an economic
saving at the outset of a study by making collections
through co-operators may be shortsighted. Provenance
studies are expensive, and they have both long-term
and large economic implications. The best and recom-
mended procedure is for the investigator to go to the
stands and make the collections himself. Often this
is impossible; hence the next best procedure is for him
to organize the work on the ground by personal visits
to enlist and instruct co-operators. If this is not pos-
sible, someone on the ground may arrange for these
collections in the same way.

Certainly, Fielding’s (1962) suggestion to organize
collection services in remote areas is worthy of imple-
mentation. If collection services cannot be provided
in remote areas, international co-operation in organiz-
ing expeditions for seed collection should be arranged.

Only as a last resort should one make collections by
“mail order.” If this is necessary, extra precautions
must be taken to insure that collectors are properly
motivated and instructed to do the required job. Inves-
tigators forced to collect via the mails may feel that
“ beggars cannot be choosers.”” They may obtain far
more than expected if they:

1. give adequate statements of their objectives and
justification for their requests;

2. give  both general and specific requirements with
tolerance for adjustment in collections;

3. provide data sheets showing the kind of informa-
tion and details needed;

4. provide funds for collection and shipment should
costs be prohibitive for collectors;

5. acknowledge any and all assistance received prompt-
ly and profusely.

Executing collections.  Execution of the sampling
design calls for close attention to all the foregoing
points.  Arrangements for field collections must be



completed well ahead of seed ripening. Collectors must
be located, instructed, trained, and equipped as required.
Particular attention must be given to quarantine restric-
tions on the movement of plant materials. The prin-
cipal investigator should be available to answer ques-
tions from collectors during the collection period. He
will have to consider and approve alternative procedures
or locations as necessary. Processing of collections
must proceed rapidly after they are received. At every
step the identification of all specimens as to their source
must be preserved. These materials then will provide
the subjects for future study in biosystematic or sced
source investigations.

Biosystematic studies

Biosystematics (or genecology following Turesson) is
the comprehensive study of variation within and between
species. According to Lawrence (1951, p. 169): ““ Biosys-
tematics, in the unrestricted sense, is a phase of botan-
ical research that endecavors, by study of living popu-
lations, to delimit the natural biotic units... This
necessitates use of data from the flelds of ecology,
genetics, cytology, morphology, phytogeography, and
physiology, particularly as observed from plants grown
under artificial and natural conditions of environment.”

Sylvén (1916), one of the first foresters to conduct
a biosystematic study, compared the morphology of
Pinus sylvestris 1. from 59 districts in northern and
central Sweden. Weidman (1939) was probably the
first to compare the morphology of specimens from
trees growing in many native stands with the morphol-
ogy of their progeny growing in a secd source study.
By this technique he was able to estimate the genetic
component of variation and the environmental modifi-
cation in each character. A comprehensive biosyste-
matic study should include such morphological compari-
sons of native and cultivated trees, but it must also
include eytological, physiological, and ecological com-
parison.

Comparable specimens from many sources should be
studied for similarities and dissimilarities in form and
structure.* Variability should be investigated in leaves,
fruits, wood, bark, and other tissues. Herbarium sam-
ples might be used for such studies, but they have a
basic failing of not being comparable colleetions. All
characters should be studied with respect to the varia-
tion between native trees and between trees growing
in common arboretum or seed source tests. These com-

! Space does not permit an exhaustive summary of past
studies. Publications on some typical studies in the last
decade are by Bouvarel (1954), Nylinder and Hiagglund
(1954), Carlisle (1955), Priehdusser (1956), Critchfield
(1957), Wettstein (1958) and Thorbjornsen (1961).

3 Publications on some typical studies in the last decade
are by MecMillan (1953), Pauley (1954), Wassink and
Wiersma, (1955), Schmidt (1957), Downs and Piringer
(1958), Leibundgut (1958), Vaartaja (1959), Nienstaedt and
and Olson (1961), Callaham (1962), Irgens-Moller (1962),
Perry (1962), and Wright and Bull (1963).

parisons should give some idea of the heritability of
characters and plasticity of phenotypes.

Seedlings representing trees from different prove-
nances should be grown in a variety of uniform or,
preferably, controlled environments.®* This will permit
an assessment of heritability of characters and the inter-
action between genotypes and environments. Some
characters which might be studicd profitably are: rates
of germination and subsequent growth, time of bud
break, time of bud set, length of the growing scason,
susceptibility to early and late frosts and to damage
by pests, needle color, and nutrient requirements for
growth.

Particular emphasis should be given to studying
the nature of photoperiodic and thermoperiodic controls
of growth and of phototropic responses for different
provenances.

Results from these and other lines of research, such
as comparative cytology and biochemistry, should be
integrated. Natural biotic units having similar form
and function should be described. Multiple regression
analyses will be useful in such integrations. A discrim-
inate function analysis may help to define variants
and to determine whether patterns are continuous or
discontinuous (Hopp, 1943; Whitehead, 1954; Mergen
and Furnival, 1960). If analyses of variance in any
study show significant differences between provenances,
then multiple range tests (Duncan, 1955; Kramer, 1956)
can be used to compare means in order to determine
which provenances differ significantly. Analyses should
be made of the interrelationship between characters
moeasured on each tree. Variation in these characters
also should be related to variation in the dominant
environmental factors found at the sources (Langlet,
1961; Squillace and Silen, 1962).

The most difficult problem of biosystematic investi-
gations will be to detect and determine the significance
of subtle differences between adjacent populations. The
problem is to determinec whether significant genetie
differences exist between populations on adjacent north
and south slopes, between populations at the tops of
dry ridges and the bottoms of adjacent moist valleys.
A few studies suggest that genetic differences exist
between adjacent stands (Weidemann, 1930; Squillace
and Bingham, 1958; Callaham and Hasel, 1961). Soil
factors may be very important in this local variation,
and few studies have been made of genetic adaptation
to soil differences.® Present knowledge about very
local variation would be greater if past studies had
retained the identity of individual trees. Differences
between trees growing on adjacent sources will be
exposed only by critical experimentation. Only when
these problems are solved can the best source of seed
be designated. When experimentation of this kind has
progressed much further, present ideas of the local
population may have to be radically revised.

¢ de Philippis (1937); Vinogradov (1949); Cyprus Forest-
ry Department (1954); McMillan (1956); Fukarek (1958);
Habeck (1958); Canada Forestry Branch (1960).



Seed source studies

Seed source studies are a part of the biosystematic
investigation of variation. An investigator plants seeds
in one or more nurseries to grow scedlings for planting
at a number of field locations. Survival, adaptability,
and productivity of seedlings and trecs are assessed to
find the best source of secd for a particular area.” Such
studics are common and have considerable influence
on decisions about provenance. Due consideration
must, therefore, be given to their design and execution.®

Planning and execution of all phases of seed source
studies could well follow the lengthy descriptions by
Johnsson (1952), Southern Forest Tree Improvement
Committee (1951, 1952a, 1952b), and Edwards (1956).
Wright (1960) gives some helpful techniques for han-
dling and assessing seeds from many sources. Cultural
practices generally will be those already preseribed
for the species under study.

The investigator planning the nursery phases should
consider the following:

1.  Experimental designs incorporating replication and
randomization should ecqualize environmental con-
ditions in the nursery to show early genetic differ-
ences and minimize the extension of nursery in-
fluences into plantations.

2. Differences in the quality and condition of nursery
stock from one nursery to another persist in later
forest assessments.

3. Environmental variation related to seed size, sow-
ing time, speed of germination and seedling density
should be measured.

4. Frequent observations arc needed to detect differ-
ences between provenances in such variables as:
cotyledon number; amount and duration of growth;
presence of dormant buds at the end of the grow-
ing season; number, length, thickness, and color
of needles; number, length, and angle of insertion
of branches; susceptibility to temperature ex-
tremes and pests; length and conformation of root
systems; fresh and dry weight; and other characters.

The investigator planning the plantation phases should
realize that plantation establishment is the most crit-
ical and costly phase of provenance research. To
obtain the most information with a minimum invest-

? Publications on results of secd source studies are too
numerous to be summarized here. Anyone interested in
the subject should refer to publications appearing during
the last decade by Fielding (1953), Langlet (1953), Wake-
ley (1953) Lofting (1954), Rees and Brown (1954), Susmel
(1954), Veen (1954), Johnsson (1955), Pauley et. al. (1955),
Lindquist (1956), Stoeckeler and Rudolf (1956), Kriebel
(1957), Wright and Baldwin (1957), Boden (1958), Echols
(1958), Wright (1960), Batzer (1961), Callaham and Liddi-
coet (1961), Bouvarel (1962), and Wright and Bull (1963).

8 Publications pertaining to the design of seed source
studies are by Johnsson (1952), Strand (1952, 1955), Wright
and Freeland (1960), Evans et al. (1961), and Shiue and
Pauley (1961).

ment of labor, money, land, and time, he should consider
the following:

1. Sites should be located in reference to gradients in
major environmental variables and not in a hap-
hazard or fortuitor: manncr. Tdeally each loca-
tion should have soil descriptions and long-term
climatic records. Wherever possible, plantations
should be located on sites having certain combina-
tions of cnvironmental factors representative of a
large arca of potentially plantable land (Jack-
son, 1962).

2. The number of plantations required will be dictat-
ed by the gradients mentioned above. To protect
the study from plantation failure, 20 to 30 percent
more plantations must be established than are
actually needed for the experiment.

3. Experimental designs of plantings using complete
or incomplete blocks of randomized plots seem to
be the most suitable for seed source studies. Use
many blocks with plots containing a few, 3 to 20,
noncontiguous trees for short-term cxperiments to
screen many relatively unknown sources for gener-
al adaptability and early growth assessments. Use
fewer blocks, each with larger contiguous plots of
49 to 169 trees, for long-term crop experiments
where yield and wood quality are of primary interest,.

4. Arrangements of trees within plots in these two
types of tests should differ. Plots containing few
trees should be elongated parallel to suspected
environmental gradients. Plots with larger numbers
of frees should be square in shape to be most
efficient.

5. Ixperimental blocks, to be as uniform as possi-
ble, should be small in size. Block size should
decrease as the environmental gradient increases.
Blocks much larger than 1 acre or 14 hectare will
probably include considerable environmental varia-
tion.

6. Evaluations for each character should include

(@) analyses of variance and multiple range tests

(Duncan, 1955; Kramer, 1956) to establish differ-

ences between provenances at each planting and

interactions between provenances and plantation
environments, (b) correlations between expression
of a character in seed source tests and in native
stands, (c) regressions of variation in the character
on variation of climate and location at sced sources,
and (d) trends in expression of the character over
time, that is, juvenile-mature correlations (Schmidt
and Stern, 1955). Techniques should be the same
for measurements and observations in all plantings.

Automatic data processing on computers should

be used to simplify compilations and analyses.

Each seed source study must be conducted in at
least two stages. In the first exploratory tests few to
many provenances are tried on few to many sites.
These first tests should point the way to the second stage.
Refined tests are established using seed from good trees



from the most promising sources planted at locations
representing broad planting zones. Actually each of
these stages may require several substages to accomplish
the desired objects.

Seed source studies are costly because they require
these steps. Considerable time must pass before perform-
ance can be evaluated. Fifty to 80 years might be
required to find the best sources of fast-growing species,
but undoubtedly some evidence of the better sources
should begin to emerge in 10 to 20 years. One to four
people might be employed to conduct tests of several
species during this time. Sizable capital investments
would be required for seed collection, for nursery grow-
ing of seedlings, and for plantation culture including
land acquisition and fencing, tending and measuring
of the trees, and for analysis and reporting of results.

Because provenance research is long term, some pro-
vision must be made to insure the protection of stands
being tested. Particular attention should be given to
the preservation and conservation of valuable sources
of seed. Such stands should also be protected from
chance hybridization with adjacent inferior stands.

Seed source studics — besides giving information on
adaptability, growth and yield -— can have additional
value as a source of seed. Through the years that trees
grow in seed source tests, many fail completely and
others fall behind in growth. Only those adapted to
the local conditions reach maturity. After judicious
thinning to remove inferior individuals, the remaining
trees may be propagated or progeny tested. Bouvarel
(1958) has emphasized the desirability of using estab-
lished successful stands of introduced species as seed
sources.

Foresters establishing seed source studies might even
consider establishing seed orchards concurrently with
excess seedlings on arcas of 2 to 4 hectares (5 to 10
acres). Single-tree plots might be established systema-
tically in several blocks at a spacing of 2 by 2 meters
(6 feet 6 inches X 6 feet 6 inches) and ultimately
thinned to 10 by 10 meters (33 x 33 feet). The best
of 25 progenies would be established at an open spacing
favoring seed production.

Problems in semi-arid lands

Seed source studies are faced with unique problems
in semi-arid lands where seasonal or annual moisture
supply is deficient. = The variation in precipitation
about average values is of great importance. A 10 per-
cent annual fluctuation in rainfall where moisture
limits tree distribution is far more critical than a simi-
lar fluctuation in regions of abundant precipitation.
Thus, slight climatic changes can be critical in semi-
arid lands, for here trees grow near the threshold of
survival.

This critical nature of climate demands close atten-
tion to experimental details. Experiments must be set
up on representative sites where the environmental
factors are known and can be measured during the
course of experimentation. Observations must be re-
peated frequently during the first growing secasons to
detect the timing and nature of limiting factors. Exper-
iments in these lands are likely to require more replant-
ing of failures to provide enough trees for meaningful
measurement data.

The interaction of temperature and moisture which
induces aridity makes the location of plantation areas
critical. Extra consideration must be given to aspect,
soils, water courses, and water-bearing strata. Minor
differences in topography reflect major differences in
climate and in soils. This results in greater difficulty
in finding suitable sites for testing.

Semi-arid lands require more intensive experiments
to study survival and more replication of field tests in
time to encompass climatic changes. Annual climatic
fluctuations are far more critical for trees growing near
the survival threshold. Annual replications bring out
the factors critical for establishment and survival.

Experiments in controlled environments may be
more important than replications in subscquent years or
location of replications. Climatic conditions in semi-
arid lands cannot be very well predicted or modified.
By controlling the environment, the investigator can
test the reactions of plants to combinations of critical
environmental factors.
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