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genetrc

4. Provenance research: investigation of
diversity associated with geography

Ii. Z. C,s.LLaHaN

Sumrnary

Prouenrt,ru)e i'n lorestry relers to the poptilu'tiott of tree,s

grouinE1 at a prtrticular place ol ori'gin,. Pro"-enance re-

sectrch defines the genet'ic ancl en'uirottmental contponents

of Tthenotypic ua,ric.tt'ion os,socioterl with g1eogrrtph'ic source.

Infor'ntntion, on proueltance is imynrtrtnt i,n' ctssttr'ing

sources of seed, to gi,ue toell-ad'apted,, proilucl'iae trees

anil i'n cli,recting breeclirry ol i,nterraci'a'l anrJ 'interspeci,lic

hybri,rls totr:aril acla,ptclti'on to parti'atkt'r lctcal,i,ti,es. Con'

cepts of the spec'ies, ol urtrit'tion u:i'thin spe.cies, ol cotttin-
ui,ty in thi,s uu,riation, anrl ol relati'on ol tari,ation to

lactors ol the enui'ronm,ent haue deuelopetl oter the past

century. Studie.s ol prouenance shoulcl start u;ith cr coin'

prehetts'|,^e sulnnTaru ol i,'nformation on genet'ic und' enui-

ron,mentq,l z-ariabi'l'itu tci,thi'n the ra,n,ge ol the spec'ies.

Objecti,ues and 'procedures ol researclt, shoulcl be u,ell defi,n'ed.

Manu questions rnust be consi'rherecl in clesiglnirtg anrl erecut-

'ittg a sctmple ol ntang prouena,ttaes to rtccomplish obiectdues.

Biosystemati,c studi,es utili,zing sererul tl'iscipl,i,nes should,

be most effici,ent to dcf.ne patterns ol aari,rt'ti,ott nnd' natural
bioti,c units hr,tt'ing s'irn,ilur for'm and lu'ttction. Seed

source shtd,ies u;ill rhentonstrute ad'aptrtbi'lity, grou'th, und

uietd. Theu mcrry also serue as seecl Eources. SeeiJ

source stu,il'ies i'n senti,-ctricl lands are lucecl with u,n'ir1ue

Ttroblems.

Chapter 4

'I'he choicc of seed sourccs is onc of thc main factors
affecting the establishrnent and productivity of planta-
tions of forest trees. In thc prescnt practice of silvi-
culturc, provenance research provides a sound basis

for thc selection of seed sources. Anyone conccrned with
afforestation and reforestation should develop a program
of provcnance research to assist in the selection of secd

sources. Such valuable rvork has bcen done in the past.

Extensions of this and new research are vitally needed

on an intcrnational scale because rvithout it future invest-
rnents in afforestation and reforestation rvill not rcturn
their maximum revenue. Provenancc research should

be given highest priority at the outset, of anv program
of forest tree improvement.

Provenance research means rnany things to many
men. It is, therefore, useful to begin by defining some

of the terms in common usc, outline the scope of the
subject, and rncntion its general importance. The
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concepts of genctic divcrsity rvithin species ernerging

over the past 140 years can also be profitably revierved.

The species, variation rvithin specics, and thc naturc
of this variation, rvhethcr it be continuous or discontin-
uous, all need to be considercd. Finally, considcra-

tion must be given as to holr to study the grcat divcr-
sity rvithin species. Through the modern biosystematic
approach patterns of variation can be defined. Through
the familiar seed stiurce study the most product'ive prov-
enances can be found. By combining both approach-
es the goals of provenance research will be most

efficiently attained.

MnaNrNe ox' PnovDNANcll

Terms referring to that part of thc genetic diversity
rvithin species rvhich is associated rvith geography
must be defined at the outset to provide a common

vocabulary. "Provcnience" and "provenance" arc

trvo rvords having the samc meaning. Both refer to
origin or source. They are fully interchangeable, and
for consistency only the rvord provenance is uscd here.

Provenance in forestry refers to the particular place

v'here trees arc grou'ing or the place of origin of sceds

or trccs. Provenance may refer eithcr to native or to
planted trees growing at that place, but its common



use is in reference to nat'ive trees. By definition and
some usage provcnance could also rcft-.r to an individ-
ual parent trec. Holever, provenancc should be le-
stricted to rcfer to the popul:rtion of trees growing at
a place and not, to an individual trce. Ilence, " select-

ing the proper provenance " means selecting the proper
locality.

Use of the word provenancc in rcference to a region
is improper. This use stems from provenance expcri-
ments. In such experiments trees from one local source

rnight differ from all others. In some cases reference

has been made to thc broad region represented by one

source as a provenancc. llore refined research undoubt-
edly u.ould show this region to be made up of many
provenances.

Thus, proven&nce 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-

spccies or variety.r
Provenance research aims at defining the genetic and

environmental components of phcnotypic variability
betrveen trees from different geographic origins.

The broad scope of provenance research involves
all studies above the level of the individual and belorv

the level of the species. Langlet (1962) regards the
investigation of provenances as " . ..the study of eco-

logical variabilitv 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 rvithin species";

2. studies of the inherent nonadaptive diffcrences 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 (Ed'wards, f 956) are a part of
provenance research. They only study the reactions
of different provenances growing in the same places.

Information from proyenance research has greal'
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 'ivcll-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 dofinitions of these taxonomic terms and
interprotation of their use, consult: Turesson (1922, 1925,
1930); Huxley (1938); Clausen, I{eck, and Heisey (1940,
1948); Stobbins (1950); Lawrence (1951); Ileslop-Ilarrison
(1953); Snyder (1959) or some modern text on plant taxon-
omy.

of tcsting. If juvenile chara,cters can bc uscd to eval-
uate perforrna,nce, then the time rnny be shortened.

Provenance reserlrch also has inportancc for the
pl:rrrned breeding of hybrids bet'w,een species. As was
demonstrated in Chapterr 3, crossing species is not
enough. One must direct breeding to producc a hybrid
combination of provenances having the highest adapta-
tion and productivity. Duffield (1954) states, " Perform-
ance of hybrids is grcatly influenced by the racial
origin of the parents ...The spccies hybridizcr cannot
escape the provenance problem."

Another inportant aspcct of provenance research
is the information provided for breeding h1'brids rvithin
species. Hybrids cornbining diffcrent provenances often
combine desirable characters of diffcrcnt 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 rangc of envirorr-
mcntal condit'ions than were the parents. With l<nowl-
edge of inherent geographic diversity thc forest genet-
icist can choosc the proper seed sources and direct
hybridization of races rvithin species to his advantage.

Cowcnrrs on' DrvERSrry wrrurN spECrDS

Concepts of variation rvithin species developed as

species of trccs came to be understood froni a taxonom-
ic and a biological vie'w'point. Long after a firm con-

cept of a species had emerged, the variation within
species becarne 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 trvo effects: a
direct cffcct on the expression or plasticity of the phe-
notype; and an indirect cffect in guiding evolution of
population. Their secd source studies, followed by
modern biosystematic'z investigations, are beginning
to resolve the patterns of broad variation and local
differcntiation in forest tree species.

The species concP,pt

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 Linn6. 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 uniforrnity and shorving
diversity have had less attention.

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

2 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 (f95f) and later in this chapter.)



immutable individuals has becn discarded in favor of
the neo-I)anvinian concept. Norv the scicncc of genetics
h:rs established the genic liasis of isoltrtitin bctu,et n
specics. It also provides A niear)s to account for the
he,r'itable variiltion observcd rvithin suecics.

I-nriutiort wiIltitt specics

Diffcrences u'ithin species \rerc apparent to taxono-
rnists rvho collcctcd them in various locations, and to
foresters concerned u.ith movirrg seed frorn place to
placc carly in the ninetcenth century. De Vilmorirr
\r'a,s among the fir'st to maiie conlparative plantings of
seed from several sources on a comrnrin site at Les
Barres, Ilrance, from 11123 to 1850. Subsequent sced
source studies have becomc more sophisticated in design
and broadcr in scope. lfuch of this rvork has been
summarized by Schreiner (1937), I(alela (f 937), Langlet
(1938), Schiitt (1958), and Squillnce and Bingliani (1958).

Many studies of varia,tion u'ithin species made over
the past 140 years have led to these general conclu-
sions and tlieir ct'rollalies:

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

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

3. Races of a species growing in differcnt clirnatic
regions rnay differ in inherent adaptation to envi-
ronmental firctors. Lr <ine region a certain factor
of the environmcnt may be critical; in anothcr
region this factor may bc less important than some
other critical factor.

4. Sympatric species rvill bc similar but ntit identical
in inherent adaptations to the same environment.
Limiting factors generally are not alrvays thc same
for cohabiting speeies.

5. Trvo or three successive seed source trials v-ill be
needed to detcrrnine an optimum soulce. 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 sholr. the local seed source to
be the best adaptcd but not necessarily the most
productive. Exotic populations do not equal local
populations in adaptation to thc unique combina-
tion of factors of the local cnvironment.

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

8. Performance'ivill be unpredictable for species grown
for a long time under cultivation or disturbance
by man or for species transferred to r,adically dif-
ferent environments, as in the case of species of
EucalyTttus and Ceilrus.

Conti,nui,ty ol auria,tion

lfhe continuity of variation in certain characters
h:rs lreen conr-incingly denronstrtrtecl f<rr a ferv specics.
l)urollean rcscarch lbrcsters n'crc pioneels in this .u."ork

(Langlct, 1959). Cieslar arxl Engler r.r.cre tlic first to
dernonstrate crintinuous change rvithin species. \Vibecli,
Schottc, and Langlct lelated this inherent variation to
continuously varying factors of the envirorurent, such
as ternperature and grotr,ing period.

Regression techniques har.c commrxrly been used to
dernonstrate continuity of variatitin but their u.qe has a
certain hidden danger. Through regressions one can
bridge discontinuities or fail to recognize individual
populations rvhich deviate sigrrificantly frorn the regres-
sion. Care rnust be ta,lien in the use of this important
tool of analysis and in interpreting rcsults.

Langlet (1962), considercd by many to be thc 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
delinite limits and discontinuities. These may result,
for example, from different kinds of genetical or en.i'i-
ronmental iscilation, from abrupt changes in environ-
ment, a sharp lirnit to a high plateau, sharp boundarics
betrvccn edaphic conditions, scarcity of suitable ecolog-
ical niches, or simply haphazard geographical distri-
bution."

Turesson (1922) explained liis original observations
of discontinuous variation patterns by thc ecotypc
concept. Nlany authtirs have used this concept in
describing variation in a forest tree species.s A critical
revierv of past studies shou.s that an investigator must
use caution in dcscribing ecotypes. The fact that trvo
populations differ significantly does not justily 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 in'i'estigator 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-designcd
studies.

If major discontinuities or vcry steep gradients are
detected frorn competent investigation, judicious use
of names to define subspccific taxa secnrs to be appro-
priate. Scientific narnes, like other words, must have
understandable meanings. Names should only be applied
to discrete segmcnts of a specics after comprehensive
studies of patterns of variation tlrroughout its range.
A good example is the thorough study and designation
of subspecies ol Pi,nus contorta Dougl. by Critchfield
(1957).

3 Wright I944a, 19441:; l)aulev and }'erry, 1954; Mc
Millan, 1956; Iiliebel, 1957; \\'right and Baldwin, 19571.
Habock, 1958; Vaartaja, 1959,



SrunvrNG GENETTo DrvERSrry \raITHrN spECrDS

A complete provcnancc study has these basic steps:

l. surnrnary of available infrrrmation on variability
within and betlveen populations;

2. decision crincerning thc objecti'vcs and procedures in
the light of knolr.n and expected patterns of r.aria-
tion;

:]. dcsign and collection of a sarnyllc of many prove-
r)ances to accomplish the obiectivcs;

4. biosystematic investigations of provcnances to de-
scribe pattcrns of variation;

5. establishment of seed source tests orr reprcscnta-
tive sites for a fen' of the most promising or t1'pical
provenances;

6. intcgration of the results of biosystematic and seed
source studies to define rcgirins most lihely to
produce the most suitable seed.

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

One should not expect all the required information
from the first provenance studies. Past research sug-
gests that the ideal proyenance test cannot be de-
signed and executed rvithout inforrnation on variation
patterns from preliminarv tests. Even an ideal test
may have to be follo'wed by other tests to find the best
or optimum sources of seed.

Summary ol Ttresent knozuledge

A critical review of the information available should
provide considerable information on geographic var-
iation rvithin 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 mav disclose previously unreported
variation.

Existing seed sourcc studies, if available, will provide
the best leads. They may show broad or local pat-
terns of variation in many characters. Critical environ-
rnental factors responsible for dominant variation pat-
tcrns in the species mav be apparent. Comparisons of
results from different studies or plantings may reveal
interactions bet'ween seed sources and thc environ-
rnents of planting sites. The rnost important contribu-
tion of such studics may lie indications of the herita-
bilit.v cif individual characters and the plasticity of the
phenotypes.

Surveys of information frorn othcr scientific disci-
plines may sholv pa,tterns of variation in size, form,
or function u.'ithin the species. Plant physiologists,
ecologists, and silviculturists may have shorvn the
critical environmental factors to u'hich the species is
inherently adapted. Thcy may also have compared
trees frtim different provennnces v'ith respect to growth
period, assirnilation rates, foliage pigments, and many
other charactcrs. Studies of comparative anatomy,
morphology, and biochemistry may sho'iv pattcrns of
variation. Ilorphologv of organs, internal anatomy,
biochcmistrv of essential oils and other compounds,
and many other characters, may r.ary through the
range of the species. Climatologists usuallv have in-
forrnation on patterns of variation in temperature and
precipitation during critical growth phascs. They may
also know about the occurrencc of other critical clirnatic
factors, such as early or latc frosts, deep or u'et sno'lvs,
sleet, sudden temperature changes, and unusual winds.
Soil scientists and geologists rnay provide basic informa-
tion on the nature of parent rocks and of derived soils
throughout the distribution of the spccics. Starting an
inl'cstigation rvithout first bringing together all thcse
sourccs of information rvould be rnost inefficient.

Planning the study

Surveying the existing lite,rtlture will bring questions
to mind and will point to the objects of the research
to bc undertaken. 'Ihe objects of the study rvill irr
turn determine the balance bet,u.ecn the trvo approachcs.
Biosystematic studies are conrp:rratively incxpclsi'r-r,,
and produce the most information on variation per
unit of investment. On the other hand, 'ivhile seed

source studies are expensive, they provide proof of
adaptability and productivity. If little or nothing is
knorvn about the species to be studied, biosystematic
investigation should be paramount. If optimum seed

sources have been suggested by previous studics, seed

sourcc studies concentrating on grolving trecs from
certain regions in a crop experiment (Edwards, 1956)

may be most important. Any comprehensive investi-
gation will use both approaches, giving onc more or
less 'r,r'eight than the other.

Sa'mpling the spec'ies

The next step is to sarnple the species to provide
the material for study. llany questions norv arise:
Where to sample? Which trees to sarnple? What and
how many specimens to tal<e? When to sample? Who
is to samplc ? How to docurnent the samples ?

Locat'ions. 'Ihe investigat'or must determine the extcnt
of coverage desired, horv rnany locations can be sam-
plcd, and l.vhat particular locations should be sampled.
Broad coverage of the entire range of the species rvill
be requircd if littlc or nothing is hnown about pattcrns
of variation. If thc cxistencc of a rcgion producing
well-adapted, productive trees is suspected or knoln,
intensive coverage of major and rninor environmental



Spocrns: Scientific name and author

Common namc

OnrcrN: Country State or province County

Latitudc Longitude Elevation .- feet or meters

Dctailed location (

or other landmark)

section, township, range, meridian; direction and distance to town

Slope direction Slope steepness _%
Forest, type 

- 

SAF

Soil pH (basic, neutral, acidic)

tvne number 

- 

Site index

Soil moisture-site condition (dry, moist, t'et)

Other tree species in stand

Cor,r,ncrror: Date of collection

Number trccs in collcction 
-- 

Ase

Average height Average diameter

Cross out word I{OT 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 secd or fruit: (not started) (starting) (underrvay) (complete)

Mcthod of extraction: (air dried) (kiln dried at 

--oC.)(crown fcrrm, branching, vigor, disease, insect damage, etc.)

R,pltenr<s:

Date Signatures
Collector

Address
Dealer

Forester

COLLECTION DATA

Freunn 15 - Su,ggested, lorm lor docurnentirtg seerl collect,ions, (Prepared by the Comrnittee on Forost Tree hnprovement,.
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. n'or 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 v'ithin
the desired coverage is most difficult. Primary sampling
should be done parallel to major environmental gra-
dients within taxa. X'or 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, ol trees. After deciding rvhich 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. Ilowever, 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 trces
when establishing seed source stud.ies in the field.

Number of trees. Ideally, the number of trees to be
sampled at any locality should fluctuate with the phe-
notypic variation betrveen 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 l0 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 l0 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.

Ti,mi,ng. 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, selection 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).

Documentation. The investigator should specify the
kind and amount of information requircd to describe
and document the origin of his material (Rohmeder,
1962). Forms should be provided for entering the re-
quired. information. Detailed descriptions u'ill 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 thc 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, tr'ielding's (1962) suggestion to organize
collection services in remote areas js worthy of imple-
mentation. If collection scrvices 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 shov'ing the kind of informa-
tion and details needed;

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

5. acknowledge any and all assistance received prompt-
ly and profusel5r.

frrecuti,ng collectiotts. Execution of the sampling
design calls for close attention to all the foregoing
points. Arrangenents fbr field collections must be



completed 'rvell ahcad of seed ripening. Collectors must
bc located, instructed, trained, and cquipped as required.
Particular attention must be given to quarantine restric-
tions on the movement of plant materials. Thc pr.in-
cipal investigator should be availnble to ans\{.er ques-
tions from collectors dur:ing the collection period. He
rvill have to considcr and approve alternative procedures
or locations as necessirry. Processing of collections
rnust proceed rapi<lly aftcr they are receivcd. At evcry
step the identification of all specimerrs as to their source
must be preservcd. Thesc materials then r.r.ill provide
the subiects for future study in biosvstcmatic or sccd
source investigatious.

B io s u st e ma,tic stucli,es

Biosystematics (or genccology follorving Turesson) is
the comprchensivc study of variation v'ithin and betu'een
species. Accor:ding to Lau'rence (1951, p. 16g): "Biosys-
ternatics, in the unrestricted sense, is a phase of botan-
ical research that endcavors, by study of living popu-
lations, to delimit the natural biotic units. . . This
necessitatcs use of data frorn the fields of ecologv,
genetics, cytology, morphology, phytogeography, and
physiology, particular'ly as observed from plarits gro\\'n
under artificial and natural conditions of envircinmerit."

Sylv6n (1916), one of the first forestcrs to conduct
tr, bios.ystemtrtic study, cornpared tlic rnorphologt' of
P'inus s'y|'ue.stris I'. frorn 59 districts in northern and
central Srveden. Weidman (19i39) rvas probtrbJy the
lirst to compare the morllhology of specimens llorn
trces growing in many native sttr,nds rvith the rnorphol-
ogy of thcir progeny grorving in a sccd sourcc study.
tsy this techniquc he r.yas able to cstinrate the genertic
component of variation and the environmcntal modifi-
ca,tion in each character. A comprehensi.r-c biosJrste-
rntltic study should include such morphological conrpari-
sons rif natir.e and cultivated trees, but it must also
includc cytological, physiological, and ecological corn-
parison.

Oomparable specimens from rnany sources should bc
studied frrr similarities and dissirnilarities in Ibrm and
stmcture.a Variability should be investigated in leaves,
fruits, rvtiod, bark, and other tissues. Herbariunr sirm-
ples might be uscd for such studies, but they har-e a
bnsic failing of rrot being compar.able collcctions. All
characters should be studicd rvith respcct to the r.aria-
tion bctrveen native trees and betu'een trees grou.ing
in cornmon arboreturn or sced source tcsts. These corn-

a Space does not permit an exhaustive surnmarv of past
studies. Publications on some typical studies in the lasL
decado are by l3ouvarel (f954), Nylinder and H:igglunrl
(r954), Carlislo (1955), Priehd,usse:: (1956), Critchfield
(1957), Wettstein (1958) and Thorbjornsen (1961).

5 Publications on some typical studies in the last decatle
are by X[cMillan (1953), Paulcy (f 954)" \Vassink and
Wiersrna (f955), Schrnidt (1957), Downs and Piringer
(1958), Lcibundgut (1958), Vaartaja (1959), Nienstaedt and
and Olson (1961), Callaham (1962), Irgens-Moller (f 962),
t)erry (1962), and Wright and Bull (1963).

parisons should give sorne idea of the heritability of'
charactcrs and plasticity of phenotypcs.

Seedlings reprcscnting trecs frorn different prove-
nances should be grou,n irr a variety of uniform or,
preferably, controllcd environments.B This r.vill permit
an asscssment of hcrita,bility of characters and the inter'-
action betrveen genotypcs and cnvironrnents. Sorne
characters l'hich might be studicd profitably are: rates
of gcrmintr,tion and subsequent grorvth, tirnc tif bud
break, time of bud set, length of thc grrruing scasorl)
suscoptibility to earl.y and latc frosts and to damage
by pests, necdlc color, arrd mrtricnt requirements for
grorvth.

Particular emphasis should be given to studying
the nature of photoperiodic and thermoperiodic controls
of grorvth and of phototropic responses for differcnt
proYenances.

Results from these and other lines of research, such
as comparative cytology and biochenristry, should be
integrtr,tcd. Natural biotic units having sirnilar fonn
and function should be described. l{ultiplc rcgression
analyses r.r'ill bc useful in such intcgrations. A discrirn-
inate function analysis rnay help to define variants
and to determinc rvhether patterns are continuous or
discontinuous (Hopp, 1943; \Vhitehead, 1954; Mergen
and Ilurnival, 1960). If analyscs of variance in an1'
study shou' significant diffcrcnccs betl'een provenarlces,
then rnultiplo range tests (Duncan, 1955; Kramer, lg56)
can bc used to cornpare neans in older to determine
rvhich provcnil,ncos differ st'gnificantly. Analyses should
be madc of the interrelationship Lrctwcen charactcrs
rncasured on each trcc. \/ariation in thcsc charilctcrs
also should be related to variation in thc dornintrnt
etrvilonrnental factors found at the sources (T,anglct,
1961; Squillace and Silcn, 1962).

'Ihe most diffrcult problem of biosystcrnatic invcsti-
gations lvill bc to detect and deterrnine the significancc
of subtle differernces betrveen adjacernt populations. The
problem is to dcterrninc rvhcther significant genctic
differences exist betu'een l)opulations on adjacent north
and south slopes, Lretrveen populations at the tops of
dry ridges and the bottoms of adjaccnt moist vallel's.
A fer'v studics suggest tha,t gcnetic differences exist
bctrveen adja,ccnt stands (\\rcidcmann, 1930; Squillace
and Bingham, 1958; Oallaham and Hasol, 196l). Soil
factors may be very important in this local variation,
and {'erv studies have been made of genetic adapta,tion
to soil differences.6 Present kno'lvledgc about very
local variation rvould be greater if pr,r,st studic.s had
retained the idcntity of individual trees. Difl'crences
betlreen trees grorving on adjacent sources will be
cxposed only by critical expcrimcntation. Only rvhen
these problerns arc solved can the best source of seed
be designated. Whcn experimentation of this kind has
progrcssed niuch further, present ideas ol the locu,l
population rna,y ha\,€] to bo radicnll;' rcviscd.

6 ,le Philippis (1937):
ry Depa rtment ( 1 9i4):
Habecl< (1958); Canada

Vinograclov (l9a9); Cyprus Forest-
N[cMillan (1956); Fukarek (1958);
Forestry Branch (1960).



Seeil sottrce sturJies

Seed sourco studies alc a, palt of the biosystcnriitic
investigntion of I'itria,tion. An invcstigator plants seeds
irt one o[ more nurscries to grou' scc.diings fbr planting
rrt & runlber of ficld locations. Survival, adaptability,
and productivity of seedlings and trecs are asscssed to
find the best, source of secd frr a particular area.? Such
studics are cornrnon and have considerable influence
on decisions about lrrovenance. Due consideration
rnust, t'hercfore, be given to their design and cxccution.s

Plarining and exccution of all phases of seed source
studies corrld 'rveil ftrllow the lcngthy dcscriptions bv
Jcihnsson (1952), Southern l-orest 'Irec Irnpror.emcnt
Corirmittee (1951, 1952a, 1952b), and Edu.nrds (f956).
Wright (1960) gives some hclplul tcchniques for han-
dling and assessing seeds from n)any sources. Cultural
practices gcnerally will be those already prcscribed
for the species undcr study.

The invcstigator pla,nning the nursory phases should
consider the follou'ing:

l. Experirnental desigtis incorporating reltlication and
randornization should cqualize environmcntal con-
ditions in the nurscry to show early gcnetic differ-
ences and rninimize the extension of nurserv in-
fluences irrto plantations,

2. Differences in the quality nnd condition of rrursery
stock from onc llurset'y to anothcr per.si-st iu later
forest assessrncnto.

3. Errvironmcntal variation related to seed sizr., sor.r.-

ing tirnc, spced of'germination and seedling density
should be rneasurcd.

4. Ifrcquent observations arc needed to detect diller-
ences betwccn provenances in such variables as:
cotyledon nurnber; amount and duration of grorvth;
prescnce of dorntant buds at the end of the grorv-
ing season; number, length, thichness, and color
of needles; nurnber, length, and angle of insertion
of branches; susceptibility to tenperature ex-
trernes and pests; length arrd corrfcrruration of rtiot
systerns; fresh and dry u.eight; and other characters.

The investigator planning the plantation phascs should
realize that plantation establishment is the rnost crit-
ical and costly phase of provenancc research. To
obtain the rnost information u.ith a minimum invcst-

7 Publications on results of scccl source studies arc too
numelous to be summarized here. Anvonc interestcd in
the subject should refer to pubiicat,ions appearing during
the last, decade by Fielding (1953), Langlet (1953), \Valie-
ley (1953) Lot'ting (1954), Iices and Brow-n (1954), Susmel
(1954), Veen (1954), Johnsson (1955), Pauley et. al. (t}bl),
Lindquist, (1956), Stoeckeler and Iiudolf (f956), I{riebel
(1957), Wright and Baldwin (1957), Iloden (1958), Echols
(1958), Wright (1960), Ba"tzer (1961), Callaham and Liddi-
coet (1961), Bouvarel (1962), and \\rlight and BuIl (1963).

8 Pubiications pertaining to the design of seed source
studies are by Johnsson (1952), Strancl (1952, 1955), Wright
and Freeland (1960), Itvans e, al. (1961), and Shiue ancl
Pauley (1961).

ment of labor, rnoney, land, and time, he should considcr
the follor.ving:

1. Sitcs should be lcicated in leferenct' to gr:rdierrts in
rniljol envirolrlnen.tal vrrriilbles trnd not in a hap-
hazard or ftirtuitlx j mallncr. Tdetrlly e:rch loca-
tion should ha,ve sorl tlescriptions and long-term
climatic recor:ds. \Vherever possible, plantations
should be locatcd on sitcs har-ing certain combina-
tions of cnvironmcntal factors r.epr.csentative ol a
large arca of potentially plantable lnnd (Jack-
son,1962).

2. The number ol plantatioris lequired will bc dictat-
ed by the gradients mentioned above. To protect
the study from plantation failure, 20 to 30 perccnt
more plantations must, be established than are
actually needed frrr the cxperiment.

3. Exporimental designs of plantings using complete
or: incornplete blocks of randomized plots seern to
bc the most suittr,blc fcrr seed sour,ce studics. Use
rnany bkicks rvith plots containing a ferv, 3 to 20,
rioncontiguous trees for short-term cxperiments to
screen many relatively unknotvll soul'ces for gener-
al adaptability and early grou'th assessrncnts. IJse
fcu'er blocks, each 'ivith largcr contigutius plots of
49 to 169 trees, for long-term crop experirnents
where yield and rvood quality are of prirnary interest.

4. Arrangcrnents of trccs l,ithin plots in thesc trvo
typcs of tests should diffcr. Plots containing feu'
trees should be elongated parallel to suspected
environuental gradierrts. Plots u'ith larger. numbcrs
of trees should be square in shape to be most
efficient.

5. Jlxperimental bloclis, to be as uniftrrrn as possi-
ble, should be small in size. Blocl< size should
decrease as the enyironrricntal gradient increascs.
Blocl<s rnuch largcr than I acre or )! hectare rvill
probably includc considcrable environmcntal varia-
tion.

6. Evaluations fbr each charactcr should include
(a) analyses of variance and multiple range tests
(I)uncan, 1955; Kramcr', 1956) to establish diflbr-
ences between provenances at each planting and
interactions betu.een provenances and plantation
cnr.-ironments, (b) correlations bctrveen cxpressiorr
of a character in seed source tests and in natil.e
stands, (c) regressions of variation in the character
on variation of climate and location at sce.d sources,
and (d) trends in expression <-rf the charactcr over
tinre, thtrt is, juvcnile-rnature correlations (Schmidt
and Stern, 1955). Tccfiniqo"* should be the same
for measurernents and observations in al.l pltrntings.
Autornatic data prt-rcessing on cotirlrutcrs should
be used to simplily cornpilations arrd analyst's.

Each seed source study niust be conducted in at
letrst trvo stages. In the first cxploratory tests fcr.v tcr

many provenanccs are tried on feu. to rnany sites.
'Ihese first tests should point the rva;'to the second stage.
Refined tests are established using seed frorn good trees



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

Seed source studies are costly because they require
thcse steps. Considcrable time must pass before perform-
ance can be evaluated. tr'ifty to 80 years might be
required to find the best sources of fast-grorving species,

but undoubtedly some evidence of the better sources
should begin to emerge in 10 to 20 years. Onc to four
people might be employed to conduct tests of scveral
species during this time. Sizable capital investments
would be required for seed collection, for nursery grorv-
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, sorne pro-
vision must be rnade 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 u,ith 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, rnany fail completely and
others fall behind in grorvth. 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 cstab-
lishcd successful stands of introduced species as seed
sources.

n'oresters establishing seed source studies might even
consider establishing seed orchards concurrently r.ith
excess seedlings on arcas of 2 to 4 hcctares (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, lancls

Seed source studies are faccd rvith uniquc problerns
in serni-arid lands where seasonal or annual moisture
supply is deficient. The variation in precipitation
about average values is of great importance. A l0 per-
cent annual fluctuation in rainfall rvhere 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 scmi-
arid lands, for here trees grow near the threshold of
survival.

This critical nature of climatc demands close atten-
tion to experirnental details. Experiments must be set
up on representative sites 'lvhere the environmental
factors are l<norvn and can be measured during tho
course of experimentation, Observations must be re-
peated frequently during thc first grov'ing seasons to
detect the timing and nature of limitilrg factors. Expcr-
iments in these lands arc likely to require more leplant-
ing of failures to provide enough trees for meaningful
measurement data.

The interaction of temperaturo and moisture which
induces aridity makcs thc 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 encornpass 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 serni-
arid lands cannot be very well predictcd or modified.
By controlling the environment, the investigator can
test the reactions of plants to combinations of critical
environmental factors.
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