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Trees fit into the gcneral rule that
ihe plants and animals which nature
gave us havc not becn considered quite
good enough. For miliions of years, it
is true, nature has developed a breath-
taking variety of forms, each wonder-
fully adapted to its surroundings.
Chanscs in climate or the conforma-
tion oT the earth's surface have caused
the extinction of some forms and the
deveiopment and migration of others.
But during the Iong development of
civilization man has iearned to alter
some of the myriad forms of life about

l:T;r:^*t"* 
them better suited to his

Centurics of breedine have devel-
oped livestock and plants that have
special value, but only recently has man
applied his knorvledge of breeding to
the development of better forcst trees.
Much of this work has been done with
pincs bccause of their lvide distribu-
tion and their value for many wood
products. Today pine-breeding re-
search has progressed to the point that
promising pine hybrids exist for each
of the major timber-producing regions
in the United States.

Hor'v has this point becn reached?
And what are the-rcsults now ready for
trial ?

As long as man used only an occa-
sional tree he u'as not concerned with
replacing it. But when he began to
fell sizable sections of the forest, he
observed that thc succeedins cover
was oftcn differcnt from the-one he
had removed. To insure another tree
crop of the type harvested, he often
found it neccssary to sow seeds or plant
young trees. This practice foreshad-
orved the beginning of forest-tree im-
provement, perhaps 500 years ago. In
his early planting operations, the for-
estcr soon learned that certain local
races of trees surpassed the average.

Amcrican foresters, influenced in
thcir early rvork by European forestrv,
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were quick to import one of Europe's
leading timber trecs, the Scotch pine,
a species that, despite its name, extends
from the British Islcs into Siberia and
from the Arctic Circle as far as south-
ern Austria and the Iberian Peninsula.
Foresters in New York State found
that Scotch pine from the shorcs of the
Baltic Sea made a respectablc tree in
thcir plantations, rvhil-c the same spe-
cies grown from south German sced
produced gigantic corkscrcws and
other bizarre and useless forms. Forest-
crs in almost every European country
have studicd Scotch pine from various
sourccs and have come to recognize an
almost limitless nunrbcr of locil races,
each fitted by natural sclcction into
the mol.d of the local climatic and soil
conditions.

In the past fcrv vears, sevcral workers
in the Forcst Service, notably R. H.
Weidman, T. T. Mungcr, and W. G.
Morris. have completed studies of local
races of ponderosa pine and Douglas-
fir, two of our most widespread and
important western conifcrs. An inter-
esting study of altitudinal races of pon-
derosa pine in the Sierra Nevada of
California was initiated by L. Austin,
also of the Forest Service. Work of
this kind has led foresters to the realiza-
tion that careful comparative studies of
climate and soils and of the srowth of
local races should enable thein to r:ro-
ceed with more certaintv in their work
of reforestation.

fn recent years most spectacular re-
sults have been achieved bv this analvt-
ical approach in parts of 

'Italy, 
South

Africa, Australia, and New Zealand-
regions that have rather meager na-
tive conifer forests and only moderate
rainfall, most of which falls-in the win-
ter. Such a climate rcsembles that of
coastal California, where a few small
patches of natural Montercy pine sur-
vive. The fossil record shows that this
pine once occupied a much larger area,
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This work has resulted in techniq'

but because of increasing dryness along
the coast it was squeezed into a smalier
and smallcr arca, There it was making
its last stand uhcn thc botanists lound
it. Givcn a fresh start in Australia, New
Zealand, ftaly, and South Africa, this
almost extinct pine dclightcd forcstcrs
by its rapid growth and good form.
In placcs whcrc it was a completc
strangcr. it found just the conditions of
soil and climate it nceded.

Thcsc cxamolcs show the effective-
ncss of naturalielcction in shaping the
hcrcdity of trees so as to fit them for
growth in specific types of cnviron-
rnent. It would be surprising, howcvcr,
if men wcre content rvith a process so
slow that it can only be seen in the un-
foldins of the fossil record. Foresters
havc iurncd to artificial selection or
soueht some other man-rnadc device to
specd up the remodeling of forest trees.

Biologists gcnerally agree that cer-
tain features of species are especially
imoortant to survival of the racc. The
fcaiurcs have to do with the survival of
the individual and perpetuation of the
spccies. Furthermore, infancy is the
period in the individual's life during
rvhich the balance bctrvcen survival
and death is most prccarious. Thus the
features most strongly molded by natu-
ral selection, the so-called adaptive fea-
tures, have to do largely with the start
of life of the individual. The forester,
however, is largcly conccrned with the
characteristics of mature or young-
mature trees. His selection has been
aimed at the development of trees espe-
cially suited to producing usable prod-
ucts such as clear lumber, smooth
veneer, or strong paper in the greatest
possible quantities per acre per year.
His selcction therefore must take quite
a different direction from the one Drac-
ticed bv nature.

Before our knowledge of the science
of genetics was developcd, selection
was practiced in the woods. Seed trees
of good form were lcft and misshapen
wolf trees were cut, or, if plantings
rvere needcd, seed was collected only
from the bcst-formed trees. With the
recognition of Gregor Mendel's lvork

at thc turn of the centurv. some for-
esters rcalized that well-formed seed
trees might carry in a recessive or con-
cealed condition certain hercditary
factors that could cause some of their
offspring to be of an inferior quality.
Other early work by geneticists showed
that many charactcristics of plants and
animals-such as sizc, quality, and re-
sistance to unfavorable cnvironmental
influences-u'cre determincd by manv
hcreditary factors. So, for a iree to
have the maximum srorvth rate or a
certain form, it had 1o have just the
right combination of a large numbcr of
hercditary factors. That fact revealed
the rclative ineffectivcncss of selection
practiccd in the woods as a method of
improving thc heredity of a forcst and
cventually lcd to deliberate cfforts to
develop superior tvpcs of forest trccs
by gcnetic methods.

It is always difficult to point with
certainty to the originator of an idea,
and lve hope to bc forgiven if rve un-
wittingly slight the "father of tree
breeding." Klotzsch, in Gennany, at-
tempted to cross Scotch pine rvith
Austrian pine in 1845. His statement
that hc planted the hybrid seed the
spring following pollination is at vari-
ance r,r''ith the facts, because 2 ycars
are required for the formation of sccd
of those species. Nils Sylven in 1909
undertook to investieate thc heritabil-
ity of ccrtain lvell-iecognized crown
types in Norway spruce and Scotch
pinc growing in Swcden. This he did
by making self-pollinations to deter-
minc whether thc various crown tvDes
would breed true. From l9l2 to 1924,
Augustine Henry, in England, and sev-
cral Americans, including Helge Ness,
A. B. Stout, E. J. Schreiner, and others,
began controlled pollination work, the
foundation stone of tree brceding.

In 1925, James G. Eddy, after seek-
ing the advice of Luther Burbank,
establishcd the Eddy Tree Breeding
Station at Placerville, in northern Cali-
fornia. The station was latcr deeded
to the United States, to be managed
by the Forest Service as the Institute
of Forest Genetics. The Institute soon
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narrowed the scope of its work to the
eenctic improvcment oI thc timber
6incs. Iohn Barnes, \V. C. Cumming,
and W' G. Wahlenberg pioneered in
thc dcvelopmcnt of pollination tech-
niques. F. 

-I. Righter joined the sta-
tion stafl in 1931 and, with W. C.
Cumming, perfectcd the techniqucs
and uscd them to dcmonstrate the
ereat possibilitir-s lor cenctic improve-
in"t'tt ihtt could be iealized through
species hvbridization in thc pines. At
atout this time, PhiliP C. WakeleY,
also of the Forest Service, made a num-
ber of crosses betrveen the timbcr-pine
speciers of the Southeastcrn States.' Much of the pioneer u'ork in pine
breeding thus is behind us.

TrrnEn GENERAL METHoDS arc avail-
able to thc tree brceder today. Two of
them-selection and hybridization-
consist of using and recombining he-
reditary variations already existing
amons trces. The third method can bc
used io create hereditary variations
through physical or chemical treat-
mcnts.

Selection becomes much more effec-
tive rvhen it is combined rt'ith other
tcchniqut's. such as progcny testing,
vegetative propagation, or- hybridiza-
tio"n. Progcnv tests of self-pollinated
plants help dctcrmine which parents to
ielcct for thc best offspring. But sincc
the pincs arc predominantly closs-po.l-
linaied, a progeny test in which only-

the sced pa.eni is known tells only half
o[ thc story. Vcgetative propagation,
rrhich is used by fruit growcrs to mul-
tiply sclected trces, has not yct reached
o ,tog" of development for pines which
u'ould permit economical propagation
of foreit planting stock exccpt il N9y
Zealand,- where it is practiced with
Monterey pinc. Great progress has been
made, hoivevcr, by worklrs in South
Africa and Australia; by K. W. Dor-
man and his associates, who have been
working with turpentine pines in the
southcastern part of the United States;
and bv N. T. Mirov. of the Institute of
Forest Gcnetics in California.

This work has resulted in techniques

by rvhich the cloncs from selccted pines
may be vegetativcly propagatcd for re-
seaich pnifor"t or'for eitablishment of
seed-prbducing plantations' Members
of a ilone are-rnerely parts of a single
trcc. made to produce roots and be-
come self-supporting or supplied with
roots by grafling. Numcrous experi-
ments irave shown that pines and many
other forest trees can produce few sced
as a result of self-pollination; usually
the few scedlings so produced are weak.
Pollination bctween members of the
same cione is equivalent to self-pollina-
tion. For that reason, mixing sevcral
clones in a sccd-producing plantation
is necessary to insure cross-pollination
and satisfactory secd production. Such
plantations in Swcden contain from 6
io 12 selected clones, all from a single
local race to insure adaptability. When
tr'vo selccted trecs or clones are cross-
pollinated, therc is no certainty that
ihe offspring will be better than the
average for the species, but w-hen half
a dozen or more selected cloncs are al-
lovr'cd to intcrpollinate thc chance for
average superiority of the offspring is
incrcased. Only by controlled pollina-
tion can it be determined which pairs
of clones will consistcntly producc su-
perior offspring. Perhaps the most
promisinc field Tot selection work rvith
bines is the search for trccs resistant to
disease and insect attack.

The methods and benefits of Pine
hvbridization were discussed in an ar-
ticle on hybrid forest trees in the 1943-
1947 Yearbook of Agriculture.

Briefly, the bcncfits to be exPected
are hybrid vigor, the combination of
desirable characters in a single plant,
and the uncovering by hybrid segrega-
tion of hitherto unsuspccted characters
in thc offspring derived from breeding
within a hybrid population. Naturally,
hybridization can bc expected to be
most effective if thc parents are se-

lected rather carefullY.
As to thc third mcthod available to

tree breeders, most of the techniques for
initiating new hereditary variations are
barely out of the laboratory and as yet
cannot be consciously directed-they
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Trra SouTSEASTERN eNo Soutrr-
nnN S'rerts have four principal tim-
ber pincs-all used in hybridizatio-n
,rork. None o[ the crosscs so far madc
have rcsulted in conspicuous hybrid
visor cotnparablc to that lound in the
*iiit" uin" crosses, but somc of them
combine dcsirable properties of the
Darent species in such a way as to be oi
grcat iniercst to- timbcr- grorvcrs' The
cross bcts een shortlcat and loDloll)'
nines is cencrally superior to shortleaf
pin. itt f6rt,i artd qron'th rate and gives

iome promisc of gron'ing in ar.eas out-
sidc the natural range of loblolly pine,
notably in castern Texas and Arkansas'

Loblollv and sl'rortieaf pines have
both becn crossed r'vith slash pine, pcr-
haps thc most productivc pinc in the
lecion for both fimber and naval stores'

Si"ash pine rvould contribute much
more tb the economY of the South if
it rverc not comparatively restricted in
its distributiott; it is to be expected
that crosses rvith loblolly and shortleaf
oines can be made that will consider-
:rblv crtrnd thc ranqc of siash pine
,r'iti.,out sacrificing pioductivity. Thc
natural hvbrid belween longleaf and
Ioblollv pines has bcen known for some

time. ancl a number of second-genera-
tion iu brids havc becn tested at the In-
stitutc o[ Forcst Genetics. Some of
these show strikingly good form and
rapid srowth undei conditions rvholly
unfavorablc to longlcaf Pine.

Fon rrls LerB Stern,s tr'vo im-
portant timber pincs havc been used in
.rorr"r. which have shown rcmarkable
viqor. The first of thcse, castcrn white
pi"ne. has already bcen discusscd undcr
ihe northeastern reqion' Thc sccond,

iack pinc, has been crossed rvith lodge-
"pole binc of rvcstcrn United Statcs to
iiu. i tlyUtia as r igorous as jack pine
Xnd as much as 79 percent taller than
lodeepole pinc oI the same age' So

tar." ihis cioss has becn madc onlY

r"ith the lodgepole pine of the !tg-h
Sierra Nevadl, rt'hich is a relatively
slow-grorving tree at medium to low
altitudes.

It is quite possible that lodgepole
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pine from lower elevations in the Pa-

cific Northwest or in the Rocky Moun-
tains may be used lvith a selected local
racc of iack pine to produce evcn better
hvbrids. This crosJ should havc grcat
appeal to thc pulpwood gror'vers and is
comparativclv casy to Produce.

Picliminarv experim-ents at the In-
stitute of Foiest Genetics have sholvn
that jack pine cuttings can be rooted
rathcr easily, thus opening up the pos-
sibility of eitablishing clonal seed-par-
ent biocks of this species that can be

mass-pollinated rviih lodgepole pinc
nollcri to 'produce hvbrids at rclatirely
iow ct.,st.' The schcmc is especially
prrrcticlblc for jack pine, which nor-
mellv urodtrces sound seeds at an car-
licr age than most other pine species'

Wnsrweno, in the northern RockY

Mountzrin and Pacific Northwest re-
cions. the same hYbrids that show
,romise in the Lake States arc likely
io succ"ed. Rcc.ent rvork bY T' T'
Munser shou's that at the Wind River
Arboicturn in southcrn Washington,
castcrlt rvlrite pint- cquals thc wcstcrn
rvhitc pine in growth and form' Thus
it is reasonablJ to cxpect that hybrids
that have shown suPerior growth in
tests in California and Massachusetts
will thrive in the Northrvest. Although
neither of the parent species i.s qener-
allv rcsistant to blister rust, rt rs bc-

lieved that resistance can cventually be

introduced from resistant species such

as Balkan and Himalayan pines or from
rcsistant individuals oI castcrn whitc
uinc. No doubt some rcsistant trecs of

-estcrn whitc pine will eventually be

found antl brought into the brceding
pro{raln.' F"or the ct'ntral and southern Rocky
Mountains, thc Southu'estern States,

and California, a number of the hybrids
have been produced. Monterey pine of
thc mild 

-California coast has been

crossed with knobcone pine, which is

generally found in locations with much
lower winter tcmperatures and more
extremc summer drought than occur
in locations uhere Montcrey plne has

survivcd. It is a typical combination
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hybrid that brings together the greater
drousht and frost resistance of the
knobione pine and the rapid growth
and good form of Monterey Pine.
Studies under way at the Institute of
Forcst Gcnetics suggest that practical
mcthods of vcgetative propagation
may be found to establish plantations
madc up of superior clones of this
hvbrid.-California's 

infant paper industry
may in time dcrive much of its raw
material from plantations of this and
similar hybridi in thc foothills sur-
rounding the great Central Valley, at
the lort'er border of thc pine belt. Al-
thouch the arca is known to favor ex-
ccllent growth of ponderosa pine, it
has produccd little pine timbcr in re-
ccnt years bccause of frequent fires and
rainfall conditions that are not often
favorable to the natural establishment
of ponderosa pine seedlings.

Both Monterey and knobcone pines
carrv their orvn fire insurance in the
form of concs that open after fires and
shorver the burned-off areas u'ith mil-
lions of secds. The hybrid between
these species is highly fertile and has
"firc cones," lvhich are produccd abun-
dantlv whcn the trces are little more
than 5 years old.

Several hybrids betrveen the so-
callt'd ycllorr pincs shorv great promise
for the semiarid West, although no cer-
tain cases of hybrid vigor havc been
found. Ponderosa pine of the Pacific
slopc is knorvn to grow morc rapidly
than thc Rocky Mountain ponderosa
pine, but thc ability of the coastal va-
riety to thrive in the Rocky Mountain
region or in the Southrvcst is open to
serious question. In tests in California,
horvevcr, the hybrids of these two have
caught up to ponderosa pine in height
growth at 5 years. A distinct possibility
is thcreby offered to the forest planters
in the Rocky Mountain region and thc
Southwest. An cven more promising
hybrid has been made by crossing pon-
derosa pine r,vith Apachc pine, a close
relative from Arizona. The hvbrid is
remarkable for its rapid root penetra-
tion and diameter growth, both of

which greatly exceed those of ponder-
osa pine, and for the fact that it equals
ponderosa pine in height growth.

Jeffrey pine, a native of California,
Oregon, Nevada, and Mexico, and
long thought to be closely related to
ponderosa pine, is generally of excel-
lent form but of slower grolvth than
ponderosa. A ferv vcars ago Jeffrey pine
'lvas found to have crossed, in several
parts of its range, with Coulter pine,
a soecies found onlv in Caiifornia and
Mexico.

Coulter pine. under California con-
ditions, is 

^one'of the fastest growing
pines although it is limby and relatively
short-lived. Pollen from the natural
hybrid betn'ecn these pines, applied to
flowcrs of Jeffrey pine, produced an
abundant crop of backcross hybrids.
In repeatcd tests these hybrids havc
gro\r'n almost as fast as Coulter pine,
and have exhibited as good crorvn and
stem form as Jeffrey or ponderosa pine.
Elscrvhere in this Yearbook, an account
is siven of insect resistancc of this in-
tercsting hybrid, which may yet offer
stiff competition to pondersa pine,
herctofore the undisputed king of the
rtestern pines.

TrrnsB REsuLTs of research are en-
couraging. The principles and tcch-
niques of pine breeding are reasonably'
rvell worked out. Hybrids and strains of
supcrior grorvth rate, hardiness, inse_ct

reiistance, gum yield, and other quali-
ties have bcen produced with trees
from widely separatcd localities. The
supcrior forms so far produced should
bevcry useful, but they cannot be ex-
pectcd to grow cqually well under all
ilimatic and soil conditions. As with
othcr crops, it will be necessary to breed
pines to fit the major climatic regions
and in some cascs particular sites with-
ln a regton.

The present status of pine brceding
mieht be likened to that of corn breed-
ing in the early 1930's. The principles
and techniqucs had been pretty well
worked out bv various research work-
crs, and ..rrr-b"t of high-yielding corn
strains had been produced. The next
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step was to make hybrid seed available
to the farmers. When this was done,
the planting of nerv strains spread
amazingly; during the next 6 years hy-
brid corn came to occupy more than B0
percent of thc land planted to corn in
the Corn Bclt, rvith an increased yield
averaging about 20 percent. Although
existing hybrid pines may be expected
to increase the yield on plantation sites
to which they are adaptcd, no secd oI
these superior tree strains is now avail-
able for general distribution. Devising
means for production and distribution
of those hybrias that seem rvorthy of
trial in the various regions is the next
step necded to capitalize on the rcsults
of pine-breeding rcsearch.

J. W. Durnrzro, a geneticist, joined
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