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Forest-TreeGeneticsResearch:Populus L.
The genus Populus, because of its considerable economic importance coupled with favorable experimental characteristics, has attracted the interest of many
investigators of tree genetics and may truly be called
the "guinea pig" of forest-tree breeding.

SCOTT S. PAULEY
Harvard Forest, Petersham, Massach7usetts

Introduction
With the possible exception of the
pines, no forest tree genus of the northern hemisphere has received so much
attention from forest geneticists and
tree breeders as has Populus. The results of these studies have been published in numerous widely scattered
journals and bulletins, some of which
have very limited circulation and availability. This review represents an effort to assemble the available data, but
no claim for completeness is made.
At least two valuable reviews have
appeared in recent yevars which discuss
forest genetics research in Populus, but
both have limitations. Richens (204)
reviewed the entire field of forest tree
breeding and genetics research since
1930, and Farrar's review (83) is limited to an account of the work in Canada.
The poplars are, in general, characterized by rapid growth rates, ease of
propagation by twig or root cuttings,
and winter hardiness. All are wind-pollinated, essentially dioecioust, hybridize
readily within and between most sections of the genus, and are capable of
successfully maturing immediately vi-

able seed on cut twigs in the greenhouse. In the Baltic regions and in
central Europe intensive mangement of
various species and hybrid clones has
been practiced for many years. In
North American forestry most poplar
species have only recently evolved from
the "weed" category, and in consequence an increasing interest in this
group is being demonstrated by Canadian and American foresters. With
these generally attractive biological
characters and sympathetic economic
circumstances prevailing, it is not remarkable that considerable interest has
been directed to this genus by forest
geneticists and tree breeders in this part
of the world and abroad.

1 Hastings
(102), Erlanson and Herman
(82), Aljbensky (3), Peto (193) and, doubtless, others have reported some members of
the genus as showing a monoecious or polygamo-monoecious habit. East (80) believed the
occasional perfect flowers to be self-fertile.

Classification and Nomenclature
Populus is represented by about 30
tree species which, except for one species2, are confined to the temperate regions of the northern hemisphere. The
genus is divided into five sections: (a)
Leuce Duby (white poplars, aspens);
(b) Leucoides Spach; (c) Tacamahaca
Spach (balsam poplars); (d) Aegeiros
Duby (cottonwoods, black poplars);
and (e) Turanga Bunge (201). The
geographical ranges of these natural divisions, as indicated by their principal
species, are shown in Table 1 wherein
2 P. Denhardtiorum
(Engler)
of equatorial east Africa (78).
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the classification, nomenclature and
ranges follow essentially those of Rehder (201).
It will be noted that only one section
(Leuce) is represented in the three principle regions where poplars are found
and that Europe has only three native

loides, grandidentata, tacamahaca, trichocarpa and deltoides) occur at present in sufficient quantity to be of commercial importance.
Considerable taxonomic difficulty prevails in the genus with regard to the
proper nomenclature to be used for cer-

TABLE I
Populus:

Section

GEOGRAPHICALRANGE BY PRINCIPAL SPECIES

Europe and
Western Asia

North America

Central or
Eastern Asia

Leuce

P. grandidentata Michx.
P. tremuloides Michx.
P. Brandegeei Schneid.3

Leucoides

P. hleterophylla L.

P. lasiocarpa Oliv.
P. Wilsonii Schneid.

Tacamanaca

P.
P.
P.
P.

P.
P.
P.
P.

angustifolia James
acuminata Rydb.
trichocarpa Hook.
tacamahaca Mill.
(= P. balsamifera L.?)

P. alba L.
P. tremula L.

P.
P.
P.
P.

P.

4

P.
P.
P.
Aegeiros

P.
P.
P.
P.

deltoides Marsh.
Sargentii Dode
Wislizeni (S. Wats.) Sarg.
angulata Ait.

Turanga

species in two sections (Leuce and Aegeiros). These three species, however,
with some of their numerous named varieties and hybrids are all of considerable importance in European forestry
practice.
The 12 species indigenous to North
America represent four sections, but
only four-or five of the species (tremu3 = P. monticola Brandegee.
This imperfectly known species (47), endemic of southern
Lower California and Sonora, is believed by
Sargent (209, 210) and others to represent the
New World counterpart of P. alba which it
closely resembles.
4 P. balsamifera L. is considered to be a
nomen ambiguumraby some authors; not so by
others (116, 207).

alba L.
tremula L.
Sieboldii Miq.
adenopoda Maxim.

Simonii Carr.
yunnanensis Dode
szechuanica Schneid.
tristis Fisch.
cathayana Rehd.
Maximowiczii Henry
koreana Rehd.
laurifolia Ledeb.

P. nigra L.

P. euphratica Oliv.
(No. Africa to central Asia)
P. Denhardtiorum (Engler)
(Tropical east Africa)

Dode

tain species, varieties, forms or hybrids
of the several polymorphic and easily
hybridized species. A number of workers have striven to bring some measure
of order out of the chaos. In Great
Britain Elwes and Henry (81), Henry
(109, 111, 114) and Cansdale (55) have
contributed to taxonomic clarification of
the especially difficult and confused section Aegeiros. Houtzagers (116, 119)
in Holland; Dode (77), Regnier (198,
199), Guinier (99), Meunier et al (172)
in France; Gombocz (92) in Hungary;
and Sargent (210, 211) and Rehder
(201) in the United States have also
provided revisions and revaluations in
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nomenclature for various sections of the
genus. Stout (236) and Stout and
Schreiner (239) have emphasized the
taxonomic confusion introduced by the
early practice of assigning Latin binomials to natural or artificial F1 hybrids
which have been propagated vegetatively as clones. A further element of
confusion is provided when, as in the
case of the artificial hybrid X P. generosa Henry, it is found that not one but
several sibs of both sexes, all vegetatively propagated, masquerade under
the same name. The genetic ambiguity
surrounding the binomial X P. generosa is, however, a comparatively ephemeral mist, not to be confused with the
special degree of genetic confusion associated with such natural native hybrid names as X P. Jackii Sarg. (= tacamahaca x deltoides) and X P. Andrewsii
Sarg. (- Sargentii x acuminata), each
one of which is used to designate an entire hybrid swarm occurring in regions
of range overlap of the parent species.
Such mass grouping appears to be a
legal and probably justifiable expedient
on taxonomic grounds, but from the
standpoint of genetic studies it is obviously unsatisfactory.
Forest genetic literature relating to
the poplars is, as a result, especially
rich in taxonomic confusion. Workers
with such genetically obscure material
have an understandable reluctance to
assign authority names to the scientific
names used, and it is therefore often
difficult even to identify the section to
which a plant name in question actually
belongs. But even such apparently satisfactory names as "P. canadensis
Moench", complete with authority, may
be quite meaningless. Due to the ambiguity contained in the original description made by Moench, the name
has been attributed to at least five species and three hybrids in two sections
by various taxonomists (55).

301

The determined attitude of poplar
specialists in Europe to establish a
practical working basis for taxonomic
problems is reflected in the activities of
the Commission International du Peuplier (21). Through a careful tabulation of the numerous clonal lines of
poplars, especially of the section Aegeiros, cultivated in Europe, and with due
regard to the International Rules of
Botanical Nomenclature, this body proposes to secure a functional standardization in nomenclature to replace the
present prevailing inextricable confusion.
A step in the right direction in this
country was the precedent established
by Schreiner and Stout (227) when
they assigned clonal names, such as
"Frye" and "Rumford", to ten of
their selected hybrid clones. It is becoming increasingly apparent that individual names or numbers for such
vegetatively propagated individuals, regardless of their taxonomic status as
" species ", "'varieties'", "'forms'", ' hybrids", etc., must be adopted by forest
geneticists and breeders if any semblance of order is to be established in
the genetic nomenclature.
Utilization
The wood of the American and European species and varieties of poplar is
employed in considerable quantities for
pulp, match-sticks and boxes, excelsior,
veneer, small dimension lumber for interior trim, boxes, crates, wooden shoes
and numerous other small articles of
woodenware (52, 196, 120). Of peculiar interest is the faet that the natives
of Kenya Colony, Africa, use the native P. Denhardtiorum in the mnanufacture of their dugout canoes (34).
Although long used and of respected
industrial position in Europe and South
America (Chile and Argentina) (196),
poplar wood in this country has slowly
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gained in popularity for more general
use only during the past decade. This
increasing popularity, however, has
probably been due to the demands of
necessity resulting from the gradual
elimination from the trade of various
preferred species rather than to any
fundamental change in relative value
concepts.
The awakening interest in the use of
poplar wood in the United States is
best demonstrated by the stimulated activity in utilization research designed
to find new uses and improve old processing techniques for trembling and
largetooth aspen (P. tremuloides and
P. grandidentata) in the Lake States.
Due to poor cutting methods and lack
of fire control, the original pine lands
in this area were converted to almost
pure stands of aspen early in this century (88). In the combined forested
areas of Michigan, Wisconsin and Minnesota, aspen today is said to be of primary importance on some 20 million
acres, representing 40 percent of the
commercial forest land area (70).
In 1947, through the active interest
of the United States Forest Service's
Lake States Forest Experiment Station,
a series of 21 reports on the aspen situation in that area were undertaken by
members of this organization and other
cooperating agencies. Most of these reports are now available (56, 62, 65, 89,
137, 146, 197, 205, 208, 213, 215, 232,
241, 250, 258, 293, 294, 297). Twenty
of the bulletins are concerned with the
technicalities of utilization and exploitation of this newly discovered wealth,
but at least one (297) is devoted to
sunmmarizing the limited silvicultural
data on aspeni which have accumulated
in this eountry.
Selection from Wild Stock
It is generally accepted by plant
breeders that an initial step in a breed-

ing program should involve a careful
evaluation and selection of breeding
stock from the wild type. Although
conceded and recommended by tree
breeders in this country (221, 231, etc.),
there is no published evidence to indicate that such studies have been undertaken with the native poplars.5
In the United States the various wild
species, forms and hybrids of Populus,
both native and exotic, were claimed by
Stout and Schreiner (239) to be incapable of fully satisfying the demands
for direct use in reforestation projects.
In spite of this observation a search for
superior wild individuals to be used
either directly as clones or as parental
stocks for progeny tests and hybridization studies appears logical and justified. In view of the wide range of climates occupied by many of the North
American poplars, it might be anticipated on the basis of Turesson's (261,
262) conclusions and those of Clausen,
Keck and Hiesey (57, 58, 59) that a
probable wide range of genetic variability exists in the wild populations of our
native species.
Contrary to the complacency exhibited in this regard in this country, considerable effort has been directed in
Europe to the selection of natural hybrids, varieties and elite forms of poplars for direct use in forest plantations
or as parental stock in simultaneously
conducted progeny tests and breeding
programs.
In France, Belgium and Holland,
where the black poplars are grown under intensive management for veneer,
match stock and small dimension lum5 Tests of wild elite forms of native poplars
are, however, currently under investigation at
the Mayo Forestry and Horticultural Institute,
Rochester. Minnesota, in collaboration with the
Forestry Department of the University of Minnesota; at the Department of Pathology, University of Wisconsin, Madison, Wisconsin; and
at the Cabot Foundation for Botanical Research, Harvard University, Harvard Forest,
Petersham, Massachusetts.
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ber, the majority of cultivated clones
have been selected from natural variants of the native black poplar (P.
nigra L.), introduced forms of P. deltoides Marsh., P. angutlata Ait. and
chance hybrids which have occurred between them since introduction of the
American forms in the latter part of
the 18th century.
These "Hybrides Euramericains" include the so-called "WRge'nere' de
l'Ourcq", a clone of the cross deltoides
x nigra and variously referred to in the
literature as X P. regenerata Henry or
X P. canadensis regenerata ((Schneid.)
Rehd. var.). This clone, although susceptible to canker, is much prized for
its rapid growth rate and good wood
quality and is said to be the most important in France in number of trees
and surface occupied. Other important
clones are the "Vieux noir"; 'Suisse",
or "Black Italian Poplar" (X P. serotina Hartig = X P. canadensis serotina
(Hartig) Rehd.); and still others of the
same hybrid origin called "Blanc de
Poitou" and "Raverdeau blane". The
clone of an angulata x nigra plantierensis cross (X P. robusta Schneid.) is of
importance in the production of match
stock. This is a rare case of specificity
in the naming of clones, for it is believed
that only one seedling of the cross was
propagated (55).
In addition to the above, clones of the
following are currently planted to a
considerable extent in Holland: X P.
gelrica Houts. (= X P. serotina x X P.
marilandica); X P. serotina Hartig
var. erecta Henry; X P. marilandica
Bosc.; X P. berolinensis Dippel (= P.
laurifolia x P. nigra var. italica); and
X P. regenerata Henry var. erecta
Houtz. (116, 119, 120). For further
data on the clonal lines propagated in
western Europe, the following references may be consulted: 1, 21, 31, 32,
107, 152, 172, 198, 237.
Interest in the use of poplars for
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forestry purposes has been manifest in
England in recent years. Henry (112),
Lotbiniere (166, 167) and Ackers (1)
believe the growing of poplars under
forest management to be economically
sound, provided desirable stock and suitable sites are utilized. This has encouraged search for the most desirable wild
forms best suited to the plan of management and utilization. A valuable initial
step in this direction was accomplished
by Cansdale (55) in his "The species
and hybrids of Populus cultivated in
Britain".
An accumulation of other
supplementary evaluating information
on individual members of the genus has
also been made by the same author.
Cansdale and Ackers believe that X P.
regenerata Henry and another clone of
the same hybrid origin (P. regenerata
Henry var. erecta Houtz.) may well
prove to be valuable timber producers in
the British Isles as they have in France.
These clones have been grown successfully in forest plantations in England
for a full rotation (40-60 years) in several localities with high yield.
According to Ackers, other native
clones or introductions, including most
of the black poplar varieties or hybrids
grown on the continent, are promising
for forestry use. The species P. yunnanensis Dode, a balsam poplar of
China, and P. trichocarpa Hooker of the
Pacific coast region of North America
are being tested in forest plantations on
various sites in the British Isles.
Interest in wild selection of poplars
in Germany is chiefly reported in the
work of Wettstein (271, 278, 279, 280,
282, 283, 285). This investigator (276)
indicated that studies of climatic races
in various species of Populus and other
genera hlave been carried on by the German Association for the Breeding of
Forest Trees.6 Isolation of at least two
climatic strains of P. tremula L. was
6 Established
through the interest of Erwin
Baur in 1932.
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later reported by Wettstein (278), and
reports of progeny studies, showing variation among the seedlings of P. tremuloides Michaux and P. tremula, were
made by the same author (280).
Vill (264) reported that the hybrid
X P. charkowiensis Schr6der [possibly
X P. canadensis Eugenei (Simon-Louis)
Schelle, the "Carolina Poplar", commonly planted as a street tree] is being
grown extensively in the Rhineland.
Although the clone uniier plantation
conditions is said to make very good
growth and to show considerable promise as a timber producer, it is, nevertheless, subject to canker.
In Sweden the Swedish Forest Tree
Breeding Institute (Ekebo, Killstorp,
Sweden) has directed considerable of its
effort to the isolation of superior wild
forms of P. tremula as a normal initial
step in its aspen-breeding program
(144). Selected trees must conform to
high standards of stem form, branchinig
habit, health and vigor before being aeceptable for progeny tests and breeding
studies. The discovery of nine clones
of natural triploid P. tremula (42, 180,
138, 257), resulting from such surveys
of wild stands, gives promise of supplying valuable wild material for direct
forestry use and further breeding. According to Nilsson-Ehle (180, 182), the
first triploid clone which was discovered
in south Sweden grows more rapidly,
produces more wood per year and is believed to be more resistaiit to attack by
Polyporus sp. than the n-ormal diploid
form. Also, becanse of its 'stronger
growth", it is reported as able to succeed in competition with lime, maple,
elm and other hardwoods. The native
diploid, on the other hand, is said to be
found only on the outer margiu of such
mixed hardwood stands in southern
Sweden.
Tests of the triploid, or
"gigas" form, have revealed its value
for use in the match and paper pulp

industries. The form is reputedly easy
to reproduce by root cuttings, and, since
diploid x triploid crosses have been successful in producing a number of tetraploid forms (246), it has now been possible to produce triploid seed at will by
diploid x tetraploid crosses (142, 143).
Jablokov (125) in Russia has also reported discovery of a giant form of P.
tremula which appears to be endowed
with the same generally favorable characters as the Swedish form. Under the
currently unfavorable position enjoyed
by classical genetics in that country
(212), the discoverer of the Russian
form was inclined to attribute its origin
to "vegetative propagation", though
polyploidy was not excluded as an alternative.
Controlled Hybridization and
Selection
Since 1912, when Henry (110, 111)
synthesized X P. generosa Henry by the
intersectional c r o s s P. trichocarpa
Hooker x P. angutlata Ait., a large number of crosses within the genus Populus
have been effected by various workers.
Johnson (130) compiled a list of 121
natural and artificial crosses in the
genus in 1939. This list was later revised by Smith and Nichols (231) who
omitted crosses involving parents of
doubtful identity, thus reducing the
number to 93. Smith (230) provided
another revision, resulting in a total of
83 crosses. A tabulation of the parents
of these crosses by section were made
by the same author; the resulting data
are recorded in Table II.
For further summaries or original reports of inter- an'l intraspecific, double,
or back-crosses in the genus, the following may be consulted: Schneider (217),
Wettstein (273, 274, 275, 278, 284),
Aljbensky (4, 5), Stout and Schreiner
(239), Cansdale (55), Heimburger (103,
104), Johnson (130), Johnson and
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Heimburger (136), Svoboda (243) and
Richens (204).
Most workers have placed particular
emphasis on interspecific crosses within
the sections Leuce, Tacamahaca and
Aegeiros, and between the latter two
sections. In these combinations there is
apparently unlimited compatibiilty. A
few intersectional crosses involving species of LeucexTacamahaca and Aegeiros have been made. One intersectional
cross (P. lasiocarpaxP. nigra) involving the sections Leucoides and Aegeiros
is recorded (204), but no other record
of crosses involving Leucoides and none
for Turanga has come to the author's attention. On the basis of the degree of

128, 129, 160, 290) which not only assures a greater degree of success with
species that quickly mature their fruits
(Populus and Salix) but makes greenhouse hybridization possible with other
gen er a as well. By this method,
branches bearing female flower buds are
placed in jars of water on the greenhouse bench and are then united, in the
manner of an approach graft, with the
stem of a seedling of the same species
growing in a pot. When the union is
effected the lower portion of the branch
(scion) is removed from the bottle of
water and pruned off close to the point
of union. It is claimed that such
"dwarf trees" may continue to produce

TABLE II
NATURAL

AND ARTIFICIAL

POPLAR HYBRIDS

WITHIN

AND BETWEEN

SECTIONS

Leuce

Leuce

Leuce

Tacamahaca

Tacamahaca

Aegeiros

Leuce

Tacarnahaca

Aegeiros

Tacamahaca

Aegeiros

Aegeiros

14

2

4

7

28

28

x

x

x

compatibility demonstrated in the other
sections of the genus, it would seem unlikely to be absent in these.
Hybridizing Technique. Early hybridization studies in Populus were carried out through the laborious method
of bagging mother trees in situ (238,
239), but with rediscovery of the " greenhouse methods ", poplar hybridization
has become amenable to modern mass
production m e t h o d s. Yanchevsky's
(292) cut twig method, first used for
hybridizing Salix species, in which
flower bud-bearing branches of the intended parents are cut and conveniently
placed in jars of water on the greenhouse bench and foreed at will, was rediscovered by Wettstein (271) and successfully applied by this worker and
others (140, 231, 133, etc.) to the poplars. A further elaboration of this technique was supplied by rediscovery of the
ancient "bottle-grafting" method (41,

x

x

x

flowers and mature fruits periodically
for several years.
A somewhat similar technique is suggested by current studies of bud and
rootstock compatibility being conducted
by the present author (187). Willow
flower buds budded on a poplar hybrid
rootstock in August, 1946, opened and
developed with apparent normality in
the spring of 1947. It is thus suggested
that flower buds of desired parents
might be budded on the same or different
potted rootstocks and hybridized in the
greenhouse. In this connection it would
be of interest to determine whether the
isolating mechanism of different flowering times effective between two species
of overlapping ranige in nature might
be altered by budding both on the rootstock of another species.
By use of the greenhouse hybridization methods the early practice of selecting mother trees oni the basis of their
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ease of access in arboreta or on boulevards rather than on the basis of more
pertinent genetic characters has been
essentially overcome. Twig material
bearing flower buds may now be collected in the dormant condition from
elite trees any place in the world where
air transport is available and shipped
to any other point for crossing under
greenhouse conditions. The crossing of
an individually superior European aspen, for instance, selected in Sweden,
with an individually superior Chinese
aspen from central China may now be
accomplished with a minimum of effort
and expense in a greenhouse in the
United States.
United States. With the exception of
the early tree hybridization experiments
of Klotzsch, Ness and Henry, and the
chestnut breeding work of Van Fleet
and Graves, the first formally designated
tree-breeding project was that started
in the genus Populus in 1924 by the
Oxford Paper Company, Rumford,
Maine, in collaboration with the New
York Botanical Garden. This work was
conducted and reported by Stout,
McKee and Schreiner (238), Stout and
Schreiner (239, 240) and Schreiner and
Stout (227).
The preliminary objective of the program was to evaluate and test the known
species and hybrids of Populus on the
basis of their value for pulpwood reforestation and to produce through hybridization more valuable types than those
in existence. As previously pointed out,
however, there are no available data to
indicate that the evaluating and testing
of the known species and hybrids were
actually carried out. There is, on the
contrary, abundant evidence that the
hybridization program was prosecuted
with vigor. About 13,000 hybrid seedlings were obtained from about 100 successful cross combiniations. Thirty-four
different poplars were involved as par-

ents: three white poplars and five aspens
(Sec. Leuce); 17 black poplars or cottonwoods (See. Aegeiros); and nine
balsam poplars (See. Tacamahaca). The
sections Leucoides and Turanga were
not involved. A detailed list of individual crosses has not been incorporated
in this review but they are available in
the original papers by the authors noted
above and in the list of hybrids compiled
by Johnson (130).
Initial selection of the hybrid population, based primarily on vigor of growth,
was made during the second year. Six
hundred seedlings were thus selected.
The remainder, and also those weeded
out by subsequent selections, were
planted in a forestation plantation.
Cuttings of the selected plants were also
thus planted. Significantly, some of the
earlier discarded plants were later selected on the basis of their performance
in the forestation planting.
The second selection reduced the
number of selected clones to 69. All of
these were hybrids within or between
the sections Aegeiros and Tacamahaca.
In most cases two or more sister hybrids
were represented among the 69 selected
individuals. From the cross P. nigra x
P. laurifolia a total of 377 hybrid seedlings were grown, and of this number
ten were among the 69 selected plants.
Schreiner and Stout (195) described
their finally selected hybrids on the
basis of vigor of growth, ability to root
from stem cuttings, hardiness and resistance to disease. Since the descriptions were based on nursery stock and
young trees, it was impossible to record
the sex, form of tree, and character of
the trunk. Ten of the clones were assigned horticultural names, as indicated
in Table III.
A number of the selected clones from
these crosses have been given wide distribution for testing under various soil
and climatic conditions in this countrv

307

FOREST TREE GENETICS RESEARCH

and in Europe, but no very extensive
results of these trials have as yet been
published.
A point of peculiar interest to tree
breeders and forest geneticists is the
fact that for some obscure reason certain
of the hybrids produced in this hybridization study were patented in this country and also, reportedly, in Sweden by
R. H. McKee, one of the authors of the
first preliminary report (238).

servations reported by Paul (185) in
the case of other diffuse porous hardwoods grown under extremely adverse
conditions. The resultant narrow rings
contain abnormally large percentages of
porous tissue with corresponding decrease in specific gravity and hardness
of wood.
Johnson's (132) results from studies
of the relation of growth rate to wood
quality in hybrids involving P. alba, P.

TABLE III
LIST OF SELECTED HYBRIDS SHOWING CLONAL NAME
OF PARENTS,
AND NOMENCLATURE
ACCORDING TO SCHREINER AND STOUT (227).
AVERAGE DIAMETER AND HEIGHT AFTER SEVEN SEASONS OF
PENNSYLVANIA,
ON WELL-DRAINED
GROWTH FROM STEM CUTTINGS AT MONT ALTO ARBORETUM,
SANDY LOAM
(13).7

Clonal Name
Frye
Rumford
Strathglass
Roxbury
Andover
Geneva
Oxford
Rochester
Androscoggin
Maine
*=of

Parentage

P. nigra
P. nigra
P. nigra
P. nigra

...................................................................
x P. laurifolia* ...................
6.7
x P. laurifolia* ...................
3.2
x P. laurifolia* ..........................
3.0
..... 2.9
x P. trichocarpa* .........................................
P. nigra betulifolia x P. trichocarpa* ...................................................
1.7
P. Maximowiczii* x XP. berolinensis* ...................................
...........
3.6
P. Maximowiczii* x XP. berolinensis* ...................................................
2.9
4.3
P. Maximowiczii* x P. nigra plantierensis ..........................................
P. Maximowiczii* x P. trichocarpa* .......................................... 3.1
P. candicans* x XP. berolinensis* ........................................
2.1

Average
Hit.
(feet)

37.0
27.0
294.0
26.5
17.0
29.0
27.0
31.5
25.0
17.5

the Sec. Tacamahaca; all others of the Sec. Aegeiros.

Schreiner (220) reported that fiber
length and density of wood of the finally
selected hybrids had been preliminarily
investigated. On the basis of average
fiber length of one-year-old wood of the
hybrids (0.8 - 0.85 mm.) as compared
with fiber length in one-year-old wood
of P. tremuloides (0.53-0.57 mm.), the
hybrids appear to be definitely superior.
It was also noted that wood of the hybrids was somewhat denser than wild
aspen wood grown in western Maine.
This is believed to have been due primarily to the proportionately larger vessel volume, i.e., greater per cent of air
space per unit volume, in wood of the
slower growing aspen. Schreiner's conclusions on density concur with the ob7

Average
DBH
(inches)

See also Grusehow (97) and Silen (228).

grandidentata and P. tremuloides are
of interest in this connection. This investigator found that, although fiber
length in individual fast qnd slow
growth annual rings from the same tree
showed a marked tendency for fast
growth rings to produce longer fibers,
data from individual fast grown and
slow grown trees did not show significant relation between fiber length and
growth rate. In general he concluded
that nothing was found that would support a contention that abnormally rapid
growth is seriously detrimental to wood
quality, and that breeding work designed to produce rapidly growing forest
trees can proceed with some assurance
that rapid growth and good wood quality are not incompatible.
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Bray and Paul (48) compared the study of ecotypic variability within the
pulping quality of trembling aspen with North American species of the genus.
various hybrid poplars and observed On the basis of preliminary observations
that the growth rate of the hybrids was it may be stated that intraspecific crosses
greater and the pulp strength higher. involving elite parents of widely sepaThe pulp yields per unit weight of wood rated geographic origin hold considerof the hybrids were, however, lower and able promise as sources of vigorous and
their bleaching requirements greater. otherwise desirable forms.
Germany. Hybridization studies in
Interpretation of data in this study was
confounded by a variability in quality the genus Populus have been reported
which was noted along the stem of indi- periodically by Wettstein (271, 273, 274,
vidual trees.
etc.) in Germany. Of a large number
The hybridization and selection work of intra- and intersectional crosses made,
with the poplars carried on at Harvard progeny of the following were reported
University through support of the Maria as showing exceptional heterosis when
Moors Cabot Foundation for Botanical compared to parental vigor:
Research is as yet incompletely reported
P. alba x P. tremula
in the literature. A number of early
P. albaxP. canadensis
interspecific crosses involving species of
P. eucalyptus x P. canadensis
the sections Leuce, Tacamahaca and
P. alba x P. nigra pyramidalis
Aegeiros were reported by Smith and
P. tremuloides x P. tremula
Nichols (231). These workers observed
Intraspecific crosses involving climathat crosses involving P. maximowiczii
tic strains of P. tremula were reported
appeared to be most promising.
Subsequently, . double-crosses of a by Wettstein (278, 279, 285), and in
clone of X P. generosa Henry with most instances hybrid vigor of the progclones of X P. Jackii Sarg., X P. bero- enies, based on the first season's height
linensis Dipp. and X P. robusta Schneid. growth, was well marked.
The breeding work of Wettstein has
have provided progenies which are now
established in permanent test planta- not been directed primarily to the syntions. Interest in this material is di- thesis of rapidly growing forms but to
rected especially to an analysis of the the development of new forms less exactcorrelation existing between the juvenile ing in their site requirements. Poplar
and adult expression of such characters culture in Europe has so developed that
as heterosis, stem form, branching habit the species P. alba and P. tremula have
and disease resistance as a means of been almost entirely eliminated because
determining the accuracy with which of their slow growth, crooked stem form
early selections may be made in hybrid and normally small dimensions on poor
poplar progenies. A report (186) by soils in western Europe. In utilizing
the author based on data accumulated these species as parents, Wettstein has
during the first three years of observa- hoped to obtain hybrids showing heterotion of the generosa x Jackii progeny sis and improved form but still making
indicates that selection for heterosis low site demands.
during the first or second year of age is
Wettstein's studies of ecotypic varianot entirely effective.
bility (250) demonstrated that ecotypes
Other current poplar investigations of P. tremula found in continental or
under sponsorship of the Cabot Foun- cold regions have greater frost resistance
dation are chiefly concerned with the and a shorter growing season with ear-
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lier entrance into dormancy than types
of milder climates. Swedish and East
Prussian tremula trees, for instance,
when grown near Berlin, begin their
dormancy in September, whereas tremula of western or southern provenance
is still green in October.
In intraspecific crosses of tremula, involving various ecotypes, length of growing season of individual hybrids demonstrated noticeable variation from that of
their parents. It is thus possible to
synthesize forms best suited to a particular locality.
Canada. Heimburger (103, 104) in
Canada has carried on rather extensive
breeding studies in the genus Populus.
This work has been reviewed recently
by Farrar (83), and a summary of
crosses undertaken is tabulated by Johnson and Heimburger (136). The object
of the breeding program was to produce
hardy and disease-resistant material of
vigorous growth for the production of
wood of high quality to meet the demands of the match, veneer and pulp industries of Canada. In addition some
attention was directed to the development of material suitable for shelterbelt
plantings in the prairie provinces.
In 1936 Heimburger reported the successful crossing of P. alba L. and P.
canescens Sm. (considered by Heimburger, Wettstein and others to be of
hybrid origin: albaxtremula) with P.
tremuloides Michx. and P. grandidentata Michx. The cross tremuloides x
grandidentata was also consummated.
Progeny of alba x grandidentata8 and
tremuloides x grandidentata8 uniformly
displayed characters intermediate be8 Victorin (263) reported natural hybrids of
these crosses in Quebec. Under normal conditions in Canada, however, P. tremuloides
flowers about ten days before P. grandidentata
but at about the same time as P. alba (88).
Natural hybrids of the latter have been compared with the artificial and found to be identical (104). Tubeuf (260) reported natural
hybrids between P. alba and P. tremula.
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tween the two parents involved. Progeny of canescens x grandidentata, however, showed great variation in vegetative characters, thus providing further
evidence of the presumed hybrid origin
of P. canescens.
Heimburger later (104) reported tests
of sprouting ability of root cuttings and
hardiness of the above hybrids. At the
end of the first growing season root euttings were made of the hybrids and
planted immediately in the nursery
where they were allowed to over-winter.
All of the tremuloides x grandidentata
and alba x grandidentata clones survived, but a number of the canescens x
grandidentata perished; whether this
failure was due to lack of hardiness or
poor suckering ability is not clear. In
any case such physiological variation
was anticipated on the basis of the high
degree of morphological variation previously noted for this progeny.
Growth vigor and resistance to dieback caused by Napicladium sp. was
selected for during the 1938-39 seasons.
This resulted in removal of all the tremuloides x grandidentata hybrids. These
plants showed medium to poor growth
and great susceptibility to die-back, but,
on the other hand, showed a fair degree
of resistance to Melampsora rust. Ileiiimburger suggested that such extreme susceptibility of some hybrids to disease
may be added to the mechanisms of isolation which maintain species differentiation, as described by Dobzhansky
(76).
Subsequent developmenlt of the alba x
grandidentata progeny gave promise of
valuable varieties available directly for
Well-marked
reforestation plantings.
hybrid vigor, easy propagation by root
cuttings, at least of juvenile material,
and well-defined resistance to Melampsora rust and Napicladiurn die-back
were shown.
A number of other successful crosses
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were later reported by Heimburger
(104). Of genetic interest is the preliminary analysis of the mode of inheritance of branching habit indicated by
the double cross: X P. berolinensis Dipp.
x X "Northwest Poplar" (believed to
be derived from natural crosses of P.
deltoides Marsh. x P. tacamahaca Michauxii (Dode) Farwell var.). Since both
parents in the cross are themselves hybrids of Tacamahaca x Aegeiros crosses,
their progeny showed wide variation in
vigor and leaf and stem characters. Of
the 26 plants selected after discarding
some dwarf seedlings, 12 showed the
" excessive juvenile branchiness" character typical of X P. berolinensis, while
the remaining 14 had the "clean stem"
character. It was tentatively concluded
that "excessive juvenile branchiness" is
dominant to "clear stem" and may be
transmitted to about one-half of the
progeny in this cross. Branchiness is
an undesirable character for the production of clear wood for various industrial
purposes, but for shelterbelt material it
is exceedingly desirable. For this reason the above cross was repeated on a
larger scale, using other "Northwest
poplar" material more resistant to Septoria canker and Melampsora rust.
Sweden.
Hybridization studies in
Sweden have been concerned chiefly
with intraspecific crosses involving diploid and triploid forms of the native
P. tremula and the especially promising
trernula x tremuloides crosses which have
been recently given wider scope by the
introduction of ecotypes of wide geographic origin throughout the ranges
of both species.
Johnsson (144) has noted that in comparative growth tests, F1 's of tremula x
tremuloides have markedly superior
vigor as compared to the native tremula
and that the hybrids are not attacked
by Fusicladium radiosum and only to a
small degree by Melampsora rust. With

respect to quality, however, progeny of
some crosses of tremula elite trees are
superior to the interspecific hybrids
produced.
Nilsson-Ehle (181, 182) and Bergstrom (35) reported genetical and cytological studies of successful diploid x
triploid crosses of P. tremula. The
crosses were made primarily to determine the possibility of obtaining a tetraploid, since Miintzing (176) reported
some giant pollen grains (with possibly
the 3n complement of 57 chromosomes)
produced by the wild triploid discovered in Skiine, Sweden. Interest in
securing a tetraploid was prompted by
the presumed feasibility of producing
triploid seed at will by diploid x tetraploid crosses.
Of the approximately 100 plants obtained from one of the crosses, the majority were aneuploid (mostly hypotriploid), several were exactly diploid, one
exactly triploid and one exactly tetraploid. All of the progeny proved to be
healthy vigorous plants. The triploid
and near-triploids, however, were distinguishable from the others by their
extremely rapid height growth. The
tetraploids fell somewhat below the triploid in vigor but had the largest leaves
of all the progeny. The intermediate
aneuploids showed poor development
and were highly divergent in appearance, many dying at an early age.
These observations concur with Johnsson's (138, 139, 142, 143) studies of the
progeny of diploid x triploid and triploid x triploid crosses of P. tremula
which led him to conclude that triploidy
represents the optimal degree of polyploidy in this species. The absence of
tetraploid species or forms of Populus
in nature, as far as is known, is cited
as evidence that tetraploidy represents
the limit of vitality in this genus.
Russia. Available reports of hybridization studies involving the poplars
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which have been undertaken in Russia
appear to be confined chiefly to the publications of Aljbensky (= Al'bensky or
Aljbenskic) (2-6), Jablokov (123, 124,
126) and Bogdanov (46).
The practical objective of the work
of Aljbensky has been directed to the
production of fast-growing, drought-resistant hybrids for use in plantations
and windbreaks in the steppes. Promising hybrids have been derived from a
number of intra- and intersectional combinations involving European and Asiatic representatives, some of obscure
identity, belonging to the sections Leuce,
Aegeiros and Tacamahaca (4, 22). Selections from the following crosses, propagated by cuttings and tested for four
to seven years at Kamyshin (ca. Lat.
500 N. Long. 450 E.), were rated best
on the basis of their frost-, droughtand borer-resistance, ease of propagation by cuttings, and adaptability to a
wide range of soils (5):
P.
P.
P.
P.
P.

balsamif era x X P. berolinensis
moscoviensis x X P. berolinensis
pyramidalis x P. simonii
pyramidalis x P. nigra
alba x P. bolleana

The hybridization experiments reported by Jablokov indicate pre-occupation with the atavistic trend of genetic
theory sponsored by the Lysenko school,
and his work is thus concerned essentially with providing purported proof
of the theory of the plasticity of the
genotype under various environmental,
especially nutritional, influences.
According to this worker (123), an
analysis of progenies of crosses involving P. alba anidP. tremula demonstrated
that plants derived from one catkin on
the mother tree of a particular cross
were all uniform but differed significantly from plants derived from other
catkins on the same tree. Significant
differences were also claimed between
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progenies derived from crosses on trees
in the open air and those derived from
crosses of the same individuals using
cut twigs in the greenhouse.
The influences of the Lysenko school
are also noted in the description of the
"4vegetative hybrids" of Bogdanov (46),
said to be derived from adventitious
buds arising from callus tissue on
stumps cut at the union of stock and
scion or one-year old grafts. The interesting suggestion that such "hybrids"
may be chimeras or very possibly tetraploids of either stock or scion tissue is
not noted by the author.

Mode of Inheritance. Data on the
mode of inheritance of various characters in Populus are for the most part
conspicuously lacking in the literature.
This is largely due to the comparatively
long time required for the plants to
reach sexual maturity and the difficulties associated with the preservation of
a sufficiently large sample of the F2 to
proved a statistical basis for study.
The dominance of certain characters
in particular crosses has, however, been
noted by various authors. Thus the
fastigiate branching habit of P. nigra
italica tends to be transmitted as a domHeiminant (204, 178, 279, 126).
burger (104) noted the dominance of
certain branching characters, and Johnson (134) has reported in some detail on
the inheritance of certain characters in
F1 and F2 hybrids of a P. alba x P.
grandidentata cross. Of interest in this
regard are the data on height for the
parents, F1, "nd F2 hybrids:

P. alba
P. grandidentata
F1
F2 (168 plants)

Average
Height at six
years (Ft.)9
14.0
11.7
17.6
9.5

9 Parental and F, clones propagated by cuttings; F2 plants are seedlings.
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This appears to be the first comparative
evidence of F2 vigor reported in the
genus.
Studies of photoperiodic response in
P. tremula in Sweden (14, 244) and
Germany (285) have revealed that day
length is a critical factor in growth.
Sweden with its wide range in the high
latitudes (ca. 56? N. to 69? N.) is especially well suited to such studies. Of
considerable interest to tree breeders are
results of investigations which indicate
that northerln (long-day) races of P.
tremnulaare dwarfed when grown at the
lower latitudes (short days) of southern
Sweden. But conversely, plants of
southern origin are stimulated in growth
when transplanted to regions of longday in the north. In these cases, presumably, the limiting factor for survival
of such plants is their frost resistance.
Studies of crosses between northern,
southern and geographically intermediate forms revealed that plants of northerni and southern origin were uniformly
homozygous for long- and short-day response, respectively, whereas plants
from central Sweden were heterozygous
for these factors. It was further demonstrated that long day response of
northern forms was inherited as a dominant character (14, 244).
Selection for Disease Resistance
A considerable literature on varietal
resistance to the various poplar diseases
has accumulated in this country and
in Europe. No effort has been made
here to summarize this literature in
detail but the following references may
be consulted.
In this country the problems of selection for resistance to cankers (Cytospora (= Valsa), Dothichiza, Hypoxylon,
Nectria, Septoria, etc.), die-back (Cytospora, Napicladium) and leaf rust (Melampsora) have been discussed or investigated by Detmers (71), Hartley (101),

Schmitz and J-acksoln (216), Schreiner
(218, 219, 221), Stout and Schreiner
(239), Schreiner and Stout (227),
Heimburger (103, 104), Bier (36-38),
Grusehow (97), Davis (66), Waterman
(269) and others.
Investigations of varietal resistance
in Europe are reported by Day (67),
Day and Peace (68), Delevoy and Boudru (69), Wettstein (279, 283), Koning (148-151), Pelkwijk (191), Vloten
(266), Peace (189, 190), Jablokov
(126), Nilsson-Ehle (180, 181), Regnier (200) and others. The essentially
taxonomic work of Regnier (198, 199)
in France, Houtzagers (116) in Holland, and Cansdale ( 55) in England,
to which reference has been made before, represented initial ground work
for further pathological investigations.
Vegetative Propagation
The ability to produce root suckers
or stump sprouts under field conditions
appears to be characteristic of most species of poplar, and with some species, in
certain areas, such asexual methods may
provide the principle means of reproduction.
Baker's (26) study of aspeni (P.
tremultaidesaurea (Tidestr.) Daniels) in
the central Rocky Mountains emphasizes the almost exclusive dependence
on root suckering as a means of stand
reproduction and extension in that area.
A somewhat similar situation apparently prevails in other regions of the
United States and in Europe for the
native aspens, but periodic reproduction by seed at favorable intervals, especially following fire, very likely occurs rather frequently.
In contrast to the aspens, the "cottonwood complex" (P. deltoides) of
the eastern United States places little
reliance on suckering in nature. Reproduction is chiefly by seed on the favorable seed beds present along the
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water courses where it occurs. The vigorous stump sprouting ability of young
cottonwood is, however, exploited by
the silviculturist (289).
The ability to root from stem cuttings under most conditions in high percentage without special treatment or
handling appears to be characteristic of
the species of Tacarnahaca and Aegeiros.
The members of the section Leuce, however, are in general considered to be
"'difficult'" or "'resistant'" plants, and
auxin treatment is usually required.
Sinow (233) has demonstrated that
dormant one-year old stump sprouts of
individual trembling and largetooth aspen with which he worked could be
rooted to the extent of 67 percent by
treating with a 10 mg. per liter concentration of indolebutyric acid for 27
hours. Other treatments and results
for individuals of other species of Pop'ulus, as well as other ligneous genera,
have been summarized in a recent comprehensive review by Thimann and
Behnke (251).
Although the aspens produce vigorous root suckers in nature, root cuttings as a rule prove an unreliable
means of propagating older trees, even
under nursery conditions. The cuttings
usually produce abundant shoots, but
high mortality at an early stage makes
this method generally impractical.
A valuable technique for asexual
multiplication of aspen and white poplars by stem cuttings which does not
require auxin treatment has, however,
been developed in Denmark (154, 155).
Root cuttings are sprouted, and small
soft-wood euttings of the shoots are
then made and rooted in sand. Such
cuttings from aspeni and gray poplar
gave 80-100 perceent rooting in 10-14
days.
Considerable inter- and intraspecific
rooting variability has been noted by
Canadian workers in the section Leuce.
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P. alba is in general said to be less resistant to rooting than the European
or American aspens and shows noticeable interclonal variability in this character (83). Johnson (134) has indicated that the rooting capacity of P.
alba is transmitted as a dominant character to its progeny in the cross alba x
grandidentata but not in the cross alba x
tremuloides. It was postulated that
tremuloides carries an inhibitor for the
alba rooting factor. Stout and Schreiner (239) observed that hybrids of the
cross deltoides x grandidentata.. were
characterized by the poor rooting character of the aspen. These workers, as
well as Heimburger (104), have also
reported clonal variation within the native cottonwood. Stout and Schreiner
(239) stated that the rooting ability of
some of their hybrids showed great improvement over rooting ability of either
parents. The data upon which these
conclusions were based or the specific
cases involved were not, however, noted.
Thimann and Delisle (252) and Larsen (155) have discussed the vital influence of various circumstances, especially the age effect of the tree from
which cuttings are taken, and several
environmental factors (type of rooting
medium, temperature, auxin concentra,tion used, etc.), all of which exert a
profound influence on the success or
failure of root formation. On the basis
of present evidence it is apparent that
decisions with regard to the relative
rootability of cuttings of various clones
within or between species must be expressed in very general terms, unless
careful duplication of treatment is used
in the comparison.
It has been previously pointed out
that one of the attractive features of
this genus as experimental material for
forest genetics and tree-breeding studies
is closely associated with the ease with
which most individually superior clones
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may be propagated by twig or root cuttings. From a practical point of view
rootable twig euttings are more desirable than sproutable root cuttings because of their ease of handling, planting, etc. under forest plantation conditions. This situation has produced a
rather profound influence on the direction that poplar breeding studies have
taken in this country and has possibly
obscured certain paths of research
which might be profitably investigated.
With the exception of the Canadian
work (103-105), little or no interest in
the improvement of aspens has been
shown in North America. Although the
aspens in this country were early discredited and essentially ignored (205),
commercial interest in their utilization,
as previously pointed out, has steadily
increased. The fact that a general notion prevails as to their poor rooting
ability should not invalidate them as
valued material for tree-breeding studies. On the basis of the apparent clonal
variability in P. alba with regard to
this factor, there seems to be no logical
reason to discount the possibility of its
occurrence in trembling or largetooth
aspen. This information, however, must
be gathered by a systematic analysis of
variability in the wild population and
not through the testing of taxonomic
specimens in arboreta.
Even in the complete absence of cutting rootability it does not seem logical
to ignore possibilities of improvement
for the native aspens. If tested interor intraspecific crosses which yield a
progeny containing a sufficiently high
percentage of superior individuals are
found, it would seem advisable to enquire into the possibility of using a
direct seeding method on especially
adaptable sites.
Burned-over areas in New England
and the Lake States might be profitably
managed in this manner. With the

stand established by direct seedinig, possibly using pelletized seed, it might be
cut for pulp on a short rotation and
then managed as coppice for a seeond
rotation. The generally beneficial results to the soil associated with accumulation of hardwood litter might then
make the site more suitable for the establishment of other desired species
more demanding in their site requirements.
Heimburger (105) has pointed out
that the chief disadvantages of the cottonwoods and balsam poplars for forestry use lie in their requirements for a
soil which is rich by forestry standards
and their special demands for careful
site preparation. Aspens, however, may
be grown on almost any level of fertility.
These observations are supported to
some extent by the fact that the natural
habitat of cottonwoods and balsam poplars are strictly low river-bottomland
or swamp borders, whereas aspens are
notably ubiquitous. Although capable
of occupying a wide range of sites,
there is no doubt that the quality of the
aspen stand produced is closely correlated with site quality (297).
Silvics and Culture
The silvical characters of the various
poplars and cultural practices used in
forest plantations and natural stands in
several countries have been described by
various authors. Forestry Commission
Bulletin No. 5 (10) and Leaflet No. 27
(23) of the Forestry Commissioni provide a useful summary of cultivation
French
methods in Great Britain.
practice is discussed by Breton-Bonniard
(49, 50), Stout (237), Guinier (99) and
d'Alviella (7). Interest in poplar cultivation in the Netherlands is discussed
by Houtzagers (118, 120) and Meeiker
(170); in Norway by Barth (33); and
in Germany and Switzerland by Leiber
(163), Zircher (300), Barbey (31),
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perimentally produced tetraploid and
aneuploid forms have been reported.
Blackburn and Harrison (40) reported P. balsamifera (= P. deltoides ?)
as a probable tetraploid with an unreduced number of 76 chromosomes, but
Meurman (173) and Smith (230) reported it as a normal diploid. As previously pointed out (231), however, it
may also conceivably occur in the tetraploid form in nature.
Naturally occurring triploid or approximately triploid forms of three species in the section Leuce have been reported in recent years. Nilsson-Ehle
(180), Blomqvist (42) and Melander
Chromosome Number
(171) all reported finding strains of a
From lists of chromosome numbers "gigas" triploid (2n = ca. 57) form of
and other reports published by various P. tremula L. in the forests of Sweden.
authors (40, 173, 86, 87, 253-256, 82, Later Nilsson-Ehle (181, 182) and
39, 176, 177, 193, 169, 230, 64) it appears Johnsson (138, 139, 142, 143) reported
that the basic number in the genus Pop- synthesis of triploids, tetraploids and
ulus is 19.
various intermediate aneuploids from
On the basis of what he interpreted artificial triploid x diploid crosses.
to be secondary association of chromoPeto (193) has reported occurrence
somes at metaphase I, Dillewijn (74, of triploid forms of P. alba L. and P.
75) concluded that Populus and possi- canescens (Ait.) Smith in Canada, and
bly Salix are secondary polyploids with Dillewijn (73, 74) reported a naturally
an original basic number of eight. occurring form of P. alba in the NetherFour of the original-eight chromosomes, lands.
according to his hypothesis, have been
triplicated, the other four duplicated, Diploid and Triploid Species Analysis
Most studies of diploid species (40,
and the present number 19 was the result of a fusion of two chromosomes 176, 138, 82, 193, 230) reveal that meiwithin one of the groups of three. osis is for the most part regular. UnivSmith (230) gives further support to alents at metaphase I have, however,
this hypothesis with the observation been observed in various species by sevthat trivalent association of chromo- eral workers. Smith (230) suggested
somes sometimes occurs in meiotic meta- that univalents observed in P. laurifolia
phase of certain diploid hybrids and and P. adenopoda were the result of
quadrivalent formations in the triploid precocious separation due to failure or
early terminalization of chiasmata
form of P. alba.
Of the approximately 45 species and rather than lack of homology.
forms of Populus which have been cyJohnsson's (138) study of meiosis in
tologically examined, the unreduced 16 diploid P. tremula clones from varinumber of 38 chromosomes appears to ous provinces in Sweden showed 12
be characteristic of most species, but which behaved quite normally, but four
naturally occurring triploid and ex- showed varying numbers of univalents

Wettstein (281, 283) and others; Bogdanov (43-45) discussed Russian methods. Weigel and Frothingham (270),
Baker (24, 26), Williamson (289), Buttrick (54), Kittredge and Gevorkiantz
(147), Bull and Muntz (53), Zehngraff
(295-299), Stoeckler (235) and others
have described silvicultural practices
employed in the United States.
The important role of sod through
its inhibiting influence on the successful establishment of poplar and other
hardwood plantations has been studied
and reviewed in considerable detail by
Schreiner (224i226).
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at metaphase I. Temperature changes
in early spring during gametogenesis
were suggested as a possible explanation. Pollen sterilities of these clones
is shown in Table IV.
Meiosis in natural triploid clones having an unreduced chromosome set of 57
is in general characterized, by considerable abnormality (176, 193, 138, 230).
Variable numbers of univalents, bivalents and trivalents have been observed,
and in one triploid P. alba clone stud-

Pollen sterility percentages for various diploid and triploid clones observed by several investigators are
shown in Table IV.
The diploid clones, representing typically "pure" species of the genus, show
a surprising range in pollen sterility.
When these data are compared with
chromosome pairing data for the same
species (230), there is an obvious correlation between frequency of univalent
chromosomes at metaphase I and pollen

TABLE IV
POLLEN

Species

STERILITY

IN

NATURAL

DIPLOIDS

2n
chromosome
No.

. .
P. acuminiata ....
38
P. adenopoda .........
38
.....
P. alba ........................
38
P. deltoides ......................
38
.....
P. grandidentata ....... ..............
38
P. koreana ............................ .....
38
P. laurifolia ............
38
P. nigra .38
P. nigra italica
......
38
.......
P. Sargentii .......
..............
38
P. tremuloides ........ ..................
38
P. tremula* .38
e nl * ..................................................386
P. P.t
tremula*
38
..................
P. tremula* ...........
38
...........
P. trcmuila*.38
P. alba .57
P. alba var. aureointertexta
57
P. trenuila .........
57
...............
*

AND

TRIPLOIDS

Pollen
sterility

OF Populus

Authority

5

45
19
3
2
2
12
40
3
4
7
2
30
61
20
33"
23
6
56

Smith (230)

Johnsson (138)

Smith (230)
Peto (193)
Miintzing (176)

Noticeably aberrant individuals from a group of 16 studied.

ied, quadrivalent associations were
noted (230).
Miintzing (176) and Smith (230)
have concluded that on the basis of
pairing relationships displayed at meiosis in the natural triploid forms of
diploid species thus far reported, such
triploids must be autotriploids resulting
from the fusion of a diploid and haploid gamete.
Precocious furrowing
(230) or spindle fusion during the meiotic divisions (176, 75) may be responsible for the formation of microspores
with an unreduced set of chromosomes.

sterility. Thus in those species where
univalents have not been observed, pollen sterility is low, two to seven percent; but in species showing univalents
the pollen sterility is markedly higher,
19 to 45 percent. Smith (230), however, concluded that the univalent frequency was too low in these species to
account fully for the sterility observed.
Pollen sterility of the several triploid
clones which have been studied (Table
IV) is remarkably low, in several cases
being lower than some of the "pure"
diploids. In the opinion of Peto (193)
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the genetically unbalanced pollen grains
undergo early deterioration and consequently are not included in pollen
sterility counts. This explanation may
be criticized on the basis of Johnsson's
(138, 139, 142, 143) and Bergstrom's
(35) results which demonstrated that
triploid x diploid and triploid x triploid
crosses of P. tremula yielded progeny
with intermediate chromosome numbers,
which would seem to imply that in this
speeies, at least, some unbalanced pollen
grains are capable of survival.
F, Hybrid Analysis
Studies of meiosis in F, hybrids of
Populus have been conducted by Peto
(193), Dillewijn (75) and Smith (230).
The comprehensive investigations of the
last named, involving ten natural and
21 artificial'0 hybrids, revealed that the
common meiotic abnormalities encountered were asynapsis which resulted in
subsequent lagging of chromosomes at
anaphase I and II, inversion bridges
caused by structural differences, and
various abnormalities in cytokinesis following the second division which gave
rise to dyads, triads and microspores in
excess of four.
On the basis of Darlington's (63)
classification of hybrids, Smith concluded that the interspecific hybrids in
Populus conform to the class called "undefined structural hybrids", i.e., those
resulting from the union of gametes
with undefined structural differences
between their chromosomes which are
either too slight or too numerous to be
detected.
In the 31 hybrids investigated by
Smith (230), as well as those studied
by Peto (193) and Dillewijn (75),
univalent chromosomes were present in
varying numbers in all. Smith found a
close correlation between the occurrence
of univalent chromosomes and supernu10

Produced by Stout and Sehreiner (239).

317

merary spores. A positive correlation
(r = .88) was also observed between frequency of univalent formation and pollen sterility. Thus, of the 31 hybrids
studied, the highest pollen sterility
(80% was observed in X P. Wroobstii
(= laurifolia x tristis) and the lowest
(5%) in the un-named hybrid derived
from the double cross: X P. charkoviensis x X P. plantierensis. In the former case an average of 14.24 univalents
per cell were observed, and in the latter
case univalents averaged 0.28 per cell.
In practically all of the hybrids
studied by Smith, varying numbers of
inversion bridges were observed at anaphase I. This is the first report of
structural hybridity in the genus, although Dillewijn (75) had previously
reported attenuated chromatin strings
between anaphase I plates in X P. robusta. Smith concluded that pollen
sterility in poplar hybrids is probably
traceable to genetic, structural and environmental factors, but which exerts
the greater influence cannot, on the basis
of present evidence, be stated.
Some data of peculiar interest to forest geneticists, reported by Smith (230),
concern the influence of age on mutation rate and the possibility that trees
or clones of old age niay accumulate
gene mutations or structural changes in
their chromosomes. Theoretically such
accumulations in old trees or clones
should be detectable by their greater
pollen sterility.
In support of this hypothesis it is
demonstrated that the 21 artificial hybrid clones of comparatively recent origin (circa 1925) that were studied had
pollen sterility percentages ranging
from five to 40, with an average of 19.7.
This, incidentally, corresponds quite
closely with the pollen sterility found in
the "pure " species studied. The ten
natural hybrid clones, however, of much
older origin, showed a wider range in
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sterility (six to 80 percent) and a noticeably higher average of 46.7 percent.
Certain of these data are reproduced
here without alteration (Table V) from
the work of Smith (230).
Speciation
On the basis of his extensive cytological studies of species and hybrids in
Populus, Smith concluded that species
differentiation in this genus has resulted
primarily from isolation of a geographic,
edaphic and physiological nature. Poplar species are thus examples of "eco-

permit an exchange of genes between the
populations of the two species involved.
3. Although structural and genetic
differences, as indicated by inversion
bridges and asynapsis, are present in F1
hybrid chromosomes, the functional fertility of these hybrids discounts genetic
or structural chromosomal isolation.
4. Although relatively fertile autotriploid forms of the section Leuce occur in
nature, they are unable to preserve their
identity by sexual means. Numerical
chromosomal isolation is thus ruled out
as a factor in speciation. (However, if

TABLE V
A COMPARISON OF CERTAIN NATURAL AND ARTIFICIAL INTERSPECIFIC HYBRIDS OF Populus

IN REGARD TO DATE OF ORIGIN, UNIVALENT CHROMoSOMEFORMATION AND POLLEN STERILITY (230)

Name or No.
Natural hybrids
X P. berolinensis
X P. canadensis Eugenei

Probable
date of
origin

Univalents
per eell

Percentage
of

P. laurifolia x P. n. italica
P. deltoides x P. nigra ............

1870
1850

5.30
4.92

57
63

P. nigra x P. laurifolia
.........
P. nigra x P. trichocarpa ......

1925
1925

1.00
0.80

16
23

Parentage

~~~~sterility

Artificial hybrids
OP-67*
OP-114*
*

Hybrids produced by Stout and Schreiner.

species", as defined by Turesson (261),
i.e., uniform types between which crossing is possible with a relatively high
degree of fertility, but which commonly
are prevented by isolating barriers from
doing so.
The evidence in support of this hypothesis is based on the following
points:
1. Species of one section cross readily
with others under artificial conditions
where geographic, edaphic or physiological barriers have been removed.
2. F1 hybrids of such crosses are relatively fertile; in any case, none is completely sterile. Therefore, in the absence
of geographic, edaphic or physiological
barriers, backcross generations would

Populus is indeed a secondary polyploid
it must be conceded that polyploidy
played an important part in the ancestral differentiation of the genus.)

Sex
The dioecious nature of Populus has
attracted the interest of -investigators
concerned with the study of sex mechanisms in plants. Blackburn and Harrison
(40) first reported an heteromorphic
bivalent in male clones of P. tremula and
P. nigra. Meurman (173) also observed
an heteromorphic pair in males of several other species and concluded that sex
in Populus is determined by an XY
mechanism similar to that prevailing in
most animals.
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Subsequent studies by various workers have confirmed these observations
or criticized them. Miintzing (176) has
pointed out that some intersexual forms
should be found in the natural triploids
if they originate from the union of haploid and diploid gametes. No such intersexes have been reported. Peto (193)
found no consistent evidence of heteromorphic pairs, and Smith (230) was of
the same opinion.
A point of considerable theoretical
and practical interest to tree breeders
interested in the genus Populus relates
to the possibility that certain secondary
sexual characters may distinguish the
sexes.
C. S. Larsen (158) has discussed the
problem briefly with respect to certain
dioecious ligneous genera, citing his
own observations and those of various
other European botanists. This investigator, for instance, studied natural
stands of Juniperus communis and
found a positive correlation between sex
and growth habit independent of site:
the female trees being comparatively
broad, the males being more slender
(156).
The same author (158) has cited the
observations of Correns (61) who noted
that male specimens of Ginkgo biloba
and Taxus baccata are on the average
larger; and, with reference to the ginkgo,
Grier (94) has also reported an apparent correlation between sex and
growth habit.
Houtzagers (120), with reference to
the ash planted in Holland, says:
. . . "of this species (Fraxinus excelsior L,.)-which, however, is not purely
unisexual and dioecious-the male specimens g e n e r a ll y grow better and
straighter than the female specimens
do".
Evidence of the occurrence of secondary sex characters in poplars is confined for the most part to cultivated
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forms, little attention having yet been
directed by silviculturists or geneticists
to the analysis of natural stands. In the
case of the widely planted ornamental
variety of the black poplar, Lombardy
poplar (P. nigra italica Muench.), it
is the male form which is most favored
by horticulturists. This preference is
undoubtedly traceable to the markedly
columnar habit of this sex, the females
having a broader crown.
Larsen (158) reported sexing of an
ornamental planting of grey poplar (P.
canescens (Ait.) Sm.) in Denmark and
found only "male individuals with the
exception of a single female tree, which
differed much from the others in being
considerably smaller and of another
shape of crown ". The same author
(158) has pointed out that early cultivation of P. trichocarpa in Sweden was
attended with good results, whereas
plantings of the same species in the
State of Anhalt, Germany, were less satisfactory. It has been suggested that
the explanation might be that in the
former case it was a male clone which
had been introduced, and in the latter
case a female.
Other less specific evidence may be
cited which is suggestive of sexual dimorphism in the genus. It is of interest,
for instance, to note that of the eight
commonly planted poplar clones in Holland, as listed and described by Houtzagers (116), only two (25%) are females."' A preference for males in this
case may, however, be traceable to the
fact that the "cotton" is irritating to
the nostrils of cattle, and Dutch farmers
may thus discriminate against female
trees.
11 Clones of both sexes of the native P. nigra
L. are apparently planted without preference
as to sex, and consequently this species is not
here included. Of the eight forms considered,
four are represented exclusively as male clones
and two are "chiefly male, though some female
trees are found".
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Analysis of data on the sex of a number of poplar clones selected in the fall
of 1947 by the present author (188) in
collaboration with Dr. Helge Johnsson
of the Swedish Forest Tree Breeding
Institute, Ekebo, Kallstorp, Sweden, reveals that out of 76 clones (including
tremuloides, grandidentata, tacamahaca,
trichocarpa and deltoides) bearing
flower buds, only 18 (23.7%) proved to
be females. Since the trees were selected on the basis of their apparent
health, vigor and good stem form as
compared with their associates in various stands throughout the United States
and Canada, it might be concluded tentatively that a positive correlation exists
in this genus between maleness and
these desirable economic characters.
Such a conclusion is, however, confounded by the empirical observations
of Baker (26) with respect to the apparent sex ratio in aspen stands of the
central Rocky Mountains. This worker
noted that "the staminate trees are
much more frequently found than the
pistillate, which are very rare indeed",
and Williamson (289) makes a similar
observation with regard to the cottonwood stands of the Mississippi valley.
If such aberrant sex ratios are indeed
characteristic of natural stands, it is
apparent that samples of wild populations such as noted above cannot in
themselves be used as evidence of male
superiority. But if a sex mechanism
for Populus is postulated that would
theoretically result in a 1: 1 ratio of the
sexes, we must conclude that the presumed aberrancy of such ratios in favor
of males in nature must be traceable to
some sex-associated survival factors
such as vigor, disease resistance and
hardiness.
Although the evidence at present
available is in no way conclusive, it is
at least strongly suggestive that sexual
differences within the genus do exist,

and that such important characters as
growth habit, stem form, disease resistance and vigor appear to be associated
with the male sex. It is needless to point
out that such a correlation, if confirmed,
would be an invaluable aid to the selection efforts of tree breeders and silviculturists interested in the genus Populus.
Summary
Except for one tropical species in
east Africa, Populus is native of the
north temperate zones of Europe, Asia
and North America. Of the approximately 30 species now known, only four
are native in Europe and western Asia,
the remainder being about equally divided between North America and eastern Asia.
Classification and nomenclature in
the genus are confused and inadequate
to describe the wide range of variability which has accumulated chiefly
through ecotypic isolation and natural
and artificial hybridization. This situation has led to interminable confusion
in the literature. The only adequate
solution appears to be an internationally cooperative agreement on nomenclature which will be based on a system
of clonal names or numbers.
Studies of wild variability as a means
of selecting superior forms for direct
use or as parents for progeny tests and
further breeding has been given considerable attention in Europe. In North
America and Asia, however, very little
work has been directed to this basic
problem.
Much effort has been expended in the
process of performing interspecific
crosses, especially with species of the
sections Leuce, Tacamahaca and Aegeiros. These studies have revealed a wide
range of compatibilities, and suggest
promising combinations for more intensive work in the future. It may be anticipated that such future studies will
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be more critically concerned with the
genetic quality of the individual parents
concerned than has been the practice
heretofore. It appears likely that the
valuable North American and Asiatic
species of the section Leuce, early discriminated against and essentially ignored because of their reputation as
poor rooters, will attract more interest
from tree breeders.
Very little intraspecific hybridization
has been carried on within the North
American and Asiatic poplars, but on
the basis of German and Swedish results in this field such investigations
hold promise of yielding valuable results.
Rather extensive cytological studies
have been conducted by a number of
workers in Populus. Representatives of
most species and many hybrids have
been examined, but the sampling of
wild populations outside of Europe has
been very inadequate.
The diploid
number of ehromosomes for most individuals of the various species examined
is 38, but natural triploid forms are of
relatively common occurrence in the
European species of the section Leuce.
There seems to be little doubt that triploidy is the natural limit of heteroploidy in the genus.
Most poplar hybrids display a comparatively high degree of fertility, and
primarily on the basis of this fact it
has been postulated that edaphic, geographic and physiological isolating
mechanisms have been chiefly concerned
with the process of speciation in the
genus.
Some empirical observations are assembled by the author which suggest
that a positive correlation may exist between maleness and such economically
desirable characters as vigor, disease resistance and good stem form in the
poplars.
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Correction
ECONOMIC BOTANY, Vol. 2, page 107, para. 2, requires correction, since the
work of Tschermak in 1918 on heterosis in tomatoes referred to there is antedated
by that of R. Wellington reported in New York Agr. Exp. Sta. Bull. 346, 1912,
and by that of H. K. Hayes and D. F. Jones in the Annual Report, Conn. Agr.
Exp. Sta., 1916. Professor Tschermak, who, of the three rediscoverers of Mendel's
principles, alone survives, writes that he probably was one of the first to obtain tentative evidence of heterosis in tomatoes and that his successor, Professor Dr. Fr.
Frimmel, published evidence confirming it in Zeits. Pflanzenziichtung 10: 453-466.
1924-25.-J. W. Lesley.

