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“…while this planet has gone cycling on according to the fixed laws of 
gravity, from so simple a beginning endless forms most beautiful and 
most wonderful have been, and are being, evolved.” 

 
Charles Darwin 
The Origin of Species, 

1859 
 
If any family of woody plants affirms Darwin’s musing, it is the Salicaceae. 

This family—division Magnoliophyta, class Magnoliopsida (dicots), subclass 
Dilleniidae, order Salicales—includes the familiar genera Populus (poplars, 
cottonwoods, and aspens) and Salix (willows, sallows, and osiers)1. Together Populus 
and Salix comprise 400 to 500 species (Table 2-1), although there is no agreement 
among taxonomists as to the exact number. Added to those numbers are countless 
subspecies, varieties, hybrids, and cultivars that together encompass a diversity of 
morphological forms that, although bordering on the incomprehensible, is beautiful 
and wonderful nonetheless. 

Although traditional classification placed only Populus and Salix in the family 
Salicaceae, the similarity of certain floral structures, co-occurrence of salicoid teeth 
on leaf margins and the glycoside salicin, similarity of leaf and wood anatomy, the 
hosting of similar rust fungi, and recent plastid DNA evidence suggest a common 
ancestry between the tropical family Flacourtiaceae and the Salicaceae (Chase et al. 
2002). The Angiosperm Phylogeny Group (2003), therefore, recommended that some 
genera in the Flacourtiaceae be included in the Salicaceae, and this proposal has 
gained acceptance. The reordering of Salicaceae places Populus and Salix in tribe 
Saliceae and a number of genera heretofore in the Flacourtiaceae within eight other 
tribes in the family (Chase et al. 2002).   

The life form of individual plants in tribe Saliceae can be tree, shrub, or 
decumbent. Familial characteristics include simple, mostly stipulate, deciduous 
leaves with alternate or subopposite phyllotaxy and salicoid teeth; dioeciousness; 
separate flower and vegetative buds; imperfect (unisexual), bracteate flowers borne 
on catkins (aments); 2 to 4-valved, dehiscent capsule fruits; tiny seeds attached to a 
cottony coma; shoots that can show both determinate (fixed) and indeterminate 
(free) growth patterns; and low-density, diffuse-porous wood. Yet the two genera 
can be easily separated, based on flower, leaf, and bud morphology (Table 2-1; Fig. 
2-1 and 2-2). 

 

                                                      
1 A third monotypic, willow-like genus in Saliceae from Asia—Chosenia—was 
proposed by the Japanese botanist Nakai (cf., Rehder 1990, Zhenfu et al. 1999). It 
differs from other members of Salix because of its pendant male catkins, filament 
bases fused to bracts, two nearly free styles, and absence of nectariferous flower 
glands. As such it may represent a linkage organism between Populus and Salix. 
Based on the work of Hjelmqvist (1948) and others, however, we treat this taxon as 
Salix arbutifolia.  
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Table 2-1. Botanical characteristics of Populus and Salix (modified from FAO 1981). 

Character Genus Populus 
Poplars, cottonwoods, and aspens 

Genus Salix 
Willows, sallows, and osiers 

 
Genome 

 
2n = 38 chromosomes; rarely triploid; 485 + 10 
million DNA base pairs, 45,555 nuclear genes, 
153 chloroplast and mitochondrial genes  

 
2n = 38 chromosomes; diploid to 
dodecaploid (12x); genome has not been 
sequenced 

Flowers Appear before leaves, catkins pendulous, wind 
pollinated. Flowers with oblique perianth, cup 
shaped disk without nectaries; bracts 
irregularly denticulate, shed rapidly; stamens 
numerous—5 to 50—usually with reddish 
anthers; pollen thin- walled and non-
aperturate; stigmas with 4 or more lobes; 
ovaries with 2, 3, or (rarely) 4 carpels 

Appear before, with, or after leaves; 
catkins mostly erect; insect or wind 
pollinated. Perianth and disk usually 
absent but with 1 or 2 nectaries; bracts 
entire, pubescent, usually persistent; 
stamens few—2 to 12—usually with 
yellow anthers; pollen thick- walled and 
tricolpate; stigmas two-lobed; ovaries 
with 2 carpels 

Fruit 2-, 3-, or 4-valved capsule 2-valved capsule 
Leaves Variable in shape—deltoid to cordate to ovate 

to lancelotate, occasionally palmately lobed; 
venation palmatopinnate; margins serrate or 
dentate and glandular. Indeterminate shoots 
heterophyllous; heteroblasty occurs in some 
taxa 
  

Never lobed or deltoid, almost always 
elongate in shape—obovate, oval, ovate-
lanceolate, lanceolate, or lanceolate-
linear; venation pinnate; margins finely 
serrate or entire, occasionally glandular. 
Indeterminate shoots homophyllous 

Stipules Not persistent Sometimes persistent and prominent 
Petioles Long, sometimes flattened transversely; glands 

may occur at junction of petiole and leaf blade 
 

Short, round in cross-section 

Buds Elongated, often pointed, covered by several 
overlapping scales, sometimes resinous and 
fragrant; usually divergent from twig; mostly 
monopodial with prominent terminal bud  
 

Enveloped by a single scale; closely 
appressed to twig; mostly sympodial and 
lacking a true terminal bud 

Shoots Moderately stout; brown, purple, or red in 
color; circular or angular in cross-section; 
lenticels prominent; pith pentagonal in cross-
section; heterophyllous (dwarf shoots may be 
present). Many taxa produce root suckers. 

Slender; green, brown, yellow, orange, 
purple, or red in color; circular in cross-
section; pith circular in cross-section; 
homophyllous (does not form 
brachyblasts). Rarely develop root 
suckers. 

Wood Light (specific gravity 0.31-0.40), straight-
grained, soft, pale, not durable, often with a 
disagreeable odor when wet; rays 
homocellular 

Light (specific gravity 0.30-0.42), uniform, 
straight-grained, soft, pale, not durable, 
tough and shock resistant, odorless; rays 
heterocellular 

Habit Medium to large trees, rarely shrubs Extremely variable; can be procumbent 
plants, multi-stemmed shrubs, and 
medium to to large trees 

Habitat Mostly warm and cold temperate regions; 
common in wetlands, riparian corridors, or 
uplands; few taxa found in tundra and alpine 
zones 
 

Mostly cold temperate regions; common 
in wetlands, peatlands, riparian 
corridors, but uncommon in uplands; 
abundant in tundra and alpine zones 

Number of taxa 22-45  330-500 
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1—vegetative twig showing rhombic preformed leaf 
and deltoid neoformed leaf;  
2—twig with true terminal bud and male (staminate) 
catkins in anthesis;  
3—male flower and anthers;  
4—twig with true terminal bud and female (pistillate) 
catkins in anthesis;  
5—female  flower;  
6—maturing two valved capsules; dehiscing capsule 
(right) shows seeds with cottony coma;  
7—seed 

Fig. 2-1. Botanical characteristics of a representative poplar, Populus nigra (black poplar).. Modified 
from Thomé (1885). 
 

 

 
1—vegetative twig showing mature leaves and 
stipules; 2—expanding floral buds; note single bud 
scale;  
3—twig with male (staminate) catkins in anthesis;  
4—male flower;  
5—twig with female (pistillate) catkin in anthesis;  
6—female  flower;  
7—immature capsule;  
8—dehiscing two valved capsule;  
9—seed with cottony coma. 

Fig. 2-2. Botanical characteristics of a representative willow, Salix caprea (goat willow). Modified from 
Thomé (1885). 

 
The family phylogeny is not altogether clear. Skvortsov (1968, 1999) and Dorn 

(1976) suggested that Populus is evolutionarily more primitive than Salix, and certain 
parallel morphological features point toward willows having arisen from the most 
advanced group of poplars in section Populus. The far greater number of willow taxa 
also suggests a later phylogeny for this genus. The recent DNA sequencing of the 
Populus genome produced evidence supporting the conclusion that the lineages of 
Populus and Salix share the same large-scale genomic history (Tuskan et al. 2006), 
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although the fossil record shows that these lineages diverged 60 to 65 million years 
ago. Nonetheless, some molecular evidence undermines the view that willows 
emerged from within the genus Populus (Eckenwalder 1996). 

Ecologically, members of the Saliceae are mostly shade-intolerant colonizers 
of disturbed wetlands, riparian areas, lake shores, and uplands (Fig. 2-3). Their 
prodigious production of wind-blown seed, as well as their rapid growth rate, 
greatly facilitates this colonizing ability. In the absence of disturbances—e.g., 
flooding, fire, windstorms, felling by humans or beavers (Castor spp.)—poplars and 
willows usually are displaced in a successional sequence by more shade-tolerant 
broadleaf and coniferous trees. In some wetland and upland habitats, however, 
certain members of Saliceae may form semi-stable communities due to the high 
frequency of disturbances. Individual poplar and willow stems often are short-lived 
(40-60 years), although individual specimens of several species can live for 200 to 300 
years in the absence of disturbances (DeBell 1990, Weisgerber 1999). The members of 
Saliceae are renowned for their ability to reproduce vegetatively by root collar 
sprouts, stool shoots, root suckers, layering, cladoptosis, and fragmentation, or—
with help from humans—stem and root cuttings. Another defining characteristic of 
the family is interspecific hybridization. This recombination commonly occurs in 
natural populations of poplars and, to a more limited extent, in willows, but it also 
has been exploited for centuries by tree breeders for forestry and horticultural 
purposes. 

 

 
 
Fig. 2-3. Willow and poplar seedlings invading exposed 
beach sand on the shore of a fresh water lake. Photo by D. 
Dickmann. 

 
Members of the Saliceae are indigenous principally in the temperate, boreal, 

and tundra regions of the northern hemisphere (Maps 1-40). A few species are native 
to subtropical and tropical regions of North America, Africa, and Asia, and a single 
species of willow naturally occurs in South America. In addition, many species have 
become naturalized in areas outside their natural range.   
 The singular combination of characters of poplars and willows—their rapid 
growth rate, ease of vegetative propagation, predisposition to hybridize, pleasing 
appearance, and useful wood—have long endeared them to humans. The familiar 
weeping willows and Lombardy poplar, for example, are the most widely planted 
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ornamental trees in the world (Li 1996). Willows are mentioned in the Old 
Testament, and they were highly regarded; e.g., “You shall take on the first day the 
fruit of goodly trees, branches of palm trees, and boughs of thick trees, and willows 
of the brook” (Leviticus 23:40).2 Today poplars and willows are widely recognized as 
the trees of choice for intensive, short-rotation forestry in temperate regions 
(Dickmann 2006), but short-rotation coppice culture of willow osiers has been 
practiced from time immemorial (Fig. 2-4). The Roman Pliny the Elder extolled the 
usefulness of osiers for vine trellises, rope, agricultural tools, baskets, and furniture 
(Perlin 1991). The Romans apparently operated their planted willow coppices in a 
systematic way, calculating yields and labor requirements (Rackham 1990).  

  

 
 
Fig. 2-4. Coppice culture of willow osiers for baskets, wicker furniture, and 
wattle has been ongoing for millennia; Salix viminalis (pictured here) has 
long been one of the favored “basket” willows. Photo by J. Kuzovkina.  

 
Culture of fast-growing poplars likewise has a long history. In fact, the Latin 

Populus is derived from the Roman appellation arbor populi or “tree of the people,” 
because poplars were so widely planted (Clute 1943). Another simile with people is 
the fluttering habit of poplar leaves that are borne on flattened petioles, which in the 
slightest breeze make a noise likened to talking. Historically, poplars often were part 
of an agroforestry system and were managed to supply timber, fuel wood, forage, 
and windbreaks. According to Pliny the Elder (Newsome 1964), they also were used 
as living trellises to support grapes in vineyards. Poplar culture in China also goes 
back several millennia. In the 2,400-year-old book Hui Zi, methods of cutting and 
layering for planting poplars are described. Another book Jin Shu, published 1,500 
years ago, mentioned that poplars and pagoda tree (Sophora japonica) were planted 
along roads in cities for shade. Thus, the contemporary scene that is so familiar 
                                                      
2 Some scholars think that these “willows” may in fact have been Populus euphratica, 
but that speculation is beyond resolving. 
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across the world—poplar plantings lining a rural track or canal or a willow coppice 
rising above an adjacent pasture—has roots that go far back into antiquity. 

Members of the Saliceae also have a dark side. Some people dislike them 
because of their short life span, susceptibility to breakage, production of messy 
cotton during seed release, aggressive seedling establishment and root sprouting, 
and vulnerability to insect and disease infestations. Poplars, especially, are not 
highly regarded as ornamental trees in many places. One prominent horticulturist 
(Dirr 1997) summed up his feelings this way: “In all my traveling and consulting 
work, I have never recommended, at least when conscious, a poplar.”  Some 
municipalities have passed ordinances banning the planting of poplar trees because 
of their offensive habits. Poplars and willows are aggressive invaders of disturbed 
sites, and in certain agricultural and forestry situations they are regarded as weeds. 
A few species also have become noxious invasives in areas outside their natural 
range; e.g., certain willows in Australia and New Zealand. 

Our treatment of the Saliceae continues with short discussions of systematics 
and nomenclature, subjects that remain unsettled in this family. Then we introduce 
in general terms each genus, followed by descriptions of the species in each section 
of the genus—Populus first, then Salix. The species descriptions are not intended to 
be rigorously botanical; i.e., they focus on vegetative characteristics and cannot be 
used for reliable species identification in the field or in herbaria. For that purpose we 
recommend a local taxonomic monograph or manual, with keys. Rather, our 
treatment sets each taxon in its geographic and ecological context, describes certain 
morphological features, depicts intraspecific variation, and discusses uses and 
commercial importance. All 32 Populus species are described. Due to the large 
number of Salix taxa, however, we describe only a 33-species subset of tree and 
shrub willows that currently are important in forestry, horticulture, and 
environmental applications.   

 
Systematics  
 

The concept of species and the mechanisms by which species evolve continue 
to be topics of considerable discussion within the biological community (e.g., Baum 
and Donoghue 1995, Hey 2006a). Theoretically, organisms within a species are 
considered to share a common evolutionary history, a concept that, although 
somewhat problematic in practice, most biologists agree upon. The consensus breaks 
down on the criteria that can be used to define a species, especially now that 
molecular-level genomic data is readily available along with traditional 
morphological and ecological information.  Nonetheless, that a species comprises an 
interbreeding population that is reproductively isolated, and that the offspring of 
this interbreeding are equally as fit as the parents, seems well established (Coyne 
and Orr 2004). Isolation can be based on geographic distance, physiographic barriers, 
ecological niche separation, flowering phenology, specificity of pollinators, 
physiological or morphological barriers, or differences in ploidy. On a pragmatic 
level, the population that constitutes a species must possess at least one persistent 
and readily observable (or measurable) diagnostic character (Baum 1992, Cronquist 
1988); the Latin root of species, after all, is the verb specere—to look, behold, regard. 
That measurable-observable now includes gene maps and the base sequence of 
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genetic and organelle DNA has further complicated an already complicated 
business, leading to the rethinking of classical taxonomic ordering in many plant and 
animal groups, including the Salicaceae.   

There’s one further complication. Darwin’s definition of species in The Origin 
of Species (1859), Chapter 2, reads in part: “…a set of individuals closely resembling 
each other…” (our emphasis). Thus, members of a species are variable, inexact 
copies of one another, and the characteristics of divergent populations of one species 
may overlap those of another species; in fact, certain genes may be exchanging 
between them (Hey 2006b). This is as true in the Salicaceae as in any other family. In 
our view some Populus and Salix systematicists are too absorbed with the resultant 
variation in morphological minutiae—which in some cases may be programmed by 
a single gene—leading to a plethora of named species. An example is leaf or twig 
pubescence—is the presence or absence of pubescence enough to differentiate one 
species from another, when other morphological traits, ecological habitat, 
geographic distribution, and evolutionary history are similar or even 
indistinguishable? Linnaeus had it right in his Philosophia Botanica (1730): “Scias 
characterem non constituere genus, sed genus characterem.” (It isn’t the character that 
makes the genus, but the genus that makes the character.) His maxim applies equally 
well at the species level. 

Designation of species is especially difficult in the Saliceae for several reasons. 
First, many poplar and willow taxa have a large natural range, which in the extreme 
may encompass several continents. These taxa naturally segregate into 
morphologically distinct subspecies and varieties, which, although geographically 
isolated, may share an evolutionary history and be capable of interbreeding. Should 
these polymorphic variants really be considered true species? Second, dioecism 
obligates poplars and willows to be outcrossing. Furthermore, they show few 
inherent barriers to interspecific and, in some case, intersectional crossbreeding, so 
they readily hybridize, both naturally and through controlled pollinations. Areas 
where introgression of species populations occur create special difficulties (e.g., 
Ronald et al. 1973, Rood et al. 1986, Whitham 1989). The result of this cross-species 
gene flow is a multitude of intermediate forms, which in some cases may be either 
sterile or lacking in fitness. Over the years species status has been incorrectly 
assigned to numerous hybrids (known as nothospecies). The common occurrence of 
polyploidy in Salix creates an additional taxonomic problem. Dioeciousness, 
different phenology for flowers and leaves, and the occurrence of large monoclonal 
stands in some species may make observation of all important traits at one time or 
on one plant impossible. Leaf heteromorphism (heterophylly and heteroblasty) can 
be misleading if not recognized by the observer (Eckenwalder 1980). Thus, a 
herbarium sheet that contains a single shoot or plant simply is not a reliable basis for 
species determination in the Saliceae.   

Based on their manner of dealing with this genetic complexity, taxonomists 
segregate into two camps (Eckenwalder 1996). Splitters actively name new taxa. 
Their tally of Populus species can reach as high as 85, with over 60 species in China 
alone (Zhenfu et al. 1999). The count of Salix taxa by the splitter camp approaches 
500, and classification is by no means complete (the Arctic willows are not fully 
studied). Lumpers tend to be more evolutionarily and ecologically oriented and set 
rigid standards for acceptance of new species. Lumpers view many of the taxa 
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proposed by the splitter camp to be nothospecies, either hybrids or polymorphic 
variants of a single diverse taxon. Whatever their camp, no two authorities seem to 
agree on the exact number of species in either genus, and systematic arguments can 
be esoteric and hinge on exceedingly fine points. We have adopted a conservative 
view of speciation in Populus and Salix that is largely based on classical taxonomy 
(Tables 2-2 and 2-3). We recognize, however, that the matter is far from resolved. In 
the future new techniques and data, especially from nuclear and cytological genetics, 
will resolve some disputed relationships among taxa, leading to new orderings.  

 
Nomenclature 

 
Although some readers may consider this section superfluous, we include it 

to clarify the exceedingly confused subject of naming, which long has been the bane 
of serious students and practitioners of Saliceae culture. This intractable problem 
continues to this day. Misnomers abound in the literature of the Saliceae, and many 
of them have been perpetuated for a long time. Some of these misnomers are due to 
taxonomic ambiguities, others to ignorance of correct nomenclature, and still others 
to sloppiness on the part of workers in the field. Anyone working in Saliceae culture, 
research, or the commercial trade should make a serious attempt to understand the 
correct nomenclature of their subjects. Often this means not taking at face value the 
cultivar name or binomial assigned to a particular poplar or willow that comes into 
their possession; this name may well be incorrect. The correct name, however, can 
usually be obtained through a bit of investigation or by contacting a poplar or 
willow expert.     

First and foremost, only recognized taxa warrant a distinct Latin binomial. 
The full Latin name, which always is italicized, also includes the name of the 
authority (often abbreviated but not italicized) who first described the taxon. The 
Latin name of a taxon should be used, with or without authority, at first reference in 
a scientific publication or an oral presentation. According to the International Code 
of Plant Nomenclature, the first published description of a taxon (after 1 May 1753) 
always takes priority; this fundamental rule of systematics has recently led to the 
rejection of certain long-used binomials in favor of older ones having priority. 
Examples of a full Latin appellation are Populus tremula Linnaeus (usually 
abbreviated L. for Karl von Linnaeus or Linné, who first proposed the system of 
binomial nomenclature) or Salix eriocephala Michaux. Often the authority is omitted, 
although in a publication the authority for a particular Latin binomial should be 
given in a table or at first mention in the text.  

A subspecies is “an aggregate of local breeding populations of a given species 
occupying a geographic subdivision of a species range (= geographic race)” (Rieger 
et al. 1991). Recognized subspecies names are Latinized and italicized; e.g., Populus 
mexicana ssp. dimorpha (Brand.) Ecken. or simply Populus mexicana dimorpha. A 
variety—“an intraspecific taxon with persistent populational significance” 
(Cronquist 1988)—is a more loosely defined and problematic designation of 
phenotypic variants than a subspecies. They also are designated with a Latinized 
name; e.g., Salix humilis var. microphylla. Many named varieties, however, are simply 
commercially propagated clones selected for a particular trait (e.g., the fastigiate 
Lombardy poplar, Populus nigra “var. italica,” or the weeping P. tremula “var. 
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pendula”) and should be designated as cultivars (see below). Sometimes the specific 
name of a subspecies or variety is purposefully or inadvertently omitted in a text, 
wrongly conveying to these taxa the status of a full species; e.g., “Salix microphylla.” 
This erroneous shortcut is not acceptable because it only leads to more confusion in a 
subject that is already very confused.  

Cultivar (= cultivated variety) names or epithets typically are assigned to 
clones or propagules cultivated in commercial trade. After 1958 they are cast in a 
modern language without numerals and, therefore, not italicized. They are placed 
after the Latin designation and bracketed by single quotes. In the past the 
abbreviation cv. sometimes preceded the epithet, but this practice has been 
abandoned. For example, the epithet for the cultivar of black cottonwood named 
after the wife of the late North American poplar geneticist Scott Pauley is Populus 
trichocarpa Torr. & Gray ‘Fritzi Pauley.’ The epithet for the Euramerican hybrid P. 
×canadensis ‘Spijk’ designates a village in Holland. The willow cultivar Salix 
daphnoides ‘Continental Purple’ takes its name from the decorative color of the stems. 
The epithet can be used alone or simply attached to the genus name; e.g., Salix 
‘Continental Purple.’ This abbreviation practice, although lacking critical 
information about the binomial, is acceptable provided that the rules cited above are 
followed. Sometimes the epithet will be modified or changed completely in the 
commercial trade to make the cultivar more marketable. Numbers often are assigned 
to cultivars so that they conform to the accession system of an organization, 
company, or agency. These designations often are used in reports, publications, and 
promotional materials without any cross-reference to the correct Latin binomial and 
cultivar name. We highly discourage these confusing practices. 

Interspecific hybrids are designated by using the times (×) symbol, not the 
lower case letter x; e.g., Populus alba × P. grandidentata or Salix alba × S. babylonica.  
Many hybrids have been assigned their own Latin binomial; P. ×rouleauiana in the 
case of the previous poplar-aspen hybrid taxon (note that there is no space between 
the × and the first letter of the Latin specific name). The hybrid binomial can be used 
in place of the formula designating the two parent species. In the case where a 
hybrid is purposefully bred, the Latinized hybrid binomial technically applies only 
to a cross made in a particular direction, although this convention is not strictly 
followed. Use of the × symbol is absolutely essential when writing a Latin hybrid 
binomial; the all too common omission of the × allows yet another bogus “species” to 
enter the literature. For example, writing P. rouleauiana by omitting the × not only is 
technically incorrect but misleading to uninformed readers. 

Hybrid cultivars are designated in the same way as non-hybrid taxa; e.g., P. 
×rouleauiana ‘Hansen.’ If known varieties, clones, cultivars, or hybrids were parents 
in a hybrid combination, they should be identified in the full Latin formula; e.g., 
Populus nigra var. betulifolia × P. trichocarpa ‘Fritzi Pauley.’  

In hybrid nomenclature the maternal parent is listed first in the formula 
followed by the paternal parent; e.g., Salix matsudana (♀) × S. alba (♂). If the sexual 
identity of the parents is unknown—e.g., a spontaneous hybrid—they usally are 
listed in alphabetical order. Hybrids may be facile in both directions—i.e., either 
species may function as the maternal (seed-producing) or paternal (pollen-
producing) parent—or they may be facile in only one direction, with one species the 
obligate maternal parent and the other the obligate paternal parent. For example, the 
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well-known hybrid P. trichocarpa × P. deltoides (P. ×generosa) almost always requires 
embryo rescue because of premature dehiscence of the capsule, whereas the 
reciprocal—P. deltoides × P. trichocarpa—usually produces viable seed (Stettler et al. 
1996, Stanton 2005). Because many hybrids are fertile, they can generate backcrosses 
to one or both of the parent species; e.g., (P. trichocarpa × P. deltoides) × P. deltoides. 
Hybrids also can combine with one another to form advanced generation, multiple 
hybrids or combine with another species altogether. In the Saliceae, the 
possibilities—and their associated nomenclatural complexities—are almost endless.  
 

The genus Populus 
 
Characteristics of Poplars  
 

The poplars are taxonomically divided into six sections (Tables 2-2 and 2-4). 
They are known far and wide for their distinctive qualities—both good and bad. 
They are deciduous or, rarely, semi-evergreen trees with a wide natural distribution 
in the Northern Hemisphere, from the equatorial tropics to the latitudinal and 
altitudinal limits of tree growth (Maps 1-19). They also have been widely planted 
throughout the world, including the Southern Hemisphere. 
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Table 2-2. Proposed taxonomic classification of the genus Populus.a  
 
Section Taxon English common nameb  Notes and synonyms 
 
Abaso 

 

P. mexicana Wesmael    
 

Yaqui cottonwood 
 

Monotypic section 
    
Turanga P. euphratica Olivier Euphrates poplar Includes P. diversifolia 
(Afro-Asian 
poplars) 

P. ilicifolia (Engler) Rouleau Kenyan poplar Formerly synonymous with P. 
euphratica 

 P. pruinosa Schrenk Desert poplar Formerly synonymous with P. 
euphratica 

    
Leucoides P. glauca Haines Asian swamp cottonwood Formerly P. wilsonii 
(Swamp 
poplars) 

P. heterophylla Linnaeus     Swamp cottonwood  

 P. lasiocarpa Oliver Heart-leaf poplar  
    
Aigeiros 
(Cottonwoods, 

P. deltoides Marshall     Eastern cottonwood Includes P. sargentii, P. palmeri, 
and P. wislizenii 

black  poplar) P. fremontii S. Watson     Fremont cottonwood Includes P. arizonica 
 P. nigra Linnaeus Black poplar  
    
Tacamahaca P. angustifolia James     Narrowleaf cottonwood  
(Balsam poplars) P. balsamifera Linnaeus     Balsam poplar Formerly P. tacamahaca 
 P. cathayana Rehder Cathay poplar May be synonymous with P. 

suaveolens; includes P. purdomii 
 P. ciliata Royle Himalayan poplar  Heretofore in section Leucoides; 

the former P. tristis may be a 
hybrid with this species  

 P. koreana Rehder Korean poplar Likely synonymous with P. 
suaveolens or P. maximowiczii 
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 P. laurifolia Ledebour  Laurel poplar  
 P. maximowiczii Henry Japanese poplar May be synonymous with P. 

suaveolens; includes P. ussuriensis 
 P. simonii Carrière Simon poplar Includes P. przewalskii and P. 

kangdingensis 
 P. suaveolens Fischer Siberian poplar   
 P. szechuanica Schneider Szechuan poplar  
 P. trichocarpa Torrey & Gray     Black cottonwood May be synonymous with P. 

balsamifera 
 P. yunnanensis Dode Yunnan poplar  
    
Populusc P. alba Linnaeus White poplar   
(White poplars 
and aspens 

P. guzmanantlensis Vazquez & 
Cuevas  

Manantlán poplar  May be synonymous with P. 
simaroa 

 P. monticola Brandegee    Baja poplar A.k.a. P. brandegeei; may be 
naturalized P. alba var. 
subintegerrima 

 P. simaroa Rzedowski  Balsas poplar   
    
 P. adenopoda Maximowicz Chinese aspen  
 P. gamblei Haines Himalayan aspen  
 P. grandidentata Michaux     Bigtooth aspen  
 P. sieboldii Miquel Japanese aspen Includes P. jesoensis 
 P. tremula Linnaeus    Common aspen Includes P. davidiana and P. 

rotundifolia 
 P. tremuloides Michaux     Quaking aspen  
    
a Each of these taxa is described in the text. 
b Common names vary considerably depending upon language and locality. 
c Formerly Leuce. 
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Table 2-4. Characteristics of the six sections of the genus Populus (modified from Eckenwalder 1996 and FAO 1981). 
 

Section Characteristic 

Abaso 
Mexican poplar 

Aigeiros 
Cottonwoods and 
black poplar 

Leucoides 
Swamp poplars 

Populus 
White poplars and 
aspens 

Tacamahaca 
Balsam poplars 

Turanga 
Arid and tropical 
poplars 

 
Leaves 
(general) 
 

 
Unifacial; margins 
finely crenate; 
heteroblastic 

 
Unifacial or bifacial; 
margins finely or 
coarsely crenate; 
heterophyllous 

 
Bifacial; margins 
finely crenate;   

 
Bifacial; margins 
finely crenate, 
sinuate, or coarsely 
dentate; 
heterophyllous and 
(rarely) heteroblastic 

 
Bifacial; margins 
finely crenate; 
heterophyllous 

 
Unifacial; margins 
entire or coarsely 
dentate; heteroblastic 

Preformed      
(early) or 
juvenile  

Lanceolate-linear to 
lanceolate triangular 

Small, deltoid or 
rhombic, coarsely 
toothed 

Very large, ovate to 
cordate 

Small, ovoid to 
round; often very 
coarsely toothed or 
dentate 

Oval to ovate oblong; 
base rounded to 
acute  

Lanceolate-linear to 
lanceolate triangular 

Neoformed 
(late) or 
mature 

Long acuminate, 
broadly ovate or 
deltoid 

Large, cordate, 
deltoid, or ovoid; 
finely toothed 

 Large, oblong ovate 
cordate, finely 
toothed or lobed 

Base cordate Reniform to 
rounded-deltoid; 
dentate at apex 

Petiole cross-
section 

Round Flattened Round Round (white 
poplars) or  flattened 
(aspens) 

Round Round, flattened 
near lamina 

Buds Dry, yellow, blunt Large, tan or red, 
resinous 

Brown, slightly 
resinous 

Brown, slightly 
resinous or 
nonresinous 

Red-brown, resinous, 
aromatic 

Small, dry, downy 

Flowers 
(general) 
 

Disks deciduous, 
laciniate, irregular; 
bracts narrow, not 
ciliate 

Disks persistent, 
entire, regular; bracts 
broad, not ciliate 

Disks persistent, 
lobed, regular; bracts 
broad not ciliate; 
sometimes 
hermaphroditic 
 

Disks persistent, 
entire or dentate, 
oblique; bracts broad, 
ciliate 

Disks persistent, 
entire, regular; bracts 
broad, not ciliate 

Disks deciduous, 
laciniate, regular; 
bracts narrow, not 
ciliate; sometimes 
hermaphroditic 
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Male (♂) 15-40 apiculate 

stamens 
Catkins reddish, 12-
60 emarginate 
stamens 

15-35 apiculate 
stamens 

5-25 truncate stamens 10-50 emarginate 
stamens 

Catkins red; 25-30 
apiculate stamens 

Female (♀) 2 carpels (stigmas) 2-4 carpels (stigmas)  2-4 carpels (stigmas) 2 carpels (stigmas) 2-4 carpels (stigmas) Catkins large, green, 
sometimes with 
subtending leaves; 3 
carpels; stigmas 
large, bright red, 
sometimes divaricate 
 

Capsule 2-valved; 5-15 seeds 
per valve 

2- to 4-valved; 4-25 
seeds per valve 

2- to 4-valved; 4-12 
seeds per valve 

2-valved; 2-15 seeds 
per valve 

2-4 valved; 2-30 seeds 
per valve 

3-valved; 20-40 seeds 
per valve 
 

Number of 
taxaa 

1 (1) 
 
 

2-8 (3) 3-5 (3) 7-13 (10) 6-15 (12) 2-3 (3) 

Vegetative 
reproduction 

Suckering rare; 
hardwood cutting 
rooting unknown 

Suckering 
uncommon or absent; 
hardwood cuttings 
generally root well 

Suckering common; 
hardwood cuttings 
do not root well 

Suckering profuse; 
aspen hardwood 
cuttings do not root; 
white poplar cuttings 
root variably 
  

Suckering occasional; 
hardwood cuttings 
root very well 

Suckering common; 
hardwood cuttings 
root variably 

Habitat  Riparian areas Principally riparian 
areas, swamps, and, 
wetlands but 
occasionally uplands 
 

Swamps and very 
wet bottomlands 

Swamps, wetland 
borders, riparian 
areas, and uplands 

Riparian areas, 
swamps, wetland 
borders 

Riparian areas in the 
tropics and arid 
climates 

Geographical 
distribution 

Mexico Europe, North 
Africa, Middle East, 
Central Asia, North 
America 
 

Eastern North 
America and Central 
Asia 

Europe, North 
Africa, Middle East, 
Asia and North 
America,  

Asia, North America North Africa, east 
and central Asia 

Silvicultural 
use 

None Very important Little or no 
importance 

Very important Very important Some importance 

 
a Encompasses the range proposed by most poplar taxonomists. The number in parentheses is our proposal (see Table 2-2). 
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The earliest recognizable poplar leaves in the fossil record are P. wilmattae 

Cockerell [a.k.a. P. cinnamomoides (Lesquereux) MacGinitie; Eckenwalder 1980], 
which has been placed in section Abaso (Fig. 2-5). They date from the Late 
Paleocene—about 58 million years ago (Collinson 1992)—but also are relatively 
abundant in Eocene formations in Utah, Colorado, and Wyoming, USA (Manchester 
et al. 1986) and in Europe (Collinson 1992). Poplars from section Leucoides appeared 
in the late Eocene, but thereafter the record becomes more complicated and difficult 
to interpret (Collinson 1992, Eckenwalder 1996). It appears that sections Tacamahaca 
arose in the Late Oligocene, Aigeiros in the Mid Miocene, and Populus in the Mid 
Pliocene. More work is needed to clarify these evolutionary relationships. 

 

 
 
Fig. 2-5. Leaves of Populus wilmattae (a.k.a. P. cinnamomoides) first appear in 
the fossil record 58 million years B.P. They are especially abundant in 
Eocene shales from the western USA and Europe. Photo by D. Dickmann. 

 
Poplar trees or clones may be tall and straight (excurrent), multiply branched 

(deliquescent), twisted and contorted, or, rarely, shrub-like in extreme environments. 
Poplars usually are short-lived compared to other trees, in large measure because 
they are host to many diseases and insect pests. Nonetheless, certain individual 
stems can attain ages of 200 to 300 years, and the root systems of clonal aspens may 
persist for thousands of years and many successive generations of stems. The rapid 
growth rate of poplars enables them to reach large size (Fig. 2-6). The common 
cottonwoods of North America (P. deltoides and P. trichocarpa), the black poplar of 
Europe (P. nigra), and the Asian balsam poplars (P. maximowiczii, P. suaveolens, P. 
szechuanica, P. yunnanensis), for example, can become enormous trees, exceeding 3 m 
in diameter and 45 m in height.  
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Fig. 2-6. Specimens of several poplar species, such 
as this Populus deltoides, can grow to large size and 
may live for several hundred years. Photo by R. 
Miller. 

 
The cell nucleus of poplars normally contains two sets of 19 (2n = 38) 

chromosomes. Triploids with three sets of chromosomes (2n = 57) and tetraploids 
(2n = 76) also have been identified in section Populus (Einspahr et al. 1963, Every and 
Wiens 1971, Johnsson 1942). The physical size of the Populus genome is remarkably 
small—six times smaller than Zea mays and 40 times smaller than Pinus taeda. In 
addition, the favorable ratio between genetic length and physical length in Populus 
chromosomes makes the genus an attractive choice for genetic mapping and cloning 
of genes of special importance to forest trees (Bradshaw et al. 2000). In 2004 
researchers from around the world completed the sequencing of the genome of P. 
trichocarpa, the first tree and only the third plant to have been sequenced (Tuskan et 
al. 2006). The size of the Populus genome was estimated to be ca. 485 megabases of 
DNA. More than 45,000 putative protein-coding genes were identified in the nuclear 
genome. In addition, the chloroplast and mitochondrial genomes contained 101 and 
52 genes, respectively. Genes and gene families linked to lignocellulose wall 
formation, secondary metabolism, disease resistance, membrane transport, and 
phytohormone biosynthesis and regulation were identified.  

All of the taxa in the genus are dioecious, individual trees bearing either 
staminate (male or pollen-bearing) or pistillate (female or seed-producing) flowers 
lacking petals and sepals that elongate from axial reproductive buds (Table 2-4). The 
small, inconspicuous flowers of both sexes—numbering 30 to 200—are borne on 
pendant catkins (Table 2-1; Figs. 2-1 and 2-7). Occasionally catkins will be 
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hermaphroditic, producing both male and female flowers, or individual trees or 
clones will bear both male and female catkins (Wyckoff and Zasada 2007). 
Production of abnormal flowers can vary from year to year. Catkins typically appear 
before the leaves in early spring, but unseasonably warm winter temperatures can 
force them earlier. Flowers of both sexes are bornes on cup-shaped disks lacking 
nectaries; bracts are rapidly deciduous. The number of stamens varies widely among 
species and ovaries can contain two to four carpels. 

 

 
 
Fig. 2-7. The pendent catkins of most poplar species—
here male (staminate) catkins of Populus grandidentata—
appear in early spring before leaves unfold. Photo by 
D. Dickmann.  

 
After wind pollination the fruit—an elongated cluster of capsules sometimes 

likened to a necklace—matures in several weeks to a month or more. Capsules ripen 
and dehisce into two, three, or, rarely, four parts (valves) before leaves are fully 
developed (Fig. 2-8) or as late as mid-summer, and the cottony seeds take to the air. 
The spent capsules abscise soon thereafter. Poplar seeds are tiny, averaging about 
4,000 per g, but substantial variation (300 to 16,000 per g) occurs among species and 
genotypes within a species; old trees can produce 30 to 50 million seeds in a single 
season (Wyckoff and Zasada 2007). Stands of such trees can create a veritable 
“snowstorm” of cotton (Fig. 2-9), which is regarded as a nuisance in urban areas. 
Therefore, male trees are preferred for horticultural and amenity plantings; when 
spent the pollen-bearing catkins quickly decompose when they fall to the ground. 
Because seeds are so light and cottony (Fig. 2-10) they can travel for long distances 
on the wind—10 km or more (Wyckoff and Zasada 2007). Secondary transport by 
moving water can extend this range. As in most tree taxa, seed production of poplars 
shows a marked periodicity, with several years passing between large or “bumper” 
seed crops. Complete reproductive failures, however, are rare. 
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Fig. 2-8. Dehiscing 
capsules of Populus 
deltoides; the cottony 
seed soon will take to 
the air. Photo by D. 
Dickmann.  

 
Fig. 2-9. In a good seed year 
dehiscing capsules of poplar trees 
can produce a veritable “snowstorm” 
of cotton, not a welcome occurrence 
in manicured urban settings. Photo 
by D. Dickmann. 

 
Fig. 2-10. Although poplar and 
willow seeds—each one attached to 
a cottony coma—are tiny and retain 
their viability for only a few weeks, 
they can travel long distances by 
wind and water. Photo by D. 
Dickmann. 

 
In most populations of Populus male and female trees tend to be 

approximately equal in number, but there are exceptions. In the Rocky Mountains of 
Colorado USA, for example, female aspen clones predominate at low elevation but 
at high elevations nearly all clones are male (Mitton and Grant 1996). Aspen clones 
of either sex also may occupy large areas (up to 50 ha), giving the impression that a 
population is single-sexed. Generally, male trees tend to be more precocious that 
female trees, producing more catkins per tree. Although suggested by Pauley (1949), 
there is little evidence to substantiate the notion that the greater investment in 
flowering and fruit production by female trees or clones slows their growth rate 
compared to males (Saki and Burris 1985); in fact, sometimes the growth of female 
clones surpasses that of males (Mitton and Grant 1996). Finally, some individual 
trees or clones may be very fruitful and bear many catkins, whereas others are much 
less fecund. 

Barriers to gene flow among Populus species in natural populations frequently 
are ineffective, so spontaneous hybrids are common where species are sympatric; 
i.e., their natural or planted distribution overlaps (Table 2-5). Interspecific 
hybridization is common within most Populus sections (Fig. 2-11), but intersectional 
hybrids between taxa in Aigieros and Tacamahca also occur readily in nature. 
Successful matings across sectional lines in Abaso, Turanga, Leucoides, and Populus, 
however, occur with difficulty or not at all (Stettler et al. 1980, Zsuffa 1973). Natural 
hybrid populations (hybrid swarms) can be genetically complex and usually are 
clinal. Along the Danube River in Austria, for example, spontaneous gray poplar 
hybrids (Populus ×canescens = P. alba × P. tremula) represent a continuum of 
genotypes, from intermediate (F1-like) to highly backcrossed. Populus alba is the 
preferred maternal parent, and backcrosses are much more frequent to this species 
than to P. tremula (Heinze and Lexer 2006). Whitham (1989) documented a similar 
situation in a hybrid swarm of P. fremontii × P. angustifolia (P. ×hinkeleyana) along a 
riparian corridor in northern Utah USA; in this case backcrossing occurred only to P. 
angustifolia. The long-term implications of these hybrid swarms for introgression of 
genes from one taxon into another or evolution of new species are obvious.  
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Table 2-5. Some naturally occurring hybrids among taxa in the genus Populus.a 

 
Hybrid parents Hybrid binomial English common name and 

notes 
 
P. adenopoda × P. ×tomentosa 

 
P. ×pseudotomentosa 
Wang & Tung 

 
Backcross hybrid 

P. alba × P. adenopoda P. ×tomentosa Carrière Peking poplar or Chinese white 
poplar; aspen parent may be P. 
tremula var. davidiana 

P. alba × P. grandidentata P. ×rouleauiana Boivin  
P. alba × P. tremula P. ×canescens Smith Gray poplar 
P. alba × P. tremuloides P. ×heimburgeri Boivin  
P. angustifolia ×  P. balsamifera P. ×brayshawii Boivin Brayshaw’s poplar 
P. angustifolia × P. deltoides P. ×acuminata Rydberg Lanceleaf cottonwood; a.k.a. P. 

×andrewsii 
P. angustifolia × P. fremontii P. ×hinkeleyana Correll  
P. angustifolia × P. tremuloides P. ×sennii Boivin  
P. angustifolia × P. balsamifera 
x P. deltoides 

None Trihybrid 

P. ×berolinensis × P. simonii P. ×charbinensis Wang & 
Skvortzov 

Unverified trihybrid 

P. ×canadensis × P. balsamifera P. ×rollandii  
P. deltoides × P. trichocarpa P. ×generosa Henry Interamerican poplar; a.k.a. P. 

×interamericana 
   
P. deltoides × P. balsamifera P. ×jackii Sargent Jack’s hybrid poplar or 

heartleaf balsam poplar; a.k.a. 
P. balsamifera var. subcordata, P. 
candicans, or P. ×gileadensis 

P. balsamifera × P. tremuloides P. ×dutillyi Lepage  
P. balsamifera × P. deltoides × 
P. tremuloides 

P. ×polygonifolia Bernard Trihybrid 

P. deltoides × P. nigra P. ×canadensis Moench Euramerican poplar; a.k.a. P. 
×euramericana 

P. deltoides × P. tremuloides P. ×bernardii Boivin Bernard poplar; may actually 
be P. ×jackii 

P. fremontii × P. deltoides ?  
P. fremontii × P. nigra P. ×inopina Eckenwalder  
   
P. grandidentata × P. 
tremuloides 

P. ×smithii Boivin A.k.a. P. ×barnesii 

P. laurifolia × P. nigra P. ×berolinensis Dippel Berlin or Russian poplar; a.k.a. 
P. ×rasumowskyana or P. 
×petrowskyana 
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(P. laurifolia × P. nigra) × P. 
balsamifera 

None Trihybrid 

(P. laurifolia × P. nigra) × P. 
deltoides 

None Trihybrid 

P. nigra  × P. simonii P. ×xiaohei Hwang & 
Liang 

Lesser black poplar; a.k.a. P. 
×gansuensis or P. ×xiaozhuanica 

P. tremula × P. ×tomentosa P. ×hopeiensis Hu & 
Chow 

Hebei poplar, a trihybrid 

P. trichocarpa × P. fremontii 
 

P. ×parryi Sargent Parry cottonwood 

 
a These hybrids have formed spontaneously where the natural range of species is 
sympatric or where exotic taxa have been planted near natural poplar stands. 
Wherever two compatible poplar taxa grow together, hybrids usually will form 
(Eckenwalder 1996), especially among taxa within a section or between taxa in 
sections Aigeiros and Tacamahaca. Documentation of these hybrids varies, and some 
have not been verified using molecular or cytogenetic techniques. 
 

 
 
Fig. 2-11. Wherever Populus alba grows it will spontaneously interbreed with local aspens. 
This natural stand of P. alba × P. grandidentata (P. ×rouleauiana) hybrids established in 
southern Michigan, USA. Photo by D. Dickmann.  

 
Spontaneous hybrids have been cloned and brought into commercial culture 

for hundreds of years. Additionally, for many decades geneticists have purposely 
bred hybrids that have been deployed in poplar culture throughout the world. By far 
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the most common of these commercial hybrids is P. deltoides × P. nigra (P. 
×canadensis; Fig. 2-12). Tree breeders continue to be active in producing new hybrid 
cultivars, sometimes using sophisticated microculture and biotechnology techniques 
to thwart mating barriers.   

 

 
 
Fig. 2-12. The most widely planted hybrid poplar taxon world-wide is Populus ×canadensis 
(P. deltoides × P. nigra), the Euramerican or Canadian poplar, shown here in Belgium. 
Photo by D. Dickmann. 

 
Morphologically, poplar leaves are distinctive but variable among taxa. They 

originate from vegetative axial or terminal buds that can be resinous and noticeably 
fragrant (e.g., section Tacamahaca). Leaves usually bear glandular teeth along the 
margin—which may be fine or very coarse—and often glands at the junction of the 
petiole and lamina. Stipules never are persistent. Leaves are simple, usually with an 
elongated or pointed apex, but beyond that there is no common poplar phyllotype. 
Leaves may be linear, lanceolate, oblong, obovate, deltoid, cordate, rhombic, round, 
reniform, or palmately lobed; they may be longer than wide, wider than long, or 
equal in both dimensions (Fig. 2-13). Even on the same tree leaves may differ 
considerably in size and shape; preformed (early-season) leaves that are present as 
primordia in the dormant-season bud usually are smaller and distinctly different in 
shape than neoformed (late) leaves that are initiated by the apical meristem during 
the growing season (Fig. 2-14). Short shoots and other determinate shoots produce 
only early leaves. Late leaves are produced on vigorous, indeterminate shoots that 
elongate throughout the growing season and are typical of young trees, coppice 
sprouts, epicormic shoots, and the upper axes of the crown in older trees. Early 
leaves are more diagnostic morphologically than late leaves; i.e., they tend to be true 
to the unique phyllotype of a species. In contrast, the shape of late leaves tends to 
converge among taxa, the notable exception being the maple-like late leaves of P. 
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alba and its hybrids (Eckenwalder 1996). Several taxa—e.g., P. mexicana, P. euphratica, 
P. ilicifolia, and P. monticola—show heteroblastic leaf development, where foliage of 
young trees up to 10 years of age is distinctly different in venation and shape 
(usually much narrower) than foliage of mature trees (Eckenwalder 1980). 

 

 

 
1—P. ciliata;  
2—P. euphratica;  
3—P. alba;  
4—P. fremontii;  
5—P. heterophylla;  
6—P. ×jackii;  
7—P. simonii ;  
8—P. angustifolia; 
9—P. cathayana;  
10—P. tremula. 

 
Fig. 2-13. Variation in the shape of mature leaves in Populus, Redrawn from Flora of China 
(www.efloras.org), Sargent (1922), and Sudworth (1908). 

 

 

 
Left—determinate shoot with no late-
season elongation bearing only 
coarsely toothed preformed (early) 
leaves;  
 
Right—indeterminate shoot with late 
season elongation showing basal early 
leaves and larger, finely toothed late 
(neoformed) leaves towards the tip. 

 
Fig. 2-14. Heterophylly— shown here in Populus grandidentata—is a distinctive but taxonomically 
confusing trait in poplars. Used with permission from Barnes and Wagner (2004) 

 

http://www.efloras.org/�
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Leaf size among taxa also is extremely variable. Species adapted to arid 
environments produce small pubescent or waxy leaves 5 to 10 cm2 in area; species 
growing in the humid tropics or subtropics, on the other hand, may produce leaves 
with an area of nearly 500 cm2. Petioles vary in length from less than 1 cm to nearly 
10 cm. Taxa in sections Aigeiros and Populus have laterally flattened petioles  
(Fig. 2-15), giving them an airfoil-like quality that causes leaves to flutter. This 
tembling or quaking motion has given several poplars their name and has inspired 
many poetic phrases. Poplar leaves are amphistomatous, although stomatal density 
is lower on the upper leaf surface. Pubescence (indumentum), if present, may be 
persistent (P. alba) or present primarily on expanding and young leaves (P. sieboldii); 
often it occurs only along the midribs (P. maximowiczii). The presence or absence of 
pubescence, if used alone, is not a reliable trait to distinguish one species from 
another. Poplar leaves usually show yellow coloration in autumn, although pale 
gold, orange, or crimson are not uncommon in certain taxa (Fig. 2-16). 

 
 

 
 
Fig. 2-15. The flattened, airfoil- like petioles of poplars in sections Aigeiros and Populus—shown 
here by P. sieboldii—cause leaves to characteristically flutter in the wind. Photo by Maki 
Laboratory, Tohoku University. 
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Fig. 2-16. The usual autumn coloration of poplar leaves is yellow or gold. Photo by D. 
Dickmann.  

 
Twig and branch morphology of poplars is quite variable within or among 

species. Twigs may be glabrous or (when young) pubescent. Trees may produce 
relatively few coarse branches or many fine branches and twigs. The angle of 
branches with the stem may be large (sometimes nearly 90o), producing a large, 
spreading crown; small, producing a narrow, upright or fastigiate crown; or 
anything in between. In addition to normal proleptic branches that grow from buds 
that have over-wintered in a dormant condition, some species and hybrids produce 
sylleptic branches that elongate from new buds produced during the current 
growing season. Large branches tend to be brittle and are easily broken off by strong 
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winds, wet snow, or ice. In certain species—e.g., P. deltoides—small branches and 
twigs, often with living leaves attached, break off and fall due to the formation of an 
abscission layer, a trait unique to these poplars.  

The bark of young poplars can be creamy or dirty white, various shades of 
gray, gray-green, olive-green, orange-brown, red-brown, or bronze in color, and it 
often remains smooth for many years. Lenticels are prominent on smooth, young 
bark, and they often are diamond shaped (Fig. 2-17). Corky outgrowths also are 
common on some poplars. On older trees the lower bark usually breaks up into 
coarse, corky or fibrous ridges (Fig. 2-18). In cottonwoods and balsam poplars these 
ridges are very distinctive and prominent, and they may extend well up into the 
crown.  

  

 
 
Fig. 2-17. Like Populus alba shown here, diamond- shaped lenticels 
and warty outgrowths mark the smooth bark of many poplars. 
Photo by D. Dickmann. 
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Fig. 2-18. The bark of old poplar trees is thick, corky, 
and ridged. Photo by D. Dickmann.  

 
Poplars are common invaders of disturbed sites (Fig. 2-3), and they can occur 

in pure, monotypic stands or in mixed forests with other hardwood and conifer 
trees. Poplars occupy a variety of ecological habitats. They typically grow in or on 
the border of alluvial, riparian, and wetland habitats (Fig. 2-19), ranging from the far 
northern latitudes to the tropics. Most poplars (except the aspens) are well adapted 
to seasonal flooding. They can tolerate temporary anoxic conditions, while the 
recession or evaporation of surface water and the moist silt or sand left behind 
provide an ideal—albeit short-lived—environment for germination of seeds, which 
remain viable for only a few days or weeks. Regeneration is successful when soil 
moisture remains high enough for roots to grow down in the soil at the same rate 
that the saturated water front recedes. Ecologists now recognize that the survival 
and reproduction of riverine poplars is dependent upon periodic floods. In many 
parts of the world the damming of rivers and water diversion projects have curtailed 
flooding, putting these poplars at risk; huge areas once occupied by river bank or bar 
poplar groves have become barren or depleted of reproduction (Braatne et al. 1996, 
Qi et al. 2005, Vanden Broeck 2003).   
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Fig. 2-19. The vegetation in many riparian 
habitats is dominated by poplars and 
willows, but curtailment of seasonal 
flooding by dams and water diversion 
threaten their existence. Photo by D. 
Dickmann.  

 
In contrast to their wetland relatives, certain poplars are adapted to dry, 

upland environments. Populus euphratica and P. pruinosa in section Turanga can grow 
in extreme desert conditions, provided their roots have access to a water table 
(Fig. 2-20). The aspens (section Populus) occupy north-temperate uplands (Fig. 2-21), 
ranging from wet-mesic to xeric. The natural ecological role of this group is the 
colonization of upland areas disturbed by intense, stand-replacing fires, strong 
winds, volcanism, avalanches, and other disturbances. Their wind-borne seeds 
germinate readily on exposed mineral or ash-covered soil, provided adequate 
moisture is present. Root suckering is another mechanism that allows upland 
poplars to quickly regain dominance of a disturbed site. Aspens also grow in wet 
depressions, swampy margins, or riparian terraces, provided some kind of 
disturbance has allowed them to become established.  

  

 
 

Fig. 2-20. Poplars in section Turanga survive in very arid environments, 
provided their roots can reach the water table. This grove of Populus 
euphratica grows in the Taklamakan Desert in Xinjiang, China. Photo by 
Yong-Ling Ow. 
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Fig. 2-21. The aspens of section Populus are unusual among poplars 
because they naturally occupy upland habitats, which can be quite 
dry. Photo by D. Dickmann.  

 
Another distinctive feature of certain members of the genus—principally 

section Populus—is their predisposition to form clones by vegetative propagation, 
principally root suckering (Barnes 1966). The combination of strong cloning ability 
and prolific seed production in Populus represents a balanced strategy to re-establish 
in current habitats and invade new ones following major disturbances. The word 
clone is derived from the Greek, meaning “a twig or slip.” Clonal plants (ramets) are 
exact genetic copies of their parent (ortet), unless mutations occur to either parent or 
progeny. In certain naturally growing aspens the ortet may have originated 
millennia ago, and the genet has gone through many self-replicating generations 
(Barnes 1975, Cottam 1954). Clones of planted poplar cultivars may go back 
hundreds of years and many generations to the ortet. Although exact genetic copies 
of the ortet, clonal ramet phenotypes may not necessarily look exactly like their 
parent or like one another. Local environmental conditions, disease and insect 
infestations, browsing, the physiological age of the donor plant (cyclophysis), or the 
part of the donor plant where the clonal offspring originated (topophysis) may 
influence the way in which a ramet grows and develops.  

Vegetative propagation enables many plant species to successfully survive, 
compete, and reproduce in the ecological habitats they occupy. Cloning also can be a 
very effective strategy for reestablishment on disturbed habitats or colonization of 
new habitats. Certain types of vegetative propagation or cloning occur after a poplar 
tree has been cut down or killed suddenly; e.g. by a fire. Most poplars will produce 
copious sprouts from the root collar of a tree that has been killed or felled, although 
this trait declines as the tree becomes older. Eventually a few large, surviving root 
collar sprouts may take on the appearance of mature trees. Young poplars also will 
produce stool shoots from callus that forms on the surface of cut stumps, a trait that 
is widely exploited in nurseries for the production of hardwood stem cuttings. 
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Suckers are another way that poplars vegetatively reproduce under natural 
conditions. These shoots are produced abundantly from adventitious buds on 
shallow, horizontal roots, especially in the aspens and white poplars, and in this way 
a single parent tree may produce a dense clonal forest (Fig. 2-22). Suckering occurs 
principally after a tree is killed, but living trees also will send up suckers from roots 
that have invaded adjacent open areas, sometimes as far as 30 m from the parent 
tree. 

  

 
 
Fig. 2-22. The formation of clonal stands by root suckering following timber harvesting 
or natural disturbances is another distinguishing characteristic of aspens. Photo by D. 
Dickmann.  

 
Certain riparian poplars vegetatively reproduce in unique ways. Cladoptosis 

occurs when whole lateral twigs, often with leaves attached, are abscised from large 
trees and then root if they lodge in moist soil (Galloway and Worrall 1979). More 
commonly, fragmentation occurs when branches break off of trees during dormant 
season floods or ice scouring and then, if they become covered downstream with silt 
or sand, root and form new trees (Rood et al. 2003). This last mode of vegetative 
reproduction represents an ecologically significant means by which riparian poplars 
become established along the banks of streams or on sandbars after high water 
recedes.  
 Of enormous importance for silvicultural and horticultural applications is the 
establishment of clonal poplar plants with hardwood stem cuttings. This strictly 
anthropogenic form of vegetative reproduction employs 20- to 30-cm long 
(sometimes shorter or longer) sections of dormant, one-year-old woody shoots as 
planting stock. If these “sticks” are planted in the spring they will quickly produce 
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roots from existing primordia in the inner bark and new shoots from the cutting’s 
lateral buds (Fig. 2-23). The resultant clonal plants grow from 1 to 4 m tall in the first 
growing season, depending on the genotype and local environmental and site 
conditions. The reliability of adventitious rooting also allows entire young shoots 
several m long (sets) to be used, with their basal portion planted as deep as 3 m in 
the soil. The predisposition of hardwood cuttings to root is a remarkable trait that 
has allowed the widespread and successful planting of selected pure species and 
hybrid clones, principally from sections Aigieros and Tacamahaca. Hardwood cuttings 
from other sections of the genus root poorly or not at all because of lack of 
preformed root primordia. Aspens, especially, cannot be reproduced from 
hardwood stem cuttings, although they will propagate from root cuttings, leafy 
softwood cuttings, or microculture. Thus, plantations of poplars outside sections 
Aigieros and Tacamahaca are less common worldwide. 

  

 
 
Fig. 2-23. Poplars in sections Aigieros and Tacamahaca and 
most willows are routinely propagated using one-year- old 
hardwood stem cuttings (left), which can grow several m tall 
during the first year (right). Photos by D. Dickmann. 

 
Because they grow so rapidly, natural or planted stands of poplars can 

produce large volumes of wood in a short period of time (Fig. 2-24). This wood is 
very versatile and widely used by farmers, crafts people, and forest products 
industries (see Chapter 10). It is light in weight (specific gravity 0.3 to 0.4), soft, 
creamy white in color (except for a dark, pale brown heartwood or wetwood core), 
straight-grained, and, because of its diffuse porous anatomy, uniform in texture. 
Some species readily produce tension wood, which is characterized by lack of cell 
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wall lignification and gelatinous fibers, producing a wooly character to the wood. 
Most species have low ratings for strength, stiffness, shock resistance and decay 
resistance, and steam bending. The wood works easily with hand or machine tools, 
although sharp edges are recommended, and it glues, screws, and nails well. 
Staining can be patchy but paints and varnish are easily applied. Poplar wood is 
manufactured into pulp and paper, peeled and sliced veneer, composition boards 
(including oriented-strandboard, also known as OSB), sawn lumber, crates, boxes, 
matches, chopsticks, poles, furniture, cabin logs, and excelsior (Balatinecz and 
Kretschman 2001). In the future plantation-grown poplars may be an important 
source of bioenergy. Overall, poplars are not as important as willows in the 
landscape ornamental trade, although fastigiate cutivars such as P. nigra ‘Italica’ 
(Fig. 2-25) and P. alba ‘Bolleana’ are very widely planted.   

  

 
 
Fig. 2-24. High- yielding poplar plantations—many of them hybrids—are found throughout the world. 
Photo by D. Dickmann. 
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Fig. 2-25. Line plantings of fastigiate poplar cultivars, such as Lombardy (Populus nigra ‘Italica’), create 
visually striking patterns on a landscape. Photo by Jean-Pol Grandmont.   

 
 
Descriptions of Populus Species 

 
The horticulturist Liberty Hyde Bailey (1930) said this about poplars: 

“Botanically the poplars are a most bewildering group, and there is wide divergence 
of opinion and practice as to the limits and names of species.” His words still ring 
true. The following discussion of 32 Populus taxa reflects our conservative approach 
to species classification. The species list (Table 2-2) represents a rethinking by the 
senior author of his previous treatments of Populus classification (Dickmann and 
Stuart 1983, Dickmann 2001) and was finalized after much study of the world 
literature and discussions with experts in Populus taxonomy. Nonetheless, we 
include some species of debatable taxonomic validity simply because their binomial 
is so well known and widely used. This subject is a work in progress and may 
always be; the next edition of this book undoubtedly will present a different 
classification based on new work done in the interim, particularly at the molecular 
level. 
 
Section Abaso Eckenwalder 

 
This monotypic section was proposed by Eckenwalder (1977) and comprises 

P. mexicana as the single member (Tables 2-2 and 2-4). It may be the most ancient 
section in the genus, with leaf specimens clearly related to P. mexicana appearing in a 
58 million- year-old fossil record from North America (Fig. 2-5). 



34 

Populus mexicana Wesmael, Yaqui cottonwood. Previously this taxon was 
synonymous with P. fremontii because it superficially resembles the Aigeiros 
cottonwoods of the southwestern USA. But Eckenwalder argued that its unique 
characteristics merit recognition as a distinct taxon in a section of its own. Populus 
mexicana, which occurs only in Mexico (Map 1), is a medium to large-sized tree (up 
to 30 m tall) with a spreading, often drooping crown found in riparian habitats, 
arroyos, and ditches. Although it once formed extensive forests of immense trees, its 
numbers have been reduced to scattered trees and small groves due to damming and 
diversion of rivers (Felger et al. 2001).  

 

 
 
Map 1. Natural range of Populus mexicana in Mexico. Redrawn from Discover Life 
http://www.discoverlife.org/. 

 
Yaqui cottonwood exemplifies extreme heteroblastic leaf development. It 

produces linear, willow-like juvenile leaves for up to 10 years, and deltoid to round 
leaves thereafter (Eckenwalder 1980). New leaves appear at the time of flowering 
while old leaves are still present or abscising. Buds are dry, bright yellow, and blunt.  

Populus mexicana can be divided into two subspecies, one native to the east 
coast of Mexico—subspecies mexicana—and one native to the west coast—subspecies 
dimorpha (Eckenwalder 1977). Both grow along river floodplains. Subspecies 
mexicana also occurs in the mountains of the states of Oaxaca and Chiapas, making it 
the most southerly distributed North American poplar. Aside from local 
consumption, the wood of Yaqui cottonwood has little commercial value. This tree is 
revered by local people, however, and often planted around homes and along canals 
and ditches.  
 
Section Turanga Bunge 
 

Turanga comprises three riparian species (Table 2-2), among them the only 
poplar native solely to the continent of Africa. The intractable nature of Populus 
systematics is exemplified by this section. In spite of as many as 10 separate taxa 
once proposed over the large natural range of Turanga, FAO (1980) considered this 

http://www.discoverlife.org/�
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section to be monotypic, with P. euphratica the sole taxon. There also were proposals 
to place the poplars in section Turanga in a separate genus or subgenus, either 
Balsamiflua, Euphratodendron, or Turanga, because of certain distinctive characteristics 
of their wood anatomy and flower structure. But these proposals did not gain 
acceptance in the taxonomic community, the consensus being to retain these singular 
trees in the genus Populus (Browicz 1977). The primitive floral characteristics, 
pronounced heteroblasty, and adaptation to extreme environments exhibited by 
members of this section are defining (Table 2-4). 

Populus euphratica Olivier, Euphrates poplar. The most well-known and 
widely distributed member of section Turanga, Euphrates poplar is an extraordinary 
species. It occurs in a discontinuous natural range from Morocco and Egypt in 
Africa, through the Middle East to central and western Asia, spanning 115o in 
longitude (Map 2).3 It’s latitudinal and altitudinal ranges also are remarkable—from 
48 to 49o north in Kazakhstan to 15o north in Yemen and from 390 m below sea level 
in the Dead Sea depression to 4500 m in Kashmir (Browicz 1977).  

  

 
 
Map 2. Natural range of Populus euphratica in Eurasia and Africa. Redrawn from Browicz 1977. 

 
The slender, sympodial branches; small, downy buds; and dense pubescence 

on lower leaf surfaces of P. euphratica are indicative of the hot, dry environments in 
which it typically grows. The leathery, heteroblastic leaves are amongst the most 
distinctive in the genus, varying in shape from linear or lanceolate on juvenile plants 
to rounded, ovate, or obovate on mature plants (Fig. 2-13). Mature leaf blades often 
are wider than they are long and are borne on slender petioles that are equally as 
long as the blade. The coarse teeth of mature leaves typically are located on the 
upper (distal) two-thirds to one-half of the blade. 

Euphrates poplar typically has a short, stocky bole (to 1.5 m diameter) and 
branchy crown and often grows in shrubby thickets that may arise from root 
suckering. Its typical habitat is along watercourses, in riverine tugai forests, and in 
wadis, but it also occurs in oases and on sand dunes. In favorable locations in central 
Asia it attains commercial size (up to 25 m tall) and quality and can live to 200 years 
                                                      
3 Using genetic fingerprinting, Fay et al. (1999) identified a putative natural 
population in Spain as a clone that probably was introduced. 
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of age (Weisgerber 2000). The fibrous, platy, exfoliating bark on older trees is 
distinctive. Euphrates poplar grows on a variety of soil types and can tolerate hot, 
arid, saline conditions, waterlogging, and sand storms. But it cannot be considered a 
true xerophytic species (Hukin et al. 2005). Gries et al. (2003) showed that the growth 
rate of P. euphratica on Taklamakan desert dunes in China (Fig. 2-20) decreased 
appreciably as depth to groundwater increased from 7 to 23 m.  Best growth occurs 
when ground water is within 2 to 4 m from the surface. The requirement of flooding 
for the establishment of P. euphratica seedlings also is well known. The damming of 
rivers and water diversion projects in several areas in central Asia have greatly 
diminished flooding and lowered ground water tables, leading to depletion of 
natural stands of Euphrates poplar (Qi et al. 2005). In some localities the species is 
facing extirpation. 

Populus euphratica has great value for environmental stabilization and 
amelioration; its role in arid-land tugai and oasis ecosystems certainly needs to be 
conserved. Although it is planted for windbreaks, construction wood, and fodder, 
cuttings root poorly so mass propagation is problematic. But established trees 
coppice well. Geneticists have viewed this species as a promising parent in 
hybridization programs whose objective is to create tolerance to high solar radiation, 
heat, and soil salinity. Hybrids with P. deltoides, P. nigra and P. simonii have been 
accomplished using controlled pollinations (Zsuffa et al. 1996), while P. alba × P. 
euphratica hybrids have been created using pollination of ovary and ovule 
microcultures (Mofidabadi et al. 1998).  

Populus ilicifolia (Engler) Rouleau, Kenyan poplar. The taxonomic 
placement of this unusual poplar has been very unsettled. Various authorities have 
placed it in the genus Celtis, Turanga, Balsamiflua, or Tsavo. Based primarily on floral 
morphology, Browicz (1966) argued convincingly for full species status for this 
poplar as P. ilicifolia, but recommended that it be placed in a section of its own—
Tsavo. We follow Eckenwalder (1996), however, and retain this poplar as a distinct 
taxon in section Turanga.   

Populus ilicifolia occurs naturally in the Tana, Tsavo, Athi/Galana, and Uaso 
Nyiro river systems in Kenya, from near sea level to 1000 m elevation. This natural 
equatorial range (to 3o south latitude), gives Kenyan poplar the distinction of being 
the world’s southernmost poplar. Unfortunately, its riparian habitat has recently 
become greatly reduced by human activities, leading the World Conservation Union 
(ICUN) to place this poplar on its “Red List” of threatened species.  

Leaves of Kenyan poplar are deciduous and distinctly heteroblastic: juvenile 
leaves are linear or narrowly ovate to elliptical and can be toothed or lobed; mature 
leaves are broadly ovate or obovate, with coarse teeth or lobes. The floral structure is 
unique in the genus. Female inflorescences—which contain less than 10 flowers—
produce one to three leaves at their base that are the same size as those on sterile 
short shoots and persist throughout the growing season. Therefore Browicz (1966) 
argued that they should be termed racemes rather than catkins. Equally distinctive, 
stigmas are divaricate, with two or three lobes with second order ramifications. 

Kenyan poplar occurs in groves on periodically flooded sandbars and in 
riparian woodlands, where it often is dominant or locally abundant (Wilmot-Dear 
1985). The inevitable damming of the rivers making up its habitat, however, is 
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expected to lead to a decline in the abundance of this species (Hughes 1990). This 
poplar roots well from stem cuttings and grows into a large tree up to 30 m in height 
and 1.5 m in diameter, making it suitable for tropical plantation culture. Because it 
grows to large size and the soft, light wood is easily worked, P. ilicifolia is fashioned 
into dugout canoes by local people.  

Populus pruinosa Schrenk, desert poplar. Once considered a subspecies of P. 
euphratica, this taxon now seems well-established (Browicz 1977). Although its major 
distinction is the desert habitat where it grows, P. pruinosa nonetheless is a riparian 
poplar, growing as a small- to medium sized tree or shrub in alluvial tugai, wadi, 
and oasis communities in northwest China, Kazakstan, Tajikistan, Turkmenistan, 
and Uzbekistan. Preformed leaves are small, reniform in shape (unusual for a 
poplar), blue-gray, and densely tomentose, with entire margins or a few teeth near 
the apex. Neoformed leaves are elliptic. Young bark is grayish-yellow, but older 
trees develop a thick, furrowed bark (Zhenfu et al. 1999).  

This poplar can tolerate drought, soil salinity, low humidity, and high 
temperatures. Its leaves are well-adapted to retard transpiration and minimize heat 
loading. In the Taklamakan desert in the Xinjiang region of China, P. pruinosa grows 
in conditions where mean annual rainfall is less than 50 mm, sandstorms rage, and 
the salt content of the soil is 2 to 3% (Weisgerber and Han 2001). Depth to the water 
table, however, is critical. Optimum growth occurs when the water table is 1.5 to 2.5 
m below the soil surface; as water tables descend below this optimum level, growth, 
flowering, suckering, and vigor decline (Li, Z.J. et al. 2003). 

The future of this singular species is uncertain. In the northern Amudarya 
Delta in Uzbekistan anthropogenic use and over-exploitation during the last century 
have led to disappearance of 90% of the tugai forest occupied by this species (Rüger 
et al. 2005). The situation in China is equally grave. Conservation measures, 
therefore, are desperately needed. 
 
Section Leucoides Spach 

 
Section Leucoides—the swamp poplars—comprises three species (Table 2-2). 

None are of great economic value, although they have important ecological 
functions. One species is native to North America, while the other two are Asian. 
Unlike poplars in sections Turanga, Aigieros, and Tacamahaca, a common trait of 
poplars in this section is poor rooting of hardwood cuttings, which limits their 
commercial use (Table 2-4).  

Populus glauca Haines, Asian swamp cottonwood.  Formerly P. wilsonii 
(Table 2-2), this species is similar to P. lasiocarpa (see below) and distributed from 
2500 to 3300 m elevation in northeastern India, Sikkim, and the Chinese provinces of 
Sichuan, Xizang, and Yunnan. Leaves are smaller than P. lasiocarpa, broadly ovate, 
and cordate at the base. Flowers sometimes are bisexual (Zhenfu et al. 1999). 
Hybrids with P. simonii apparently have been successful but are not widely 
deployed. Beyond that, little else is known about this poplar outside its native range. 

Populus heterophylla Linnaeus, swamp cottonwood. This medium to large 
tree (up to 40 m tall and 1.5 m diameter) is discontinuously distributed along the 
eastern and Gulf coastal plains, Mississippi and Ohio river valleys, and the 
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southwestern Great Lakes regions of the USA (Map 3). Leaves are large, ovoid to 
cordate (Fig. 2-13), sparsely pubescent, and borne on round petioles. Twigs are 
tomentose when young, dull brown or gray with a distinctive orange pith, and bear 
stout, sparsely resinous, reddish-brown buds. Never common, swamp cottonwood 
occurs as single scattered trees in mixed-species forests in swamps, sloughs, low-
lying areas near tidewater, and along river borders, typically on heavy clay soils 
with high water tables. Swamp cottonwood is among the most flood-tolerant of 
poplars and will thrive on sites that are too wet for P. deltoides (Johnson 1990). 
Experience with propagation of swamp cottonwood is minimal, although cuttings 
are more difficult to root than P. deltoides. It does, however, produce root collar 
sprouts from trees <30 cm in diameter and forms small clonal groups by root 
suckering (Wagner et al. 1980). Swamp cottonwood is rarely harvested for 
commercial trade and has received little or no attention from tree geneticists.  

  

 
 
Map 3. Natural range of Populus heterophylla in eastern North America. Redrawn from U.S. Geological 
Survey Earth Surface Processes  http://esp.cr.usgs.gov/data/atlas/little/. 

 
Populus lasiocarpa Oliver, heart-leaved poplar or Chinese necklace poplar.  

Native up to 3500 m elevation in the humid and semi-humid subtropics of China 
(Guizhou, Hubei, Shaanxi, Sichuan, and Yunnan provinces), this striking tree bears 
huge (up to 35 cm long and 25 cm wide) deeply cordate, bright green leaves that are 
pubescent beneath. Midribs and petioles are red; twigs are angular, slightly 
pubescent, and bear large, slightly sticky buds with pubescent basal scales (Zhenfu 
et al. 1999). Catkins are unusually long (10 to 15 cm) and even longer in fruit. 
Bisexual, polygamous flowers and monoeciousness are not uncommon. This poplar 
may be one of the most ancient and primitive members of the genus (Hong et al. 

http://esp.cr.usgs.gov/data/atlas/little/�
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1987). Heart-leaved poplar grows rapidly and is a very desirable ornamental. 
Because it does not propagate easily from cuttings and grafts poorly, however, its 
commercial use is limited. Populus lasiocarpa is resistant to the rust Melampsora larici-
populina Kleb, and hybrids with P. nigra have been accomplished to capitalize on this 
trait (Werner and Siwecki 1994). Hybridization with strong-rooting species like P. 
nigra also might transmit better rooting. 
 
Section Aigeiros Duby 

 
Since the dawn of plantation culture, taxa in section Aigeiros—both pure 

species and hybrids—have been the most important members of the genus Populus 
worldwide. Native to Eurasia and North America, clonal poplars in section Aigeiros 
have been and continue to be planted on every continent where trees will grow. 
When the word poplar is used, trees in this section are what come to mind for many 
people. Ecologically, this section includes some of the major riparian poplars in the 
Northern Hemisphere, which, along with willows, are a defining feature of these 
habitats. The section includes two cottonwoods and black poplar (Table 2-2). 

Populus deltoides Marshall, eastern cottonwood. One of the most familiar 
and silviculturally important poplars, P. deltoides is naturally distributed over the 
eastern, southern, and midwestern USA and southern Canada to the foothills of the 
Rocky Mountains (Map 4). But because it has been so widely planted, its range has 
been expanded to encompass the entire temperate world.  

  

 
 
Map 4. Natural ranges of Populus deltoides (red) and P. fremontii (yellow) in North America. Redrawn 
from U.S. Geological Survey Earth Surface Processes  http://esp.cr.usgs.gov/data/atlas/little/. 

 
Eastern cottonwood is a medium to very large tree that can reach heights 

exceeding 45 m and diameters of 3 m or larger. Under closed-canopy forest 
conditions it develops a long, straight bole and small, round crown. When growing 
in the open, however, the stem becomes highly forked (deliquescent) with a massive 

http://esp.cr.usgs.gov/data/atlas/little/�


40 

crown (Fig. 2-6). Preformed cottonwood leaves are deltoid in shape and prominently 
toothed, whereas neoformed leaved are more elongated, cordate, and finely toothed. 
All leaves hang from long, flattened petioles that cause them to flutter in the slightest 
wind. The twigs are stout, angular to ribbed in cross section, and produce slightly 
resinou, outcurved buds. Bark on young trees is smooth, greenish-yellow to gray, 
with prominent lenticels, but becomes ashy-gray and deeply furrowed on older trees 
(Cooper and Van Haverbeke 1990).  

Cottonwood is a tree usually associated with bottomlands, alluvia, and 
riparian corridors, where optimum growth occurs on silty or sandy loam soils. In the 
lower Mississippi Valley USA the best stands occur on the land between the river 
and levees that is seasonally flooded. The raw sediment left behind after flood 
waters recede can be colonized by thousands of cottonwood seedlings per ha. In the 
northern part of its range, cottonwood also grows in upland habitats, some of them 
droughty, and it is a common invader of disturbed sites. It also is a common tree on 
the sand dunes along the shore of Lake Michigan.  

Like other poplars, cottonwood grows in pure stands or in association with 
other bottomland or pioneer species. The southern cottonwood (subsp. deltoides;) has 
been regarded as the fastest-growing native tree in North America. On the best sites 
in the Mississippi River Delta, height growth can exceed 4 m per year for the first 
five years (Knowe et al. 1998), and over 145 m3 of pulpwood can be produced in a 
12-year rotation (McKnight 1970). At maturity cottonwood attains large size, 
reaching heights of over 50 m and diameters of more than 1.5 m.  

Cottonwood usually produces good seed crops yearly when mature (Fig. 2-8), 
and it will rapidly invade newly exposed, moist soils. The cottony seed can be 
carried long distances by the wind or on the surface of moving water. Vegetative 
reproduction by root collar sprouts is vigorous if trees are young when cut. 
Cottonwood also can be propagated with high survival rates by hardwood stem 
cuttings, although some genotypes root poorly. Therefore, rooting ability is an 
important selection factor in cottonwood genetic improvement programs. The 
northern cottonwood (subsp. monilifera) generally does not root as easily from 
hardwood stem cuttings nor does it grow as fast as the southern subspecies.  

Cottonwood is an important commercial timber species, and it has been 
widely planted—both within and outside its natural range—for match stock, 
excelsior, pulpwood, sawtimber, veneer, fuel, and fodder. In addition to forest 
plantings, cottonwood has been extensively used in agroforestry systems, 
shelterbelts, and for reclamation of mine spoils.  Its importance as a plantation tree is 
emphasized by the fact that 47 cultivars currently are registered with the 
International Poplar Commission, more than any non-hybrid taxon4. 

Five natural varieties of cottonwood have been proposed, but Eckenwalder 
(1977) accepted just three subspecies—deltoides, monilifera, and wislizeni. The plains 
cottonwood (subsp. monilifera) is emblematic of the unsettled nature of Populus 
nomenclature. This tree is a defining feature of riparian habitats in the high steppes 
of west-central North America. It was awarded full-fledged species status (P. 
                                                      
4 The International Poplar Commission maintains a searchable data base of 
registered Populus cutivars on its Web site (www.fao.org/forestry/site/ipc/en). 
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sargentii) early in the 20th century, then reduced to varietal status as P. deltoides var. 
occidentalis (Little 1979). More recently, Eckenwalder (1977) argued that plains 
cottonwood so closely resembles the cottonwood of the Great Lakes Region and 
other northern areas that they all should be included under subsp. monilifera. 

Two Aigeiros cottonwoods indigenous to the southwestern USA also have 
caused taxonomic confusion, but they now are placed within P. deltoides. The Rio 
Grande cottonwood is native to western Texas and New Mexico. Once regarded as a 
variety of P. fremontii or a separate species (P. wislizeni), it now is considered to be 
subspecies wislizeni (Eckenwalder 1977). The other southwestern cottonwood, found 
in central and southwestern Texas and northern Mexico, was given the binomial P. 
palmeri. But this rather obscure, medium-sized tree with ovate leaves now is 
considered synonymous with P. deltoides.  

Cottonwood has shown a substantial predisposition to hybridize, both 
naturally and under controlled conditions (Table 2-5). The most important group of 
hybrids worldwide is P. deltoides × P. nigra, known collectively as P. ×canadensis5, the 
Euramerican or Canadian poplars (Fig. 2-12). Currently 145 cultivars are registered 
with the International Poplar Commission, far more than any other taxon. Natural 
hybrids between the native black poplar and cottonwoods introduced into Europe 
by early botanical explorers of North America (hybrids spontanés) were first described 
in 1755 in France by Duhamel du Monceau. These natural pairings were augmented 
beginning in the 20th century with controlled crossings. Euramerican hybrids usually 
have P. deltoides as the maternal parent, because the reciprocal cross rarely is 
successful. Many of the hybrid poplar clones now under cultivation worldwide are 
P. ×canadensis. Intersectional hybrids with P. trichocarpa (P. ×generosa or 
Interamerican hybrids) or P. balsamifera (P. ×jackii) also have become prevalent in 
poplar culture. Populus ×generosa is especially important in northwestern North 
America and, to some extent, in Europe (13 cultivars currently registered with 
International Poplar Commission). 

Most hybrids with P. deltoides show hybrid vigor (heterosis). Because of its 
rapid growth rate, excellent form, site adaptability, ease of propagation, and genetic 
pliability, P. deltoides has been—arguably—the most important poplar taxon 
worldwide for genetic improvement and plantation forestry. 

Populus fremontii S. Watson, Fremont cottonwood.  This arid-zone poplar is 
the common, low-elevation (to 1800 m elevation) cottonwood of northern Mexico 
and the southwestern USA (Map 4). Its habitat typically includes canyon bottoms, 
stream banks and floodplains, large arroyos, and irrigation canals (Felger et al. 2001). 
It can attain heights of 30 m and diameters of 4 m and is the largest native tree in the 
Sonoran Desert. The branches of Fremont cottonwood bear resinous, pubescent buds 
and small deltoid leaves (Fig. 2-13) borne on laterally flattened petioles. Leaves turn 

                                                      
5 According to the rules of plant nomenclature, P. ×euramericana Guinier, a 
commonly used binomial for this hybrid and the one once adopted by the 
International Poplar Commission, does not take precedence over that proposed in 
1785 by Moench (or Mönch)— P. ×canadensis. Boom (1957) argued this point quite 
effectively. Moench first described this now ubiquitous hybrid, and his binomial 
should be used. 
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bright yellow in the fall. Preformed leaves have larger marginal teeth than 
neoformed leaves. The bark on older trees is deeply fissured. This poplar is widely 
planted as an ornamental and for fuel around ranches and in towns throughout its 
native region.  

Two subspecies are accepted within P. fremontii (Eckenwalder 1977). 
Subspecies fremontii occurs west of the North American continental divide.  
Subspecies mesetae (formerly P. arizonica) is indigenous in southern New Mexico, 
western Texas, and the Valley of Mexico; its leaves are more rhombic in shape than 
subspecies fremontii.  

Populus nigra Linnaeus, black poplar. The final species in section Aigeiros 
has long been one of the most important poplars, owing to its extensive distribution 
and commercial deployment. Native to Europe (but not Scandinavia), North Africa, 
and western Asia (Map 5), the exact limits of the original natural range of black 
poplar have been somewhat obscured because of its widespread and ancient 
cultivation (Weisgerber 1999). Although the “type” species for the section, it actually 
differs in many traits from the two Aigeiros cottonwoods of North America. In fact, P. 
nigra more closely resembles section Tacamahaca poplars in some traits, and its 
chloroplast DNA has ties to P. alba of section Populus (Smith and Sytsma 1990). 
Eventually the North American cottonwoods may have to be placed in a section of 
their own, leaving P. nigra the sole member of section Aigeiros (Eckenwalder 1996).  

  

 
 
Map 5. Natural range of Populus nigra in Eurasia and Africa. Redrawn from Vanden Broeck (2003). 

 
Black poplar is a large tree, reaching heights of 40 m and diameters over 2 m 

at maturity; individual specimens can reach 300 years of age (Weisgerber 1999). It 
often produces an irregular, branchy crown. The often crooked or swept, buttressed 
bole can be massive, frequently producing large burls or epicormic branches. Some 
stands, however, produce straight, well-formed trees, many of which have been 
vegetatively propagated for commercial plantings (40 P. nigra clones currently are 
registered with the International Poplar Commission). Ornamental trees frequently 
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are pollarded, which some believe extends their lifespan (Cooper 2006). The juvenile 
bark of black poplar is yellow-white, becoming dark and deeply fissured with age. 

The leaves of black poplar are typically dimorphic (Fig. 2-1); preformed leaves 
are small (15-95 cm2), distinctly rhombic in shape, dark green in color with a slightly 
lighter undersurface, with finely toothed margins and long, flattened petioles. 
Neoformed leaves are larger, broader than long, and oval or deltoid in shape. Black 
poplar twigs are round in cross section, reddish, and produce gummy, usually 
glabrous, outcurved buds.  

Black poplar is an aggressive species that colonizes river floodplains, 
wastelands, and other exposed sites, with the moist, sandy soil exposed after 
seasonal flooding providing the optimum seedbed. It is a signature species of 
riparian ecosystems, which are among the most biologically diverse in the area of its 
natural range. Seed crops are regular and begin to be produced at about 10 years of 
age. It sprouts vigorously from stumps and, to some extent, suckers from exposed 
roots or those close to the soil surface. Propagation from stem cuttings is routine, 
with rooting of 80% or more the norm. 

The high human population density in most of its natural range, combined 
with a long history of exotic poplar introductions that displaced natural P. nigra 
stands, introgression of exotic poplar genes into natural populations, and disruption 
of riparian ecosystems by channelization, canal and dyke construction, and dam 
building, threatens the genetic integrity of this species (Vanden Broeck 2003). In fact, 
many forest biologists regard P. nigra to be one of the most threatened tree species in 
Europe. Therefore, conservation and restoration of natural riparian ecosystems 
dominated by black poplar are being given high priority in many European 
countries (Cooper 2006, Lefèvre et al. 2001). Inventory and protection of extant 
natural P. nigra populations, establishment of stool beds and seed orchards, planting 
in riverine habitats, and protection from animal damage are being employed. 
Coordination of these efforts is through EUFORGEN, the European Forest Genetic 
Resources Programme (Vanden Broeck 2003, Weisgerber 1999).    

The large geographic distribution of P. nigra and its widespread cultivation 
have given rise to a plethora of named varieties and cultivars. Prominent among 
them are varieties betulifolia and caudina, characterized by pubescent young leaves 
and shoots, and variety neapolitana, which lacks pubescence (Weisgerber 1999).  
Cultivated clones of black poplar exhibiting a columnar (fastigiate) growth habit—
cultivars ‘Italica’ or Lombardy poplar (Fig. 2-25), ‘Thevestina,’ and ‘Plantierensis’—
have been immensely popular for line plantings, roadside trees, windbreaks, and 
ornamental uses. Although afforded variety status by some accounts, these cultivars 
are likely clonal propagules from a single mutant mother tree (genet).  

Lombardy poplar is a male tree, although some female trees have been 
reported, indicating it may not be a single clone (Li 1996).  Lombardy probably is the 
oldest and best-known columnar cultivar, having been introduced into cultivation in 
the Po Valley of Italy early in the eighteenth century (Li 1996, Zsuffa 1974). By the 
year 1784 it had spread throughout Europe and even to North America. The 
dramatic silhouette produced by this distinctively columnar tree has become 
synonymous with the fastigiate growth habit (Fig. 2-25). Lombardy poplar has been 
used extensively throughout the world as a landscape ornamental, and it may be the 
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most widely planted of all poplars. In some places—e.g., east-central North 
America—Lombardy and other columnar cultivars succumb to canker diseases and 
a wetwood bacterium at a very early age, and their planting is discouraged. 
Breeding programs whose objective is to produce columnar types with a broader 
genetic diversity, therefore, are needed.   

The wood of black poplar is highly regarded, so its cuture in plantations is 
long standing. Because this species is as genetically diverse and pliant as any 
member of the genus Populus, it has been a parent in many hybrid combinations 
produced spontaneously or by poplar breeders to increase wood production 
(Table 2-5). The Euramerican clones (P. ×canadensis) previously discussed under P. 
deltoides have been immensely significant in poplar culture because of their rapid 
growth rate, straight stem form, and resistance to fungal, bacterial, and viral 
diseases. More recently intersectional hybrids between P. nigra and taxa in section 
Tacamahaca, including the Asian P. maximowiczii, P. laurifolia, P. simonii, P. cathayana, 
and the North American P. trichocarpa, have been successful. Clones of these hybrids 
show promise for plantation wood production. For example, certain P. nigra × P. 
maximowizcii cultivars (6 currently registered with International Poplar Commission) 
have been widely deployed in eastern North America, although their susceptibility 
to wind breakage and canker disease has led to some re-evaluation. In China P. 
simonii × P. nigra has been a favored combination for a long time (Weisgerber 1999). 
 
Section Tacamahaca Spach 

 
Section Tacamahaca—collectively known as the balsam poplars—is 

taxonomically confusing. Depending on the authority, this section contains as few as 
nine (Eckenwalder 1996) or as many as 40 (Zhenfu et al. 1999) taxa, most of them 
native to China. Clearly, a thorough taxonomic re-evaluation of this section, 
employing ecological, morphological, anatomical, phytochemical, and cytogenetic 
criteria is badly needed. Without such study—which should be multinational and 
interdisciplinary—the current taxonomic muddle cannot be fully resolved. We will 
discuss 12 taxa (Table 2-2), reflecting our conservative approach to species 
designation.   

Largely associated with riparian or wetland habitats, balsam poplars are 
distributed mostly in the northern latitudes, in some cases to the latitudinal or 
altitudinal limits of tree growth. Yet one species is subtropical. Their ovate-elliptical 
leaves and resinous, fragrant buds are distinctive. Several species are commercially 
important. Three species are native to North America, with the remaining Asiatic. 
Tacamahaca poplars are not indigenous to Europe or Africa.  

Populus angustifolia James, narrowleaf cottonwood.  This North American 
Tacamahaca poplar currently is of little commercial importance, although it plays a 
significant ecological role. Widely distributed from southern Canada to northern 
Mexico (Map 6), narrowleaf cottonwood is a medium-sized tree (to 20 m tall) 
characteristic of stream floodplains, canyon bottoms, and moist upland flats in the 
foothill-mesa and montane life zones of the Rocky Mountain region of North 
America. It is distinguished by its narrow, willow-like leaves (Fig. 2-13) and the 
prominently ridged and furrowed bark of older trees. Narrowleaf cottonwood is 
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found in pure stands or growing in association with other intolerant, riparian 
species. In some situations it will produce abundant root suckers. Cuttings of 
narrow-leaf cottonwood root readily, and it has been used sparingly as a plantation 
tree or as an ornamental in the Rocky Mountain region. Natural hybrids of this 
species with P. balsamifera, P. deltoides subsp. monilifera, and P. fremontii are common 
(Table 2-5), in some localities outnumbering the pure species (Brayshaw 1965a, Rood 
et al. 1986).  

  

 
 
Map 6. Natural range of Populus angustifolia in western North America. Redrawn from U.S. Geological Survey 
Earth Surface Processes, http://esp.cr.usgs.gov/data/atlas/little/. 

 
P. balsamifera Linnaeus, balsam poplar.  Occurring transcontinentally across 

the northern USA and Canada, from the Atlantic Coast to the Rocky Mountains and 
Alaska (Map 7), balsam poplar is the most widely distributed Tacamahaca poplar in 
North America. If one accepts the proposal that P. trichocarpa is a subspecies of this 
taxon (Brayshaw 1965b), then the range becomes even larger. Balsam poplar grows 
farther north than any North American poplar, occurring in clonal groves at 68 to 69o 
N latitude on the North Slope of Alaska (Bockheim et al. 2003) and as a procumbent 
plant at timberline in the Brooks mountain range. The Latin binominal P. balsamifera 
(literally "bearing resin") was used synonymously for eastern cottonwood (now P. 
deltoides) for many years because the description by Linnaeus apparently was too 
vague to distinguish between the two (Little 1979).  

  

http://esp.cr.usgs.gov/data/atlas/little/�
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Map 7. Natural ranges of Populus balsamifera (red) and P. trichocarpa (yellow) in North America. Redrawn 
from U.S. Geological Survey Earth Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
Balsam poplar has ovate leaves, which are dark lustrous green above and pale 

metallic green below, often with rusty brown blotches. The leaf margins are finely 
toothed and the petioles round. The twigs also are round in cross section, with out-
curved buds that are saturated with a fragrant, amber-colored resin. Floral structure 
is the only way to distinguish this species from P. trichocarpa where the ranges of the 
two species overlap: staminate flowers of P. balsamifera show 12 to 30 stamens and 
capsules are two-valved, lanceolate, and glabrous. The bark of balsam poplar is 
smooth, greenish to reddish brown, turning gray with scaly ridges as it ages. The 
wood is soft, light brown in color with a grayish sapwood. It is considered inferior to 
other poplars for bleached pulp by the forest industry because of the high resin 
content and dark color of the heartwood (Zasada and Phipps 1990).  

Balsam poplar is a medium-sized tree that reaches its largest proportions in 
northwestern North America and Alaska. Its habitat usually is moist or wet soils, 
such as the borders of streams, lakes, swamps, and depressions, although it will also 
grow on drier sites. Balsam poplar is an intolerant pioneer species that will rapidly 
invade disturbed sites by suckering or seeding. Although relatively short-lived, it 
will outlive quaking aspen (P. tremuloides) and may eventually dominate on sites 
where the two coexist. Like many poplars, eventually balsam poplar is succeeded by 
more tolerant hardwoods and conifers.  

Because the species brings adaptability to dry conditions, resistance to cold, 
and ease of propagation by stem or root cuttings, certain hybrids of balsam poplar 
were recommended for shelterbelts in northern North American prairies (Roller et 
al. 1972), although P. deltoides or P. ×canadensis clones now are favored. Plantations of 
pure balsam poplar for wood production are virtually unknown. Hybrid clones of P. 
deltoides × P. balsamifera (P. ×jackii; Fig. 2-13), however, which arise spontaneously in 
areas of species sympatry (Table 2-5), have been planted for wood production in 
eastern Canada. The widely planted female cultivar balm-of-Gilead (cv. 

http://esp.cr.usgs.gov/data/atlas/little/�


47 

‘Gileadensis’) is probably a clone of this hybrid (Eckenwalder 1996), although it has 
been variously named P. balsamifera var. subcordata, P. candicans (P. ×candicans), or P. 
×gileadensis. It is distinguished by its heart-shaped leaves. Clones of P. balsamifera × P. 
maximowiczii (and the reciprocal) have shown promise for forest planting in Quebec, 
Canada (Eckenwalder 2001).   

Populus cathayana Rehder, Cathay poplar.  This poplar, although important 
in its native country, is virtually unknown outside of China and its taxonomic status 
is uncertain. Eckenwalder (1996) placed it in the synonymy of P. suaveolens. 
Weisgerber and Zhang (2005a), however, argued that based on the majority of 
current taxonomic opinion and available evidence it should be treated as a species in 
its own right, although they acknowledge that the matter requires further study.  

Occurring from 800 to 3000 m elevation in a wide band from the humid sub-
tropics of south-central China to the northeastern part of that country (Map 8), this 
balsam poplar has a wide ecological amplitude. The typical habitat of Cathay poplar 
is ravines and alluvial deposits in river valleys, although in mountainous areas it 
will grow on upland sites where it spreads mainly by suckering (Zhenfu et al. 1999). 
Cathay poplar grows to 30 m tall and 80 cm diameter but seldom exceeds 100 years 
in age (Weisgerber and Zhang 2005a). Young shoots are typically round, olive-green, 
glabrous, and bear resinous buds. Preformed leaves are broadly or narrowly ovate to 
round (Fig. 2-13), dark green above, and whitish-green below.  Neoformed leaves are 
larger and somewhat heart-shaped. Bark on older trees is grayish white to olive and 
breaks into blocky ridges at the base of the stem. 

 

 
 
Map 8. Natural ranges of Populus cathayana (red) and P. yunnanensis (yellow) in China. Redrawn from 
Weisgerber and Zhang (2005a and 2005b). 



48 

 
In the largely deforested region of Central China, Cathay poplar is highly 

regarded as a source of wood in rural areas because of its rapid growth rate and 
good form. It establishes well from hardwood cuttings and has been deployed in 
forest plantations, windbreaks, and along streets. Promising hybrids with P. 
szechuanica, P. deltoides, and P. nigra have been selected by Chinese tree improvement 
workers and deployed in plantations. Somatic hybridization of P. cathayana with P. 
euphratica through protoplast fusion in microculture also has been accomplished 
(Zhuge et al. 2000)  

Populus ciliata Royle, Himalayan poplar.  Reaching medium to large size (20 
m tall), P. ciliata is extensively distributed in the mixed forests of the lower slopes 
(1300 to 3400 m) of the Himalayan Mountains, from Pakistan east to north Myanmar 
and the Yunnan Province of China (Zhenfu et al. 1999). In certain parts of this 
range—e.g., the Uttar Pradesh of India—P. ciliata is the only indigenous poplar. It 
resembles P. balsamifera of North America, with ovate-cordate leaves (Fig. 2-13) that 
are densely ciliate along the margins and faintly pubescent below. Buds are very 
resinous. This pioneer tree actively colonizes disturbed sites by wind-blown seed 
and root suckers, and reaches its largest size in ravines and alluvial deposits.  

Himalayan poplar is economically significant locally. Because it is adapted to 
upland sites and hardwood cuttings root well, it is being used for afforestation of 
denuded and abandoned lands in the high hills of India (Kapoor et al. 2004). The 
hybrid with P. maximowiczii, which outperforms both parents in growth and yield, 
also shows great promise for afforestation (Chauhan et al. 2004). Certain clones and 
provenances of P. ciliata, however, have shown susceptibility to leaf rust caused by 
Melampsora spp., necessitating selection of rust-resistant phenotypes (Gupta et al. 
2002). The cultivar ‘Tristis #1’ (formerly P. tristis) may be a hybrid of this species 
with P. nigra or P. balsamifera, but its origins are obscure and warrant further 
investigation. 

Populus koreana Rehder, Korean poplar. A species of questionable 
taxonomic validity, P. koreana is very similar to P. maximowiczii, differing from the 
later mainly by bearing glabrous rather than pubescent leaves and shoots. 
Eckenwalder (1996), in fact, placed both of these taxa in the synonymy of P. 
suaveolens. Korean poplar is a large tree that attains heights to 30 m and diameters to 
1.5 m. It occurs naturally in northeast China, the Korean Peninsula, and eastern 
Russia, a range virtually identical to P. maximowiczii, save its absence from Japan. 
The wood of Korean poplar is used locally for construction, pulp, and matches. 
Hybrids with P. nigra have been created and are under test. 

Populus  laurifolia Ledebour, laurel poplar. Another indigenous Asian, 
laurel poplar ranges from eastern Kazakhstan and northwest China to Mongolia and 
Siberia (Map 9). It occurs in hilly steppe or mountainous regions as gallery forests 
along stream banks and in floodplains, where it often dominates. Laurel poplar is a 
modest-sized tree (15 to 20 m tall), with small, narrowly ovate or broadly lanceolate 
leaves and slender, sharply angled or winged twigs (Krasnoborov and Malyshev 
2003). Somewhat familiar to North American poplar growers because of its inclusion 
in the pioneering hybridization work of Stout and Schreiner (1933), laurel poplar 
also has been occasionally cultivated in Europe.  



49 

  

 
 
Map 9. Natural ranges of Populus laurifolia (yellow) and P. suaveolens (red) in Asia. Redrawn from 
Čermák et al. (1955). 

 
Populus  maximowiczii Henry, Japanese poplar.  Long known as P. 

suaveolens until A. Henry pronounced it a distinct taxon in 1913, Eckenwalder (1996, 
2001) argued that P. maximowiczii should return to the synonymy of P. suaveolens as a 
maritime subspecies. Hamaya and Inokuma (1957) also cast doubts on the legitimacy 
of this taxon. At this writing the matter remains unresolved, but we include this 
poplar as a distinct taxon because the binomial is so widely known. The native range 
of P. maximowiczii encompasses low to mid elevations (to 2000 m) in northeastern 
China, eastern Russia, Korea, but it is most commonly associated with northern 
Japan (Map 10). Its typical habitat is river gravel bars, fluvial plains, and low 
terraces, but in Japan it also colonizes volcanic ash on the low slopes of recently 
active volcanoes (Haruki and Tsuyuzaki 2001). Japanese poplar is a fast-growing tree 
that attains heights of up to 30 m and diameters of 2 m, making it one of the largest 
poplars in east Asia. In coastal regions, in fact, sea-going dugout canoes once were 
fashioned from the largest trees. Leaves are leathery, shiny dark green above and 
whitish below, with glandular-toothed margins and downy pubescence along the 
veins. It is one of the first poplars to leaf out in the spring. Shoots of Japanese poplar 
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are round in cross-section, densely pubescent, and reddish when young, with 
resinous, fragrant buds. 

  

 
 
Map 10. Distribution of Populus maximowiczii on the islands of Japan. Natural range also includes 
northeastern China, eastern Russia, and Korea. Redrawn from Hamaya and Inokuma (1957). 

 
This taxon is among the best known of the Asian poplars because it has been a 

parent in many intra- and intersectional hybrids accomplished by poplar geneticists. 
Common matings with P. maximowiczii have been P. balsamifera, P. ciliata, P. deltoides, 
P. nigra, and P. trichocarpa. Some of the fastest-growing hybrid crosses made by the 
original North American poplar breeding project at the Oxford Paper Company 
(Stout and Schreiner 1933) used a Japanese poplar as the female parent. In eastern 
North America, however, Japanese poplar is highly susceptible to stem cankers 
caused by Septoria musiva Peck, which severely deform and eventually kill trees. 
However, certain hybrids with P. nigra introduced to North America from Europe 
have shown better canker resistance, although they are not totally immune. The 
wood of P. maximowiczii hybrids is brittle, and damage by wind, snow, and ice has 
occurred in some localities. 

Populus simonii Carrière, Simon poplar. This well-known poplar is 
distributed from sea level to 3,000 m in a wide north-south belt in central and eastern 
China (Map 11). It also occurs on the Korean peninsula and in Mongolia. Simon 
poplar is a moderate-sized tree with a narrow crown, usually reaching a maximum 
of 20 m in height and 50 cm in diameter. On moist, fertile sites, however, trees can 
reach 30 m in height and 150 m in diameter. It is drought tolerant and has been 
described as a xerophyllous species of the dry mesic forest steppe (Yang, Z.X. et al. 
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1999). Whereas poplars typically are short-lived, trees of this species over 200 years 
old have been reported (Weisgerber and Han 2001). Leaves are small, bright green, 
and narrowly rhomboid to obovate in shape (Fig. 2-13); branches are reddish brown, 
conspicuously angled, with sticky, resinous buds (Zhenfu et al. 1999). 

  

 
 
Map 11. Natural range of Populus simonii in Asia. Redrawn from Weisgerber and Han (2001). 

 
Natural stands of P. simonii in China have been severely depleted, and some 

provinces have no natural representatives of the species left (Yang, Z.X. et al. 1999). 
Plantation culture of Simon poplar in China goes back over 2,000 years, however, 
and today it is the most widely planted poplar in that country. Northern genotypes 
are very hardy; protection plantings of them have withstood the severe continental 
climates of China’s northern plains and desertified land in Inner Mongolia (Li, F.R. 
et al. 2003). Simon poplar also has been planted in Europe and North America as an 
ornamental, especially the drooping cultivar ‘Pendula.’ This poplar once was 
deployed in the Canadian shelterbelt program, although it suffered from winter 
injury and dieback (Roller et al. 1972), possibly indicating an ill-adapted seed source. 
Spontaneous hybrids of Simon poplar are common (Table 2-5) and certain clones 
have been widely planted. Prominent among them is the “lesser black poplar” (P. 
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nigra × P. simonii), with Lombardy poplar (P. nigra ‘Italica’) being a common parent. 
Some advance generation hybrids also are beginning to be deployed in China, 
including P. ×canadensis × P. simonii, P. deltoides × (P. simonii × P. nigra ‘Italica’), and 
P. deltoides × (P. nigra × P. simonii). 

Populus  suaveolens Fischer, Siberian poplar. Another balsam poplar little-
known outside its natural range, P. suaveolens is a large tree (to 30 m tall) that carries 
elliptic leaves—dull green above, gray-white below—and the characteristic 
cylindrical stems and resinous, aromatic buds of section Tacamahaca. Its natural 
range includes north-central China, Mongolia, and eastern Siberia (Map 9). Its 
habitat is sandy and pebbly floodplains and the banks of river valleys, occurring as 
far north as the montane-taiga and subalpine zone in Siberia, where it is the only 
indigenous, non-aspen poplar (Krasnoborov and Malyshev 2003). In its native range 
it is considered a valuable tree for planting in hot, dry continental climates. 

First described by Fischer in 1841, P. suaveolens may be a much more 
extensively distributed taxon than currently thought. If one recognizes the inevitable 
polymorphism that occurs within widely distributed Populus taxa, then—as 
suggested by Eckenwalder (1996)—P. cathayana, P. koreana, and P. maximowiczii could 
be included in the synonymy of P. suaveolens. The former three taxa, in fact, were 
first described early in the 20th century, well after Fischer’s published description of 
P. suaveolens in 1841. But the matter is far from resolved (e.g., see Weisgerber and 
Zhang 2005a), and begs further study.   

Populus  szechuanica Schneider, Szechuan poplar. Native to mountainous 
terrain from 1100 to 4600 m elevation in central and southwestern China (Map 12), 
this poplar is little known elsewhere. It reaches the largest dimensions of any Asian 
poplar—40 m tall and up to 1.5 m diameter. The large leaves are ovate in shape; 
branches are angled. The timber of Szechuan poplar is used for construction and 
furniture in China, and it is planted along roadsides (Zhenfu et al. 1999). 
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Map 12. Natural range of Populus szechuanica in China. Redrawn from Weisgerber and Han (2001). 

 
Populus trichocarpa Torrey & Gray, black cottonwood. This impressive 

poplar occurs in Pacific coastal areas from Baja California to Alaska and in adjacent 
interior regions of northwestern North America (Map 7). It epitomizes the taxonomic 
quandary of whether to lump or split. The vegetative morphology of P. trichocarpa is 
virtually indistinguishable from that of P. balsamifera; leaves of both are ovate or 
ovate-lanceolate, sometimes with a cordate base. There are, however, differences in 
reproductive structures. The staminate flowers of black cottonwood have two to 
three times as many stamens as those of balsam poplar, while the  capsules of black 
cottonwood are three-valved (split into three parts) or sometimes four-valved, 
globose, and densely pubescent compared to the two-valved, lanceolate, and 
glabrous capsules of balsam poplar. Where the ranges of the two species overlap in 
the northern Rocky Mountains of the USA and Canada, and in coastal Alaska 
(Map 7), distinguishing one species from the other may be impossible unless 
capsules can be examined, and even then many intermediate, introgressive forms 
exist (Brayshaw 1965b, Viereck and Foote 1970). Thus, the proposal of Brayshaw 
(1965b) to place black cottonwood in the synonymy of P. balsamifera as subspecies 
trichocarpa has merit and has gained some acceptance in the scientific community. 
Nonetheless, because P. trichocarpa is such a well-known taxon world wide and 
because it has been used extensively in hybridization programs and plantation 
culture, for this writing we retain it as a distinct species. 
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Black cottonwood is a fast-growing tree of moist alluvial, morainal, and 
outwash habitats where it grows in pure stands or in association with other low-
elevation hardwoods and conifers. This species reaches its best development in 
climatic regions dominated by moist Pacific Ocean air and occurs up to 1500 m 
elevation in coastal areas. In interior habitats it can be found to 2000 m elevation in 
valleys and canyons. Black cottonwood may grow to the largest size of any poplar; 
in the Puget Sound area heights of 50 m and diameters over 1.5 m are not 
uncommon, with exceptional trees reaching over 60 m in height and nearly 4 m in 
diameter (DeBell 1990, Viereck and Foote 1970). Mature forest-grown trees in coastal 
habitats develop long clear boles; from the standpoint of commercial stem form this 
species has no equal among North American poplars. The crowns of such trees are 
typically narrow, cylindrical, and round-topped. Trees growing in more arid 
locations east of the coastal mountain ranges are smaller in stature with broader, 
deliquescent crowns (DeBell 1990).  

Like balsam poplar, black cottonwood can be easily propagated from stem 
cuttings, it readily sprouts from cut stumps, and sometimes produces abundant root 
suckers. Plantation culture of black cottonwood, however, has not been widely 
practiced in its native range, although growth rates can be quite impressive. Rather, 
during the last decades of the 20th century, clones of Interamerican hybrids (P. 
×generosa = P. trichocarpa × P. deltoides)6 developed at the University of Washington 
began to be planted on a commercial scale in the Pacific Northwest USA and coastal 
Canada. These Interamerican hybrids are more productive than pure black 
cottonwood (Heilman and Stettler 1985, Stettler et al. 1988), and they became the 
basis for a new hardwood pulpwood and sawtimber industry in a region where 
hardwoods had been little utilized. Plantations of Interamerican hybrids have shown 
spectacular growth rates on alluvial soils along the lower Columbia River and in 
irrigated plantations in the high desert east of the Cascade Mountains (Fig. 2-24). 
After four years growth biomass yields of 50 to 140 tons per ha can be achieved in 
intensive culture systems; 15-year saw timber volumes can be 146 m3 per ha or more 
(Heilman et al. 1990, Scarascia-Mugnozza et al. 1997). Hybrids of black cottonwood 
with P. nigra and P. maximowiczii are now entering commercial production to 
complement the Interamericans. Poplar growers in Europe also have recognized the 
virtues of black cottonwood, and clones of the pure species and its hybrids, which 
can be higher-yielding alternatives to traditional Euramerican clones, began to be 
released for commercial production in the 1970s (Koster 1972). Currently 16 clones of 
P. trichocarpa and 13 clones of P. ×generosa are registered with the International 
Poplar Commission.  

Populus yunnanensis Dode, Yunnan poplar. The southernmost balsam 
poplar, this tree is native to the mountains of southern Sichuan, western Guizhou, 
and northern Yunnan provinces in southwestern China (Map 8), occurring from 1300 
                                                      
6 In 1972 van Broekhuizen proposed the Latin binomial P. ×interamericana for hybrids 
of P. trichocarpa × P. deltoides, and this appellation has been widely used, including 
by the International Poplar Commission. However, Henry (1914) assigned P. 
×generosa to this hybrid and, although less descriptive, by the rules of botanical 
nomenclature this name takes precedence (cf. Eckenwalder 1984, Rehder 1990).  
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to 3700 m elevation. It is characterized by large, dark green, ovate leaves that are 
whitish to silvery below, often with bright red midribs. At low latitudes leaves are 
semi-persistent throughout the year. Petioles are short and often red; twigs are 
angular and carry buds oozing reddish resin. Bark on older trees is brown with 
shallow scaly ridges. Yunnan poplar is adaptable to many soil conditions and thrives 
in hot climates with long growing seasons. It rarely is found growing naturally in 
extensive pure stands but rather tends to grow singly or in mixture with sympatric 
hardwood and coniferous species. Growth rates are rapid—trees can attain heights 
of 30 m and diameters exceeding 60 cm in 25 years (Weisgerber and Zhang 2005b). 

Although hardwood cuttings of Yunnan poplar root well, it has been planted 
only to a limited extent in China for wood, agroforestry, and ornamental purposes. 
But it has been successfully introduced in France, India, and New Zealand. Hybrids 
with P. deltoides and P. ×canadensis have been successful, and one clone of each 
currently is registered with the International Poplar Commission.  
 
Section Populus 

 
This section of the genus (formerly section Leuce Duby) is a complex grouping 

comprising the white poplars (formerly subsection Albidae Dode) and aspens 
(formerly subsection Trepidae Dode) (Table 2-2). Like section Tacamahaca, the 
taxonomy of section Populus is far from settled, particularly with respect to the Asian 
aspens and Mexican white poplars. We follow Barnes and Han (1993) and Hamaya 
and Inokuma (1957) who make a strong case for lumping several putative aspen 
taxa. Members of section Populus are distributed over temperate, boreal, and 
montane reaches of the Northern Hemisphere, and several are of great economic 
importance. As a group they are ecologically distinctive because of their clonal 
physiognomy and—in the case of aspens—by their common occurrence in upland 
habitats (Table 2-4). 

Populus alba Linnaeus, white poplar.  One of the most distinctive poplars, P. 
alba is widely distributed over northern Africa, southern Europe, and west and 
central Asia (Map 13). It varies in form from tall and straight to broad-crowned, 
crooked, and multi-stemmed. White poplar has become naturalized in many areas 
where it has been introduced, primarily from root suckers, which it produces 
copiously. Much of the naturalized reproduction of seed origin may actually be 
spontaneous hybrids with native aspens (see below). White poplar is a striking tree 
that can grow to large size—more than 40 m tall and 1 m diameter (Tsarev 2005), 
although often it is smaller. The bark is metallic gray to chalky white on young trees, 
with distinct diamond-shaped, dark lenticels (Fig. 2-17), becoming black and deeply 
furrowed at the base in older trees. Its leaves are the most distinctive in the genus, 
varying in shape from the ovoid to deltoid, coarsely toothed preformed leaves to the 
three- to five-lobed, maple-like neoformed leaves (Fig. 2-13). Leaves are a rich dark 
green above, with a covering of thick white felt (indumentum) below, giving them a 
very attractive appearance. Buds and twigs also are covered with white pubescence. 
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Map 13. Natural range of Populus alba in Eurasia and Africa. Redrawn from Fenaroli and Gambi (1976). 

 
In bottomland habitats where seasonal variation in water tables is not 

extreme, white poplar attains magnificent timber proportions. It also grows well on a 
wide range of site and soil conditions and is regarded as somewhat tolerant of 
drought, wind, salinity, and high temperatures. White poplar has suffered, however, 
from winter dieback, frost injury, and cankers when planted in north temperate 
areas, presumably owing to Mediterranean seed sources. It produces abundant seed 
and, like the aspens, suckers vigorously from shallow roots. Hardwood cuttings of 
white poplar can be used for propagation, although rooting success is very 
dependent on the genotype of the parent tree. Because of its inherent vigor, site 
adaptability, and ability to root, white poplar long has been considered a superior 
tree for timber, windbreaks, and ornamental purposes. Thirteen P. alba cultivars 
currently are registered with the International Poplar Commission.  

Nine natural varieties of white poplar have been proposed—globosa, hickeliana, 
microphylla, nivea, pendula, pyramidalis, richardii, subintegerrima, and tomentosa—but 
several are simply clonal cultivars. Because of its distinctive columnar form, the 
well-known cultivar ‘Bolleana’ has been a popular tree for ornamental and line 
plantings throughout the world and is second only to Lombardy poplar for these 
purposes. White poplar readily hybridizes with aspens, either spontaneously or via 
controlled crossing (Fig. 2-11). The spontaneous hybrid between P. alba and P. 
tremula—the gray poplar (P. ×canescens)—has been known for over two centuries, 
having arisen spontaneously in regions where the ranges of the parent species are 
sympatric (Table 2-5). Gray poplars are intermediate between the two parent species 
in morphological characteristics and show hybrid vigor (17 cultivars currently are 
registered with International Poplar Commission). They thrive on dry or saline soils 
better than white poplar.  

Peking or Chinese white poplar (P. ×tomentosa) has been treated by some as a 
distinct Populus species, but it is now considered a hybrid (Yang, K-X et al. 1999), 
probably between P. alba and P. adenopoda. Bialobok (1964), however, claimed that 
the aspen parent was P. tremula var. davidiana. Peking poplar long has been 
cultivated in several Chinese provinces (6 cultivars currently are registered with 
International Poplar Commission). Fast-growing triplod Peking poplar cultivars, 
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with a lower lignin content and longer fibers, also have been produced. Finally, 
because white poplar was an early emigrant from Europe to North America, hybrids 
with native aspens are common. Populus ×rouleauiana (P. alba × P. grandidentata; 
Fig. 2-11) and, to a lesser extent, P. ×heimburgeri (P. alba × P. tremuloides) have arisen 
spontaneously in many places in North America (McComb and Hansen 1954, Spies 
and Barnes 1982) and several clones of these taxa have shown promise as plantation 
trees. 

Populus guzmanantlensis Vázquez & Cuevas, Manantlán poplar.  This little-
known tropical poplar occurs on lower to mid slopes (800 to 900 m) of the Sierra de 
Manantlán in the southwestern Mexican state of Jalisco (Map 14). It is an occasional 
tree in mixed, moist semi-deciduous forests, where it can attain heights of 35 m and 
diameters of 60 cm (Vázquez and Cuevas 1989). The World Conservation Union 
(ICUN) has placed this poplar on its “Red List” of threatened species. 

  

 
 
Map 14. Natural ranges of Populus guzmanantlensis (yellow) and P. simaroa (red) in Mexico. Redrawn from 
Discover Life, http://www.discoverlife.org/. 

 
Populus monticola Brandegee, Baja poplar. Endemic to canyon bottoms and 

oak woodlands from 825 to 1190 m in montane regions of the Mexican states of Baja 
California Sur, Sonora, and Chihuahua, this poplar is medium-sized tree that can 
exceed 22 m in height and 1 m in diameter (Felger et al. 2001). Boles can be single 
and straight or multiple, with bark that is rough and gray down low and whitish 
with black scarring above. Characterized by strongly heteroblastic leaf development 
(Eckenwalder 1980), the juvenile leaves of Baja poplar are narrowly oblong to 
rhombic, whereas leaves on mature plants are ovate or round. Seasonal heterophylly 
also occurs on indeterminate shoots. Petioles are laterally compressed. Bailey (1930) 
suggested that this putative species really is a naturalized population of P. alba var. 
subintegerrima introduced by early Spanish settlers. Because P. alba has become 
naturalized in many places in North America, this hypothesis warrants testing using 
isoenzyme analysis or DNA fingerprinting. The wood of Baja poplar has been used 
locally for furniture and construction, and it makes a spectacular ornamental if 
amply supplied with water.   

http://www.discoverlife.org/�
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P. simaroa Rzedowski, Balsas poplar. More widely distributed than 
Manantlán poplar, this species occurs in scattered locations in the mountains 
surrounding the Rio Balsas drainage in the Mexican states of Mexico and Guerrero 
(Map 14). Populus simaroa is unusual because it is deciduous during the summer wet 
season and leafs out during the winter dry season. Populus simaroa and P. 
guzmanantlensis are closely related and could be considered varieties or subspecies of 
a single taxon. Rzedowski (1975) also suggested a relationship to P. grandidentata. 
Because they were first described in 1989 and 1975, respectively, neither P. simaroa or 
P. guzmanantlensis are studied well enough to make an unequivocal pronouncement 
about their taxonomic status. 

Populus adenopoda Maximowicz, Chinese aspen. Native to mountain slopes 
from 300 to 2500 m in central and southeastern China (Map 15), P. adenopoda is a 
large tree that can reach 30 m in height (Zhenfu et al. 1999). Its leaves are typically 
aspen—relatively small, glandular, round to ovate with a pointed apex, and borne 
on a long, laterally flattened petiole. Leaf margins of Chinese aspen are coarsely 
dentate or rounded, upper leaf surfaces are shiny dark green, and the lower leaf 
surfaces—as well as branches—are densely pubescent when young. The wood is 
used for timber and pulp. 

  

 
 
Map 15. Natural range of Populus adenopoda in China, based on descriptive data in Zhenfu et al. 
(1999). 
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Two natural varieties are accepted: var. adenopoda and var. platyphylla (Zhenfu 
et al. 1999). In addition, a hybrid with P. alba (P. ×tomentosa; Chinese white poplar) is 
well known and often incorrectly given full species status. This hybrid occurs as a 
planted tree throughout the natural range of Chinese aspen and is widely used for 
pulp, timber, and as an ornamental and street tree. A backcross hybrid of P. 
×tomentosa with P. adenopoda also is cultivated in China.    

Populus gamblei Haines, Himalayan aspen.  Native to the lower hills of the 
eastern Himalayas from 400 to 2000 m, this species was first described in 1906 from 
the vicinity of the city of Darjeeling. It is unrelated to any other Eurasian species, 
with the possible exception of P. adenopoda. Unlike other aspens, which are distinctly 
north temperate, this species occurs in mixed forests in a subtropical life zone. The 
fast growth rate of Himalayan aspen has led to interest in it as a plantation species in 
its native range. 

Populus grandidentata Michaux, bigtooth aspen. One of two North 
American aspens, P. grandidentata occurs in the Northeast, Great Lake States, and 
northern Midwest USA and adjacent Canada (Map 16). Bigtooth aspen reaches fairly 
large size, and on dry sites it is considered superior to the sympatric quaking aspen 
by foresters because of its rapid growth rate and excellent form. Preformed leaves of 
bigtooth aspen are ovate, silvery on the underside, with margins of coarse, pointed 
teeth. Neoformed leaves on indeterminate shoots or suckers are larger and more 
heart shaped, with fine teeth (Fig. 2-14). Autumn leaves color to a bright yellow, 
sometimes with a hint of orange. Buds diverge from the twigs. Bark on young 
bigtooth aspen trees is olive-green, brownish-orange, or gray, which, along with its 
distinctive leaves, readily distinguishes it from its frequent associate quaking aspen. 
Bark on the lower bole of mature stems is  dark gray and furrowed. 

  

 
 
Map 16. Natural range of Populus grandidentata in eastern North America. Redrawn from U.S. 
Geological Survey Earth Surface Processes, http://esp.cr.usgs.gov/data/atlas/little/. 

 

http://esp.cr.usgs.gov/data/atlas/little/�
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Bigtooth aspen is adapted to well-drained, medium- to coarse-textured 
upland soils. It also is one of the most intolerant tree species and will only reproduce 
successfully in openings or areas with a dispersed overstory. Bigtooth aspen grows 
rapidly on rich sites and may reach heights of 20 m and diameters of 60 cm in 50 
years. Reproduction by root suckers is common, and they can grow to over 2 m 
during the first growing season (Laidly 1990). Browsing whitetail deer (Odocoileus 
virginianus) seem to prefer bigtooth aspen suckers to those of quaking aspen, which 
can partially negate these impressive first-year spurts of growth. 

The hybrid of bigtooth aspen with introduced P. alba (P. ×rouleauiana), which 
often arises spontaneously where the two species grow in proximity (McComb and 
Hansen 1954, Spies and Barnes 1982), is an especially impressive tree that has 
interested many poplar growers. Where this hybrid has been vegetatively 
propagated in an efficient, cost-effective manner, it has become widely deployed in 
plantations.  

Populus sieboldii Miquel, Japanese aspen. The leaves of a native aspen 
flutter in every north temperate land mass, and the islands of Japan are no exception. 
The taxonomic placement of this aspen, however, remains unclear (Hamaya and 
Inokuma 1957). In the last analysis, P. sieboldii may be recognized as a geographic 
variant of P. tremula. Japanese aspen, which occurs on hillsides and in mountainous 
regions on all the major islands except southernmost Kyushu (Map 17), is a medium-
sized tree (to 25 m tall and 50 cm diameter) with twigs and buds covered by a semi-
persistent white down. Leaves are typically aspen—relatively small and ovate in 
shape—with a pubescent under surface when young (Fig. 2-15). Japanese aspen is a 
colonizer of highly disturbed sites on the islands, including recently volcanized 
areas, and can live to be 100 years old or more. Extensive pure stands, however, are 
rare. 

  

 
 
Map 17. Natural range of Populus sieboldii in Japan. Redrawn from Hamaya and Inokuma (1957). 
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Populus sieboldii is an important commercial tree in its native range. Several 
hybrids are recognized, one of the most promising being P. sieboldii × P. 
grandidentata. This hybrid —which has been genetically transformed to reduce lignin 
content (Tamura et al. 2001)—is being targeted especially for cultivation on dry sites. 
Hybrids with P. alba also have been created to increase rooting of adventitious 
shoots excised from root segments. An inter-sectional hybrid with P. maximowiczii 
(Kamabuchi poplar) also exists (Takeda 1975), but it is unclear whether this is a 
spontaneous hybrid or one created by Japanese breeders. 

Populus tremula Linnaeus, Common or Eurasian aspen.  The archetypal Old 
World aspen, P. tremula occupies the largest natural range of any taxon in the genus 
and is one of most widely distributed trees in the world (Map 18). In the Russian 
Federation alone it occupies 20.6 million ha (Tsarev 2005). It has been recognized 
from antiquity for its unique morphological, ecological, and economic qualities. With 
its light gray or greenish-gray bark—often pitted with diamond-shaped lenticels—
and fluttering, rattling leaves, P. tremula is a familiar part of upland and montane 
landscapes from the British Isles, through Scandinavia and northern Europe, to the 
easternmost reaches of China and Russia and the northern islands of Japan. A 
disjunct population also occurs in Algeria on the African continent.  

  

 
 
Map 18. Natural range of Populus tremula in Eurasia and Africa. Redrawn from Fenaroli and Gambi 
(1976). 

 
Not as large as some of its relatives in other sections, Eurasian aspen can 

reach heights of 25 to 30 m and trunk diameters of 60 cm, although on stressful sites 
it can be much smaller. Among the shortest-lived of poplars, few trees survive past 
100 years. Yet individual clones may persist for millennia through root sprouting. 
Often a straight, well-formed tree, Eurasian aspen also can be small and contorted on 
stressful sites. 

Preformed leaves—borne on characteristically flattened petioles—are 
typically small (ca. 7 to 30 cm2), round to broadly ovate, with coarse, sinuous or 
pointed teeth (Fig. 2-13). Neoformed leaves are larger, rounded deltoid in shape, 
with fine teeth. Shoots and leaves may be glabrous or—especially when unfolding—
densely pubescent. This variant pubescence, as well as the preformed-neoformed 
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leaf morphology, has been a stumbling block in aspen taxonomy, with several so-
called species being simply morphogenic variants of the P. tremula archetype.   

Eurasian aspen grows on a variety of habitats—ranging from wet mesic to dry 
mesic or xeric—but it reaches its best development on well-drained, loamy soils high 
in lime, with a water table within 1.5 m of the surface. This aspen can form extensive 
pure, even-aged stands following disturbances, although mixed stands of aspen and 
other overstory or understory species also are common. The shallow and 
widespreading root system produces sucker regrowth of high density (tens of 
thousands per ha) if the stand is logged, killed by fire, or windthrown. Sucker 
growth is very rapid (1 to 2 m) during the first year. Clones resulting from suckering 
can vary in size from several trees to many thousands. 

Sexual reproduction by Eurasian aspen is abundant, and the light cottony 
seed, which matures in early spring, is carried long distances by the wind. If seeds 
find a favorable germination environment in a moist, recently disturbed habitat, 
seedlings will establish abundantly. But if these conditions do not pertain seed 
viability quickly is lost and few of the germinants will survive past the seedling 
stage. Because suckering develops on an established root system, it is the major 
reproductive mode in many areas.  

In certain areas of its natural range Eurasian aspen has been depleted because 
of agriculture and human development, but where it is abundant it is a 
commercially important tree. Aspens cannot be effectively propagated by dormant 
hardwood stem cuttings because they lack preformed root primordia, which limits 
their planting on a commercial scale. Successful trials with hardwood cuttings taken 
from plants transformed with the rolB gene construct, which is known to promote 
rooting, give hope that this barrier can be overcome (Dai et al. 2004). Young, leafy 
suckers from root cuttings or leafy shoot tips (softwood cuttings) can be excised and 
rooted under mist in a controlled environment, and aspens can be mass propagated 
under microculture (Ahuja 1984, Barocka et al. 1985), offering other avenues for 
producing clonal planting stock, provided economic barriers can be overcome.  

Several varieties or geographic races of P. tremula have been recognized, with 
some incorrectly afforded species status; e.g., var. davidiana as P. davidiana (Zhenfu et 
al. 1999, Weisgerber and Han 2001). But we follow Barnes and Han (1993) and 
consider these “species” to be geomorphic variants of P. tremula. Several of the 
named species or varieties are merely horticultural or forestry cultivars; e.g., 
‘Glandulosa,’ ‘Pendula,’ and ‘Pyramidalis.’ Among the Eurasian aspen hybrids, P. 
alba × P. tremula (P. ×canescens)—the well-known gray poplar—long has been 
important in plantation forestry (Table 2-5). The P. tremula × P. tremuloides (P. 
×wettsteinii) hybrid also shows much promise. Natural P. tremula triplods have been 
recognized for a long time (Johnsson 1942) and have been used in breeding projects 
throughout the world. Several advance generation hybrids (e.g., P. ×canescens × P. 
grandidentata) also are under trial. 

Populus tremuloides Michaux, quaking or trembling aspen.  The North 
American counterpart of P. tremula, quaking aspen is the most widely distributed 
tree species indigenous to North America (Map 19). It occurs transcontinentally 
across the northern USA and Canada to Alaska, and south in the Rocky Mountains, 
Cascade Mountains, and Sierra Nevada Mountains to Mexico. It occupies upland 
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and montane habitats that vary from wet mesic to xeric (Fig. 2-21). It is the most 
commercially important poplar in North America, with large volumes harvested 
each year for wood products. Quaking aspen is a slender tree with straight to 
crooked form and a small rounded crown. It is small to medium-sized in much of its 
range, although it can attain heights of 35 m and diameters of nearly 1.3 m in the 
central Rocky Mountains (Perala 1990).  

  

 
 
Map 19. Natural range of Populus tremuloides in North America. Redrawn from U.S. Geological Survey 
Earth Surface Processes, http://esp.cr.usgs.gov/data/atlas/little/. 

 
The distinctive bark of young quaking aspen is smooth; dirty gray, greenish-

white, or creamy white; and frequently darkened by warty bands, especially around 
branch nodes. On old trees the lower part of the stem will break into dark gray or 
black, shallow ridges. Preformed leaves of quaking aspen are round to oval in shape 
and similar in size to those of P. tremula, but they have finely toothed margins. 
Neoformed leaves, especially on young suckers, are much larger and more 
elongated. In the autumn leaves range in color from a dull yellow green to bright 
yellow, although in the Rocky Mountains clones bearing gold and orange leaves are 
not uncommon. The petiole of quaking aspen, like all aspens, is long and 
characteristically flattened, causing the leaves to flutter in the wind; hence the 
common name. The wood is light in color, soft, and straight-grained, and it is widely 
used in North America for pulp, paper, matches, oriented-strandboard, lumber, and 
other wood products.  

Quaking aspen is a distinctively clonal species (Fig. 2-22), although seed 
reproduction does commonly occur on recently disturbed sites with plentiful 
moisture. Clones derived from suckering vary from a few trees to stands many ha in 
size (Barnes 1975). In fact, the largest known organism in the world may be a clonal 
stand of quaking aspen in Utah, USA, which covers 43 ha, contains approximately 

http://esp.cr.usgs.gov/data/atlas/little/�


64 

47,000 individual stems, and weighs an estimated six million kg (Mitton and Grant 
1996). Aspen grows rapidly during the first 20 years, generally reaching maturity 
after 30 to 40 years. In the Rocky Mountains, quaking aspen reaches its maximum 
life span, with individual trees attaining over 200 years of age (Jones and Schier 
1985). Quaking aspen provides food and prime habitat for a host of animals and 
birds, and wildlife managers actively promote its reproduction and expansion. 
Nonetheless, the area occupied by quaking aspen in many parts of the Rocky 
Mountains recently has declined markedly due to browsing by wild and domestic 
ungulates and the exclusion of fire (Bartos and Campbell 1998). 

Quaking aspen is one the most genetically variable plants ever studied 
(Mitton and Grant 1996). Dissimilarity in growth rate, reproductive and vegetative 
bud break, autumn leaf coloration, leaf abscission, bark characteristics, stem form, 
and other traits is typical and very visible among clonal stands. As a consequence, 
quaking aspen at one time or another has been split into as many as four distinct 
species and 13 varieties or forms. Cooler heads prevailed, however, and today 
quaking aspen is simply considered a single, highly polymorphic taxon (Barnes and 
Han 1993, Little 1979). 

 Natural hybrids between P. tremuloides and P. grandidentata (P. ×smithii) have 
been identified where the natural ranges of the two species overlap (Table 2-5). 
These hybrids are not common, however, because P. tremuloides generally flowers 
one to two weeks before P. grandidentata. Spontaneous or purposefully bred hybrids 
with other taxa in section Populus also occur; e.g., P. tremula × P. tremuloides (P. 
×wettsteinii), a hybrid that has shown promise for forest plantations. Interspecific 
hybrids of P. tremuloides with taxa in other sections, however, are rare. Natural 
quaking aspen triploids also are well known (Einspahr et al. 1963, Every and Wiens 
1971). Triploid hybrids showed better growth and wood properties than diploids in 
the northern Lake States, USA (Einspahr et al. 1968), but they succumbed to disease 
before age 25 (Enebak et al. 1996). Even though many quaking aspen hybrids—as 
well as clonal selections of the pure species—are promising, the difficulty and 
expense of vegetatively producing planting stock, as well as severe browsing of 
young trees by ungulates, has limited forestry plantings in North America. 
Ornamental planting of quaking aspen in the USA and Canadian West, however, is 
not uncommon. 
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The genus Salix 
 
Characteristics of willows  

 
The genus Salix comprises 330 to 500 species worldwide of deciduous or, 

rarely, semi-evergreen trees and shrubs (Argus 1999). Willows are tolerant of a 
wider range of climates than poplars. Predominantly occurring in temperate and 
arctic zones, willows also are found in the subtropics and tropics. In many northern 
floras the number of willow species outnumbers any other woody genera. They play 
an important role in the vegetative cover of tundra and areas lying above latitudinal 
tree lines. Willows are the only woody species in some alpine zones, which are called 
“zones of dwarf willows.” Most willows occur in the Northern Hemisphere, with 
only a few species indigenous to the Southern Hemisphere. 

Evolutionarily, Salix probably arose in warm temperate or subtropical regions 
of eastern Asia, where the most apparent links between Populus and Salix exist (Fang 
1987). Advancement then occurred into the tropics and—much more significantly—
into temperate and arctic regions. The earliest willow-like leaf fossil resemble those 
of subgenus Salix and occur in Early Eocene formations in North America (Wing, 
1982), although diagnostic reproductive structures have not been recovered. 
Discovery in the Eocene Green River Formation in western USA of extinct, willow-
like fossils assigned the binomial Pseudosalix handleyi—twigs with attached leaves, 
pistillate and staminate flowers, and fruits—casts doubt on whether these Early 
Eocene leaves represent Salix (Boucher et al. 2003). Pseudosalix appears to be a 
linkage taxon between Salix and certain tribes now within Salicaceae formerly in 
Flacourtiaceae. Fossil leaves of Salix also are represented in formations from the 
Lower Oligocene in Europe, Late Oligocene in Alaska, and Late Miocene in Japan 
(Collinson 1992). 

A close look at the current distribution of willows reflects their evolutionary 
history, as well as the richness and diversity of the genus (Maps 20-40). The center of 
abundance of Salix is in China, with 189 endemic species (Zhenfu et al 1999), 
followed by the former Soviet Union with about 120 species (Skvortsov 1968, 1999). 
There are 103 species inhabiting North America, 65 species in Europe, and about 280 
species in Asia (Argus 1999). Forty species occur in Mongolia, 38 in Japan, 26 in 
India, 64 in the region of Central Asia including Afghanistan, Pakistan, Azerbaijan, 
Turkmenistan, Tajikistan, Kyrgyzstan, and Uzbekistan, and three in Mexico and 
Central America. There are no willows in eastern Brazil and eastern Indonesia. 
Willows are missing from the Antarctic and occur in Australia and Oceania only as 
introductions. 

 The cell nucleus of most Salix species contains two sets of 19 
chromosomes (2n=38). Species with a base number of 22 have also been reported 
(Skvortsov 1968, 1999). Ploidy levels range from diploid (2n) to dodecaploid (12n).  
The DNA content of diploid willow species native to Europe was estimated to be 
0.76 to 0.98 pg per diploid nucleus based on flow cytometry (Thibault 1998). 

Willows occur in several life forms: upright trees, shrubs, prostrate plants  
(Fig. 2-26), or groundcovers, with the majority of taxa occurring as shrubs (Fig. 2-27). 
Height among tree taxa can be 20 to 25 m and taller—S. alba and S. excelsa can reach 
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up to 30 m (Skvortsov 1968, 1999). Decumbent shrubs, conversely, can be only a few 
cm tall. Diameters of very old trees can be large (Fig. 2-28), sometimes exceeding 3 
m, with thick corky, ridged bark (Fig. 2-29). Their habits vary from upright to 
pendulous to spreading. In nature clonal propagation is unusual in Salix and only 
species from section Longifoliae and S. setchelliana form root suckers (Fig. 2-30). A few 
species (S. herbacea) form colonies from rhizomes, and several species (e.g., S. lucida, 
S. humilis and some dwarf willows) create small colonies by layering (Fig. 2-31).  
Vegetative propagation by broken branches that are brittle at the base and dispersed 
by water is common for some alluvial species (S. nigra and S. fragilis). Propagation of 
most willows by hardwood cuttings is facile because of preformed root primordia on 
stem nodes, although a few species are not good rooters—e.g., S. caprea and S. 
scouleriana (Densmore and Zasada 1978, Liesebach and Naujoks 2004).   

 

  

 
 
Fig. 2-27. The life form of willows ranges from dwarf ground covers to large 
trees, but most species are shrubs. Salix petiolaris (foreground) and S. bebbiana 
(background) dominate this shrub carr. Photo by D. Dickmann. 

  
 
Fig. 2-26. The dwarf willows Salix nakamurana from subgenus Chamaetia (left) and S. lanata from subgenus 
Vetrix (right) are cultivated as ornamentals in alpine and rock gardens. Photos by J. Kuzovkina.  
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Fig. 2-28. Tree-form willows can reach 
enormous proportions, especially solitary 
trees such as this Salix alba specimen in 
Moscow, Russia. Photo by J. Kuzovkina. 

 
Fig. 2-29. The bark of old tree-form willows—
here Salix alba—is typically broken into corky 
ridges. Photo by D. Dickmann.   

 
 

  
 
Fig. 2-30. Sandbar willow (Salix interior) is one of the few 
species in the genus that spreads by root suckering, 
forming dense, shrubby thickets. Photo by D. Dickmann. 

 
Fig. 2-31. Although branch layering is not common 
in willows, this clone of Salix lucida growing on 
beach sand is slowly spreading by this means. 
Photo by D. Dickmann. 
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 Sympodial growth is typical for all species (Fig. 2-2), and only one- or two-
year-old seedlings retain their terminal bud. The terminal bud dies followed by the 
abortion of shoot tips; the clean-cut abscission scar pushed to one side becomes 
unnoticeable.  New growth begins with the development of axillary buds from the 
preceding year. 

A few patterns of shoot development are known for willows. Determinate or 
fixed growth is typical for most dwarf arctic and alpine species. Under favorable 
environmental conditions, however, production of neoformed leaves also can take 
place. Indeterminate or free growth occurs in most lowland species. In addition, 
sylleptic growth (syllepsis) occurs in a large number of Salix species, including all 
members of section Longifoliae. The evergreen S. humboldtiana produces leaves and 
catkins every month of the year (Parolin et al. 2002).  

Generally, length of the growing season is longer for lowland willows than 
for poplars, athough climatic conditions and inherent differences among species 
affect the length of the growing season. Some species of southern origin—e.g., S. 
babylonica and its hybrid S. ×sepulcralis—retain foliage longer than any other native 
willow when cultivated in northern parts of the temperate region.   

Most species of Salix have a single, caplike bud scale formed by coalescence of 
two prophylls, a defining characteristic of the genus (Fig. 2-2). In section 
Humboldtianae the margins of the bud scale are free and overlapping on the adaxial 
side—a characteristic that has been used to distinguish this section. Two kinds of 
buds are found on willow stems: generative or flower buds and vegetative or leaf 
buds. A few bud types based on size, shape and position are known: in type 1 (alba-
type) vegetative and reproductive buds are uniform in size and shape and not 
distinguishable; in type 2 (arctica-type) a few (usually 2-3 but up to 5 or 6) large 
apical buds, both vegetative and reproductive, open in spring followed abruptly by 
smaller sets of buds that will stay dormant unless exposed to a special treatment; 
and in type 3 (caprea-type) large generative buds occur mostly on the upper portion 
of the branch, with smaller vegetative buds occurring below the inflorescences. Type 
3 is typical of many forest species that flower early in the spring (Skvortsov 1968, 
1999). 

Generative buds contain embryonic flowers with several rudimentary leaves 
that form during the preceding year and contine development throughout the 
winter, resulting in gradual expansion of the inflorescence until it pushes off the bud 
scale. For most species flowering takes place from early spring to early summer, but 
some species flower in fall (e.g., S. variegata). Salix flowers are predominantly insect-
pollinated  
(Fig. 2-32), but wind-pollination takes place as well (Argus 1974, Vroege and 
Stelleman 1990, Peeters and Totland 1999, Tamura and Kudo 2000, Karrenberg et al 
2002).  
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Fig. 2-32. A pistillate catkin of Salix bebbiana in anthesis. Unlike the wind-pollinated poplars, the 
flowers of most willows are pollinated by insects. Photo by D. Dickmann. 

 
The sequence of flowering and the development of shoots vary among species 

and a few patterns of annual development are recognized. Precocious species (e.g., S. 
caprea and S. discolor) flower before leaves emerge; species with this pattern have 
typically sessile catkins. In subprecocious species (e.g., S. purpurea) generative 
budburst and anthesis occur just before the emergence of leaves; catkins of species 
with this pattern are sessile or borne on short flowering branchlets (these short 
flowering branches are identical to the proximal end of normal vegetative shoots but 
they terminate in a catkin). In coetaneous species flowering and leaf emergence take 
place simultaneously (e.g.; S. alba, S. lucida, S. nigra) and the inflorescences are borne 
on distinct flowering branchlets (Fig. 2-33). Flowering also can occur throughout the 
season by syllepsis. 
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Fig. 2-33. Staminate catkins of Salix lucida in anthesis. Note their upright posture 
and—in this species—the long, foliaceous floral branchlets. Photo by D. Dickmann. 

 
  As in poplars, all of the taxa in the genus are dioecious. Single sex flowers 

are arranged into mostly upright aments or catkins (Table 2-1; Figs. 2-2, 2-32, 2-33). 
The perianth in willows is replaced by one to a few nectariferous glands 
(homologous to the cup-shaped disk in poplars) that rarely connate into a lobed 
glandular disk (S. pentandra).  The shape and the number of nectaries vary. A 
majority of species from subgenus Vetrix have one nectary in a flower while many 
species from subgenus Salix have two nectaries in a male flower. Nectaries are 
mostly green or yellow, although in some representatives of section Helix they are 
purple or brown. 

Each flower in the inflorescence is subtended by a floral bract. These bracts 
are persistent in staminate flowers, but are deciduous in the pistilate flowers of 
sections Humboldtianae, Salicaster, Salix and Longifoliae. The bracts may be pale or 
blackish, pubescent or sometimes glabrate.  Staminate flowers of most species have 
two stamens (Fig. 2-2), with the exception of sections Humboldtianae and Salicaster 
with the occurrence of 3 to 12 stamens. In Helix two stamens are fused into one and 
partial fusion of stamens takes place in sections Subviminales, Vimen, Daphnella. 
Pistillate flowers consist of a single pistil (ovary) that may be sessile (S. purpurea) or 
stipitate (born on a stipe or pedicel, as in S. amygdaloides), pubescent or glabrous.  
Styles are connate, partially distinct, or distinct; stigmas are mostly two-lobed. Ovule 
number ranges from 2 to 42 per ovary. Male aments usually fall off soon after 
flowering, while female catkins drop after seed ripening and dispersal. 

Willow seeds, containing chlorophyll but no endosperm, are very small (0.8 to 
3 mm) and have limited longevity. Each seed is seated in a ring of fine hairs (Steyn et 
al. 2004) that facilitate dispersal by wind (Fig. 2-2). Capsule dehiscence and seed 
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shedding typically occur three to eight weeks after pollination (Fig. 2-34), and seeds 
germinate promptly on exposed surfaces if moisture is available.  

  

  
 
Fig. 2-34. Reproductive phenology varies among willows; e.g., capsule ripening and dehiscence of 
Salix discolor (left) occur in spring prior to leaf out, whereas in S. interior (right) they occur during 
early summer after leaves are fully developed. Photos by D. Dickmann.  

 
Willow leaves are always simple and never lobed, ranging from narrowly 

elliptic, or linear, to oblong, ovate, obovate, or round (Fig. 2-35).  Leaf arrangement is 
typically alternate but few species are known with subopposite or nearly opposite 
arrangement (S. integra, S. purpurea, S. subopposita). Although leaf size can vary 
considerably, an important quantitative characteristic describing the shape of leaves 
is the ratio of length to breadth, which varies from 0.7 to 30. The location of the 
broadest part of the leaf blade (above, about, or below the middle of the blade) is 
also very useful and consistent for shape description. Leaf surfaces may be dull (S. 
humilis, S. cinerea L.) or lustrous (S. lucida, S. pentandra) and the underside of leaf 
blades may be covered with a whitish waxy bloom (S. fragilis, S. discolor). Leaf 
pubescence (indumentum) can be used in species identification, although in some 
species young leaves frequently exhibit indumentum that is lost at maturity. Leaf 
margins are flat or revolute due to the development of marginal collenchyma on the 
upper leaf surface (S. humilis, S. caprea), entire, serrate, or dentate.  Occasionally, 
small glands occur on each denticle, on the leaf margin (sections Salix, Helix) or close 
to it (sections Vetrix and Vimen). Typically, stomata are dense on the lower leaf 
surface (hypostomatous), although some species are amphistomatous, with stomata 
also on the upper surfaces (S. interior, S. nigra, S. alba, S. babylonica). Venation 
patterns are characteristic for species or even groups of species: veins may be 
submerged into the mesophyll and unobtrusive (sections Hastatae and Helix) or 
impressed above and raised beneath (S. bebbiana and most of the species of subgenus 
Vetrix). 
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1—S. interior;  
2—S. babylonica;  
3—S. alba;  
4—S. purpurea;  
5—S. herbacea;  
6—S. eriocephala;  
7—S. lucida;  
8—S. discolor;  
9—S. bebbiana;  
10—S. humilis. 

 
Fig. 2-35. Variation in leaf shape in Salix. Redrawn from Holmgren (1998). 

 
Although not so obvious as in poplars, willow leaf shape may vary along the 

shoot; a number of reduced leaves occasionally occur on the lower part of a 
vegetative branchlet and also on flowering branchlets (S. pentandra, S. brachycarpa). 
These leaves are called “proximal ” (Argus, 2005) or "lower " (Skvortsov 1968,1999),  
and they can differ from the later “normal” leaves in size and shape, toothing, 
stipules, and presence of stomata in the adaxial epidermis. In addition, small leaf-
like bracts, called cataphylls, occur next to the bud scale in some species and develop 
at the lower end of the branchlet (Sugaya, 1960).  They often do not turn green and 
can abort early. In some species (S. pentandra, S. fragilis) cataphylls exhibit parallel 
venation.  

Vigorous leaves with prominent stipules can occur on coppice or epicormic 
shoots. Stipules are prominent in many species (Figs. 2-2 and 2-36), but in some 
species they are reduced to tiny rudimentary outgrowths (S. petiolaris, S. herbacea). 
The shape of stipules varies from narrowly linear-subulate to rounded and is an 
important identification character for many species. In some species stipules are 
shed earlier than leaves (caducous), and in others, such as species from the section 
Daphnella, stipules adnate to petioles and shed simultaneously. 
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Fig. 2-36. Stipules of some willows—here Salix eriocephala—are persistent and prominent, making 
them a good character for species identification. Photo by D. Dickmann.  

 
Petioles in willows are shorter than in poplars and vary from 1 to 20 mm in 

length. In the subgenera Salix and Chamaetia petioles are channeled; in the subgenus 
Vetrix they are rounded, but never flattened on both sides as in many poplars. In 
species from sections Humboldtianae, Salicaster and Salix petioles have a few pairs of 
glandular dots at the base of a leaf blade.  

Differences in chemical composition of leaves and stems among genotypes 
within a species and among species result in variations in palatability and 
susceptibility to damage by insects, livestock, beaver, and browsing wild animals. 
Some species have relatively high nutritive value and are used as supplementary 
forage for livestock (S. alba, S. scouleriana, S. bebbiana, S. exigua, S. geyeriana, and S. 
commutata).   
          A distinctive feature of many willows that has been exploited in cultivation is 
their ability to resprout from stumps or stools after repeated harvesting (Fig. 2-37). 
Wide variation in coppicing ability due to genotypic differences in structure and 
physiology has been observed. Species with high coppicing ability typically belong 
to the subgenus Vetrix (e.g., S. viminalis and S. eriocephala). Certain bud 
differentiation patterns and frequent sylleptic sprouting may result in lower coppice 
response of some tree-formed willows (e.g., S. amygdaloides; Sennerby-Forsse and 
Zsuffa 1995).   
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Fig. 2-37. A distinctive feature of many willows and poplars that has been exploited in cultivation is their 
ability to resprout from stumps (stools) after repeated harvesting. Photo by J. Kuzovkina. 

 
   Molecular studies indicate that hybridization is an essential source of 
morphological variability in Salix, and extensive gene exchange between species 
takes place (Argus 2005). Hybridization and introgression have played major roles in 
the evolution of some sections (Longifoliae), as has polyploidy. About 40 percent of 
New World and European species are polyploid (Suda and Argus 1968, 1969; Argus 
1999; Dobeŝ and Vitek 2000).  A considerable number of hybrids have been induced 
by breeders through artificial cross-pollination, and many of these hybrids are used 
in horticultural and silvicultural plantings (Fig. 2-38). Families of species hybrids 
yield both male and female individuals (Mosseler and Zsuffa 1989). Many hybrids 
are fertile and can produce advance generation crosses.  
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Fig. 2-38. Dense plantations of willows—many of them 
hybrids—are commercially grown on short rotations 
for fiber and bioenergy, with Sweden leading the way. 
Photo by D. Dickmann. 

 
  Species of Salix differ in their ecological requirements, although the majority 
are adapted to mesic-hydric habitats (Argus 1986, Skvortsov 1968, 1999). Riparian or 
alluvial species growing along river valleys, streams banks, and lake shores require 
well-aerated substrate and flowing moisture (Fig. 2-39). Non-riparian species are less 
exacting in soil aeration requirements and include wetland species that are well-
adapted to saturated soils.  In humid climates willows also form temporary early 
successional communities colonizing newly opened upland habitats (roadside 
ditches, abandoned agricultural fields, railroads, old mine tailings, gravel pits, or 
recently burned, logged, or glaciated areas). Moisture availability is an important 
factor controlling native distribution and abundance of species (Salix is possibly 
derived from the Classical word sallies: sal meaning near and lis meaning water 
(Newsholme 1992). Plentiful moisture is important during seed germination and 
early seedling establishment. However, after that stage, constant soil moisture is not 
as important to the survival of many willow species (Argus 1986; Skvortsov 1968, 
1999). Some willow species even show xeric traits (S. humilis, S. myricoides, S. repens) 
and are adapted to drought and heat stress (Fig. 2-40).  
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Fig. 2-39. Salix humboldtiana growing in a seasonally flooded riparian habitat along the 
Paraná River, Argentina. Photo by J. Kuzovkina. 

 

 
 
Fig. 2-40. Salix myricoides is adapted to drought and heat 
stress; here it grows on a sand dune on the shore of Lake 
Michigan, USA. Photo by J. Kuzovkina. 

 
Willows are among the main colonists of water margins where open and wet 

habitats create a favorable environment for seed germination.  Nonetheless, most 
willow seedlings do not survive because of water fluctuations, erosion, and ice 
scouring. When established, some species can survive extreme water fluctuations 
and prolonged periods of partial inundation. Their ability to withstand root 
exposure and heavy sediment deposition, or burial, as a result of water and wind 
erosion relies on adventitious rooting of buried stems and the flushing of dormant 
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buds. These adaptations allow willows to survive in the constantly changing 
environments of flood plains, water margins and sand bars. Long-term survival of 
tree willows in these environments can produce impressive stands of timber  
(Fig. 2-41).   

  

 
 
Fig. 2-41. Old stands of tree willows growing in a flood plain habitat—here Salix nigra along the Mississippi 
River, USA—can obtain impressive timber quality. Photo by B. Lockhart, USDA Forest Service, Bugwood.org. 

 
Willows have long been useful in human economies. The wood typically is 

straight grained, sometimes interlocked, with a fine, uniform texture. The heartwood 
varies from pale reddish brown to grayish brown, with a whitish sapwood. It is light 
(specific gravity 0.3 to 0.42), soft, and weak, with low shock and decay resistance, 
and poor steam bending properties. It works and carves easily with hand and 
machine tools but sharp edges are required to avoid wooliness. Limited checking 
occurs during drying. Willow wood glues, screws, nails, and finishes satisfactorily. It 
is used for millwork, packing cases and boxes, artificial limbs, caskets, polo balls, 
cricket bats, Venetian blinds, poles, turnery, slack cooperage, veneer, and 
inexpensive furniture. Willow wands (osiers) have long been grown for basket 
making, wicker furniture, and wattle construction (Fig. 2-4). Recently, fast-growing 
willow plantations (Fig. 2-38) also have become an important source of fiber and 
bioenergy. The bark and leaves of willows have been known for millennia for their 
medicinal properties. In 1828 salicylic acid was isolated from willow bark, and it 
became the precursor of the well-known pain relieving, fever reducing, and anti-
inflammatory drug aspirin.  
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Willows are much more important in horticultural applications than poplars. 
Most people know about “pussy willows,” which are widely collected in the spring 
for decorative arrangements, but other willow selections are used in the same way  
(Fig. 2-42). Many cultivars of tree and shrub willows—both pure species selections 
and hybrids—also are widely planted for ornamentals (Fig. 2-43), wind breaks, 
screens, and stream bank stabilization. Unfortunately, some willows planted outside 
their natural range have become naturalized (Fig. 2-44) or, in the worst case, invasive 
weeds.  

  

 
 
Fig. 2-42. The distinctive male cultivar Salix udensis ‘Sekka,’ with 
its contorted, fasciated stems, is one of the aberrant willows used 
in flower arrangements. Photo by J. Kuzovkina. 
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Fig. 2-43. Willows are popular ornamentals. Left—Intense 
pubescence on both sides of mature foliage produces the 
striking, silver appearance of Salix alba ‘Argentea.’ 
Right—Another popular and colorful selection of white 
willow is Salix alba var. britzensis. Photos by J. Kuzovkina. 

 

 
 
Fig. 2-44. Crack willow (Salix fragilis) and its hybrids have escaped cultivation and become naturalized 
in many parts of the world, as have several other willow species. Photo by D. Dickmann. 
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Descriptions of Salix Species 
  
Salix is one of the most difficult and confusing plant genera to understand. In 

1905 Griggs commented: “We cannot study willows profitably by tables of 
dimensions and geometrical descriptions of the leaves any more than we can study 
the faces of our friends by measuring the length of their noses. As there is a certain 
almost indefinable individuality in a human face, there is in a species of plants an 
individuality no less indefinable but no less important”.  

Thus, characters considered reliable and easily recognizable in other plant 
genera are not consistent for willows and a different approach involving a 
combination of characters for species diagnoses is required. Skvortsov (1968, 1999) 
described the phenomenon: “While infraspecific variability in willows is obvious 
and striking, differences between species are difficult to understand and articulate.” 
In addition to remarkable individual variability and polymorphism masking the 
differences between species and species limits, a number of other factors add to the 
problems of Salix identification. Dioeciousness and asynchronous phenology of 
flowers and leaves make observation of all important traits at one time and on one 
plant impossible. Vegetative plants often do not exhibit any indication of gender yet 
diagnostic keys are rarely written to account for that fact. Phenotypic variability due 
to developmental stage (the degree of hairiness, presence of stipules and floral 
bracts, the length of catkins, stipes, and ovaries can change with age) and site 
conditions (moisture, nutrients, shade, and exposure) combine to complicate 
identification. Occurrence of natural interspecific hybrids adds to the uncertainty of 
the taxonomy of willows.  The result is that precise identification is not always 
possible. 

 Argus (2005) developed an interactive key to New World and some Eurasian 
Salix (http://aknhp.uaa.alaska.edu/willow/index.html) which can be used in 
species identification. The Flora of China also has been converted into ActKey for 
interactive identification 
(http://flora.huh.harvard.edu:8080/actkey/actkey.jsp?setId=3021). 

A few known classification systems and taxonomic treatments exist that 
arrange species into subgenera and sections. Reticulate evolutionary pattern, 
polyploidy, hybridization, and introgression often cause difficulties in placing some 
species into sections as well as creation of natural groups. Because of the wide 
distribution and taxonomic complexity of the genus, a worldwide classification 
system has yet to be proposed that satisfies all interested parties.    

A shortage of taxonomic expertise results in nomenclatural instability of the 
genus in trade and creates an obstacle for meaningful utilization of species. 
Nonetheless, several authoritative references and treatments on willows exist, with 
the most complete, updated, and revised classifications included in the following 
monographs: 

• Salix of Russia and Adjacent Countries by Alexei K. Skvortsov (1999)—originally 
published in Russian in 1968 as Willows of the USSR—reviews  the 
classification of the genus in the former Soviet Union, and also includes all of 
Europe, Northern Africa, Asia Minor, West and Northeast China, Mongolia 
and North Korea. Skvortsov recognizes three subgenera and 26 sections for 

http://aknhp.uaa.alaska.edu/willow/index.html�
http://flora.huh.harvard.edu:8080/actkey/actkey.jsp?setId=3021�
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that region. Subgenus Salix is represented by six sections, subgenus Chamaetia 
by five sections, and subgenus Vetrix by 15 sections. This monograph also 
includes a complete synonymy of 135 species, providing considerable help to 
resolve nomenclatural and taxonomic problems. 

• The most complete classification of Salix in North America is “Infrageneric 
classification of Salix (Saliceae) in the New World” (1997) and “Classification 
of Salix in the New World” (1999) published by George W. Argus. He adapted 
some of Skvortsov’s subsections but moved others into different sections and 
described new sections to include North American species. 

• The treatment of Chinese Salix by Wang and Fang (1984) can be consulted for 
many Asian species. The treatment accepted 37 sections in China, but did not 
use higher taxa. 

• The section on the Salicaceae by Zhenfu, Shidong, and Skvortsov (1999) in 
Flora of China, Vol. 4 gives the splitter’s view of Salix taxonomy. They describe 
275 species, 189 of which are endemic, but admit at the outset of their 
discussion that some combining may be warranted.    
 
To stabilize Salix nomenclature, today’s most prominent salicologists were 

consulted for this work. Listed taxonomic nomenclature above the species level is 
provided according to Argus (1997, 1999), Skvortsov (1968, 1999), and Zhenfu et al. 
(1999).  Table 2-3 lists species described in these regional treatments for a global 
overview, although we recognize that interpretation of these listings may be 
difficult.  
As with poplars, a comprehensive worldwide classification of Salix is a work in 
progress and may always be.   
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Table 2-3. A classification of the genus Salix by world region.a   
 

I. Eurasia (Skvortsov 1968, 1999)b 
 
Subgenus Salix 
 
1. Humboldtianae Andersson 
S.  acmophylla Boissier 
2. Amygdalinae Koch        
S. songarica Andersson 
S. triandra Linnaeus 
3. Urbanianae Schneider       
S. cardiophylla Trautvetter   

4. Pentandrae Schneider   
S. pentandra Linnaeus 
S. pentandroides Skvortsov 
S. pseudopentandra Floderus 
5. Salix         
S. alba Linnaeus 

S. excelsa Gmelin 
S. fragilis Linnaeus 
6. Subalbae Koidzumi      
S. babylonica Linnaeus 
S. pierotii Linnaeus 

 
 Subgenus Chamaetia  Nasarov            
 
7. Chamaetia Dumortier          
S. erythrocarpa Komarov 
S. reticulata Linnaeus 
S. vestita Pursh 
8. Retusae Kerner   
S. herbacea Linnaeus 
S. nasarovii Skvortsov 
S. nummularia Andersson   
S. polaris Wahlenberg    
S. retusa Linnaeus 
S. serpyllifolia Scopoli 
S. turczaninowii Lakschewitz                          
9. Myrtilloides Andersson 
S. fuscescens Andersson 

S. myrtilloides Linnaeus 
10. Glaucae  Pax   
S. alatavica Karelin  
S. arctica Pallas 
S. glauca Linnaeus 
S. kurilensis Koidzumi 
S. nakamurana Koidzumi 
S. ovalifolia Trautvetter 
S. reptans Ruprecht 
S. pyrenaica Gouan 
S. sphenophylla Skvortsov 
11. Myrtosalix Kerner 
S. alpina Scopoli 

S. berberifolia Pallas 
S. breviserrata Floderus 
S. chamissonis Andersson 
S. myrsinites Linnaeus 
S. phlebophylla Andersson 
S. rectijulis Ledbour   
S. rotundifolia Trautvetter 
S. saxatilis Turczaninow   
S. tschuktschorum Skvortsov 
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Subgenus Vetrix Dumortier 
 
12. Hastatae Kerner 
S. apoda Trautvetter 
S. fedtschenkoi Goerz 
S. hastata Linnaeus 
S. karelinii Turczaninow   
S. pyrolifolia Ledbour 
13. Glabrella Skvortsov 
S. crataegifolia Bertoloni 
S. glabra Scopoli 
S. jenisseensis Floderus  
S. reinii Franchet&Savatier   
14. Nigricantes Kerner 
S. apennina Skvortsov 
S. mielichhoferii Sauter 
15. Vetrix Skvortsov 
     Subsection Kuznetzowianae 
Skvortsov   
S. kuznetzowii Lakschewitz     
S. lagerii Wimmer 
     Subsection Vulpinae Kimura 
S. appendiculata Villars 
S. caucasica Andersson 
S. pedicellata Desfontaines 
S. silesiaca Willdenow 
S. vulpina Andersson 
     Subsection  Laeves Camus 
S. aegyptiaca Linnaeus 
S. atrocinerea  Brotero 

S. aurita Linnaeus 
S. caprea Linnaeus 
S. cinerea Linnaeus 
S. pseudomedemii  Wolf 
S. salviifolia Brotero 
     Subsection Substriatae Goerz 
S. abscondita Larkschewitz 
S. bebbiana Sargent   
S. pseudodepresa  Skvortsov 
S. starkeana Willdenow 
S. taraikensis Kimura 
S. tarraconensis Pau   
16. Arbuscella Seringe     
     Subsection Bicolores Skvortsov   
S. basaltica Coste 
S. divaricata Pallas 
S. kikodseae Goerz 
S. phylicifolia Linnaeus 
S. pulchra Cjam* 
S. tianschanica Regel 
     Subsection Arbusculae Hayek 
S. arbuscula Linnaeus 
S. boganidensis Trautvetter 
S. dshugdshurica  Skvortsov 
S. foetida Schleicher   
S. kazbekensis Skvortsov 
S. rhamnifolia Pallas 
S. saposhnikovii  Skvortsov 

S. waldsteiniana Willdenow 
17. Vimen Dumortier   
S. argyracea  Wolf 
S. armeno-rossica  Skvortsov 
S. dasyclados Wimmer 
S. pantosericea  Goerz 
S. sajanensis Nasarov 
S. schwerinii Wolf 
S. turanica Nasarov 
S. udensis Trautvetter   
S. viminalis Linnaeus 
18. Subviminales  Schneider       
S. gracilistyla Miquel 
19. Canae Kerner   
S. elaeagnos Scopoli 
20. Villosae Rouy      
S. alaxensis Coville 
S. helvetica  Villars 
S. lapponum Linnaeus  
S. krylovii Wolf 
21. Lanatae  Koehne     
S. lanata Linnaeus 
S. recurvigemmis Skvortsov 
22. Daphnella  Seringe         
S. acutifolia Willdenow 
S. daphnoides Villars 
S. kangensis Nakai  
S. rorida Lakschewitz 
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23. Incubaceae Kerner            
S. brachypoda Komarov 
S. repens Linnaeus 
S. rosmarinifolia Linnaeus 
24. Flavidae Chang           
S. gordejevii Chang    
25.  Helix Dumont           
     Subsection Caesiae  Skvortsov   
S. coesia Villars 
S. kochiana Trautvetter 
     Subsection Purpurea  Skvortsov   
S. amplexicaulis Bory   

S. elbursensis Boissier 
S. gilgiana Seemen 
S. integra Thunberg 
S. koriyanagi Kimura Goerz 
S. miyabeana Seemen 
S. purpurea Linnaeus 
S. vinogradovii Skvortsov 
     Subsection Tenuijules Skvortsov 
S. linearifolia Wolf 
S. olgae Regel 
S. pycnostachya Andersson 
S. tenuijulis Ledbour 

     Subsection Kirilowianae 
Skvortsov 
S. capusii Franchet 
S. kirilowiana Stscheglejew 
S. ledebourana Trautvetter 
S. michelsonii Goerz Nasarov 
S. niedzwieckii Goerz 
26.  Cheilophilae Hao  
S. wilhelmsiana Marschall   
S. microstachya Turczaninow          

 
II. Africa (I. V.  Belyaeva, personal communication; Geerinck and Léonard 1968, Jordaan 2005, Klopper 2006)) 

 
Subgenus Salix 
 
1. Triandrae (Amygdalinae Koch)        
S. triandra Linnaeus 

2. Salix         
S. alba Linnaeus 

 

 
Subgenus Protitea Ohashi 

 
3. Humboldtianae Andersson S. acmophylla Boissier   S. mucronata Thunberg 

 
Subgenus Vetrix Dumortier 

 
4. Vulpinae Kimura 
S. pedicellata Desfontaines  
5. Laeves Camus 

S. atrocinerea Brotero  
6. Canae Kerner 
S. elaeagnos Scopoli 

7.  Helix Dumont           
 S. purpurea Linnaeus 
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III. China (Zhenfu, Shidong, and Skvortsov 1999)c 

 
Subgenus Salix 
 
1. Tetraspermae Schneider 
S. araeostachya Schneider   
S. tetrasperma Roxburgh 
2. Urbanianae Schneider 
S. maximowiczii Komarov 
3. Pentandrae Schneider 
S. amygdalinae Koch 
S. burqinensis Chang Yang 
S. hunaensis Chou&Chou 
S. nipponica Franchet&Savatier 
S. paraplesia Schneider 
S. pentandra Linnaeus 
S. songarica Andersson 

S. triandroides Faang 
4. Salix 
S. alba Linnaeus 
S. babylonica Linnaeus 
S. bangongensis Wang&Fang 
S. bikouensis Chou 
S. capitata Chou&Skvortsov 
S. chienii Cheng 
S. chikungensis Schneider 
S. eriocarpa Franchet&Savatier 
S. fragilis Linnaeus 
S. heteromera Handel-Mazzetti 
S. jishiensis Fang&Wang 

S. koreensis Andersson 
S. longistamina Wang&Fu 
S. matsudana Koidzumi 
S. pierotii Miquel 
S. pingliensis Chou 
S. qunghaiensis Chou 
S. sericocarpa Andersson 
S. speudolasiogyne Leveille 
S. sphaeronymphe Goer 
S. sphaeronymphoides Chou 
S. weixiensis Chou 

 
Subgenus Chamaetia  Nasarov            
 
5. Retusae Kerner 
S. nummularia Andersson 
S. turczaninowii Lakschewitz 
6. Myrtilloides Koehne 
S. myrtilloides Linnaeus 
7. Chamaetia Dumortier 

S. vestita Pursh 
8. Claucae Pax 
S. alatavica Karelin 
S. laucae Linnaeus 
S. metaglauca Chang Yang 
9. Diplodictyae Schneider 

S. arctica Pallas 
10. Myrtosalix Kerner 
S. berberifolia Pallas 
S. rectijulis Ledebour
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Subgenus Vetrix Dumortier 
 
11. Hastatae Kerner 
S. fedtschenkoi Goerz 
S. hastata Linnaeus 
S. karelinii Turczaninow 
S. pyrolifolia Ledebour 
12. Arbuscella Seringe 
S. divaricata Pallas 
S. paraphylicifolia Chang Yang 
S. saposhnikovii Skvortsov 
S. tianschanica Regel 
13. Vetrix Dumortier 
S. caprea Linnaeus 
S. cinerea Linnaeus 
S. floderusii Nakai 
S. hsinganica Chang&Skvortsov 
S. iliensis Regel 
S. insignis Andersson 
S. pseudowallichiana Goerz 
S. raddeana Lakschewitz 
S. shandanensis Fang 
S. sinica Hao 
S. taraikensis Kimura 
S. wallichiana Andersson 
14. Lanatae Koehne 
S. bhutanensis Floderus 

S. lasiopes Wang&Fu 
15. Daphnella Seringe 
S. baileyi Schneider 
S. rorida Lakschewitz 
S. kangensis Nakai  
S. skvortzovii Chang&Chou 
16. Vimen Dumortier 
S. character Schneider 
S. ciuzevii Seemen 
S. dasyclados Wimmer 
S. rehderiana Schneider 
S. sachalinensis Schmidt 
S. sajanensis Nasarov 
S. schwerinii Wolf 
S. turanica Nasarow 
17. Subviminales Schneider 
S. gracilistyla Miquel 
S. lanifera Fang&Zhao 
S. myrtillacea Andersson 
S. obscura Andersson 
S. rhododendrifolia Wang&Fu 
S. taoensis Goerz 
18. Cheilophilae Hao 
S. cheilophila Schneider 
S. cyanolimnea Hance 

S. microstachya Turczaninow 
S. wilhelmsiana Bieberstein 
19. Helix Dumortier 
S. capusii Franchet 
S. carmanica Bornmueller 
S. caspica Pallas 
S. blakii Goerz 
S. donggouxianica Fang 
S. gracilior Nakai 
S. kirilowiana Stscheglejew 
S. koriyanagi Kimura 
S. lamashanensis Hao 
S. leveilleana Schneider 
S. linearistipularis Hao 
S. michelsonii Goerz 
S. psammophila Wang&Chang 
S. pycnostachya Andersson  
S. suchowensis Cheng 
S. sungkianica Chou&Skvortsov 
S. tenuijulis Ledebour 
S. yumenensis Yang 
S. yanbianica Fang&Chang 
20. Flavidae Chang&Skvortsov 
S. gordejevii Chang&Skvortsov 
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Subgenera unknown 
 
21. Wilsonia Hao 
S. balansai Seemen 
S. boseensis Chao 
S. cavaleriei Leveille 
S. chaenomeloides Kimura 
S. chekiangensis Cheng 
S. chingiana Hao 
S. dunnii Schneider 
S. kusanoi Schneider 
S. mesnyi Hance 
S. nankingensis Wang&Tung 
S. neowilsonii Fang 
S. rosthornii Seemen 
S. tengchongensis Fang 
S. warburgii Seemen 
S. wilsonii Seemen 
22. Fulvopubescentes Fang 
S. doii Hayata 
S. fulvopubescens Hayata 
S. morrisonicola Kimura 
S. okamotoana Koidzumi 
S. tagawana Koidzumi 
S. taiwanalpina Kimura 
S. takasagoalpina Koidzumi 
23. Magnificae Schneider 
S. contortiapiculata Mao&Li 
S. magnifica Hemsley 

S. medogensis Chou 
S. moupinensis Franchet 
S. omeiensis Scheider 
S. pella Schneider 
S. radinostachya Schneider 
S. xiaoguangshanica Chou&Chao 
24. Denticulatae Schneider 
S. austrotibetica Chao 
S. cathayana Diels 
S. daguanensis Mao&He 
S. delavayana Handel-Mazzetti  
S. denticulata Andersson 
S. dissa Schneider  
S. etosia Schneider 
S. guebriantiana Schneider 
S. heishuiensis Chao 
S. hypoleuca Seemen 
S. longiflora Wallich 
S. luctuosa Leveille 
S. macroblasta Scnheider 
S. maerkangensis Chao 
S. mictotricha Schneider 
S. minjiangensis Chao 
S. ochetophylla Goerz 
S. oreinoma Schneider 
S. paratetradenia Wang&Fu 
S. parvidenticulata Fang 

S. polyclona Schneider 
S. praticola Handel-Mazzetti 
S. pseudotangii Wang&Yu 
S. pseudowolohoensis Hao 
S. rhoophila Schneider 
S. tangii Hao 
S. tenella Schneider 
S. wangiana Hao 
S. xizangensis Chou 
S. zangica Chao 
S. zhegushanica Chao 
S. zhouquensis Sun 
25. Floccosae Hao 
S. annulifera Marquand&Airy-Shaw 
S. coggygria Handel-Mazzetti  
S. faxonianoides Wang&Fu 
S. floccose Burkill 
S. jingdongensis Fang 
S. kungmuensis Mao&Li 
S. microphyta Franchet 
S. opsimantha Schneider 
S. resectoides Handel-Mazzetti  
S. vaccinoides Handel-Mazzetti 
S. zayulica Wang&Fang 
26. Lindleyanae Schneider 
S. anticecrenata Kimura 
S. brachista Schneider 
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S. calyculata Hooker 
S. clathrata Handel-Mazzetti  
S. crenata Hao 
S. flabellaris Andersson 
S. glareorum Mao&Li 
S. gyirongensis Zhao&Fang 
S. hirticaulis Handel-Mazzetti 
S. kamanica Wang&Fu 
S. kangdingensis Zhao 
S. lindleyana Wallich 
S. ludingensis Ding&Fang 
S. oreophila Hooker 
S. paraflabellaris Zhao 
S. pilosomicrophylla Wang&Fu 
S. piptotricha Handel-Mazzetti  
S. ovatomicrophylla Hao 
S. scopulicola Mao&Li 
S. serpyllum Andersson 
S. souliei Seemen 
27. Sclerophyllae Schneider 
S. atopantha Schneider 
S. biondiana Seemen 
S. cupularis Rehder 
S. dalungensis Wang&Fu 
S. gilashanica Wang 
S. gyamdaensis Fang 
S. jinchuanica Chao 
S. juparica Goerz 
S. kongbanica Wang&Fu 
S. maizhokunggarensis Chao 

S. muliensis Goerz 
S. neoamnematchinensis Ding&Fang 
S. occidentalisinensis Chao 
S. oritrepha Schneider 
S. pseudospissa Goerz 
S. qinlingica Wang&Chao 
S. rockii Goerz 
S. sclerophylloides Chou 
S. sclerophylla Andersson 
S. taipaiensis Chang Yu  
S. wuxuhaiensis Chao 
28. Psilostigmatae Schneider 
S. argyrophegga Schneider 
S. argyrotrichocarpa Fang 
S. balfouriana Schneider 
S. bistyla Handel-Mazzetti 
S. daliensis Fang&Zhao 
S. daltoniana Andersson  
S. divergentistyla Fang 
S. eriostachya Wallich 
S. ernestii Schneider 
S. fargesii Burkill 
S. fengiana Fang&Chang 
S. nujiangensis Chao 
S. phanera Schneider 
S. plocotricha Schneider 
S. psilostigma Andersson 
S. salwinensis Handel-Mazzetti 
S. sikkimensis Andersson 
S. spathulifolia Seemen 

S. spodiophylla Handel-Mazzetti   
29. Eriocladae Hao 
S. amphibole Schneider 
S. dibapha Schneider 
S. driophila Schneider 
S. erioclada Leveille&Vaniot 
S. hupehensis Hao 
S. inamoena Handel-Mazzetti 
S. resecta Diels 
S. wolohoensis Schneider 
30. Heterochromae Schneider 
S. alfredii Goerz 
S. heterochroma Seemen 
S. paraheterochroma WangFu 
S. taishanensis WangFang 
S. trichocarpa Fang 
S. yadongensis Chao 
31. Argyraceae Chang Yang 
S. argyracea Wolf 
S. neolapponum Chang Yang 
32. Incubaceae Kerner 
S. rosmarinifolia Linnaeus 
S. schugnanica Goerz 
33. Sieboldianae Schneider 
S. hylonoma Schneider 
S. shihtsuanensis Wang 
S. yuhuangshanensis Wang 
34. Caesiae Kerner 
S. caesia Villars 
S. integra Thunberg 
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S. kochiana Trautvetter 
S. tarbagataica Chang Yang 
35. Variegatae Hao 
S. kouytchensis Schneider 
S. variegata Franchet 

36. Haoanae Wang&Chang 
S. haoana Fang 
S. liouana Wang&Chang 
S. permollis Wang&Yu 
S. pseudopermollis Yu&Chang 

S. sinopurpurea Wang&Chang 
 
Uncertain species 
S. limprichtii Pax&Hoffmann 
S. longissimipedicellaris Chao 

 
IV. The Americas  (Argus 1999) 
    

Subgenus Salix 
 
1. Salicaster Dumortier   
S. lucida Muhlenberg 

S. lucida subsp. lasiandra Murray 
S. serissima Fernald 

2. Maccallianae Argus   
S. maccalliana Rowlee 

 
Subgenus Protitea Ohashi 
 
3. Floridanae Dorn   
S.  floridana Chapman 
4. Humboldtianae Andersson 
S. amygdaloides Andersson 

S. bonplandiana Kunth 
S. caroliniana Michaux 
S. gooddingii Ball 
S. humboldtiana Willdenow 

S. laevigata Bebb 
S. nigra Marshall 

 
Subgenus Longifoliae Argus 
 
5. Longifoliae Andersson 
S. exigua Nuttall 
S. fluviatilis Nuttall 
S. interior Rowlee 

S. melanopsis Nuttall 
S. micropjylla 
Schlechtendal&Chamisso  
S. sessilifolia Nuttall 

S. taxifolia Kunth 
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Subgenus Chamaetia  Nasarov            
 
6. Chamaetia Dumortier          
S. nivalis Hooker 
S. reticulata Linnaeus 
S. vestita Pursh 
7. Setchellinae Argus 
S. setchelliana Ball 
8. Herbella Seringe   
S. herbacea Linnaeus 
S. nummularia Andersson   
9. Myrtosalix Kerner 
S. arctophila Cockerell 
S. chamissonis Andersson 

S. fuscescens Andersson                          
S. phlebophylla Andersson 
S. polaris Wahlenberg   
S. rotundifolia Trautvetter 
S. uva-ursi Pursh 
10. Ovalifoliae Schneider 
S. jejuna Fernald 
S. ovalifolia Trautvetter   
S. stolonifera Coville 
11. Diplodictyae Schneider 
S. arctica Pallas   
S. cascadensis Cockerell 

S. petrophyla Rydberg 
S. sphenophylla Skvortsov  
12. Myrtilloides Andersson 
S. athabascensis Raup 
S. chlorolepis Fernald 
S. pedicellaris  Pursh                        
S. raupii Argus 
13. Glaucae Andersson   
S. brachycarpa Nuttall 
S. glauca Linnaeus 
S. niphoclada Rydberg 

 
Subgenus Vetrix Dumortier 
 
14. Hastatae Kerner 
S. arizonica Dorn 
S. ballii Dorn 
S. barclayi Andersson 
S. boothii Dorn 
S. commutata Bebb 
S. cordata Michaux 
S. eastwoodiae Cockerell 
S. farriae Ball 
S. hastata Linnaeus 
S. monticola Bebb 
S. myricoides Muhlenberg 

S. myrtillifolia Andersson 
S. orestera Schneider 
S. pseudomonticola Ball 
S. pseudomyrsinites Andersson 
S. pyrifolia Andersson 
S. wolfii Bebb 
15. Cordatae Barratt     
S. eriocephala Michaux 
S. ligulifolia Ball 
S. lutea Nuttall 
S. monochroma Ball 
S. prolixa Andersson 

S. turnorii Raup 
16. Cinerella Dumortier   
S. discolor Muhlenberg 
S. hookeriana Barratt 
S. humilis Marshall 
S. paradoxa Kunth 
S. scouleriana Barratt 
17. Fulvae Barratt   
S. bebbiana  Sargent   
18. Phylicifoliae Andersson   
S. drummondiana Barratt 
S. pedunculata Fernald 
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S. pellita Andersson                                      
S. planifolia Pursh 
S. pulchra Chamisso 
19. Arbuscella Seringe     
S. arbusculoides Andersson 
20. Candidae Schneider 
S. candida Flugge 
S. wiegandii Fernald 
21. Lanatae  Koehne     
S. calcicola Fernald & Wiegand 
S. richardsonii Hooker 
S. tweedyi Ball 
22. Villosae Rouy       
S. alaxensis Coville 

S. barrattiana Hook 
S. silicicola Raup 
23. Argyrocarpae Fernald 
S. argyrocarpa Andersson 
24.Geyerianae Argus   
S. geyeriana Andersson 
S. lemmonii Bebb 
S. petiolaris Smith 
25. Mexicanae Schneider   
S. irrorata Andersson 
S. lasiolepis Bentham 
S. mexicana Seemen 
S. riskindii Johnston 
26. Brewerianae Schneider 

S. breweri Bebb 
27. Griseae Borrer     
S. sericea Marshall 
28. Sitchensis  Schneider   
S. delnortensis Schneider 
S. jepsonii Schneider 
S. sitchensis Sanson 
  
  
  
  
  

 

 

a Authorities for each world region may not agree on taxonomic ordering above the species level. Under each world 
region, sections are numbered consecutively. 
b Includes Russia, Europe, Asia Minor, West and Northeast China, Mongolia, and North Korea. c Although Zhenfu, 
Shidong, and Skvortsov (1999) do not propose taxa above the section level, we have placed sections into subgenera—if 
known—based on Skvortsov (1968, 1999). 
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Due to the large number of Salix taxa world-wide (Table 2-3), the scope of our 
descriptions is necessarily limited to 33 species important in plantation research, 
hybridization, and commercial culture (Table 2-6). The subgenus Chamaetia is 
completely omitted here due to its unsuitability for forestry cultivation. This section 
includes predominantly dwarf shrubs from alpine and arctic habitats; however, a 
few species are cultivated as ornamentals. Although a few of the species of Salix we 
describe are commercially deployed in the ornamental trade and in production 
plantations, many species have been utilized on a smaller scale, including traditional 
uses (basketry, bee keeping, indoor decorations, etc.), environmental restoration, 
silvicultural testing, and controlled hybridization. Most of the described species are 
well established taxonomically, and their placement in the genus is settled according 
to the authorites cited above. Nonetheless, a few nomenclatural uncertainties 
remain; e.g., the synonymy of S. babylonica vs. S. matsudana, S. udensis vs. S. 
sachalinensis, and S. cardiophylla vs. S. maximowiczii. These uncertainties are a matter 
of insufficient data and the need to rely on a particular authority. Although a 
problematic approach, an author’s choice of binomial in their publications currently 
may be the deciding factor until additional molecular data becomes available and 
consensus among authorities in the taxonomic community is reached.   
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Table 2-6. Shrub and tree taxa in the genus Salix important in plantation research, hybridization, and commercial culture.a  
Section Taxon English common nameb  Notes and synonyms 

 
Subgenus Salix 

 
Humboldtianae 

 
S. acmophylla Boissier 

  
Asia Minor & West Asia 

 S. amygdaloides Andersson Western black or peach-leaved 
willow 

North America; often confused 
with S. triandra 

 S. humboldtiana Willdenow Humbold willow Central & South America; sole 
member of Saliceae native to 
South America 

 S. nigra Marshall Black willow North America 
 S. tetrasperma Roxburgh Indian or four-seeded willow Central & east Asia   
    
Amygdalinae S. triandra Linnaeus Almond-leaved willow Eurasia; syn. S. amygdalina  
    
Urbanianae S. cardiophylla Trautvetter  East Asia; monotypic section 

that reproduces only by seed; 
syn S. maximowiczii 

    
Subalbae  
 

S. babylonica Linnaeus 
 

Weeping willow Eurasia; may be synonymous 
with S. matsudana 

    
Salix S. alba Linnaeus White willow Europe, Africa, & west Asia 
 S. excelsa Gmelin  Asia Minor & West Asia 
 S. fragilis Linnaeus Crack or brittle willow Europe, but naturalized in 

many areas worldwide 
    
Salicaster S. lucida Muhlenberg Shining or American bay willow North America 
 S. pentandra Linnaeus Bay or laurel-leaved willow Eurasia 
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Subgenus Longifoliae 

Longifoliae  
 

S. interior Rowlee 
 

Sandbar or narrow-leaved 
willow 

North America; S. exigua is a 
closely related species from 
western North America 
 

 
Subgenus Vetrix 

 
Cordatae 

 
S. eriocephala Michaux 

 
Heart-leaved willow 

 
North America 

    
Cinerella S. aegyptiaca Linnaeus Armenian or musk willow Asia Minor; syn. S. medemii 
 S. caprea Linnaeus Goat or pussy willow Eurasia 
    
 S. cinerea Linnaeus Gray willow or common sallow Eurasia 
 S. discolor Muhlenberg American pussy willow North America 
    
Fulvae  
 

S. bebbiana Sargent Bebb, long-beaked, or ochre- 
flowered willow 

Eurasia and North America  

    
Viminella S. dasyclados Wimmer Wooly-stemmed willow Eurasia; syn. S. burjarica; 

sometimes treated as a hybrid 
 S. schwerinii Wolf Schwerin willow East Asia; syn. S. kinuyanagi 
 S. udensis Trautvetter  Eastern Asia; syn. S. 

sachalinensis or S. siuzevii 
 S. viminalis Linnaeus Common osier or basket willow Eurasia 
    
Subviminales   
 

S. gracilistyla Miquel 
 

Japanese pussy or rosegold 
willow 

East Asia 
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Geyerianae  S. geyeriana Andersson Geyer willow Western North America 
 S. petiolaris Smith Meadow or slender willow North America 
    
Helix S. koriyanagi Kimura  Korea; syn. S. purpurea var.  

japonica  
 S. miyabeana Seemen Miyabe willow East Asia 
 S. purpurea Linnaeus Purple willow or purple osier Northern Africa & Europe 
    
Daphnella  S. acutifolia Willdenow Pointed-leaf willow Eastern Europe 
 S. daphnoides Villars Violet willow Europe 
 S. rorida Lakschewitz  Central & east Asia 
    
 

a Each of these taxa is briefly described in the text. 
b Common names vary considerably depending upon language and locality. 
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Subgenus Salix  

 
The subgenus Salix is the most primitive in the genus, being sharply isolated 

morphologically from the more advanced willows and sharing many common 
characteristics with Populus (Skvortsov 1968, 1999; Dorn 1976; Table 2-7). It 
comprises predominantly trees or robust shrubs with typically narrow, serrated 
leaves, rather loose catkins that appear with the leaves on leafy stalks, and pale 
bracts without pigmentation, that in female flowers abscise by the time capsules 
ripen. The vegetative and generative buds are of similar appearance. All members of 
this subgenus have glands on the channeled petiole near the leaf base that are 
weakly developed in section Subalbae. There are two nectaries in the male flower and 
usually one in the female flower. 
 
Table 2-7. Some evolutionarily primitive and advanced characteristics in Salix (from 
Skvortsov 1968, 1999).  
 
                       Primitive characters               Advanced characters 
Alluvial Non-alluvial habitats 
Habit: erect trees Habit: shrubs or dwarf shrubs  
Bud scale margins distinct and free Bud scale margins connate, scale cap-

like without free margins 
Lower cataphylls broad, their veins 

parallel 
Lower cataphylls narrow, their veins 

pinnate, as in regular leaves 
Bud size gradation of type 1 (alba) Bud size gradation of type 2 (arctica) or 

(caprea) 
Petioles channeled above, glandular at 

leaf base 
Petioles convex above, eglandular 

Young leaves produce odorous pitch Leaves not pitchy 
Leaves acuminate Leaves obtuse or short-pointed 
Veins prominent neither beneath nor 

above; leaves flat 
Veins impressed above, prominent 

beneath; leaf margins revolute 
Leaf denticles small and uniform Leaf denticles coarse and irregular or 

lacking 
Glands marginal Glands submarginal or extramarginal 
Distinct hypodermal layer in mesophyll Hypodermis not distinct 
Catkins narrowly cylindrical, long, 

sparsely flowered, more or less 
drooping 

Catkins more stout and short, erect, 
compactly flowered 

Bract connate at base to ovary stipe, 
abaxial nectary, and stamens 

Bracts quite distinct 

Bracts colorless, abscising in female 
catkins after flowering 

Bracts colored (brown or black), 
persistent 

Bracts puberulent on the inside, 
particularly at base 

Bracts clothed with long trichomes, 
mostly at apex 
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Nectaries two, or three, or glandular disk 

replacing individual nectaries 
Solitary adaxial nectary 

Stamens multiple (three or more), their 
number fluctuating 

Stamens three or two, their number 
constant; further evolution leading 
toward coalescence of stamen 
filaments 

Stamen filaments comparatively short, 
pubescent 

Stamen filaments comparatively long, 
glabrous 

Anthers small, not pigmented Anthers large, pigmented 
Ovaries stipitate Ovaries sessile 
Styles partially or entirely distinct, 

separated 
 

Styles entirely connate 

 
 

  The subgenus Salix is a heterogeneous group divided into sections 
containing   flowers with several stamens and sections with only two stamens. 
Ohashi (2000) proposed to include sections Humboldtianae and Floridanae 
(representatives of these   sections are characterized by bud scales with distinct, 
overlapping adaxial margins, flowers with more that two stamens, and generally a 
tropical distribution) into the  subgenus Protitea, and this proposition is currently 
favored by G. Argus (personal communication) and will be accepted in Flora of North 
America (in preparation). We, however, retain these two sections in subgenus Salix 
(Skvortsov 1968, 1999).  

This subgenus is well represented on all continents (Tables 2-3 and 2-6) and is 
as commonly cultivated in southern regions as poplar. Arborescent willows can 
attain a large size—up to 20 to 30 m in height with growth rates comparable to 
poplars. Frequently seen along watercourses and growing in fertile soils of river 
valleys, representatives of this subgenus are vital to the economy of many southern 
and arid regions where they used for timber, fuel, basket making, prevention of soil 
erosion, fodder, shelter for domestic animals, and ornamentals.  
    
Section Humboldtianae Andersson 
 

This section comprises nine to 14 medium-sized tree species (Table 2-3) with 
distinctive free overlapping (not connate) bud scale margins. Both generative and 
vegetative buds are sharply pointed and small. Male flowers have more that 2 
stamens.  Old bark of mature specimens has coarse longitudinal fissures. Members 
of this section are mostly spread throughout the tropics and subtropics.  
 

Salix acmophylla Boissier.  The distribution of this willow is restricted to arid 
tropical and subtropical continental regions in Asia Minor and Central Asia (Map 
20), where it grows along river banks and irrigation ditches in the piedmont or 
mountains, reaching 2,000 to 2,200 m elevation in Afghanistan, Pakistan, and 
northern India. Salix acmophylla is a medium-sized tree 8 to 10 m tall, with a rounded 
crown and rough bark with irregular vertical cracks. Its often pendulous branches 
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are slender, red and glabrous, bearing acute small buds (Fig._). The glabrous linear-
lanceolate leaves, up to 15 cm long, are very long-tapering, with entire or slightly 
serrate margin. There are 4 to 6 stamens in male flowers. It is a commonly cultivated 
willow in the region of its distribution, although it is not cold hardy in temperate 
climates. In the western Himalayas, where it is planted in dry inner valleys along 
irrigation channels, S.  acmophylla is used for basketry, fuel, and building materials.  
In Pakistan it is used by carpet weavers for dyeing, as fodder for camels and cattle, a 
decoction of bark is used as a febrifuge, but the wood is of little use (Khan 1967). It is 
known to hybridize with S. alba and S. excelsa (Skvortsov 1968, 1999). 

  

 
 
Map 20. Natural ranges of Salix acmophylla (brown) and S. cardiophylla (red) in Eurasia. Redrawn from 
Skvortsov (1999). 

 
 
 Salix amygdaloides Andersson, western black or peach-leaved willow. A 

North American species occupying a more northern range than S. nigra, S. 
amygdaloides is distributed transcontinentally from New York and Quebec to British 
Columbia and south to Texas, Arizona, and Kentucky (Map 21). It typically occurs in 
wetlands and along rivers, streams, and lakes; it grows on sandy, silty, or gravelly 
substrates. Salix amygdaloides is tolerant of wet and occasionally flooded soils and 
holds banks from washing away.   
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Map 21. Natural range of Salix amygdaloides in North America. Redrawn from U.S. Geological Survey 
Earth Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
A tree up to 20 m tall, the common name—western black willow—suggests its 

affinity with S. nigra, but its habit and morphology differs considerably from that 
species. It is generally single-stemmed, with a narrow rounded crown and straight 
trunk, with clean branches and smooth brown bark. The winter buds of S. 
amygdaloides are nearly twice as large as those of S. nigra, with a much lighter base 
where they were protected by the petiole.  Mature leaves on slender and terete 
petioles are thickly glaucous underneath. There are 3 to 7 stamens in male flowers.   

Salix amygdaloides is occasionally confused with S. triandra (syn. S. amygdalina 
L.), but it is considerably different in bud, flower, and bark structure. Hybrids with 
S. nigra and S. caroliniana form in areas where the species are sympatric (Argus 1986). 
This species has been deployed in biomass production trials in the USA (Kopp et al. 
2001), although it has a lower resprouting ability than the shrubby willows 
(Sennerby-Forsse and Zsuffa 1995). 

 
Salix humboldtiana Willdenow, Humbold willow.  This large tree willow is 

unique in the Saliceae, being the only species in the family indigenous to South 
America, where it grows along watercourses in Chile, Uruguay, Argentina (Fig. 2-
39), and southern Brazil in warm temperate and subtropical regions (Map 22). It also 
occurs in Central America, one of only three willow taxa found there (Dorn 1976). It 
is limited in its range of distribution due to susceptibility to frost. Humboldt willow 
is distinguished by a fastigiate crown, thick scaly bark, long narrow glabrous leaves, 
and male flowers containing 4 to 9 stamens. Although it is of little economic 

http://esp.cr.usgs.gov/data/atlas/little/�
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importance, it is occasionally used in land reclamation projects in Argentina and in 
hybridization work in Chile, Argentina and India. Salix ×argentinensis Ragonese is a 
group of hybrids between S. babylonica and S. humboldtiana, and a number of its 
clones have been selected and extensively cultivated in Argentina. The most widely 
cultivated clones are ‘Hibrido,’ ‘Mestizo,’ and ‘Mestizo Amos’ (FAO 1980). 

  

 
Map 22. Natural range of Salix humboldtiana in Central and South America. Redrawn from Discover Life 
http://www.discoverlife.org/. 
 

Salix nigra Marshall, black willow.  This species from eastern North America 
(S. gooddingii Ball is its western counterpart) occupies a wide area from southern 
Canada to northern Florida, west to Minnesota and Texas (Map 23). As a pioneer 
species, black willow often forms extensive stands along river margins and 
floodplains on wet fine-textured alluvial soils. It may occur along the edges of 
ponds, swamps, and roadside ditches and is well adapted stagnant water.  

http://www.discoverlife.org/�
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Map 23. Natural range of Salix nigra in eastern North America. Redrawn from U.S. Geological Survey 
Earth Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
Salix nigra commonly can grow to over 20 m tall (maximum 43 m), with an 

irregular crown and a trunk diameters of 1 m or more. This normally deliquescent 
willow can produce an upright stem in closed stands (Fig. 2-41)—especially in the 
Mississippi River Delta—but commonly grows in clumps with crooked and leaning 
trunks (Pitcher and McKnight 1990). Within the first five years of growth S. nigra 
develops thick, rough, furrowed bark with wide ridges on the lower trunk, 
rendering it low in palatability to browsing animals. Its reddish brown branches are 
very brittle at the base. In autumn, most of the season’s twigs drop off, hindering 
stem elongation and making trees thick and stubby. The long, narrow foliage of 
black willow is uniformly green on both sides.   

The wood of black willow is very light (specific gravity 0.34 to 0.41), soft, and 
straight-grained. During the 18th and early 19th centuries it was used to make fine 
charcoal for black gunpowder, and it was extensively used for artificial limbs 
(Pitcher and McKnight 1990). Black willow is relatively resistant to cytospora canker 
and has received some attention from tree geneticists. It also has been deployed in 
biomass production trials in the USA (Kopp et al. 2001).    
 

Salix tetrasperma Roxburgh, Indian or four-seed willow. This tree is a 
paleotropical species inhabiting low elevations in India and eastern Asia (Map 24). It 
is closely related to S. bonplandiana Kunth, a neotropical species distributed in 

http://esp.cr.usgs.gov/data/atlas/little/�
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Mexico and Guatemala (Skvortsov 1999). It is found in subtropical areas of India 
along the banks of rivers and streams, in wet swampy places, ascending up to 2,100 
m elevation. The species is polymorphous and a few varieties are distinguished. 
Northwestern plants are distinguished from southern and eastern representatives by 
their longer and narrower leaves. 

  

 
 
Map 24. Natural range of Salix tetrasperma in Asia. Redrawn from Discover Life 
http://www.discoverlife.org/. 

 
Salix tetrasperma can be up to 10 m tall, with silky pubescent young shoots. 

Linear-lanceolate leaves have an acuminate apex and serrated margin.  Its catkins, 
both male and female, are very long, up to 10 cm.  There are typically eight stamens 
in male flowers. Glands in male flowers are usually connected, forming a lobed disk.  
Indian willow occasionally flowers in November or December before the expansion 
of new leaves, exhibiting precocious development, which is unusual for the 
representatives of this subgenus.  

Indian willow is frost hardy.  It coppices and pollards well. The heartwood is 
not long-lasting and large trees are usually hollow. S. tetrasperma is sporadically 
cultivated in the foothills and inner valleys in northern India and is used as fodder 
for sheep and goats (Singh 1982). To a lesser extent it is also used for timber, fuel, 
and baskets. Its red, even-grained, soft wood is used for posts, planking, and 
matches. Bark is used for tanning and as a febrifuge (Khan 1967). This species is 
currently hybridized with S. alba, S. babylonica, and S. humboldtiana to create clones 
suitable for cultivation from tropical to temperate regions of India. 

http://www.discoverlife.org/�
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 Section Amygdalinae Koch       
 

This section appears to contain only Old World species (Table 2-3). The bark 
of old branches in this section characteristically exfoliates in patches of irregular 
shape, resembling Chosenia.   
 

Salix triandra Linnaeus, almond-leaved willow (syn. S. amygdalina L.). A 
willow with a broad distribution in Eurasia (Map 25), this species grows on river and 
stream banks and occasionally on secondary habitats such as ditches and gullies. Its 
vertical distribution ranges from lowland to moderate mountain elevations; in the 
Pyrenees it ascends up to 1,700 m. In China, Japan, and on the Korea Peninsula it 
grows only on the foothills. Almond-leaved willow is a tall shrub or occasionally 
small tree up to 3 m tall with short stems and wide crowns. Narrowly cylindrical 
and somewhat pendulous serotinous catkins are borne on long, leafy stalks. Male 
flowers contain three stamens.   
 

 
 
Map 25. Natural range of Salix triandra in Eurasia and Africa. Redrawn from Skvortsov (1999). 

 
Almond-leaved willow is an extremely variable species. Two distinct forms 

are known: form discolor with conspicuous glaucous bloom on the underside of 
leaves and form concolor with a green underside.  Populations from the Caucasus 
and Iran that have been described as S. medwedewii Dode—characterized by their 
delicate and slender shoots and catkins, with smaller buds and leaves—should 
probably be treated as a subspecies of S. triandra (Skvortsov 1968, 1999).  

Salix triandra, along with S. viminalis and S. purpurea, is one of the most 
important species used in basketry.  It produces high quality hard and pliable rods 
containing little pith. Almond-leaved willow also is used as a parent in current 
breeding programs in Europe. It is planted in China to protect embankments and as 
a nectariferous plant (Zhenfu et al. 1999). 
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Section Urbanianae Schneider 
 

This monotypic section (Table 2-3) comprises the only representative in the 
genus that reproduces exclusively by seeds (Skvortsov 1968, 1999). Probably because 
of this surprising feature, it has only limited economic importance. 
 

Salix cardiophylla Trautvetter (syn. S. maximowiczii Komarov). A massive 
tree up to 30 m tall, with a trunk up to 1 m in diameter, this willow is distributed 
throughout the Russian Far East, North Korea, northeast China, and Japan (Map 20). 
Its leaves are elliptic to oblong-ovate and branchlets are bright crimson with a 
pruinose bloom (Newsholme 1992). Its bark becomes deeply fissured with age. It is 
used for timber and matchwood, as a nectariferous plant, and as an ornamental. 
Skvortsov (1968, 1999) and Ohashi (2001) believe that S. maximowiczii is synonymous 
with S. cardiophylla, although S. maximowiczii is accepted in Flora of China (Zhenfu et 
al. 1999).  
  
Section Subalbae Koidzumi  
 

This East Asian section includes trees of moderate to large size with 
generative buds larger than vegetative, two stamens in the male flower, petioles 
without glands, and persistent bracts.  It includes only two species (Table 2-3). 
  

Salix babylonica Linnaeus, weeping willow (syn. S. matsudana Koidzumi). 
One of the best-known trees in the world, weeping willow’s broad spreading crown, 
lanceolate leaves (Fig. 2-35), and long pendulous branches are distinct. It is a 
medium to large tree that commonly reaches 15 to 18 m in height, with a trunk to 80 
cm in diameter. When grown in favorable conditions of moist sandy depressions, 
however, it attains large size, reaching up to 20 m in height and more than 2 m in 
trunk diameter. Its original range comprised river valleys in arid and semiarid 
regions of central and north China, but the exact limits of this range now are 
obscured. Although it is relatively sensitive to winter cold, it is still one of the most 
widely cultivated trees worldwide. In Eurasia the northern limit of its successful 
cultivation concurs with the northern margin of commercial peach production and 
includes southern England, Belgium, southern Germany, the Czech Republic, 
Hungary, southern Romania, the Crimea, Caucasus, Uzbekistan, Piedmont 
Kirghizia,  northeast China, and the Korea Peninsula (Skvortsov 1968, 1999). In 
North America the sympatry with commercial peach production also would hold.   

A few clones are present in cultivation. A female clone with weeping 
branches was probably introduced to Europe from the Near East in the 17th century 
and is still the only one that appears to grow everywhere in Europe and North 
America. Santamour and McArdle (1988) proposed ‘Babylon’ as a cultivar name for 
the clone that represents a highly atypical selection from the species. It had been 
introduced at various points along the ancient trade route through southern Asia to 
the Near East, and to Europe circa 1730. There are a few additional clones cultivated 
in Middle Asia, including some that are male.  

Non-weeping forms are common in China and regarded as S. matsudana 
(Hankow willow). Some botanists, including Skvortsov (1968, 1999) and Santamour 
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and McArdle (1988), believe that S. matsudana is synonymous with S. babylonica, but 
Zhenfu et al. (1999) consider them to be different species. 

In addition to S. babylonica, there are other weeping willows that are less 
sensitive to cold and more suitable for cultivation in north temperate zones. Among 
them S. ×sepulcralis nothovar. chrysocoma Meikle, a hybrid of S. alba var. vitellina and 
S. babylonica, is  very popular in cultivation for its bright yellow branches and 
weeping habit.  Salix ×sepulcralis Simonkai (syn. S. ×babylonica salamonii Carriere), a 
hybrid of S. alba var. alba × S. babylonica, is also an attractive tree, though with a less 
pendulous habit than S. ×sepulcralis nothovar. chrysocoma and with olive-brown 
twigs (Meikle 1984).  In addition, S. ×pendulina Wenderoth, a hybrid of S. babylonica 
with S. fragilis, as well as its varieties S. ×pendulina var. elegantissima and S. 
×pendulina var. blanda that probably originated in Germany, are common in 
cultivation. Salix ×pendulina var. elegantissima is a tree with the extreme weeping 
habit of S. babylonica, while S. ×pendulina var. blanda (Wisconsin weeping willow or 
Thurlow weeping willow) is a tree with less pendulous branches.   

Salix babylonica has three often cultivated, non-weeping ornamental forms that 
are products of ancient Chinese selection:  ‘Tortuosa,’ an upright female clone with 
irregularly twisted branches; ‘Crispa’ (or S. babylonica var. annularis), a clone with 
leaves curved into rings; and ‘Umbraculifera,’ a cultivar with a fan-shaped, 
subglobose, dense crown that is called bread willow in China because of its 
resemblance to a loaf of bread. Planted on every continent, S. babylonica is used for 
timber, weaving wicker baskets, afforestation, and as a nectariferous plant, in 
addition to its ornamental uses.   
 
Section Salix        
 

This section includes only three large or moderate-sized tree species  
(Table 2-3) with coarse, fissured bark and two stamens in male flowers.    
  

Salix alba Linnaeus, white willow. One of the best-known and largest 
willows, attaining heights of 30 m and trunks up to 1 m or more in diameter  
(Fig. 2-28), white willow is characterized by graceful ascending or frequently 
weeping crowns. It is widely distributed throughout Europe, Asia Minor, western 
Siberia, and is also present in northern Africa (Map 26), exhibiting a uniform set of 
characteristics across its entire range. Its branchlets, buds and narrow leaves  
(Fig. 2-35) are generally densely pubescent with silky hairs, giving it a silvery 
appearance that makes it easily visible from a distance; hence its common name. 
Salix alba is a keystone species of riverbank communities where it occasionally forms 
groves extending for many km. 
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Map 26. Natural range of Salix alba in Eurasia and Africa. Redrawn from Skvortsov (1999). 

 
  White willow is widely cultivated and has been introduced far beyond its 
natural range. In many areas it is one of the most common plants cultivated near 
human habitations in parks, estates, residential lots, and on river banks. It does not, 
however, seem to escape and naturalize so readily as S. fragilis.   

Salix alba has been in cultivation for many centuries and, as a result, 
numerous cultivars have been selected and bred for ornamental characteristics. The 
most popular selections include Salix alba var. vitellina, with bright yellow stem color 
that occurs as a group of mainly female clones and Salix alba var. britzensis (Fig. 2-43), 
with bright orange-red color on young stems. These ornamental selections probably 
originated from central and southern Europe because of the southern patterns of 
their phenology; in temperate climates they continue growing throughout the entire 
season producing three or four generations of sylleptic shoots (Skvortsov 1968, 
1999).  Salix alba ‘Argentea’ is a very ornamental cultivar producing silver-appearing 
leaves due to intense pubescence on both sides of mature foliage (Fig. 2-43).  

Salix alba is an important commercial timber species. The wood is used for 
archery bows, hoops, canoes, wooden kitchen utensils, sandals, charcoal, and log 
cabins (Nasarow 1936, 1970). Salix alba var. caerulea—the cricket-bat willow—is an 
extensively cultivated, vigorous variety that provides high-quality wood for this 
specialized use. According to Warren-Wren (1972), only female trees of this variety 
produce timber of the required standard for cricket bats. White willow also is used 
for wicker baskets and as a nectariferous plant. Young branches and leaves are 
readily eaten by goats. Salix alba can succeed in drier soils and its hybrids with S. 
babylonica are suggested as potential browse for ewes in dry summer conditions 
(Pitta et al. 2005). The bark of white willow also is used for medicinal purposes; for 
tannin to dye silk, wool, and leather; for production of a buff varnish for painting; 
and for rope making.  

White willow frequently hybridizes with S. fragilis, and taxa with that 
parentage are often described as S. ×rubens Schrank. Hybrids with S. fragilis are often 
observed in secondary and disturbed habitats and in areas with no remaining 
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natural habitat.  Salix alba also hybridizes with S. excelsa, S. acmophylla, S. pentandra, 
and S. babylonica, and its numerous hybrids are frequently used in breeding 
programs. 
 

Salix excelsa Gmelin. This large tree is similar to S. alba in its habit and 
habitat.  It has been widely cultivated since ancient times and, therefore, its 
distribution has expanded considerably. The original range of its distribution 
includes Iran, Kopet-Dag, and probably some locations in Afghanistan and Middle 
Asia (Map 27), although it is possible that the majority of natural groves have been 
exterminated. Salix exelsa is cultivated on the territory extending from Israel and 
Syria to Middle Asia (Skvortsov 1999).  In areas where S. excelsa and S. alba have 
been cultivated over a long period of time, intermediate forms are found. 

  

 
 
Map 27. Natural range of Salix excelsa (brown) in West Asia and S. fragilis (red) in Europe. Redrawn 
from Skvortsov (1999). 

 
 

Salix fragilis Linnaeus, crack or brittle willow. A modest-sized tree attaining 
15 to 20 m in height and 1 m in diameter, crack willow has a wide crown and deeply 
fissured bark on old trunks. Although the exact limits of its natural range have been 
obscured because of its extensive cultivation, Skvortsov (1968, 1973, and 1999) 
proposed that its original distribution included northern Asia Minor and the 
Armenian High Plateau (Map 27), where it grows on the banks of mountain streams. 
Its smooth olive green branchlets are very brittle at the base and the tree easily 
propagates itself by broken branches (fragmentation). As a result, S. fragilis became 
widespread in Europe, Asia, and eastern North America (Fig. 2-44). In Australia and 
New Zealand it is considered to be a noxious invasive. The name of crack willow is 
often attached to a complex group of willows, representing numerous hybrids with 
S. alba, but pure crack willow occurs more rarely than its hybrids. Some of these 
hybrids with S. alba have been assigned specific binomials: S. ×rubens Schrank and S. 
×viridis Franchet. As with white willow, S. fragilis and its hybrids occasionally form 
extensive stands extending for many km along rivers. 
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Salix fragilis is common in wet places, near water, and on residential lots.  It is 
occasionally planted for reforestation, extensively planted along streams to hold 
earth, and as a wind break. An ornamental clone of crack willow—S. fragilis 
‘Bullata’—with a short trunk and very dense spherical crown originated in the Baltic 
Countries in the late 18th century and is currently popular in Europe. Crack willow is 
used as a nectariferous plant, for fuel and construction timber, and the young 
branches and leaves provide feed for goats. It also has been deployed in biomass 
production trials in the USA (Kopp et al. 2001). 
 
Section Salicaster Dumortier.  
 

This section consists of six to eight species distributed in temperate regions of 
Eurasia and North America (Table 2-3), with two distinct groups of species that can 
be considered subsections. One group includes the Eurasian species S. pentandra, S. 
pseudopentandra, S. pentandroides, and S. paraplesia from China and the North 
American S. serissima. The second group includes the North American species S. 
lasiandra and S. lucida. The representatives of this section are trees—or under 
unfavorable conditions shrubs—that are characterized by lustrous leaves and always 
with conspicuous glands at the apex of the petioles. The numerous leaf glands on 
young expanding leaves produce an aromatic, viscous gum resembling that of 
certain poplars.  Species belonging to this section have buds that are ovoid, blunt, or 
rounded, and lustrous brown. Coetaneous or serotinous male catkins are dense and 
stout with numerous (3 to 8) bright yellow stamens. There are two nectaries in male 
flowers, and they occasionally form a cup-like structure around the base of the 
stamens. 

 
Salix lucida Muhlenberg, shining or American bay willow. This shrub or 

small tree grows up to 6 to 8 m, with smooth or slightly scaly bark and yellowish or 
green smooth polished branchlets (Fig. 2-33). It resembles S. pentandra in most 
characters, but with ferruginous hairs on unfolding leaves; long attenuate tail-like 
leaf tips; and prominent stipules (Fig. 2-35). It is an eastern North American species 
distributed from Newfoundland to Saskatchewan south to West Virginia and 
Nebraska (Map 28), where it occur on margins of streams and lake shores (Fig. 2-31), 
wet meadows, and swamps.  
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Map 28. Natural range of Salix lucida in North America. Redrawn from U.S. Geological Survey Earth 
Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
Shining willow is an attractive plant—characterized by highly glossy 

branches and leaves—with similar ornamental characteristics to S. pentandra. It has 
received some attention in hybridization work. Salix lucida subsp. lasiandra Murray is 
a western North American subspecies that New Zealand geneticists view as a 
promising parent in hybridization programs. Shining willow has been deployed in 
biomass production trials in the USA (Kopp et al. 2001). 
 

Salix pentandra Linnaeus, bay or laurel-leaved willow. Salix pentandra is 
common throughout the northern and central parts of Europe and Western Asia 
(Map 29). It is usually associated with grassy and Sphagnum bogs, wet meadows and 
swampy valleys, inundated areas, and damp wood clearings with high water tables.  
In the steppe belt of the southern limits of its range it occurs in lower flood plains 
and in shallow depressions amidst inland sandy territories. In the mountains S. 
pentandra occurs near the altitudinal limits of tree growth. 

http://esp.cr.usgs.gov/data/atlas/little/�
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Map 29. Natural range of Salix pentandra in Eurasia. Redrawn from Skvortsov (1999). 

 
Salix pentandra is a small tree, or occasionally a large shrub, attaining 15 to 18 

m in height in favorable conditions, with spreading branches forming a rounded 
broad crown. The bark of old trunks of this species is dark brown or gray with 
coarse longitudinal fissures, while bark of branchlets is glabrous shining brown or 
reddish. Leathery, lustrous ovate-elliptic leaves are very ornamental. These leaves 
become black on drying and have a distinct bitter taste. Leaf blades are 2.5 to 3 times 
as long as broad and have a pale and obscurely veined undersurface.  Staminate 
cylindrical aments are very fragrant. Large mature capsules ripen at the end of 
summer—later than other willows—and after fruiting they are retained on the tree 
well into winter. Its seeds remain viable and germinate the following spring, which 
is unusual for lowland willows. The morphological characters of this species are 
rather consistent across its entire range, although the populations from West 
European mountains have more stout buds resembling those of S. pentandroides and 
could be treated as a subspecies  (Skvortsov 1968, 1999).  
 Because of its use for basket making and excellent ornamental characteristics, 
S. pentandra has been planted widely outside of its natural range, including North 
America, where it rarely escapes from cultivation. It is used in parks, cemeteries, and 
private estates because of its dark green, lustrous, laurel-like leaves and attractive 
catkins. It is a good late honey plant. Its bark is used for tanning and the leaves are 
used for the production of a yellow dye (Nasarow 1936, 1970). The twigs from clones 
‘Lumley’ and ‘Patent Lumley’ are suitable for coarse wickerwork. The wood is 
denser than other willows and suitable for fuel. As compared to other species, bay 
willow is more difficult to propagate by seed and cuttings and it also grows more 
slowly (Nasarow 1936, 1970). This species has low palatability and is used for 
erosion control in New Zealand. 

The most common hybrid of S. pentandra is S. ×ehrhartiana Smith (S. alba × S. 
pentandra), Ehrhart’s willow, a graceful male plant with slightly glossy twigs and 
pubescent young leaves that later become glabrous, an inherited trait from S. alba. It 
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has been planted on streambanks and as an ornamental tree. Another common 
hybrid is S. ×meyeriana Rostkovius (S. fragilis × S. pentandra), shiny-leaved or pointed-
leaved willow, which probably exists only as male specimens with highly polished 
twigs and glabrous leaves. It can be distinguished from the species by its relatively 
narrow cylindrical catkins. A hybrid with S. triandra also is known (Stace 1997). 
  
Subgenus Longifoliae  Andersson 
 

This subgenus, which contains but one section, comprises seven New World 
species with distinctive morphological features. Similar to the poplars in section 
Populus, Longifoliae willows propagate by root suckers, forming dense thickets. Their 
stigmas are deciduous after flowering, and their linear, amphistomatous leaves are 
similar to those of Chosenia.  Another distinctive feature of this subgenus is branched 
catkins, not known elsewhere in the Salicaceae. 
  
Section Longifoliae Andersson 
 

Salix interior Rowlee, narrow-leaved or sandbar willow. This familiar North 
American colonial shrub occurs over most of northern North America, from Alaska 
to New Brunswick, and south to Colorado, Texas, and Mississippi (Map 30). It grows 
4 to 6 m tall, with slender twigs, a flaky epidermis, and narrowly elliptic or linear 
leaves 16 to 18 times as long as broad (Fig. 2-35) that create a filtered shade. The 
characteristic habit of this plant is clumps about 2 m tall (occasionally 4 to 9 m tall), 
consisting of a thicket of slim stems that are all clonal root suckers (Fig. 2-30). These 
thickets can be recognized from a considerable distance, giving a pleasing softness to 
the landscape.  The winter buds are small and the twigs resemble those of black 
willow because the bark is about the same color. Many of the buds are defective and 
drop off early in autumn and their places are taken by small lateral buds that 
develop on each side of the old scar—an interesting and distinctive characteristic. 
Flowers emerge with leaves and capsules ripen in early to mid summer (Fig. 2-34).   
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Map 30. Natural range of Salix interior in North America. Redrawn from U.S. Geological Survey Earth 
Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
Sandbar willow aggressively colonizes gravel and sand bars of river 

floodplains; exposed beaches; mud banks of streams; ponds; drainage ditches; and 
along roadsides, binding the soil by its dense root system. The unstable habitat 
created by erosion and mechanical damage often prevents the species from reaching 
its full potential. Although this species is tolerant of flooding, it does not compete 
well with species less tolerant of flooding and rarely reaches the higher levels of the 
canopy (Argus, 1986). Salix interior also grows well in sandy soil and occurs on sand 
dunes, where it is used for erosion control.  It also has been used in biomass 
production trials (Kopp et al. 2001) and artificial hybridization work. Hybrids with 
S. eriocephala have been deployed in biomass trials in eastern North America. Coyote 
willow (S. exigua) is a closely related species distributed in western North America 
(Argus 1986). Some taxonomists (e.g., Voss 1985) combine the two species together 
as S. exigua.  

 
Subgenus Vetrix Dumortier 
 

More than two-thirds of the species in the genus Salix belong in this large and 
diverse taxon. It comprises mostly shrubs and small trees with petioles lacking 
glands at the base of the blade, generative buds considerably larger than vegetative 
buds, and mostly precocious catkins. Male and female flowers usually have 
pigmented and persistent floral bracts and a single nectary. There are two stamens in 
male flowers that occasionally connate.   
 

http://esp.cr.usgs.gov/data/atlas/little/�
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Section Cordatae Barratt     
 
This New World section includes six species, only one of which has any 

commercial importance. 
 

Salix eriocephala Michaux, heart-leaved willow. This willow is distributed 
over a wide range of northern and eastern North America, from New Brunswick to 
British Columbia and south to Virginia, Colorado, and California (Map 31). It is 
commonly found along streams and on gravelly or rocky riverbanks, but also on 
moist but well-drained sites such as marshy fields or mixed mesophytic woods. 

  

 
 
Map 31. Natural range of Salix eriocephala in North America. Redrawn from U.S. Geological Survey Earth 
Surface Processes http://esp.cr.usgs.gov/data/atlas/little/. 

 
A sprawling shrub up to 6 m tall with branches looping over onto the ground, 

the young twigs and bud scales of S. eriocephala are puberulent to pubescent. The 
inner membranaceous layer of the bud scale is free and separate from the outer layer 
of the bud scale. Developing leaves are reddish. Mature leaves are often cordate at 
the base, narrowly oblong, and serrated (Fig. 2-35) with tomentose petioles and 
prominent persistent, rounded stipules (Fig. 2-36). Flowers appear with leaves 
exhibiting coetaneous development. The pistils of heart-leaved willow are glabrous 
with distinct styles and subtended by bracts with long hairs. 

The flexible and tough rods of S. eriocephala make it an important species for 
basket production. It was imported to Europe during the last century and 
propagated as basket willow under the name of S. americana (Mosseler 1987). 
Nowdays it is widely planted within and outside its natural range. The basket clone 

http://esp.cr.usgs.gov/data/atlas/little/�
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‘Rouge d’Orleans’ is characterized by slender arching branches and narrow leaves 
(Newsholme 1992). Another widely used basket clone is cultivar ‘Americana,’ a 
hybrid of S. eriocephala and S. petiolaris.  Heart-leaved willow has been the subject of 
intense genetic testing in the USA, and clones and hybrids of it are currently under 
trial for biomass production (Kopp et al. 2001). 
 
Section Cinerella Dumort                   
 

This large section comprises at least 30 species that are widely distributed 
across forested areas of the temperate and boreal Old and New World. The 
representatives are small or medium sized trees or large shrubs that often have 
longitudinally striated wood under the bark of shoots and occasionally recurved 
generative buds that are usually much larger than vegetative buds. Broad leaves 
with conspicuous underside reticulation have convex petioles and frequently 
inequilateral stipules. Precocious or sub-precocious, densely pubescent catkins 
consist of flowers with a solitary short nectary.   
 

Salix aegyptiaca Linnaeus, Armenian or musk willow (syn. S. medemii 
Boissier). This small tree, 8 to 10 m tall with thick branches, resembles S. caprea in its 
morphology and ecology. But unlike goat willow (see below), it is easily propagated 
from cuttings. It is distributed over a small region in the Caucasus and parts of 
Turkey, Iran, and Turkmenistan (Map 32). The habitats of this species include 
lighted forests on slopes and banks of streams, and as secondary vegetation in 
clearings, forest edges, and residential lots.  This willow is cultivated in some 
locations in Azerbaijan and Middle Asia, Afghanistan, Pakistan. The Latin name 
derives from a cultivated specimen from Egypt. Armenian willow is favored for 
cultivation as a nectariferous and ornamental plant. Male catkins were commonly 
used in the East for making a drink. 

  

 
 
Map 32. Natural range of Salix aegyptiaca (brown) in the Middle East and S. caprea (red) in Eurasia. 
Redrawn from Skvortsov (1999). 
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Salix caprea Linnaeus, goat or pussy willow. This small or medium sized 

tree—or, if damaged, occasionally a shrub—grows to 15 m tall with 2 to 3 cm thick 
branches and irregularly fissured bark. It is widely distributed in Europe and 
western Asia (Map 32). Its branchlets are greenish on one side, and light brown on 
the other.  The decorticated wood of young stems is typically smooth. Its leaves are 
large and broadly elliptic, resembling leaves of apple trees, with a velvety underside 
and prominent veins (Fig. 2-2). This species does not root as easily as most willows. 

Salix caprea is a species that grows on well-drained soils, often on forest edges, 
dry meadows, roadsides, and secondary habitats, avoiding the saturated soils of 
wetlands. It is an aggressive invader of disturbed sites; e.g., it commonly colonized 
bombed sites during World War II (Meikle 1984). It grows up to the timberline in 
mountains. It thrives in dry soil and has been cultivated through the ages. It is easily 
recognized in the leafless early spring landscape by its conspicuous and abundant 
catkins on bare stems, and because of this splendid display it is often planted on 
residential lots. Its large chestnut–brown catkins supply the pussy willows for 
decorating European churches on Palm Sunday. It also is used as a nectariferous 
plant.  

The ornamental cultivar ‘Pendula’ is common in the trade. Hybrids with S. 
cinerea are frequent and are intermediate between the two parent species in 
morphological characteristics (Meikle 1984).    

 
Salix cinerea Linnaeus, gray willow or common sallow. A shrub, 3 to 5 m 

tall, with an orbicular crown, this willow is naturally distributed over a large area in 
Europe and Western Asia (Map 33).  Its branches are often conspicuously ribbed 
with longitudinal ridges that can be seen even without peeling the bark. Branchlets 
are dull, greenish gray, and densely pubescent. Its thick wrinkled dull green leaves, 
often with slightly twisted apex, are densely pubescent and reticulated underneath 
with persistent stipules. Gray willow grows in many low-lying damp situations in 
waterlogged and reduced soils such as wetlands, moist depressions, ditches, 
embankments, banks of stagnant or slow water bodies, and forest edges. Similar to 
goat willow, S. cinerea is a pioneer species that rapidly invades disturbed sites. 
Unlike goat willow, however, the distribution of S. cinerea never reaches the 
latitudinal or altitudinal limits of tree growth. Gray willow has become an invasive 
pest in some regions; e.g., Australia (Cremer 2003) and New Zealand.  
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Map 33. Natural range of Salix cinerea in Eurasia. Redrawn from Skvortsov (1999). 

 
Salix cinerea ‘Tricolor,’ an ornamental cultivar with speckled white-red and 

green leaves originated in Germany. Some hybrids of gray willow that are in 
cultivation include S. ×smithiana Willdenow, a hybrid of S. cinerea × S. viminalis that 
is commonly used as a rootstock for ornamental willows and S. ×hirtei  Strahler (S. 
viminalis × S. cinerea × S. aurita. They are hardy, vigorous upright shrubs that make 
fast-growing windbreaks and thrive in poor soil. They also have been planted for 
biomass production in Europe (Heaton et al. 2001).  
  

Salix discolor Muhlenberg, American pussy willow. This common North 
American pussy willow typically grows in wet places, swampy thickets, and shores 
in northern regions across most of the continent (Map 34). It is rarely found growing 
naturally in extensive stands but rather occurs as single plants. Pussy willow grows 
2 to 4 m tall, with straight, upright stems. Bark of old trees is divided by shallow 
fissures into thin, plate-like oblong scales. The decorticated wood is smooth or has a 
few short, indistinct ridges. Stout branchlets are dark brown to yellowish with 
deciduous hairs early in the season, later becoming glabrous. Elliptic, lanceolate, or 
obovate leaves (Fig. 2-35) are glaucous with prominent irregular venation 
underneath and covered with ferruginous hairs when young. As its name implies, 
the very large well-filled purple-brown generative buds produce attractive woolly 
catkins in early spring that are popular in decorative arrangements. Capsules ripen 
before leaves emerge (Fig. 2-34).  
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Map 34. Natural range of Salix discolor in North America. Redrawn from U.S. Geological Survey Earth 
Surface Processes, http://esp.cr.usgs.gov/data/atlas/little/. 

 
Salix discolor has been investigated for its potential for biomass production 

(Kopp et al. 2001), because it seems better adapted to heavy, poorly drained soils 
than S. viminalis.  It is also widely used for wetland restoration projects. 
 
Section Fulvae Barratt   
 
This small section probably also includes S. starkeana. 
  

Salix bebbiana Sargent; Bebb, long-beaked, or ochre-flowered willow. One 
of the most widely distributed willows, the natural range of S. bebbiana encompasses 
both Old and New Worlds—northern and western North America, northern Europe 
and Russia, northern China, and northern Korea (Map 35). This shrub, which 
exhibits uniform morphological characteristics everywhere, grows to 6 m tall, with a 
short stem and stout ascending branches that form a broad round head (Fig. 2-27). 
Its bark is reddish, olive-green, or gray tinged with shallow fissures, and the 
decorticated wood has short ridges. Mature generative buds are pubescent with 
depressed margins along the ribs and flat beaks. The ovate leaves of S. bebbiana are 
distinctive (Fig. 2-35), with entire, coarsely serrated, or crenate margins and very 
pronounced, intricately meshed veins that are impressed above and raised below. 
The upper surfaces of the leaf blades are dull and lightly pubescent, the lower leaf 
surfaces whitish and densly pubescent. Leaf apices are slightly twisted or folded. 
The flowers are coetaneous and appear just before or with leaves (Fig. 2-32). Its long-
beaked pistils are subtended by pale bracts. 

  

http://esp.cr.usgs.gov/data/atlas/little/�
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Map 35. Natural range of Salix bebbiana in Eurasia (top) and North America (bottom). Redrawn from 
Skvortsov (1999) and U.S. Geological Survey Earth Surface Processes, 
http://esp.cr.usgs.gov/data/atlas/little/. 

 
Bebb willow typically occurs along the borders of deciduous woods in North 

America, often in open, xeric habitats. It also is common in wet thickets, carrs  
(Fig. 2-27), prairies, and along stream banks and lake shores. In Eurasia it occurs in 
light forests, such as pine (Pinus) or larch (Larix), often on stony slopes, and on 
various secondary habitats where it grows on a variety of soils, even those that are 
infertile and dry. Salix bebbiana is remarkable for its drought tolerance and, because 
of this trait, it has been included in biomass trials (Kopp et al. 2001), although no 
commercial deployment is known at this time.  
 

http://esp.cr.usgs.gov/data/atlas/little/�


 119

Section Viminella Seringe        
 
This section comprises 12 to 13 Old World species distributed in temperate 

forested regions, typically on alluvial habitats. Representatives of this section are 
trees or tall shrubs with long flexible shoots. Leaves are typically narrow, pubescent, 
and silvery underneath, with many parallel, prominent veins, and linear or falcate 
stipules. Floriferous buds are conspicuously different from vegetative buds—oval to 
nearly cylindrical (not flattened) with apices either straight or bent toward shoots. 
Precocious or subprecocious flowers have a solitary rectangular or linear nectary, 0.6 
to 1.5 mm long, and elongate tapering stigmas. 

  
Salix dasyclados Wimmer, woolly-stemmed willow (syn. S. burjatica 

Nasarov, S. aquatica Smith). This largely Russian willow has a distribution close to 
that of S. viminalis (Map 36). A tree or shrub up to 10 m tall, its stems can reach 80 to 
90 cm in diameter with thick straight gray-brown branches. Grown in favorable 
locations in northern Russia, it can attain heights up to 20 m along river valleys, 
roadside ditches, and on well-drained, moist, aerated substrates. Specimens the in 
Polar Urals grow north of the latitudinal limits of Larix and Betula (Skvortsov 1968, 
1999). The decorticated wood of wooly-stemmed willow has few ridges and its 2 to 3 
cm thick branchlets are densely clothed with pubescence. Leaves are broadly 
lanceolate up to 12 cm long and 2.5 cm wide, widest toward the apex, with the 
primary vein apparent on both sides. Leaf margins are entire or with rare glands. 
Stipules are large and persistent.  Petioles embrace generative buds. Catkins are long 
and densely sericeous.   

  

 
 
Map 36. Natural range of Salix dasyclados (red) in Eurasia and S. schwerinii (brown) in East Asia. 
Redrawn from Skvortsov (1999). 

 
There are many common hybrids in Western Europe resembling S. dasyclados 

and for that reason many authors treated S. dasyclados as a hybrid (cf. Newsholme 
1992). However, normal seed production, absence of hybrid segregation, a specific 
ecological niche, and vast distribution make this assumption inaccurate.  Skvortsov 
(1968, 1999)   suggested that the name S. dasyclados be replaced by S. burjatica because 
the originally described specimen might be of hybrid origin.  In fact, the S. burjatica 
binomial is widely used by researchers in European publications. Salix dasyclados is 
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used for basket making, embankment protection, and for biomass production (Kopp 
et al. 2001). 

 
Salix schwerinii Wolf, Schwerin willow (syn. S. kinuyanagi Kimura). This 

very vigorous shrub or small tree is an east Asian species distributed in the Russian 
Far East, Mongolia, northeast China, North Korea, and Japan (Map 36).  It grows 
along rivers and streams on alluvial deposits and can reach 12 m in height, with gray 
fissured bark and 2- to 3-year-old shoots that are tawny-brown. Its long narrow 
leaves are similar to S. viminalis, with the underside densely clothed with silvery 
hairs that are parallel to the midrib.  

Extensively cultivated for coarse basketry and furniture in Japan under its 
synonymous name S. kinuiyanagi, it also is an ornamental willow often planted in 
parks because of its graceful wide spreading branching habit and silvery leaves. Salix 
schwerinii has been a parent in some hybridization work accomplished by geneticists 
in Europe for biomass production (Verwijst 2001).  

 
Salix udensis Trautvetter (syn. S. sachalinensis Schmidt, S. siuzevii Seemen). 

Usually a tall shrub or small tree 8 to 10 m in height with long red-brown spreading 
branches, specimens as tall as 30 m are encountered on the Kamchatka Peninsula. Its 
native distribution in also includes the Russian Far East, northeast China, North 
Korea and Japan. The habitat of S. udensis includes banks of rivers, streams, and 
ditches, as well as other damp habitats. It differs from other species in this section by 
its sparse leaf pubescence, short nectaries, and elongated stipules.  

Some botanists including Skvortsov (1968, 1999) and Ohashi (2001) believe 
that S. sachalinensis is synonymous with S. udensis. Salix sachalinensis is accepted by 
Zhenfu et al. (1999) and is the name that is widely used in American publications. 
The author’s choice of binomial in any specific publication will be the deciding factor 
until a precedent is established.  Skvortsov (1999) believes that S. siuzevii also is 
synonymous with S. udensis, but Zhenfu et al. (1999) consider S. udensis and S. 
siuzevii to be different species.  

The distinctive male cultivar ‘Sekka’ (Japanese fantail willow), with contorted 
and remarkably flattened and fasciated stems, is very popular in flower 
arrangements (Fig. 2-42). Salix udensis also is used to protect embankments, for 
weaving wicker articles, and as a nectariferous plant, as well as a parent in current 
breeding programs in North America. 

 
Salix viminalis Linnaeus, common osier or basket willow. This well-known 

tall shrub or multi-stemmed tree grows up to 6 to 8 m tall, with long flexible olive or 
gray-brown branches. Basket willow is distributed over wide regions in Eurasia, 
except the Far East (Map 37). It grows on fresh alluvial substrates along river banks, 
ditches, and on sandy soils with sufficient moisture. Its narrow leaves up to 20 cm 
long with conspicuously revolute or undulate margins are dark green above, with 
silky pubescence underside. Marginal leaf glands are distinctly removed from the 
leaf margin to upper leaf surface. Its densely sericeous catkins contain flowers with 
brown bracts.  
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Map 37. Natural range of Salix viminalis in Eurasia. Redrawn from Skvortsov (1999). 

 
Long a favorite basket species (Fig. 2-4), during colonial times it was 

introduced to North and South America for coarse basketry. The color of its branches 
is reminiscent of S. triandra, another species that is popular for basket production. 
However, S. viminalis is more vigorous and hardy, producing straight and flexible 
shoots up to 4 m in length and its rods contain a high proportion of pith.  It is 
considered one of the best willows for the consolidation of banks and dikes and is 
also used for timber and reforestation. In the northern parts of Siberia the bark of S. 
viminalis is used for making fishing nets and its foliage is used to feed livestock 
(Nasarow 1936, 1970). 

 Salix viminalis hybridizes freely with many species: e.g., S. ×smithiana (S. 
cinerea × S. viminalis), S. ×hirtei (S. viminalis × S. cinerea × S. aurita), S. ×sericans Tausch 
(S. caprea × S. viminalis),  S. ×fruticosa Doell (S. aurita L. × S. viminalis), S. ×friesiana 
Andersson (S. repens × S. viminalis), S. ×mollissima Hoffman (S. triandra × S. viminalis), 
S. ×rubra Hudson (S. purpurea × S. viminalis), and S. ×forbyana Smith (S. cinerea × S. 
purpurea × S. viminalis). Combinations with S. dasyclados dominate in European 
hybridization programs. Many clones of this species and some of its hybrids are 
planted as short-rotation coppice for biomass production (Verwijst 2001). It is the 
most important species in Europe for commercial deployment and shows great 
future potential there and in North America (Kopp et al. 2001). 
 
Section Subviminales Schneider  

 
This is a very small Eurasian section consists of just two species—S. gracilistyla 

described below and S. blinii from South Korea—that are closely related to the 
species in the previous section (Skvortsov 1968,1999).   

  
Salix gracilistyla Miquel, Japanese pussy or rosegold willow. A tall, 

spreading shrub or small tree, this willow’s large, beaked, generative buds produce 
large, densely pubescent catkins in early spring. The underside of its leaves have 
conspicuous parallel veins due to dense pubescence along the veins. Stipules are 
prominent and petioles embrace the generative buds.  Male flowers contain nearly 
connate filaments. Styles are very long, up to 4 mm. Its distribution encompasses 
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eastern Asia, the Russian Far East, Japan, the Korean Peninsula, and far northeastern 
China, where it grows along streams and rivers. 

Salix gracilistyla is grown to protect embankments, for weaving wicker 
baskets, and as an ornamental plant due to its arching habit and outstanding display 
of large catkins.  

 
Section Geyerianae Argus   
 

This New World section comprises three species with narrowly elliptic or 
linear leaves that are glaucous, with thick waxy bloom underneath, and 
subprecocious or coetaneous catkins that appear just below the tip of the previous 
year’s shoot. 
 

Salix geyeriana Andersson, Geyer willow. A shrub up to 4 m tall with 
pruinose branches and linear-lanceolate leaves, this willow is indigenous to western 
North America (Map 38) but virtually unknown outside of its native range. It has 
been planted for restoration of fluvial mine tailing in the western U.S. because of its 
documented metal tolerance. In general, Geyer willow is recognized as an early 
colonizer of disturbed areas (Fisher 2000). 

 
 
Map 38. Natural ranges of Salix geyeriana (red) and S. petiolaris (brown) in North America. Redrawn 
from U.S. Geological Survey Earth Surface Processes, http://esp.cr.usgs.gov/data/atlas/little/. 

 
 

http://esp.cr.usgs.gov/data/atlas/little/�
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Salix petiolaris Smith, meadow or slender willow. This mid-sized or tall 
shrub grows in wet meadows, carrs (Fig. 2-27), wetlands, shores, and stream banks 
in northeastern North America (Map 38). It can reach heights of 6 m with erect stems 
and branches that are puberulent at first, then becoming glabrous, and are flexible or 
somewhat brittle at the base. Its narrowly lanceolate leaves have slender petioles that 
are up to 15 mm long. The hybrid cultivar ‘Americana’ (S. eriocephala × S. petiolaris) is 
widely used for basket production. Meadow willow also has been deployed in 
biomass production trials in the USA (Kopp et al. 2001) 
 
Section Helix Dumont  
 

This large and very diverse Old World section comprises about 30 species. 
There are only five species native to Europe, with the remaining restricted to central 
and east Asia. This section is one of the most complex and difficult to treat because 
its taxa often differ from each other only in somewhat subtle characteristics. 
Representatives of this section have flexible slender branches, narrow flat leaves 
without prominent veins, and non-revolute margins. Its distinctive characteristics 
include stomata often located on the upper leaf surface; precocious to serotinous 
catkins are that are mostly narrowly cylindrical; and flowers with short, subsquare 
nectaries, connate stamen filaments, and short styles and stigmas. Members of this 
section are widely distributed in warm regions of the temperate zone, including arid 
steppe areas, and several are of economic importance. 

  
Salix koriyanagi Kimura  (syn. S. purpurea var. japonica Nakai). Although 

closely related to and very much alike S. purpurea, the geographical distribution of 
the two species is very different—S. koriyanagi is a native of Korea rather than 
Europe or Africa. It is extensively grown in Japan to produce fine flexible rods for 
fine basketry and as an ornamental plant. 

 
Salix miyabeana Seemen, Miyabe willow. Distributed in the Russian Far 

East, Japan, Korea, northeast and north China, and Mongolia (Map 39), the habitat of 
this willow is banks of rivers and streams, flood plains, and damp meadows. A tall 
erect shrub or small tree to 6 m tall, Miyabe willow has gray branches and pale 
brown branchlets. Lanceolate leaves up to 15 cm long, with numerous stomata on 
the upper surface, have fully developed linear-subulate stipules. Leaf margins are 
distinctly serrate to the very base of the blade. Mature leaves are conspicuously thick 
and callous. Filaments in male catkins are completely connate. This fast growing 
species has been deployed in biomass plantation culture in eastern North America 
(Kopp et al. 2001), and promising hybrids have been selected by breeders. 
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Map 39. Natural range of Salix miyabeana (brown) in East Asia and S. purpurea (red) in Europe and 
Africa. Redrawn from Skvortsov (1999). 

 
  
Salix purpurea Linnaeus, purple willow or purple osier. This graceful, 

medium-sized to tall shrub or small tree can grow up to to 4 m, but usually it is 1 to 
2 m tall. Its native distribution includes Northern Africa and Europe (Map 39), 
where it is mostly confined to banks of rivers and streams, damp meadows, and 
moist sand. The branches of purple osier are long, slender brown to olive-green, and 
0.6 to 1.5 cm thick; branchlets are reddish brown to olive and completely glabrous, 
smooth, and shiny; and wood is bright yellow beneath the bark. Leaves are 
occasionally distinctly opposite and subopposite, and variable in length with very 
short petioles (Fig. 2-35). Sessile catkins appear before the leaves. Nectaries are 
mostly bright purple. Filaments in male flowers are connate with purple anthers, 
hence the name of the species.  

S. purpurea is commonly cultivated across all of Europe. It was introduced to 
North America during colonial times for basketry, where it became naturalized. It is 
one of the most adaptable willows, tolerating extremes of heat, wetness, and 
drought. Many clones and hybrids such as ‘Dicky Meadows,’ ‘Red Buds,’ and  S. 
×rubra provide excellent material for fine basketry because the rods are tough, hard, 
and slender.   

This species is very ornamental and many cultivars are known. ‘Pendula’ is 
an elegant cultivar with long pendulous branches; ‘Nana’ is a low growing, very fine 
textured clone; and ‘Eugene’ is a cultivar with branches ascending steeply into a 
conical shape. Purple willow is used for hedges and for consolidation of coastal 
sands. It is particularly well adapted to drought and soil salinity and easily 
establishes on sandy soils. Planted in combination with tall species such as S. 
viminalis, this willow produces efficient and attractive windbreaks (Newsholme 
2002). Salix purpurea is extremely bitter tasting and unpalatable, supposedly limiting 
the damage from insects and animals. Opossum (Trichosurus vulpecula) resistant 
cultivars are being used for hillside stabilization projects in New Zealand. American 
geneticists view this species as a promising parent for biomass breeding (Kopp et al. 
2001). 
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Section Daphnella Seringe         
 
This small Eurasian section contains only four species characterized by 

frequently pruinose shoots, large generative buds, and lanceolate or linear-lanceolate 
leaves with persistent stipules. The bark is usually lemon-yellow inside. 

 
Salix acutifolia Willdenow, pointed-leaf willow. A tall shrub or a tree 6 to 10 

m tall with long and slender drooping branches, this willow is distributed 
throughout Europe and western Asia (Map 40), where it grows on sandy deposits 
along river valleys. In the steppe belt, it also occurs in sandy areas away from river 
valleys. Salix acutifolia closely resembles S. daphnoides in many traits. Its leaves are 
glabrous and narrow—up to 15 times as long as broad. In northwestern Russia and 
the Baltic Republics, S. acutifolia is cultivated even more frequently than S. daphnoides 
(see below). Because of its very precocious and densely hairy catkins, it is used to 
decorate churches and cemeteries for Palm Sunday. Because of its elegantly 
drooping habit it is often planted alongside ponds. Pointed-leaf willow also is used 
for sand fixing in the forest-steppe and steppe zones of southern European Russia, 
Ukraine, and Kazakhstan. It is frost hardy and also tolerates the hot summer of the 
sandy deserts of central Asia. 

 
 
Map 40. Natural ranges of Salix daphnoides (red) and S. acutifolia (brown) in Europe and S. rorida (blue) 
in Asia. Redrawn from Skvortsov (1999). 

 
  
Salix daphnoides Villars, violet willow. This straight-stemmed and 

sometimes pyramidal tree or tall shrub grows up to 15 m tall.  It has a scattered 
distribution in Europe (Map 40), where it grows on alluvial banks of mountain rivers 
and occasionally along the largest lowland rivers. Violet willow gained its common 
name because of its deep purple branchlets covered with white bloom. Young shoots 
and young leaves are pubescent. Leaves are 3 to 4 times as long as wide with 
lanceolate, acute stipules. Salix daphnoides has historically been widely planted as an 
ornamental, for wickerwork, and as a nectariferous plant.   

Salix rorida Lakschewitz.  This large tree can grow 15 to 20 m tall, with 
trunks to 1 to 2 m in diameter and deeply cracking bark (Nasarow 1936, 1970). It is 
distributed throughout eastern Russia, Korea, and Japan along river banks, where it 
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grows solitarily or in small groves (Map 40). Unlike the two previous species, S. 
rorida has broad round stipules. It is grown to protect embankments, for timber, for 
weaving wicker articles, and as a nectariferous plant. People in the Far East used 
large trunks of S. rorida to make canoes. 
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