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Costea, M. and Tardif, F. J. 2005. The biology of Canadian weeds. 131. Polygonum aviculare L. Can. J. Plant Sci. 85: 481-506.
A review and assessment of biological information as well as personal data are provided for Polygonum aviculare in Canada. The
species has been revised taxonomically and the six subspecies that occur in Canada are presented. Three of the subspecies, P. avic-
ulare subsp. aviculare, P. aviculare subsp. neglectum and P. aviculare subsp. depressum are weeds introduced to Canada from
Europe. A fourth subspecies, P. aviculare subsp. buxiforme is apparently native to North America. The geographical distribution
of the latter four subspecies is very wide. Plants exhibit a high phenotypic plasticity and genetic variability, and they easily adapt
to a multitude of agrestal and ruderal habitats. The seeds have a variable dormancy and polymorphic germination as a result of
heterocarpy, genetic and environmental factors. In other areas (Europe), the species has developed resistance to triazines. Plants
are hosts to nematodes, viruses, and fungi that also affect cultivated plants.

Key words: POLAYV, ecology, distribution, taxonomy

Costea, M. et Tardif, F. J. 2005. La biologie des mauvaises herbes au Canada. 131. Polygonum aviculare L. Can. J. Plant Sci.
85: 481-506. Le présent article brosse un tableau et évalue les données biologiques et quelques données personnelles sur
Polygonum aviculare au Canada. La taxonomie de cette espece a été révisée et les auteurs présentent les six sous-especes accli-
matées au Canada. Trois d’entre elles, a savoir P. aviculare ssp aviculare, P. aviculare ssp neglectum et P. aviculare ssp depres-
sum ont été introduites d’Europe. Une quatrieme, P. aviculare ssp buxiforme, est apparemment indigene a I’ Amérique du Nord.
Cette derniere se caractérise par une trés vaste répartition géographique. Les plants montrent une grande plasticité du phénotype
et une forte variabilité génétique, qui leur permettent de s’adapter aisément a une multitude de milieux agrestes et rudéraux. La
dormance des graines varie et I’hétérocarpie, les parametres génétiques ainsi que les facteurs environnementaux expliquent leur
germination polymorphe. Ailleurs (Europe), ’espece a acquis une résistance aux triazines. La plante sert d’hote a des nématodes,

a des virus et a des champignons qui s’attaquent aux especes cultivées.

Mots clés: POLAYV, ecologie, répartition, taxonomie

1. Names

Polygonum aviculare L. (POLAV)

L. subsp. aviculare (= P. aviculare sensu stricto)—prostrate
knotweed, renouée des oiseaux (Darbyshire et al. 2000),
POLAA.

IL. subsp. depressum (Meisn.) Arcang. (= P. arenastrum
Boreau)—oval-leaved knotweed, renouée a petits fruits
(Darbyshire et al. 2000), POLAR.

III. subsp. neglectum (Besser) Arcang. (= P. neglectum
Besser), POLNG.

IV. subsp. buxiforme (Small) Costea & Tardif (= P. buxi-
forme Small)

For a list of synonyms and notes on the nomenclature see
Karlsson (2000), Costea and Tardif (2003a), Costea et al.
(2004).

Polygonaceae (Smartweed family), Polygonacées, sub-
family Polygoneae. The genus name comes from the Greek
words “poly”’—many and “gonum”—joint or knee, refer-
ring to the obviously articulated stems. Early botanists
probably observed the dispersal of the seeds by birds,
because the specific epithet “aviculare” means in Latin “of
birds”.
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2. Description and Account of Variation

Some of the less known botanical terms are marked with an
asterisk in the text and explained in Appendix 1 (Hoen
1999; Kiger and Porter 2001).

(a) Description—Seedlings—with a short hypocotyl (0.5-3
cm), linear* cotyledons 10-15 x 1-1.5 mm, with a rounded
apex. The first leaves are more or less lanceolate®, with a
white-membranous ocrea at the base (see below). Mature
plants—Plants are annual, with a taproot. Kutschera (1960)
described the roots of adult plants of P. aviculare, grown in
an alluvial type of soil. The root system consisted of a dense
region of horizontal secondary roots distributed in the upper
15-25 cm layer of soil, and the main root, which, together
with a few secondary vertical branches, reached depths of
up to 70 cm (Kutschera 1960, Fig. 74). The primary roots
are 0.3-0.6 mm in diameter and the secondary roots are less
than 1 mm in diameter (Kutschera and Sobotik 1992). Stems
are obviously and regularly 8—16 ribbed, prostrate to erect,
6 to 200 cm long. Plants may be homophyllous, when stem
and branch leaves are more or less of the same size, or het-
erophyllous, when main stem leaves are markedly (at least
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three times) larger than the leaves on the lateral branches.
The ocrea (plural: ocreae) is a tubular sheath surrounding
the stem nodes and petiole bases, which characterizes all
Polygonaceae; it is 3—16 mm, with a few to many, weak to
strong veins; the free part is silvery, more or less persistent,
soon disintegrating into persistent brown fibers, or, leaving
no fibrous remains. Leaves are alternate; petioles are short;
blades are green to gray- or bluish-green, very narrowly
elliptic*, lanceolate*, elliptic* or obovate*; margins are
entire; apex is acute, obtuse or rounded. Primary inflores-
cences are axillary cymes with 2 to 6 (sometimes up to 8)
flowers. Cymes may be equally distributed along the stem
and branches or aggregated towards the top of the stem and
branches. Flowers are bisexual, short pedicillate; perianth is
petaloid; tepals* 5, fused, forming a tube that is 20-55% of
the perianth length, the outer 3 tepals are oblong to obovate,
often becoming cucullate* in fruit, green with white, pink or
red borders; tepal midveins are branched or unbranched,
thickened or not; stamens are 5-8. Achenes are light brown
to dark brown, trigonous (three-angled), ovate, 1.7-4 mm
long, enclosed in the perianth or exserted at maturity, faces
subequal or unequal, usually coarsely striate-tubercled,
sometimes obscurely tubercled, with tubercles limited to a
few rows on central parts of faces; heterocarpy is common
(see section 8b)

Chromosome numbers—Polygonum aviculare is a poly-
ploid complex with a basic chromosome number of x = 10.
Wolf and McNeill (1987) did 183 chromosome counts on
plants from eastern Canada and the United States and
reported only tetraploids and hexaploids. Polygonum avicu-
lare subsp. aviculare, subsp. neglectum and subsp. depres-
sum have 2n = 6x = 60 or 2n = 4x = 40. Plants of P.
aviculare subsp. aviculare are more frequently hexaploids,
while plants of subsp. depressum and subsp. neglectum are
usually tetraploids. Polygonum subsp. buxiforme has 2n =
6x = 60 (Wolf and McNeill 1987). Chromosome counts of
P. aviculare subsp. rurivagum (Jordan ex Boreau) Berher
are available only from Europe—2n = 6x = 60 (Styles 1962).
Yurtseva and Kramina (2003) reported chromosome counts
of 2n = 2x = 20 for P. aviculare subsp. depressum from
Russia. Other world-wide chromosome counts have been
reviewed by Wolf and McNeill (1987) and by Missouri
Botanical Garden (2004).

b. Distinguishing features—Polygonum aviculare is very
similar to other Polygonum species from North America, but
fortunately many of these species are not weeds. Bushy
knotweed (P. ramosissimum Michx.) and striate knotweed
(P. achoreum S. F. Blake) are the only species that may
occur as weeds and may be confused with P. aviculare.
However, plants of P. ramosissimum have a yellowish tinge,
tepals are green-yellow with yellow borders, and achenes
are usually smooth. Polygonum achoreum is distinguished
by its elliptic leaves, the yellowish, bottle-shaped perianth
and the yellow-green to tan, uniformly tubercled achenes.
Complete descriptions of these species and an identification
key for all North American species can be found in Costea
et al. (2005). Some spurge species, such as Euphorbia mac-

ulata L., may be superficially similar to P. aviculare. Unlike
prostrate knotweed, the spurges release a milky sap when
cut and do not have ocreae. Young seedlings of P. aviculare
are sometimes mistaken for grass species, but the leaves of
the latter are parallel-veined and do not possess ocreae.

(¢c) Intraspecific variation—Polygonum aviculare is a taxo-
nomically controversial polyploid complex of selfing annu-
als. There are two opposite taxonomic concepts regarding
the delimitation of P. aviculare as a species:

1. Polygonum aviculare, the narrow sense (P. aviculare
sensu stricto = P. aviculare subsp. aviculare in this study;
e.g., Mertens and Raven 1965; Wolf and McNeill 1987).
The recognition of a narrow sense of P. aviculare is based
on the study of Styles (1962), who reported sharp disconti-
nuities between some of the species of the P. aviculare com-
plex (P. aviculare, P. arenastrum, P. boreale Lange and
P. rurivagum Jordan ex Boreau), and the presumably differ-
ent chromosome numbers of these taxa.

2. Polygonum aviculare, the broad sense (P. aviculare sensu
lato), which includes P. aviculare s.str., plus a variable num-
ber of closely related species that distinguished at the infra-
specific level (e.g.,Chrtek 1956; Karlsson 2000; Costea and
Tardif 2003a). This species concept is justified by the fact
that the members of the P. aviculare complex are not char-
acterized by any particular chromosome numbers (e.g.,
Gasquez et al. 1978; Wolf and McNeill 1987; Meerts et al.
1998). Furthermore, multivariate analysis and isoenzyme
studies using many populations proved that these taxa are
not well-differentiated, and populations with intermediate
characteristics may occur (Meerts et al. 1990; Costea and
Tardif 2003a). A broadly defined P. aviculare is suitable for
practical reasons as well. Weed scientists and agronomists
have pragmatically identified all the species of the P. avicu-
lare complex under a single name—P. aviculare (some-
times erroneously as P. arenastrum—e.g., Royer and
Dickinson 1999; Bubar et al. 2000) without further distin-
guishing its members. A broad sense of P. aviculare, which
includes P. aviculare s.str., P. arenastrum, P. neglectum,
P. buxiforme, P. rurivagum and P. boreale as subspecies,
has been proposed for the Flora of North America (Costea
and Tardif 2003a; Costea et al. 2005), and this is the taxo-
nomic solution followed here. It is essential to emphasize
that most of the ecology and biology studies reviewed in this
account do not specify which member of the P. aviculare
complex was under investigation.

Identification Key to Subspecies of Polygonum
aviculare
1. Perianth tube is 40-57% of the perianth length.
2. Tepals* with borders white (sometimes reddish-
brown in the innermost part) and/or unbranched veins
......................................................... IV. subsp. depressum
2. Tepals with pink to red margins and branched veins.
......................................................... III. subsp. neglectum
1. Perianth tube is less than 40% of the perianth length.
3. Perianth 3.3-5.5 mm; achenes 2.7-4.2 mm long.
4. Heterophyllous; blades elliptic* to oblanceolate*;
perianth to 4.7 mm, outer tepals oblong, cucullate®;
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cymes aggregated at stem and branch apices
......................................................... I. subsp. aviculare
4. Homophyllous or subheterophyllous; leaf spathu-
late*, obovate* to oblanceolate*; perianth to 5.5 mm,
outer tepals obovate, flat or outcurved; cymes + uni-
formly distributed .........coceeevereenene VL. subsp. boreale
3. Perianth 1.9-3.4 mm; achenes 1.2-2.8(3) mm long.
5.0creae with free part relatively persistent, silvery; peri-
anth almost as wide as long or less than 1.5 times longer
than wide, outer tepals with a pouch-like protrusion at the
DASE .. IL. subsp. buxiforme
5. Ocreae soon disintegrating into persistent fibers or
leaving almost no fibrous remains; perianth at least 1.5
times longer than wide; outer tepals without a pouch-like
protrusion at base.
6. Blades 5-20 mm wide, 2-5 times longer than wide;
cymes with 3-8 flowers congested at the apices of stems
and branches; achenes included or with a barely visible tip
(achene edges are not visible)............... L. subsp. aviculare
6. Blades 1-6 mm wide, 4.5-15 times longer than wide;
cymes with 1-3 flowers, uniformly distributed on stems
and branches and/or achene exserted, with achene edges
visible.
7. Ocreae 4-8 mm long, with inconspicuous veins
and free part leaving almost no fibrous remains; sec-
ondary leaf veins visible but not raised on lower part
of blades .....ccoevevieiiiieine III. subsp. neglectum
7. Ocreae 7-12 mm, with strong, brown veins and
free part disintegrating into persistent fibers; sec-
ondary leaf veins strongly raised on lower part of
blades......coovvveeerrciieeeiiiieeene V. subsp. rurivagum

Polygonum aviculare subsp. boreale is rare on the sea-
shores of Labrador and Greenland, and subsp. rurivagum is
a rare ruderal in North America (Costea and Tardif 2003a,
b). They are included in the identification key and described
only for comparison (see also Costea and Tardif 2003a, b;
Costea et al. 2005). Each subspecies has long list of syn-
onyms, most of which are not given here but may be found
in Costea et al. (2005).

I. Polygonum aviculare subsp. aviculare—Plants are green,
distinctly heterophyllous, but often lacking the larger bot-
tom stem leaves at maturity. The stems are 1-3, ascending,
erect, or decumbent®; basal branches are divaricate*,
10-100 cm long. Ocreae are 6-12 mm long, with the free
part silvery, soon lacerate* and disintegrating into fibers.
Leaf blades are green, elliptic to oblanceolate®* 18-55 x
8-20 mm, 2—4.5 times as long as wide; apices acute or
obtuse. Cymes have 3-8 flowers and they are aggregated at
the tips of stems and branches. Perianth is (2.3)2.8-4.7 (5)
mm long, 1.8-2.8 times as long as wide, the tube is
(15)20-37% of the perianth length, tepals are laterally over-
lapping, outer 3 tepals are oblong, flat but becoming cucul-
late in fruit, green with pink, red or white margins; tepal
veins are branched and thickened; stamens 7—8. Achenes are
brown to dark brown, trigonous, ovate, (2.1)2.7-3.7 mm,
enclosed in perianth or with apex barely visible at maturity
(achene edges are not visible), faces subequal, concave, stri-

ate-tubercled*, apex straight; late-season achenes are
uncommon.

IL. Polygonum aviculare subsp. buxiforme—Plants are gray-
green or blue-green, rarely green, homophyllous to sub-
heterophyllous (almost heterophyllous). Stems are usually
numerous, extensively branched, procumbent and mat-
forming, 20-70(200) cm long. Ocreae are 3.5-6.5(8) mm
long with the free part silvery, relatively persistent, with
inconspicuous veins and after disintegrating leaving almost
no fibrous remains. Leaf blades are green or gray-green,
lanceolate, elliptic, oblanceolate, or obovate*, 6-40 X
3-6(13) mm, 2.5-5.6(10) times longer than wide, apices
acute to obtuse. Cymes with 2—6 flowers, which are mostly
uniformly distributed, but also present at stem and branch
apices. Perianth is (2)2.3-3.4 (-3.6) mm long, 0.9-1.3(1.5)
times as long as wide; the tube is 20-36% of the perianth
length; tepals are laterally overlapping, the outer 3 tepals
have a broadened, pouched base and cucullate* apices,
green with white or sometimes pink borders; tepal veins are
branched, moderately to strongly thickened; stamens 7-8.
Achenes are light brown to brown, (1.8)2-2.8(3) mm, usu-
ally enclosed in the perianth at maturity, faces are subequal,
concave to flat, coarsely striate-tubercled* to obscurely
tubercled; apex is straight; late-season achenes are common,
to 5 mm long.

III. Polygonum aviculare subsp. neglectum—Plants are
green, homophyllous or sometimes heterophyllous. Stems
are numerous, slender, flexuous, wiry, procumbent to
ascending, sometimes erect, (5)15-60 cm long. Ocreae are
(3)4-8 mm long, with a few inconspicuous veins, eventual-
ly disintegrating and leaving few or no fibrous remains. Leaf
blades are green, narrow-elliptic or oblanceolate, 8—38 x
1.5-6.8(8) mm, (3.4)4.2-9.2 times as long as wide, apices
acute or obtuse. Cymes have 1-3(5) flowers, and are regu-
larly spaced along the stems and branches. Perianth is
(1.9)2.3-3.4 mm long, 1.6-2.6 times as long as wide, the
tube is 28—48% the length of the perianth; tepals are initial-
ly overlapping, spreading slightly as the achene matures, the
outer 3 tepals are oblong, + cucullate*, green with pink or
red (rarely white) borders; tepal veins are branched, moder-
ately to strongly thickened; stamens 7-8. Achenes are dark
brown, 1.2-1.8 mm long, exserted from the perianth at
maturity, faces are unequal or less often subequal, striate-
tubercled* or rarely obscurely so; the apex has straight
edges or it is somewhat bent toward the narrow face; late-
season achenes are uncommon.

IV. Polygonum aviculare subsp. depressum—Plants are
green, homophyllous to subheterophyllous. Stems are
numerous, prostrate to ascending, branched at most nodes
(mat-forming) to 100 cm long. Ocreae are 3-5.5 mm long,
with the free part soon disintegrating and leaving almost no
fibrous remains. Leaf blades are green, elliptic to narrow-
elliptic or oblanceolate, (6.2)8-32 x (1.4)2-7(10) mm,
2.8-5.7(6.5) times as long as wide, apices obtuse or acute.
Cymes with 2-7 flowers, uniformly distributed or some-
times crowded toward branch apices. Perianth is
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(1.8)2-3.4(4) mm long, 1.5-2.9 times as long as wide, tube
is 40-57% of the perianth length; tepals are initially over-
lapping, spreading slightly as the achene matures, outer 3
tepals are oblong, flat or obscurely cucullate* in fruit, green
with white margins (which may be brown-reddish in the
inner part), midveins are unbranched, thin to moderately
thickened; stamens 5—7. Achenes are dark brown, trigonous
or sometimes biconvex, 1.5-2.7(3) mm, usually slightly
exserted from the perianth at maturity, faces are unequal,
flat to concave, almost smooth, roughened, or coarsely stri-
ate-tubercled; apex is straight or slightly bent toward the
narrow face; late season achenes are common, 4.5 mm long.

V. Polygonum aviculare subsp. rurivagum—Plants are
green, homophyllous to heterophyllous. Stems are 1-10,
slender, procumbent to ascending, branched at most nodes,
10—40 cm. Ocreae are (6)8—12 mm long, with the distal part
having prominent veins and eventually disintegrating into
persistent fibers. Leaf blades are green, narrowly elliptic to
linear-lanceolate, (10)15-27(30) x 0.5-4.8(8) mm,
(4.5)5-15(19) times as long as wide, apices acute, lateral
veins strongly raised on the lower side of leaf blades. Cymes
1-3-flowered, uniformly distributed along stems and
branches. Perianth is 2.2-3.1 mm long, 1.6-2.6 times as
long as wide; tube is 26-40(42)% of perianth length; tepals
are + cucullate, often not overlapping, green, margins pink
or red, midveins are branched, moderately to strongly thick-
ened; stamens 7-8. Achenes are blackish brown, trigonous,
2.1-2.6(3) mm, usually exserted from perianth at maturity,
faces subequal or unequal, coarsely striate-tubercled*; apex
straight; late season achenes unknown.

VI. Polygonum aviculare subsp. boreale—Plants are green;
homophyllous or subheterophyllous. Stems are 1-7, pros-
trate to ascending, mostly branching from base, 6-50(90)
cm. Ocreae are 3.5-7 mm long, with distal part soon disin-
tegrating, nearly completely deciduous. Leaf blades are
green, obovate-spathulate* or oblanceolate* (12.5)16-44
(55) x (4)6-18(22) mm, 2-4(5.5) times as long as wide,
apices obtuse to rounded. Cymes with (3)4—7-flowered, uni-
formly distributed, rarely crowded at tips of stems and
branches. Perianth is 3.3-5.5 mm long, 1.6-2.8 times as
long as wide; tube is 25-35(39)% of perianth length; tepals
are obovate*, flat or curved outward in fruit, overlapping,
green, margins white or pink, midveins branched, thick-
ened; stamens 6—8. Achenes are dark brown, (2.5)2.7-
4(4.2) mm long, enclosed in perianth at maturity, faces
subequal, concave, coarsely striate-tubercled®, apex
straight; late season are achenes uncommon.

(d) Hlustrations—Polygonum aviculare illustrated in some
largely used weed manuals is in fact P. aviculare subsp.
depressum (= P. arenastrum) (e.g., Alex 1992; Uva et al.
1997; Holm et al. 1997). Illustrations of “Polygonum are-
nastrum” from some recent weed manuals (e.g., Royer and
Dickinson 1999; Bubar et al. 2000) are P. aviculare subsp.
aviculare. Line drawings of the four subspecies (mature
plant, flowers and fruits) can be found in Karlsson (2000).
See Fig. 1 for illustrations of plants at seedling and adult

stages, and Fig. 2 for the morphology of perianth at the fruit-
ing stage.

3. Economic importance

(a) Detrimental—Polygonum aviculare in Canada is mostly
known as a nuisance weed of lawns, sidewalks and paved
areas (Alex 1992), and large sums are spent annually to con-
trol it (P. Cavers, personal communication). There are no
reports regarding its effects on crops from North America.
Crop losses associated with P. aviculare were reported in
Europe for beans (Phaseolus vulgaris L.) (Montenegro-
Gélvez and Criollo-Escobar 1978; Qasem 1995), peas
(Pisum sativum L.) (Wright and Baloch 1999), corn (Zea
mays L.) (Bulcke et al. 1987) wheat (Triticum aestivum L.)
(Catullo et al. 1983), safflower (Carthamus tinctorius L.)
(Paolini et al. 1998), and pastures (Lépez and Mattiacci
1983). The economic impact of P. aviculare was evaluated
in Australia, where P. aviculare was one of the major weeds
identified in an annual winter-cropping system (Jones et al.
2000). Maximum yield loss coefficients varied from 0.04 to
0.06 depending on the crop and the density of P. aviculare
plants (see Jones et al. 2000 for methodology).

Glycosides, long-chain fatty acids (Alsaadawi and Rice
1982a, b; Alsaadawi et al. 1983), phenolic compounds,
linolenic and oxalic acids (Kim et al. 1995) from the living
plants and/or the residues and soil inhibited the germination
and/or growth of Medicago polymorpha L. (Lovett 1986),
M. sativa L. (Chung et al. 1994), lettuce (Lactuca sativa L.)
and rice (Oryza sativa L.) (Kim et al. 1995). Some of the
allelopathic substances identified had an inhibitory role over
different strains of Rhizobium and Azotobacter (Alsaadawi
and Rice 1982a; Alsaadawi et al 1983). Due to its long and
procumbent stems, it affected mechanical harvesting of
onions (Allium cepa L.) and carrots (Daucus carota L.) in
England (Knott 1990). Ingestion of Polygonum aviculare
has been suspected of causing nitrite poisoning and death of
horses in Australia (Knight 1979).

(b) Beneficial—Polygonum aviculare is an ancient medicinal
plant (see section 6). According to the literature reviewed by
Duke (1985), it was classified as “anodyne, antiperiodic, anti-
septic, astringent, cholagogue, demulcent, diuretic, emetic,
emollient, expectorant, hemostat, laxative, tonic, vasocon-
stricting, vermifuge, and vulnerary”. The herb has beneficial
effects against cardiovascular problems, infections (Tunon et
al. 1995) and immunity deficiencies (Plachcinska et al. 1984;
Stajner et al. 1997). Consequently, the herb is one of the com-
mercial ingredients in products such as Padma Basic,
Adaptrin or Reatival (R), created to treat related afflictions.
The extract of P. aviculare was tested with good results
against gingivitis (Gonzalez Begne et al. 2001). The methanol
extract has been shown to prevent the liver fibrosis associat-
ed with hepatitis C (Nan et al. 2000). Polygonum aviculare is
an ingredient in a Himalayan herbal mixture that was clini-
cally tested with good results in Canada and the United States
for the treatment of diarrhea in dogs and cats (Silver, unpub-
lished). It contains general antimicrobial chemicals (Cowan
1999), glycosides, flavonoids, mucopolysaccharides (Wren
1992; Kim et al. 1994; Vysochina 1999; Smolarz 2002),
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Fig. 1. A. Seedling of Polygonum aviculare subsp. aviculare. B. Polygonum aviculare subsp. depressum: B1. Fragment of plant, B2.
schematic representation of habit. C. Polygonum aviculare subsp. aviculare: C1. Fragment of plant, C2 schematic representation of habit.
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Fig. 2. Achenes with their enclosing perianths. A. Polygonum aviculare subsp. aviculare, B. P. aviculare subsp. buxiforme, C. P. aviculare

subsp. neglectum, D. P. aviculare subsp. depressum (scale bar = 1 mm).

naphtoquinones (Al-Hazimi and Haque 2002), 1% silicic
acid, phenol-carboxylic acids, coumarin derivatives including
umbelliferone and scopoletin (Bisset and Wichtl 2001), and
numerous minerals (Popov 1994). The extract of P. aviculare
has fungicidal and bactericidal effects (Sas-Piotrowska and
Piotrowski 1997a, b; Maoz and Neeman 1998).

Young shoots and leaves are consumed in China as a
“famine food” (Read 1946; Baranov 1967). Polygonum avic-
ulare is used to make a tea known as Weidermannscher or
Homeriana tea and it has been used as a substitute for “ergot”
in Russia (Duke 1985). Casquero et al. (1993) suggested that
P. aviculare could be used for fodder because plants contain
high amounts of amino acids and minerals. Piglets fed with a
supplemented mixture containing leaves of P. aviculare had
the best gain in weight and efficiency of food utilization
(Grela et al. 2003). Fresh flowering stems of P. aviculare may
be used as a dye for various textiles; resulting colors vary
from intense yellow to green-tan and green-beige (McGuffin
1986). Because it quickly covers bare soil, it slows down or
prevents erosion to some extent (P. Cavers, personal commu-
nication). In Australia, flowers are visited by bees and pro-
duce moderate amounts of honey especially after heavy
summer rains (Goodman, ed. 1973 in Lamp and Collet 1989).

(c) Legislation—In Canada, P. aviculare is listed as a nox-
1ous weed only in Québec, (Anonymous 2004a).

4. Geographical Distribution

Polygonum aviculare is probably one of the most widespread
weeds in the world (Coquillat 1951; Holm et al. 1997; Meerts
2002). The distribution of P. aviculare subspecies in Canada is
based on herbarium specimens from A, ACAD, ALTA, CAS,
DAO, DC, DS, GH, F, JEPS, LL, MT, MTMG, NFLD, NSPM,
NY, PO, QFA, QUE, RSA, SASK, TEX, UBC, UC and US.
I. Polygonum aviculare subsp. aviculare is common in all
provinces and all territories except Nunavut (Fig. 3).

I1. Polygonum aviculare subsp. buxiforme has been collect-
ed from all the provinces and territories except, Nunavut,
Newfoundland and Labrador (Fig. 4). It is especially fre-
quent in southwestern Manitoba, Saskatchewan, Alberta and
southern British Columbia.

III. Polygonum aviculare subsp. neglectum occurs in the
southern parts of British Columbia, Alberta, Saskatchewan,
Manitoba, Ontario and Québec, as well as in Newfoundland,
New Brunswick, Nova Scotia and Prince Edward Island
(Fig. 5). It is particularly common in southern Ontario and
Québec.
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Fig. 3. Distribution of Polygonum aviculare subsp. aviculare in Canada.

IV. Polygonum aviculare subsp. depressum occurs in all
Canadian provinces and territories, except the Yukon and
Nunavut (Fig. 6). The collections from British Columbia,
Alberta and Manitoba are rather scarce suggesting a lower
frequency in these provinces. This subspecies is common in
southern Ontario and Québec, New Brunswick and Nova
Scotia.

5. Habitat

(a) Climatic requirements—Polygonum aviculare is found in
an extremely wide array of climates, from subtropical to sub-
arctic (Costea, unpublished). There are no data available on
the climatic limitations of the subspecies. Apparently in North
America, P. aviculare subsp. aviculare and P. aviculare
subsp. buxiforme are found in the widest range of climates,
followed by P. aviculare subsp. depressum. Based on herbar-
ium data, the former two subspecies may occur in ruderal
communities up to 3500 m elevation in temperate regions.

(b) Substratum—Polygonum aviculare grows well in soils that
are compacted, poorly aerated and poor to rich in nutrients.
However, the weed surveys undertaken in Saskatchewan have
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shown that P. aviculare was common on all the types of soils
and textures (Thomas and Wise 1983b, 1986b, 1987, 1989).
The highest frequencies and relative abundances in this
province were recorded on the Dark Brown Chernozem and
Brown Chernozem soils. Polygonum aviculare was recorded
to grow on detritus calcareous deposits, with CaCO; contents
ranging from 35 to 49% (Kutyna 1998). The species can tol-
erate drought, low soil fertility (Grime et al. 1988), temporary
flooding (Tsuruuchi 1986), high salt content (St.-Arnaud and
Viceent 1988; Foderaro and Ungar 1997; Khan and Ungar
1998), and heavy metal contamination (Rutkowska and
Stypinski 1997). Polygonum aviculare is a neutrophyle; it
grows on substrates with pH varying from 5 to 8.4 (Lefevre
1956; Grime et al. 1988).

(c) Communities in which species occur—Polygonum avicu-
lare is commonly considered a weed of spring cereals and turf
(e.g., Hanf 1983; Tottman and Wilson 1990; Turgeon et al.
1994), but as a world-wide pest it has been recorded in
approximately 60 crops (Meerts 2002). The species occurs in
Canada in most crops (e.g., cereals, corn, soybeans, canola,
rape, sunflower, flax, sugarbeet, vegetable crops, turf and pas-
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Fig. 4. Distribution of Polygonum aviculare subsp. buxiforme in Canada.

tures, orchards, tree nurseries and vineyards) (Table 2), as
well as in ruderal habitats (disturbed ground, along roadsides
and railways, waste land, rubbish tips, fallow fields). The
Canadian weed survey conducted between 1922 and 1944
and based on 4686 survey lists of settled regions, provided the
first data on the occurrence and frequency of P. aviculare in
Canada (Table 1) (Groh and Frankton 1949). The relatively
high frequency values were calculated as the number of lists
in which a particular species was recorded out of every 100
survey lists (Table 1). The species has usually been ranked
among the top 25 to 50 weed species in most of the weed sur-
veys undertaken in Canada (Table 2).

Dale and Thomas (1987) described weed communities of
cereal and oilseed crops in Saskatchewan using data from
surveys of more than 400 fields. Cluster analysis grouped P.
aviculare on the same dendrogram branch with (listed in
decreasing order of similarity measures): Echinochloa crus-
galli (L.) Beauv., Hordeum jubatum L., Artemisia biennis
Willd., Amaranthus blitoides S. Wats., Euphorbia serpylli-
folia Pers., Lepidium densiflorum Schrad. and Kochia sco-
paria (L.) Schrad. Polygonum aviculare is a characteristic
species for vegetal communities of trampled environments
and field margins (Kress 1988; Wilson and Aebischer

1995). The species can be found in all tillage systems. Its
density appears to be influenced more by weed management
practices and crop rotational sequences than by tillage sys-
tem (Frick et al. 1990; Hallgren 1996; Barberi et al. 1997;
Dorado et al. 1997; Barberi et al. 2001).

Polygonum aviculare also occurs as urban weed in “moder-
ately heavy foot- or wheel- traffic where the soils may be low
in fertility and so heavily compacted that other plants are
unable to survive. It is one of the most common weeds along
roadsides edges of or cracks in sidewalks and pavement, and
heavy-traffic areas in lawns” (Alex 1992). In a band within 50
cm of heavily used sidewalks at the University of Western
Ontario, the two species comprising over 75% of the vegetative
cover were P. aviculare and Plantago major L. (both subsp.
major and subsp. pleiosperma Pilger)(P. Cavers, personal com-
munication). Other species in Canada growing in such envi-
ronments are: Eleusine indica (L.) Gaertn., Echinochloa
crus-galli (L.) Beauv., Digitaria sanguinalis (L.) Scop., Setaria
pumila (Poir.) Roem. & Schult., Panicum dichotomiflorum
Michx., P. capillare L., Poa annua L., Chaenorrhinum minus
(L.) Lange, Chamaesyce spp., Matricaria matricarioides
(Less.) Porter., Plantago spp., Polygonum achoreum Blake.,
and Sagina procumbens L. (Costea, personal observation).
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Fig. 5. Distribution of Polygonum aviculare subsp. neglectum in Canada.

6. History

The presence of P. aviculare pollen in deposits from Europe is
considered an indicator of human impact during the Holocene
(Leeuwen et al. 1988; O’Connell and Molloy 2001). The
species has been know from antiquity. The name
“Polygonum” was first used by Dioscorides (“Polygon”, see
Gunther 1959) and then by Pliny the Elder (Historia Naturalia,
Book 26: 115-119, 1951) referring—judging on their descrip-
tions—to one member of the P. aviculare complex. Both
Dioscorides (see Gunther 1959) and Pliny in the first century
AD, accurately described some of the medicinal properties of
the knotweed mentioned in section 2b. For example,
Dioscorides stated: “being sodden with wine & withall taking
honey, it doth excellent well for the ulcers [...]. The leaves are
laid on for ye burning of ye stomach & ye casting up of blood
& inflammations & wounds newly made”. Gerard (1975)
mentioned other uses: “It is given to swine with good successe
when they are sicke and will not eat their meate, whereupon
the country people so call it Swine’s Grass and Swine’s Skir”.
Other medicinal uses were mentioned by Markham (1994):
“To cure the worst bloody flux that may be, take a quart of red
wine, and a spoonful of Cummin seed. Boyl them together
until half be consumed, then take knot-grass, and Shepherde-

purse, and Plantane, and stamp them severall, and then strain
them, and take the juice of each... a good spoonful; and put
them to the wine, and so seeth them again a little; then drink it
lukewarm, half over night, and half the next morning”. Fuchs
(1999) observed its ecology: “P. mas... grows everywhere and
is daily trampled upon, growing by waysides and footpaths”
(De historia stipium, p. 613). From an esoteric perspective,
Heinrich Cornelius Agrippa (1651) examining “the things
(that) are under the Signs, the fixed Stars, and their Images”
quoted Apuleius in associating the knotweed with the sun (Of
Occult Philosophy, Book I, part 2).

An English medieval superstition, beautifully illustrated
by Shakespeare (1924), said that the infusion made from
knotweed’s stems and leaves would stunt the growth of a
boy or of a young animal (Midsummer Night’s Dream, III.,
2: “Get you gone, you dwarf;/You minumus, of hindering
knot-grass made”). Because of this propriety, the plant was
ideal in the business of burglaries. In Beaumont and
Fletcher’s (1969), “The Coxcomb”, Dorothy tells the
Tinker: “We want a boy extremely for this function, kept
under for a year with milk and knot grass”.

Polygonum aviculare was probably mentioned for the
first time in North America by Cornuti (1966) in
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Fig. 6. Distribution of Polygonum aviculare subsp. depressum in Canada.

Canadensium Plantarum (1635), “per margines viarum”.
Gronovius (1762) also mentioned it in Flora Virginica. As
with many other common European weeds, it was probably
introduced in North America by the first colonists (Stuckey
and Barkley 1993). In Canada, it was first collected by A.
Holmes from Montreal in 1821, growing in ruderal places,
gardens, railroads (Rousseau 1968). Clark and Fletcher
(1909), in “Farm weeds of Canada” wrote (that P. avicu-
lare) “accompanies civilized man everywhere (...), and it is
found along roads and trails forming mats (...).” The distri-
bution ranges, particularly of P. aviculare subsp. depres-
sum, are likely to continue to expand in the future.

7. Growth and Development
(a) Morphology—The growth habit is indeterminate and the
overall plant architecture of P. aviculare agg. is extremely vari-
able, depending on both genetic and environmental factors. In
most cases, plants show various degrees of resistance to tram-
pling, which are associated with different phenotypes and life
strategies (see below). Plants have the capacity to regenerate
from axillary buds if the apex is removed (Salisbury 1961).
The development of P. aviculare is based exclusively on
apical and axillary meristems, because quiescent meristems

are absent (Geber 1989). Apical meristems determine the
vegetative (V), monopodial growth of the stem and shoots.
Axillary meristems differentiate either as new vegetative
elements (higher order of branches) or as reproductive (R)
structures (inflorescences). Apical dominance plays a sig-
nificant role in the architecture of P. aviculare. Repeated
removal (twice) of the apical meristems resulted in
increased branching and a trend towards reduced fitness
(McPhee et al. 1997). The vegetative (V) and reproductive
(R) types of development of the axillary meristems are
mutually exclusive and they are negatively correlated genet-
ically (Geber 1990). This necessary trade-off has been inter-
preted as a result of resource limitation or simply as a
meristematic limitation (Geber 1990). Vegetative and repro-
ductive growth overlap throughout the life history of plants.
Although V growth is preponderant in young plants, floral
structures start to develop very early, from the 4th to 6th
nodes (Geber 1990). Gradually, more and more axillary
meristems switch from V growth to flowering, which even-
tually becomes dominant. Based on the variable ontogenet-
ic ratios between V and R growth, a continuum of different
genetically fixed life strategies with different morphologies
can evolve at the population or intrapopulation level. Two



COSTEA AND TARDIFF — POLYGONUM AVICULARE L. 491

Table 1. Frequency (%) of Polygonum aviculare in different longitudinal areas of Canada between 1922 and 1944 (Groh and Frankton 1949). BC =
British Columbia, AB = Alberta, SK = Saskatchewan, MB = Manitoba, ON = Ontario, QC = Québec; w = western, e = eastern, nw = northwestern

83-76°W 75-68°W 67-60°W
131-116°W 115-108°W 107-100°W 99-92°W 91-84°W Central ON e ON & Maritimes &
Area of Canada BC&wAB eAB&wSK SK&wMB eMB&wON Superior ON & nw QC Central QC Gaspé
Survey (No.) 713 364 427 192 117 947 921 1005
P. aviculare 56.6 59 48.2 43.7 37.6 423 50.0 27.0

Frequency (%)

Table 2. Frequency, density and relative abundance of Polygonum aviculare from weed surveys across Canada. Relative abundance is a combination of
the frequency, field uniformity (all fields) and mean field density (all fields) (see any of the cited weed surveys for more information). The rank (impor-
tance) relative to other species encountered in the surveys, is based on frequency, density, relative abundance and other quantitative variables. Most sur-
veys were conducted in the summer after herbicide treatment. “x’ - species not recorded in the survey; “~> data not available. In Ontario: (1) Essex and
Kent Counties; in Québec: (1) Region of Québec; (2) Cantons-de-I’Est; (3) Region of Richelieu; (4) South West of Montreal; (5) L’ Asomption

Field
Frequency density Relative
Province Crop(s) Year (%) (no m2) abundance Rank Source
British Wheat 1978-1980 8.3 1.3 1.2 31 Thomas and Wise (1983a)
Columbia Barley 1978-1980 6.0 0.9 0.9 33 Thomas and Wise (1983a)
Oats 1978-1980 53 1.2 0.8 37 Thomas and Wise (1983a)
Rape 1978-1980 5.8 7.4 1.5 29 Thomas and Wise (1983a)
Alberta Wheat, barley, oats, rapeseed, flax 1973-1977 0.6 1.8 0.11 41 Thomas and Wise (1985)
Spring wheat 1997 1.6 0.5 0.4 42 Thomas et al. (1998)
Spring wheat 2001 22 2.8 1.3 30 Leeson et al. (2001)
Barley 1997 14 0.7 0.3 46 Thomas et al. (1998)
Barley 2001 0.6 28.3 0.7 39 Leeson et al. (2001)
Oat 1997 2.8 6.6 1.3 31 Thomas et al. (1998)
Oat 2001 1.2 0.6 0.2 55 Leeson et al. (2001)
Canola 1985 1.9 0.4 0.4 47 Thomas et al. (1986)
Canola 1997 1.8 0.5 0.1 47 Thomas et al. (1998)
Canola 2001 3.2 2.0 1.2 28 Leeson et al. (2001)
Saskatchewan  Wheat, barley, oats, flax, rape, rye 1976 X X 1.6 30 Thomas (1977)
Wheat, barley, oats, flax, rape, rye 1977 6.3 1.6 1.3 30 Thomas (1977)
Wheat, barley, oats, flax, rape, rye 1978 52 0.8 1.3 33 Thomas (1978a)
Wheat, barley, oats, flax, rape, rye 1979 4.8 1.1 1.1 28 Thomas (1979)
Spring wheat/durum 1976-1979 5.3 1.7 1.3 26 Thomas and Wise (1983b)
Spring wheat 1995 3.9 23 1.3 31 Thomas et al. (1996)
Winter wheat 1985 0.7 1.3 1.8 30 Thomas and Wise (1986b)
Winter wheat 1986 2.3 1.3 0.7 38 Thomas and Wise (1987)
Winter wheat 1985-1988 2.9 1.0 0.9 38 Thomas and Wise (1989)
Durum wheat 1995 1.2 3.3 0.7 39 Thomas et al. (1996)
Barley 1976-1979 4.7 1.6 1.1 33 Thomas and Wise (1983b)
Barley 1986 1.7 4.3 0.5 42 Thomas and Wise (1987)
Barley 1995 3.7 1.6 1.1 32 Thomas et al. (1996)
Oats 1976-1979 8.2 7.5 2.1 25 Thomas and Wise (1983b)
Fall rye 1976-1979 10.5 1.1 1.6 24 Thomas and Wise (1983b)
Flax 1976-1979 2.7 0.7 0.6 42 Thomas and Wise (1983b)
Flax 1986 3.7 0.2 0.8 34 Thomas and Wise (1987)
Flax 1995 3.8 0.5 0.7 36 Thomas et al. (1996)
Rape 1976-1979 6.1 1.3 14 27 Thomas and Wise (1983b)
Lentil 1985 3.6 0.9 0.9 24 Douglas and Thomas (1986)
Lentil, field pea 1995 5.3 0.8 1.2 31 Thomas et al. (1996)
Canola 1986 3.0 0.7 0.8 35 Thomas and Wise (1987)
Canola 1995 1.9 0.4 0.4 48 Thomas et al. (1996)
Mustard 1985 10.3 0.6 1.8 23 Douglas and Thomas (1986)
Sunflower 1985 2.0 0.2 0.3 43 Thomas and Wise (1986a)
Manitoba Wheat, barley, oats, flax, rape 1978 7.7 2.2 1.6 23 Thomas (1978b)
Wheat 1986 2.7 0.5 0.5 38 Thomas and Wise (1988)
Spring wheat 1997 4.3 32 1.3 25 Thomas et al. (1998)
Spring wheat 2002 24 1.1 0.8 29 Leeson et al. (2002)
Barley 1986 1.8 0.5 0.4 45 Thomas and Wise (1988)
Barley 1997 2.8 1.5 0.9 28 Thomas et al. (1998)
Barley 2002 2.5 04 0.6 30 Leeson et al. (2002)
Oat 1986 4.0 1.2 0.8 33 Thomas and Wise (1988)
Oat 2002 4.5 0.5 1.0 30 Leeson et al. (2002)

Flax 1986 33 0.3 0.6 29 Thomas and Wise (1988)
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Table 2. Continued

Flax 1997 9.1
Flax 2002 2.7
Canola 1986 -
Canola 1997 4.6
Canola 2002 3.9
Ontario Tomato 1960-1961 14.5
Corn 1960-1961 14.5
(1) Corn 1978-1979 2.5
Corn 1988-1989 4.0
(1) Soybean 1978-1979 0.9
Soybean 1988-1989 7.2
(1) Cereals 1978-1979 4.7
Wheat 1988-1989 17.9
Québec (1) Corn 1980 31.6
Sweet corn 1980 11.1
Strawberry 1980 259
2) Corn 1980 20.8
Cereals 1981 55.6
Strawberry 1981 31.0
3) Cereals 1982 37.1
Sugarbeet 1982 28.2
Sugarbeet 1983 66.7
Strawberry 1982 25.5
Strawberry 1983 60.0
Cereals 1983 70.7
Corn 1983 52.8
Soybeans 1983 333
Winter wheat 1983 100
Alfalfa 1983 66.7
Carrots 1983 25.0
4) Cereals 1981 48.6
Cereals 1982 68.4
Corn 1981 16.9
Corn 1982 32.7
Soybeans 1981 25
Strawberry 1981 77.7
Strawberry 1982 64.7
Carrots 1982 37.0
Onion 1982 28.6
Potatoes 1982 66.6
5) Cereals 1983 61.2
Corn 1983 58.7
Potatoes 1983 22.2
Tomatoes 1983 14.3
Strawberry 1983 63.3
Carrots 1983 333
Rye 1983 77.1
Prince Edward
Island Wheat, oats, barley 1978 X
Wheat, oats, barley 1979 X

New Brunswick Cereals

1986-1987 2.1

Thomas et al. (1998)
Leeson et al. (2002)
Thomas and Wise (1988)
Thomas et al. (1998)
Leeson et al. (2002)
Alex (1964)

Alex (1964)

Hamill et al. (1983)
Frick et al. (1990)
Hamill et al. (1983)
Frick et al. (1990)
Hamill et al. (1983)
Frick et al. (1990)
Doyon et al. (1986)
Doyon et al. (1986)
Doyon et al. (1986)
Doyon et al. (1987a)
Doyon et al. (1987a)
Doyon et al. (1987a)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987b)
Doyon et al. (1987c)
Doyon et al. (1987¢c)
Doyon et al. (1987¢)
Doyon et al. (1987c)
Doyon et al. (1987¢)
Doyon et al. (1987¢c)
Doyon et al. (1987c)
Doyon et al. (1987¢c)
Doyon et al. (1987¢)
Doyon et al. (1987¢c)
Doyon et al. (1987d)
Doyon et al. (1987d)
Doyon et al. (1987d)
Doyon et al. (1987d)
Doyon et al. (1987d)
Doyon et al. (1987d)
Doyon et al. (1987d)

0.6 38
0.9 42

>

Ivany (1980)
Ivany and Thomas (1983)
Thomas et al. (1994)

[

divergent life histories, which are separated by a range of
intermediates, may be distinguished both in European and
North American populations of P. aviculare (Geber 1990;
Meerts 1992):

(i) The ‘“hasty opportunist” (“r’-strategist, Begon et al.
1996) has an early meristematic commitment to reproduc-
tion, which determines an early fecundity at the cost of
reduced vegetative growth. Such plants are smaller and less
branched, their phenology is accelerated, the life-span short-
ened and the reproductive output reduced.

(ii) The “persevering hard worker” (“K”-strategist, Begon et
al. 1996) has prolonged V growth, which results in larger

and more branched plants that flower later, live longer, and
produce more fruits.

Meerts (1992) found that these two contrasting life strate-
gies in P. aviculare subsp. aviculare were associated with the
level of ploidy: the short-lived genotypes were tetraploid,
while the long-lasting genotypes were hexaploid. The capac-
ity for life history specialization among the genotypes of the
P. aviculare complex explains in part the high colonizing
capacity of this species. Populations with contrasting life
strategies can occupy temporally separated niches (Meerts
1992), or they can constitute a back-up strategy for years
when bad conditions occur early in the summer or late in the
season (Geber 1990).
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Meerts and Garnier (1996) analyzed the growth of 12
genotypes from three contrasting regimes of disturbance:
trampled areas, weedy populations and no-disturbance con-
ditions. There was significant genotypic variation in relative
growth rate (0.355-0.452 g g~! d1), which was positively
correlated with leaf area and achene size (Meerts and
Garnier 1996). However, other experiments showed that
infraspecific plasticity, characteristic of P. aviculare agg., is
not necessarily genetically differentiated (Meerts and
Vekemans 1991). Populations from heavily trampled condi-
tions had up to five times shorter internodes, shorter but
more numerous secondary branches, smaller and narrower
leaves, and up to 33% greater allocation to R growth. They
produced up to three times more seeds than populations
from untrampled conditions (Meerts and Vekemans 1991).
Additionally, soil fertility and moisture may determine a
wide range of phenotypic modifications (Meerts 1995).

The dimorphic summer and autumn achenes enable the
polymorphism in dormancy, germination and early plant
growth (see section 8b). The pericarp structure, especially in
summer fruits, ensures optimal dispersal by water, animals
and birds (see section 8b).

Anatomical data (Small 1895; Metcalfe and Chalk 1950;
Sokolova and Bogdanova 1966; Haraldson 1978; Kutschera
and Sobotik 1992; Watson and Dallwitz 1992-onwards)—
The primary root has 3—7 xylem bundles in the central cylin-
der. Stems do not usually have periderm. Collenchyma is
distributed in ridges or arranged in semicircles, chlorenchy-
ma is well-developed and the endodermis is distinct. The
fibrous schlerenchyma is discontinuous and organized in
strands on the inner part of the endodermis. The secondary
xylem has solitary or clustered vessels, up to 60 um in diam-
eter, with vestured pits*. The sieve tube plastids belong to
the S-type*. Leaves have a dorsiventral structure and
anisocitic* stomata. The minor leaf veins have no phloem
transfer cells.

Embryological data—The gynoecium is usually three-
carpelled, syncarpous* and one-celled, or sometimes one
carpel may be reduced. The three (or sometimes two) styles
are fused at the base, and the stigmas are capitate*. The
ovule is single, orthotropous*, bitegmic* and crassinucel-
late* (Johri et al. 1992). The inner integuments form the
micropyle. The funiculus is short and placentation is basal.
The embryo-sac is of the Polygonum-type with ephemeral
antipods* (Johri et al. 1992). The “seeds” of Polygonum
spp. are actually achenes (fruits) in which the hard pericarp
(developed from carpels) is fused with the thin seed coat
resulting from the ovule’s integuments. The mature embryo
is erect, comma-like and extends along one of the achene’s
ribs. The endosperm is nuclear and consists of two regions:
a peripheral aleurone layer and the inner endosperm, with
simple and compound starch grains (Woodcock 1914;
Lonay 1922; Johri et al. 1992; Yurtseva et al. 1999;
Yurtseva 2001).

(b) Perennation—The species is annual and relies on seeds
for overwinter survival.

(¢) Physiological data—Geber and Dawson (1990) studied
genetic variation in leaf gas-exchange physiology in P. avic-
ulare subsp. depressum. The authors found significant differ-
ences between different genotypes in photosynthetic carbon
assimilation rate (A), leaf conductance to water vapor (g),
instantaneous water-use efficiency (WUE), and leaf carbon-
isotope discrimination (A). The mentioned characteristics var-
ied as follow: A =13.92-19.52 umol CO, m?s; g =
0.32-0.54 mol H,0 m2 s~ WUE = 0.78-0.98 mmol Cco,
mol™! H,0; A (%) = 20.07-21.17. In addition, stomatal and
biochemical traits were also genetically variable (Geber and
Dawson 1997). Strong genetic correlations were observed
between the maximum amounts of ribulose 1,5-biphosphate
carboxylase-oxygenase (Rubisco) and the electron transport
capacity, and between the latter and stomatal conductance.
The genotypes of the “hasty opportunist” with smaller leaves
tended to have higher gas exchange rates and a lower water-
use efficiency than the long-lived genotypes. The differences
among genotypes in photosynthesis are the result of multiple
changes that occur both in biochemical and stomatal charac-
teristics. Physiological variation is correlated with morpho-
logical plasticity.

(d) Phenology—As already shown, P. aviculare agg. plants
have mechanisms that ensure a polymorphism of germination
and variable growth and development rates, which have direct
consequences on phenology. However, some general charac-
teristics may be recognized. In the southern part of Canada,
most P. aviculare seeds become non-dormant in March-April
and germinate in a single flush between March and May (dur-
ing cold springs the interval may be extended until the begin-
ning of June). Chepil (1946) in Swift Current, Saskatchewan
noted that the germination of P. aviculare in the field
occurred between Apr. 23 and May 15. Germination of P.
aviculare seeds in a single flush was also observed in
Kentucky (between March and April; Baskin and Baskin
1990), the United Kingdom (from late February to late May;
Courtney 1968) and Argentina (between August and
November; Kruk and Benech-Arnold 1998). Although the
germination of P. aviculare is concentrated during a narrow
window of opportunity in spring, a lower number of seeds can
germinate during the summer in Europe (Witts 1960;
Courtney 1968; Roberts and Feast 1970; Froud-Williams et
al. 1984) and autumn in Canada (personal observation).
Plants resulting from seeds that germinate in autumn produce
few or no seeds. In Russia, the larger late-autumn achenes
germinate 2 (-3) wk earlier than the summer ones (Yurtseva
et al 1999). Plants need 30—45 d to initiate flowering and the
first seeds are shed approximately 2 mo after seedling emer-
gence (personal observation). The length of the life cycle is
different from genotype to genotype: in some, senescence
may occur only 1 mo after flowering has begun; in others,
flowering and setting fruits overlap until late autumn when
plants are killed by frost (November). Between these two con-
trasting life strategies, populations with a range of intermedi-
ate characteristics may occur (see section 7a).

(e) Mycorrhiza—The presence of mycorrhiza in Polygonum
aviculare agg. is controversial. Some authors reported the
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occurrence of vesicular arbuscular mycorrhiza, while others
did not find any mychorrizal association (Harley and Harley
1987; Kasowska 2002). According to Reeves et al. (1979),
plants in disturbed habitats are non-mychorrizal, while in
natural habitats more than 99% of the plants are mychor-
rizal. Mychorrizas (VA and ectomychorriza) have been doc-
umented in other Polygonum sensu lato species (reviewed
by Harley and Harley 1987; Massicotte et al. 1998; Titus
and Tsuyuzaki 2002).

8. Reproduction
(a) Floral biology—The synflorescence in Polygonum is a
spiciform* foliate thyrse*, in which the axillary mono-
chasial* cymes belong to the scorpioid* type (Cialdella
1992). Each cyme is partially enclosed by the ocrea of the
neighboring leaf or bract. Additionally, each flower within
the cymes is protected by a smaller ocrea (ocreole); the
youngest flowers being totally enclosed by the concentrical-
ly imbricated ocreoles (Cialdella 1992). The flowering in
the thyrse starts from the base (acropetalous). Within each
cyme, flowering starts with the flower developed in the
vicinity of the main axis and proceeds successively with
new flowers, which are initiated in alternating directions.
Flowers are hermaphroditic. Chasmogamous (flowers
that open) and cleistogamous (flowers that remain closed)
flowers may occur on the same plant and in the same cyme
(Yurtseva 1998). Both types of flower share some common
characteristics (Laubengayer 1937; Ronse Decraene and
Akeroyd 1988; Ronse Decraene and Smets 1991; Yurtseva
1998). Stamens are arranged in two whorls and their num-
ber varies from 5 to 8. Occasionally, the outer whorl is miss-
ing. The inner 5 stamens have dilated filaments with
flattened bases and are longer than the outer 3 stamens,
which have filiform filaments (Ronse Decraene and
Akeroyd 1988). Anthers are tetrasporangiate® (with four
pollen sacs), small, ovate and open longitudinally. A corre-
lation was sometimes observed between the absence of
outer stamens and the number of carpels. For example, P.
aviculare subsp. depressum has often 5 stamens and a 2-
carpelled gynoecium. The number of stamens can also vary
on the same plant during the vegetation cycle. Yanishevsky
(1927) noted that late-summer and autumn flowers had 5
stamens, while early-summer flowers had 8 stamens. The
pollen grains at dispersal are three-celled. They are usually
tricolporate™®, tectate*, subprolate*, with a finely reticulate
or tuberculate exine (Wodehouse 1931; Hedberg 1946;
Garcia et al. 1998). The well-developed nectaries of other
Polygonaceae (e.g., Persicaria, Fagopyrum) are absent
from the flowers of P. aviculare. However, sections through
the inner staminal filaments revealed a nectarial-type tissue:
“perhaps a layer of cells at the base of the filaments secretes
nectar” (Ronse Decraene and Akeroyd 1988; Ronse
Decraene and Smets 1991).

Chasmogamous flowers—In every cyme, usually only one
flower opens at a time. Flowering occurs early in the morn-
ing and each flower remains open for 1-4 d. The anthers of
the inner circle of stamens open first. The dehiscence of all
anthers may take 0.5-2 d depending on environmental con-

ditions; with light and dry weather accelerating the process.
When the first anthers start to open, the gynoecium is under-
developed and immersed in the perianth tube, which is filled
with nectar. The ovary starts to enlarge only after dehis-
cence of the anthers reaches the outer circle of stamens. A
short gynophore (peduncle) raises the ovary and the stigmas
reach the same level as the inner circle of anthers. Self pol-
lination is the result of direct contact between the stigmas
and inner anthers. During this phase, entomophilous polli-
nation may occur as well. Bugg et al. (1987) and Yurtseva
(1998) observed numerous arthropod species feeding on
nectar or floral tissues, and other authors also reported that
flowers are frequently visited by insects (Love and Love
1956; Goodman (ed.) 1973 in Lamp and Collet 1989;
Schmid 1983; Karlsson 2000; Zolda 2001).
Morphologically atypical pollen grains of P. aviculare were
observed in the fecal samples of some hover flies (Diptera:
Syrphidae) such as Sphaerophoria scripta L., Syritta pipiens
L. and Syrphus ribesii L., as well as in the feces of their bird
and bat predators (Binka 2003). The flowers can be consid-
ered protandrous although normally a short overlapping
period between the male and the female flowering phases
occurs. After 1 to 5 d, the flowers (the perianth lobes) close
in the evening. The stamens from the outer circle are thus
brought into contact with the stigmas and a second opportu-
nity for self-pollination then occurs. Fertilization is poroga-
mous* and the pollen tubes are persistent.

Cleistogamous flowers—In the same cyme, some flowers
remain closed, and pollination occurs under the protection
of the perianth. Cleistogamous flowers have a longer peri-
anth tube than chasmogamous flowers, while the perianth
lobes are about the same length (Yurtseva 1998). This
author observed that a wave of cleistogamous flowers devel-
oped in summer, 1 wk after a period of hot and dry weather
with temperatures of 30-36°C. The development of cleis-
togamous flowers in autumn could not be associated with
any specific weather conditions (Yurtseva 1998).

The stamens have a constant filament length in both cleis-
togamous and chasmogamous flowers, as well as in summer
and autumn flowers. However, the styles may have different
lengths and therefore the flowers are heterostylous. Nikitina
(1965) reported that early-developed flowers have a short
style of 0.1 mm, while late flowers have a longer style of 0.4
mm. The capitate stigma is larger in late-summer and
autumn-developed flowers than in early-summer flowers
(Yanishevsky 1927). Yurtseva (1998) found rare situations
when among chasmogamous flowers of the same age, some
had longer styles and the stigmas exceeded the anthers. The
same feature, constantly expressed this time, was observed
in cleistogamous flowers (Yurtseva 1998).

Most authors have considered P. aviculare and related
taxa to be self-pollinated (e.g., Scholz 1958; Styles 1962;
Meerts et al. 1998). Indeed, the inconspicuous inflores-
cences with flowers partially hidden in the ocreae and the
reduction of floral nectaries seem to indicate an evolution-
ary tendency in this direction. Yurtseva (1998) reported that
emasculated chasmogamous flowers did not produce fruits.
However, the floral dimorphism present in P. aviculare agg.
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is difficult to explain in view of the autogamy reported for
these plants. Structures that make cross-pollination possible
in other Polygonum sensu lato are preserved in P. aviculare
and there are numerous reports of flowers visited by insects
(Love and Love 1956; Schmid 1983; Karlsson 2000).
Cleistogamous and chasmogamous flowers, heterostyly,
protandry and the capacity to secrete nectar may be regard-
ed as remnants of an ancestral mixed-mating system (Costea
and Tardif, unpublished).

(b) Seed production and dispersal—A single plant may pro-
duce from 125-200 (Hanf 1983) to 6400 achenes (Stevens
1932) depending on the availability of resources and com-
petition (Zwerger 1990; Meerts 1995). Achenes have an
average weight of 0.003 g (P. aviculare subsp. aviculare) or
0.002 g (P. aviculare subsp. rurivagum) (Salisbury 1961).
The dispersal of achenes can be accomplished in various
ways: through farm machinery, by birds and animals after
ingestion, and by water. Seeds are easily carried in the
footwear of tire treads, and since plants are resistant to tram-
pling they can develop anywhere along machinery path-
ways. Seeds may occur as impurities in harvested crops or
as contaminants of seeds to be sown (Salisbury 1961; Hill et
al. 1999; Sahadeva 2001; Meerts 2002). At least some seeds
are not damaged after they are ingested and excreted by ani-
mals (sheep, cattle and horses) and birds (Salisbury 1961;
Ozer and Hasimoglu 1977; Grime et al. 1988; Holmes and
Froud-Williams 2001). The seeds float both when separated
or enclosed in the persistent perianth and they can be dis-
persed through irrigation water, in streamlets produced on
the soil by rain and by water courses (Salisbury 1961; Tosso
et al. 1986; Holm et al. 1997).

Many plants of P. aviculare exhibit a unique form of het-
erocarpy in which two different types of achenes develop on
the same plant at different ages (Wolf and McNeill 1986).

Summer achenes—These fruits develop from early flowers.
They are small compared to autumn achenes and have a dark-
brown pericarp. The exocarp is 30-60 um thick, with the
outer cell-walls provided with longitudinal rows of papillae or
tubercles. The papillae are about 15 um in diameter and may
play arole in imbibition. Exocarp cell-walls are heavily thick-
ened following a peculiar pattern. As a result, the mature exo-
carp cell-lumen appears dendritically (tree-like) branched.
Mesocarp cell-walls are suberinised (Yurtseva et al. 1999;
Ronse Decraene et al. 2000; Yurtseva 2001).

Autumn achenes—These fruits develop from late summer and
autumn flowers, have a green-olivaceous pericarp and are up
to two or three times longer than the summer fruits. Their
exocarp is about 20 pm thick, with smooth external periclinal
walls. The exocarp cell-wall is thinner and the cell-lumen is
not branched. The mesocarp contains chloroplasts that pro-
duce assimilates that are allocated to the seeds for a month. In
general, the structure of the autumn fruits’ exocarp resembles
that of immature summer achenes. Their seeds have a longer
embryo and a more developed endosperm than seeds of sum-
mer achenes (Yurtseva et al. 1999). Taking into account the
structure of the inflorescence in P. aviculare, autumn fruits

are likely to be found in the upper part of the shoots and on
the first order axes within each axillary cyme. The ontogenet-
ic heterocarpy in P. aviculare has biological and ecological
significance (see section 7a).

(c) Seed banks, seed viability and germination—Polygonum
aviculare has a persistent seed bank, in which a cyclical dor-
mancy/non-dormancy pattern is undergone by the seeds in
the soil (Roberts 1981; reviewed by Baskin and Baskin
1998; see below). In Swift Current, Saskatchewan, Chepil
(1946) found that although a significant proportion of the P.
aviculare seeds germinated in the year after they were pro-
duced, a smaller number of seedlings emerged in the field 3
to 5 yr after sowing, depending on the soil type. Four and
two seedlings (from 1000 seeds sown in the field) emerged
after 4 yr in clay and sandy loam soils, respectively, and two
seedlings emerged after 5 yr in a loam soil (Chepil 1946).
Survival of P. aviculare seeds has been studied since 1984
in Fairbanks, Alaska as part of a 50-yr study. Viability of
seeds declined with time: it was 57% after 9 mo, 31% after
21 mo, 7% after 4.7 yr, and <1% after 9.7 yr (Conn and
Farris 1987; Conn 1990; Conn and Deck 1995). Lutman et
al. (2002), in a 6-yr study done in the United Kingdom,
reported that 77.2% of the P. aviculare seeds survived each
year. The number of years necessary for at least a 95%
decline was estimated to be 9 on a site with loam soil, and
20 on a site with clay soil (Lutman et al. 2002). According
to other authors, viable seeds of P. aviculare were recovered
after as many as 60 yr (Brenchley 1918 cited by Cousens
and Mortimer 1995; Campagna and Rapparini 1997). Depth
of burial (2 and 15 cm) (Conn and Farris 1987) and the
groundwater level (Bekker et al. 1998) did not influence the
viability of seeds.

Polygonum aviculare has not been evaluated as one of the
contributor species to the seed banks of agricultural fields in
North America. However, in Spain, Dorado et al. (1999)
reported up to 12241 seeds m~2 and a relative abundance of
37.29%, values which placed P. aviculare in second place
after Amaranthus albus L. The species was also ranked among
the six most abundant species in soil seed banks in the United
Kingdom (Warwick 1984; Roberts and Chancellor 1986;
Grundy et al. 1996; Turley et al. 1998; Thompson et al. 1996;
Younie et al. 2002) and Turkey (Coruh and Zengin 2001).
More commonly, densities of 200-5000 seeds m~2 and contri-
butions of 0.1-3% to the total seed bank have been reported in
France and Italy (Dessaint et al. 1997; Barberi et al. 1998a, b;
Barberi and Lo Cascio 2001).

Dorado et al. (1999) described the weed seed bank
response to crop rotation and tillage in semi-arid agroe-
cosystems from Spain. Under a conventional tillage system,
P. aviculare exhibited a slightly greater number of seeds in
the seed bank (10 565 seeds m~2) compared with a no-tillage
system (8644 seeds m~2). Similar relative abundances in the
seed bank of P. aviculare under conventional tillage were
reported by Barberi et al. (1988b) and Barberi and Lo
Cascio (2001). With regard to crop rotations, Dorado et al
(1999) found that the number of P. aviculare seeds in the
seed bank was greater in a barley-vetch (12241 seeds m2)
rotation or a barley monoculture (11 686 seed m2) than in
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a barley-sunflower rotation (4947 seeds m2). Barberi et al.
(1998a) described the changes in the seed bank under dif-
ferent systems after 5 yr of continuous maize cropping.
Although, in general, the weed seed bank was largest under
the organic system (100 761 seeds m~2), P. aviculare scored
the highest values under the conventional system (0.5% of
total seeds in the 0—10 cm and 10-20 cm soil layers). Both
in reduced-input and strip-cultivation systems, the relative
density of P. aviculare in the seed bank was higher, 1.5 and
1.3%, respectively, in the 10-20 cm deep layer of soil.

Most seedlings of P. aviculare emerge from the top 3 cm of
soil, and total emergence declines with increasing depth of bur-
ial (Froud-Williams et al. 1984; Grundy et al. 1996). The aver-
age percentage of the seed bank that emerges as seedlings each
year (the emergence percentage) across the Corn Belt of the
United States of America was estimated at 0.6% (Forcella et al.
1997), somewhat higher than the emergence percentage
(0.18%) reported from Italy (Miele et al. 2000).

The two morphologic types of achenes (see section 8b) are
fundamentally different in their dormancy and biology of ger-
mination. However, most studies on germination make no
mention of the type of achene used in the study. As a result,
the role of heterocarpy in the biology of P. aviculare is virtu-
ally unexplored. The following differences between summer
and autumn fruits are based on a single study (Yurtseva et al.
1999) and our personal observations (Costea and Tardif,
unpublished). The autumn elongated achenes possess a weak
innate dormancy and are capable of germinating immediately
after they are produced if they are exposed to temperatures of
20-25°C. If temperatures are lower, they will germinate the
following spring in a single flush, at temperatures as low as
5°C. The smaller summer achenes have a strong primary dor-
mancy and they may constitute a persistent seed bank. Most
of the germination studies undertaken with P. aviculare prob-
ably refer to this type of achene. Summer achenes undergo a
cyclical dormancy/non-dormancy pattern in the soil
(Courtney 1968; Baskin and Baskin 1990). Freshly developed
summer achenes of P. aviculare require a moist chilling treat-
ment at 1.6-12°C for 12-110 d to overcome dormancy
(Ransom 1935; Justice 1941; Hammerton 1964; Courtney
1968; Baskin and Baskin 1990; Kruk and Benech-Arnold
1998; Batlla and Benech-Arnold 2003). Cool stratification
temperatures administered over a long period of time deter-
mined a lower temperature limit for germination (Batlla and
Benech-Arnold 2003). Variability in the stratification require-
ment in various populations of P. aviculare was observed by
Hammerton (1964) and Courtney (1968). This may be the
result of dormancy differences among populations and/or the
consequence of using ontogenetically different types of ach-
enes. The lower limit in temperatures necessary for germina-
tion in spring of summer achenes (8 = 4°C) (Kruk and
Benech-Arnold 1998; Yurtseva et al. 1999; Costea and
Tardif, unpublished) is higher than that for autumn achenes
(5-6°C) (Yurtseva et al. 1999; Costea and Tardif, unpub-
lished).

Baskin and Baskin (1990) reported that P. aviculare can
germinate at alternating day/night temperatures of up to
35/20°C. Khan and Ungar (1998) obtained a maximum per-

centage and rate of germination under light (12-h photoperiod)
and 15/5°C. An increase in temperature above this value
decreased both the percentage and the rate of germination.
Under the same daytime temperature of 25°C, the percent of
germination was higher at a lower nocturnal temperature of
5°C (>70%) than at 15°C (<50%) (Khan and Ungar 1998).
The required thermal time for germination of 50% of the non-
dormant fraction of seeds was 80 degree-days accumulated
above a base temperature of 0°C (Kruk and Benech-Arnold
1998). Some non-dormant seeds can germinate in darkness,
but the germination percentage is higher under light condi-
tions. In Kentucky, non-dormant spring seeds germinated
between 90 and 100% under a photoperiod of 14 h and 7 to
61% in darkness (Baskin and Baskin 1990). During early sum-
mer, secondary dormancy is enforced in seeds by temperatures
of 20°C or higher (Courtney 1968; Kruk and Benech-Arnold
1998). Such seeds cannot be germinated in darkness under any
temperature. However, summer-exhumed seeds germinated
17 and 53% in light at 30/15 and 35/20°C, respectively
(Baskin and Baskin 1990). Secondary dormancy acquired dur-
ing summer can be overcome, at least in some seeds, under 24
h/day light and high temperatures. Mechanical removal of the
pericarp or scarification with sulfuric acid improved the ger-
mination of P. aviculare seeds (Ransom 1935; Justice 1941;
Courtney 1968). Germination of P. aviculare seeds was not
influenced by treatment with a commercially available smoke-
water solution (Adkins and Peters 2001).

Populations of P. aviculare occur in saline sites in North
America and an interaction between salinity and temperature
was observed in the germination of this species (Foderaro and
Ungar 1997; Khan and Ungar 1998). Lower temperatures (e.g.,
15/5°C) increased the tolerance to salinity, and at such temper-
atures a small percentage of seeds could germinate, even with
300 mM of NaCl. Treatment with gibberellic acid (GA), 3 mM,
significantly reduced the secondary dormancy imposed by
salinity under all temperature regimes.

(d) Vegetative reproduction—Polygonum aviculare plants
do not reproduce vegetatively.

9. Hybrids

Although hybridization in P. aviculare agg. may be possi-
ble, it has never been demonstrated satisfactorily, and artifi-
cial hybridization attempts “were not conclusive” (Styles
1962). Nevertheless, because of the many intermediates and
overlapping characteristics observed, hybrids were often
assumed (e.g., Lindman 1912; Tzvelev 1993; Yurtseva and
Kramina 2003). Yurtseva (2001) suggested that patterns of
pericarp-surface variation support the hybrid origin of some
species. In this respect, P. arenastrum presumably originat-
ed as a hybrid between P. aviculare and P. calcatum Lindm.
(considered a synonym of P. aviculare subsp. depressum in
this study) and Polygonum neglectum (= P. aviculare subsp.
neglectum) resulted from the hybridization between P. avic-
ulare and P. arenastrum (Yurtseva 2001).

10. Population Dynamics
Polygonum aviculare may produce a second generation only
from the elongated fall achenes (end of August—September),
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although this generation has little chance of completing its
life cycle. The species can rapidly colonize trampled envi-
ronments, including disturbed areas near roads and side-
walks, where it often forms long and narrow or irregular
patches. The competitive ability of this species resides in the
extreme endurance and adaptability of the plants, multiple
possibilities of seed dispersal, a persistent seed bank, high
genetic polymorphism, and its allelopathic properties. In
such environments, P. aviculare was more competitive than
many weed species, for example than Polygonum persicaria
L., Atriplex patula L. (Harper 1977), Chenopodium album
L. and Stellaria media (L.) Vill. (Carver et al. 1997, cited by
Meerts 2002). Alsaadawi and Rice (1982a) observed that P.
aviculare could replace Cynodon dactylon (L.) Pers. grow-
ing in pure stands. Furthermore, P. aviculare inhibited ger-
mination and growth of Chenopodium album, Sorghum
bicolor (L.) Moench and Gossypium barbadense L.
(Alsaadawi and Rice 1982a). Marshall et al. (2003) in the
United Kingdom reported for P. aviculare a competitive
index of 50 [the number of plants (m~2) that gives a 5% crop
yield loss in wheat].

11. Response to Herbicides and Other Chemicals
Chemical control of P. aviculare in different crops world-
wide has been reviewed by Meerts (2002). Polygonum avic-
ulare is susceptible to most soil-applied and foliar
(postemergence) herbicides recommended for the control of
dicot annual weeds in a range of crops (Anonymous 2002;
Marshall et al. 2003). The species was moderately suscepti-
ble to MCPA applied at recommended rates in spring barley
and to simazine in field beans (Marshall et al. 2003).
Polygonum aviculare can also be controlled readily by non-
selective herbicides, such as glyphosate, glufosinate, and
paraquat (Meerts 2002). There is little evidence of differen-
tial response to herbicides among the different subspecies of
P. aviculare as herbicide labels do not distinguish between
them. Chloropicrin, a potential replacement of the soil fumi-
gant methyl bromide, has been reported to be effective at
controlling P. aviculare (Haar et al. 2003).

Herbicide Resistance—No herbicide-resistant biotypes
have been reported in North America for P. aviculare.
Biotypes resistant to triazines have been reported from The
Netherlands and Poland (Oorschot and Straathof 1988;
Lipecki and Szwedo 1988). Biotypes resistant to amitrole
were discovered in Belgium (reviewed by Bulcke and
Callens 1998). The precise mechanism of resistance for
these biotypes is unknown.

12. Response to Other Human Manipulations

The subspecies of P. aviculare have a wide range of toler-
ance to trampling. Forms of P. aviculare subsp. depressum
and subsp. rurivagum are the most resistant to trampling,
while those of P. aviculare subsp. aviculare are the most
susceptible. The other subspecies occupy an intermediate
position between these two extremes (Costea, unpublished).
Nevertheless, even within each subspecies, the range of tol-
erance to trampling may vary significantly (Meerts and
Vekemans 1991).

Mechanical methods used for the control of P. aviculare
are usually not efficient alone and they usually are more
effective when combined with chemical treatments. Raso et
al. (2001) reported that a spring-tined harrow, with one pass
at 6 km h™! in an organically grown soft wheat, significant-
ly reduced the total biomass of weeds, among which P. avic-
ulare was predominant. Repetition of the treatment did not
significantly enhance the weed biomass reduction (Raso et
al. 2001). Harrowing in peas (Pisum sativum) provided 85%
control of a weed community dominated by P. aviculare and
several other weed species, when it was applied once at crop
emergence (Rasmussen 1992). Harrowing twice reduced the
need for a pre-emergence herbicide treatment, and required
only one post-emergence treatment in sugarbeet (Beta vul-
garis L.) (Re et al. 1996). Polygonum aviculare was con-
trolled by hoeing, with or without chain harrowing, but
chain harrowing alone had limited success (Rafii 1993).
Mechanical control with a brush hoe and a spring-tined
weeder on May 15 in barley field trials in the United
Kingdom did not control P. aviculare (Richards 1991). The
disturbance produced by a shallow cultivation reduced the
knotweed infestation (Pollard and Cussans 1981; Fernandez
-Quintanilla et al. 1984).

Soil solarization with clear or colored polyethylene con-
trolled P. aviculare and other weed species in Spain and
China (Zhang et al. 1992; Dalmau et al. 1993). In contrast,
bark mulching favored P. aviculare in apple orchards in
Poland (Scibisz et al. 1995). Flaming and hot-steaming did
not control P. aviculare in apple orchards in Nova Scotia
and Slovakia (Rifai et al. 2001).

Hartl (1989) reported that undersowing wheat with
Medicago lupulina L. and Trifolium resupinatum L. reduced
the dry mass of P. aviculare and other weeds by 44-49%,
while the grain yield was not affected. The use of domestic
White China geese was ineffective for the control of P. avic-
ulare and Matricaria matricarioides (Less. ) Porter because
these plants were unpalatable and grazing and geese tram-
pling increased their density by 25 times (Wurtz 1995).

13. Response to Herbivory, Disease and Higher
Plant Parasites

(a) Mammals—Milton et al. (1997) studied the effects of
small-scale animal disturbances on plant communities from
Germany. Polygonum aviculare plants predominated on
patches of soil grubbed by wild boars (Sus scrofa L.).

(b) Birds and/other vertebrates—Polygonum aviculare
seeds are among those preferred by many bird species
(Wilson et al. 1999; Wilson 2001; Holmes and Froud-
Williams 2001). Some authors have suggested that the
decline of weed species such as P. aviculare has probably
contributed to the decline of granivorous birds in European
farmland (Wilson 2001; Firbank and Smart 2002). In order
to protect bird populations, it was suggested that it would be
beneficial to maintain 6-m-wide buffer areas, which would
receive no pesticides, around crop fields (Sotherton 1990).

(¢) Insects—Information regarding insects associated with
P. aviculare in North America is scarce and most of the
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studies have been undertaken in Europe, Asia, New Zealand
and Australia [e.g., Nadasy 1983; Chu et al. 1983;
Hostounsky 1984; Farrell and Stufkens 1993; Gomez de
Aizpurua 1994; Ohta et al. 1998; Scott and Yeoh 1998;
Every and Stufkens 1999; Meerts 2002 (review)]. Bugg et
al. (1987) presented a list of 36 species from Northern
California that had been observed to feed at the flowers of
P. aviculare. Among these, 29 were useful entomophagous
species (such as those from the genus Geocoris, Hemiptera:
Lygaeidae), which were using the nectar of P. aviculare as
a complementary food source. Polygonum aviculare is a
host of beetles from the genus Mantura Steph. (Coleoptera:
Chrysomelidae: Alticinae) from the Palearctic (Heikertinger
1951). Marshall et al. (2003) reported that P. aviculare and
Poa annua L. were more important than other weeds for
maintaining the biodiversity of insects and farmland birds.
They suggested that these weed species should be tolerated
in order to achieve a sustainable ecological balance.

Pest insects associated with P. aviculare in North
America include the common housefly (Musca domestica
L.), a bulbfly (Eumerus spp.) and a plant bug (Lygus spp.)
(Bugg et al. 1987).

Watson et al. (2003) in Berkshire, UK, reported that post-
dispersal predation of P. aviculare seeds was highest in May
(92.9%) followed by a gradual decline to zero values in
September. Seeds were predated by small mammals (e.g.,
wood mouse, Apodemus sylvaticus L.) and invertebrates
(e.g., carabid beetles) (Watson et al. 2003). In contrast,
Trefas et al. (2001) in Hungary, found that predation of P.
aviculare seeds by Pterostichus melanarius Illiger was
highest in autumn. Gastroidea polygoni Gruev & Tomov
was observed to feed abundantly on P. aviculare plants in
the United Kingdom, Italy and Turkey, and it was suggest-
ed as a potential biocontrol agent for this weed (Sotherton
1982; Marocchi 1994; Kismali and Madanlar 1990).
Another potential biocontrol agent, Entomoscelis orientalis
Motschulsky, has been proposed in China (Hu et al. 1989).

(d) Nematodes—Polygonum aviculare in Canada has been
reported as a host of Meloidogyne hapla Chitwood in Ontario
(Townshend and Davidson 1962). In North America it has been
identified as a host of Ditylenchus dipsaci Filipjev in Illinois
(Edwards and Taylor 1963), Meloidoderita spp. in Maryland
(Andrews et al. 1981), and Meloidogyne incognita (Kofoit and
White) Chitwood in Indiana (Gaskin 1958). In Europe, it was
reported as a host of Ditylenchus dipsaci (Anguillulina dipsaci
Kuhn) the United Kingdom (Bendixen et al. 1979; Atkinson
and Sykes 1981) and in Yugoslavia (V1k and Holubcova 1972);
Heterodera schachtii Schmidt in Spain (Lépez and Romero
1988); Meloidogyne spp. in Germany (Bendixen et al. 1979)
and Pratylenchus penetrans (Cobb) Chitwood & Oteifa in
Spain (Abrantes et al. 1987). Polygonum aviculare was among
the most resistant species tested to Meloidogyne spp. (Rossner
1983; Kim et al. 1998).

Diseases

(a) Fungi—Canadian records: Erysiphe polygoni DC.:
Alberta (Abbott and Currah 1989); Melanopsichium austro-
americanum (Speg.) C. B. Beck—Canada: ON (1938,

voucher in New York Botanical Gardens Herbarium).
Utkhede et al. (2001) reported that P. aviculare from the
Fraser Valley, British Columbia is not susceptible to pow-
dery mildew (Erysiphe orontii Cast.).

U.S.A. records: Cercospora avicularis G. Wint.—
Delaware (Sumstine 1949); Eastern States, North Dakota,
Texas (Anonymous 1960); Missouri (Anonymous 2004b),
and South Dakota (Mankin 1969); Cercospora polygonacea
Ell. & Evrht.—Delaware (Sumstine 1949); Cercospora
polygonorum Cke.—Delaware (Sumstine 1949); Erysiphe
polygoni DC.—Florida (Alfieri et al. 1984), Georgia, North
Dakota (Farr et al. 1989), Oklahoma (Preston 1945); South
Dakota (Mankin 1969), Wyoming (Gilbertson et al. 1979);
Melanopsichium austro-americanum (Speg.) C. B. Beck
California (Anonymous 1960); Nigredo polygoni (Fuckel.)
Arth.—North Dakota (Anonymous 2004b); Ovularia avicu-
laris Peck —Nebraska (Braun 1995); Ovularia rigidula
(Delacr.) Nannf.— Indiana, Nebraska, Waisconsin
(Anonymous 1960); Peronospora polygoni Halst.—Iowa
(Anonymous 1960); Phymatotrichum omnivorum (Shear)
Duggar—Texas (Anonymous 1960); Puccinia aristidae
Tracy—Colorado, Delaware, North Dakota, Nebraska,
South Dakota (Anonymous 1960); Ramularia rufomaculans
Peck—Iowa (Anonymous 1960); Septoria polygonorum
Desm.— Minnesota and Wisconsin (Anonymous 1960),
South Dakota (Mankin 1969); Uromyces polygoni (Pers.)
Fuckel—Arkansas (Anonymous 1960), California
(Anonymous 2004b), Florida (Alfieri et al. 1984), South
Dakota (Mankin 1969); Uromyces polygoni-aviculare
(Pers.) Karst.— Mississippi (Parris 1959); Ustilago utricu-
losa (Nees) Unger.—California (Anonymous 1960) and
Towa (Zundel 1953). Fungi, world-wide records: Additional
fungi parasitizing Polygonum aviculare world-wide can be
found in Brandenburger (1985) and Anonymous (2004b).

(b) Bacteria—no data.

(c) Viruses—Polygonum aviculare in North America was
reported to be susceptible to: Arabis mosaic nepovirus
(ArMV) (reviewed by Brunt et al. 2003), Carnation vein
mottle potyvirus (CVMYV) (reviewed by Brunt et al. 2003)
and Tomato spotted wilt tospovirus (TSWV) (Zitter 2003).
There is no North American publication regarding P. avicu-
lare as a host for viruses. In Europe, the species is a host of:
Beet necrotic yellow vein virus furovirus (BNYVV) (Kutluk
et al. 2000) and Strawberry latent ringspot (?) nepovirus
(SLRSV) (Caron and Hoof 1974).
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APPENDIX 1—GLOSSARY OF TERMS
Anisocitic—(of a stomatal complex) in which three of the sub-
sidiary cells surrounding stomata are unequal in size.
Antipods—the cells of the female gametophyte present at the cha-
lazal end (opposed to the micropyle) of the mature embryo sac.
Bitegmic—(of an ovule) with two integuments, internal and external.
Capitate—abruptly enlarged distally to a relatively short, terminal
portion that is basically round in transverse section.
Crassinucellate—(of an ovule in which) the megagametophyte is
located deep into nucellus (the tissue within the ovule in which the
female gametophyte develops).

Cucullate—hood-shaped.
Decumbent—spreading horizontally but then growing upwards.
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Divaricate—widely spreading and often more or less horizontal.
Elliptic—widest at the middle, ratio length:width = 2:1.
Lanceolate—widest below the middle, elongate, with ratio
length:width = 3: 1.

Lacerate—Ilaciniate, slashed into irregular lobes.
Linear—elongate and narrow, widest at the middle, ratio
length:width > 10:1.

Monochasial cyme—a determined inflorescence in which branch-
es are monopodial (inflorescence branches arise singly).
Oblanceolate—inversely lanceolate, widest above the middle.
Ovate—egg shaped, widest below the middle; ratio length: width
as in elliptic.

Obovate—inversely ovate, widest above the middle; ratio
length:width as in elliptic.

Orthotropous—(of an ovule) erect, so that the micropyle faces
away from the placenta.

Porogamous—of the fertilization in which pollen tubes pass
through the stylar canal and the ovule micropyle.

S-type—(of sieve tube plastids) having starch grains of different
size.

Scorpioid—(of a cymose monochasial inflorescence) branching
alternately on one side and then the other with the main axis coiled
like the tail of a scorpion.

Spathulate—elongate, broadest near a rounded apex, gradually
attenuate to a narrower base; like the outline of the broad face of a
spatula blade.

Spiciform—resembling a spike (an elongate, simple and indeter-
minate axis bearing sessile flowers), but not strictly such.
Striate-tubercled—of achenes having tubercles arranged in rows
on the exocarp.

Subprolate—describing the shape of a pollen grain in which the
ratio between the polar axis and the equatorial diameter is
1.14-1.33.

Syncarpous—(gynoecium) with fused carpels.
Tepals—elements of an undifferentiated perianth (when sepals
and petals are not differentiated).

Tectate—pollen grains with a tectum: the layer of sexine (the
outer layer of the sporoderm — the pollen grain wall), which forms
a roof over the columellae, granules, or other infratectal elements.
Tetrasporangiate—of anthers having four pollen sacs.
Thyrse—a compound inflorescence in which the main axis is
indeterminate and the lateral ones (of lateral inflorescences) are
determinate, cymes.

Tricolporate—describing pollen grains with three ectocolpi or pores.
Tubercles—spherical or dome-like structures encountered on the
exocarp of achenes.

Very narrowly elliptic—widest at the middle, ratio length:width
=6:1.

Vestured pit—a bordered pit (a depression in a cell wall with sec-
ondary thickening; in such an area only primary walls and middle
lamella are present).
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