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Xanthium strumarium L. is an annual weed found in all provinces of Canada
except Newfoundland, and throughout the temperate and subtropical regions of the
world. It occurs in ruderal habitats, waste places, agricultural fields, and along
watercourses, beaches and coastal dunes. Throughout its range, populations vary
widely in fruit size and morphology and in photoperiodic requirements. It has been
used extensively as an experimental plant in studies of floral induction, leaf de-
velopment, stomatal control, seed germination, and biological control.
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[La biologie des manuvais herbes du Canada. 56 Xanthium strumarium]}

Titre abrégé: Xanthium stumarium

Xanthium strumarium L. est une mauvaise herbe annuelle qui se retrouve dans
toutes les provinces du Canada, sauf 2 Terre-Neuve, ainsi que dans toutes les
régions tempérées et subtropicales du monde. Elle préfere les habitats rud-
éraux, les dépotoirs, les champs cultivés mais se retrouve aussi le long des cours
. d’eau, sur les plages et les dunes cdtidres. La taille et la morphologie du fruit
ainsi que les exigences photopériodiques de cette plante varient largement selon
sa distribution. Elle a fait ’objet de nombreuses expériences sur I’anthogénése,
le développement des feuilles, le mode de fonctionnement des stomates, la ger-
mination et la lutte biologique.

Mots clés: Lampourde, biologie de la reproduction, mauvaise herbe, Xanthium.

1. Name
Xanthium strumarium L. — cocklebur
(Alex et al. 1980), clotbur, ditchbur,

sheepbur, noogoora bur (Holm et al. 1977);
lampourde glouteron (Alex et al. 1980).
Compositae, composite family, Compo-
sées.

2. Description and Account of Variation
(a) Annual herb 20~150 cm tall with a tap
root, spreading by seeds only (Fig. 1);
stems erect, ridged, rough-hairy, usually
branched, spotted with purple; cotyledons
6.0-7.5 mm long, narrow (Figs. 1b, 2a),
often persisting on older plants; leaves
simple, sometimes opposite at lowest node
but alternate above, triangular-ovate to
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broadly ovate with three prominent veins,
margins toothed or lobed, both surfaces
rough-pubescent; petioles nearly as long as
blades; flowers small, green, unisexual;
staminate and pistillate heads in separate
clusters in axils of leaves and at ends of
branches and main stem (Fig. 2b); stami-
nate heads in short spikes or racemes,
many-flowered with- separate phyllaries
and cylindrical receptacle; pistillate heads
below staminate heads on axis, hairy, with
two pistillate flowers enclosed within a
spiny involucre; fruit (Fig. 2c) a hard,
woody bur, 1-2 cm long, ovoid-globose,
covered with spines, glandular-pubescent,
ending in two stout, incurved beaks, brown
at maturity, containing two achenes; ach-
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Fig. 1. Xanthium strumarium L. A, Habit (X 0.5); B, seedling (X 0.5); C, bur (X 1.25); D,
seed (X 1.5). Source: Reed and Hughes (1970), originally captioned X. pensylvanicum.
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enes oblong, flattened, 0.4-2.2 mm long,
one often larger than the other, gray to dark
brown.

There is extensive variation, both within
and between Xanthium populations, in
fruit size, pubescence, the number and
length of spines, and the degree to which
the beaks and spines are hooked (Ldve and
Dansereau 1959; Nadeau 1961; Hicks
1971). More than 20 Xanthium species
have been recognized in North America
primarily on the basis of these differences
in bur morphology (Millspaugh and Sherff
1919; Hicks 1971). The revised classifi-
cation of Xanthium taxa by Love and
Dansereau (1959) is now widely accepted
but remains provisional. Love and Dan-
sereau (1959) reduced the number of Xan-
thium species to two: X. strumarium L.,
an extremely variable species in the section
Xanthium (= Euxanthium DC.) and X.
spinosum L., a more homogeneous spe-
cies in the section Acanthoxanthium DC.
They recognized two subspecies within X.
strumarium, strumarium and cavanil-
lesii (Schouw) D. Love and P. Dansereau,
which are geographically separate and
morphologically distinct. The center of
distribution of the former subspecies is
Mediterranean-Eurasian, while that of the
latter is American. Love and Dansereau
(1959) also described several infraspecific
taxa within X. strumarium, as well as
seven complexes based on geographical
distribution and bur morphology: stru-
marium, cavanillesii, oviforme, echin-
atum, chinense, pensylvanicum-itali-
cum and orientale. They suggested that
the latter six complexes are all derived
from subspecies cavanillesii, and are thus
native to America although reintroductions
between the Old and the New World have
undoubtedly occurred. Nadeau (1961) on
the basis of further studies is in general
agreement with this taxonomic treatment.
The strumarium and cavanillesii com-
plexes are widespread and extend to three
continents, whereas the others are more
regional. All the complexes except cavan-
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Fig. 2. (a) Three-week-old seedling; (b) male
and female inflorescence; and (c)fruit and seed
of X. strumarium.

illesii and oviforme have been reported in
Canada, with the greatest diversity in the
east (Love and Dansercau 1959). The ca-
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vanillesii complex is found throughout
South and Central America as far north as
the Gulf of Mexico, while the oviforme
complex is found principally in the western
United States. The pensylvanicum-itali-
cum complex has a broad geographical and
ecological distribution in North America,
whereas the echinatum, chinese and ori-
entale complexes are limited primarily to
shores and beaches in eastern North Amer-
ica. There are no sterility barriers between
subspecies or between complexes (Love
and Dansereau 1959; Hicks 1971; Mc-
Millan 1974, 1975a). All Xanthium taxa
examined to date are tetraploid with a chro-
mosome number of 2rn = 36 (Darlington
and Wylie 1955; Love and Dansereau
1959; Nadeau 1961; Hicks 1971).

(b) X. strumarium is not readily confused
with other Canadian plants when mature.
X. spinosum is similar in appearance but
has stout, three-pronged spines at the stem
nodes and in the leaf axils. X. spinosum
is not common in Canada, although it has
an almost worldwide distribution (Holm et
al. 1977). It is primarily a weed of pastures
or meadows, whereas X. strumarium is
most common along shores and in culti-
vated areas. Arctium minus (Hill) Bernh,
also sometimes referred to as ‘‘clotbur,”’
is distinguished from X. strumarium by
its biennial habit, a rosette of large coarse
leaves, purple flower heads, and spherical
burs densely covered with hooked spines.
Nonflowering plants of X. strumarium
might also be mistaken for Iva xanthifolia
Nutt, which can be distinguished by op-
posite rather than alternate leaves and a
smooth stem, or Ambrosia irifida L.,
which has opposite and generally deeply
lobed leaves. X. strumarium seedlings
may be confused with those of Datura
stramonium L. which have similar long,
narrow cotyledons and broad, oval leaves.
However D. stramonium seedlings may
be distinguished by their strong, sour odor
and smooth, hairless stems and leaves. The
bur, or remnant of a bur, which usually
clings to the root of X. strumarium seed-
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lings is also a distinguishing feature.

(¢) In addition to variation in bur size and
morphology, populations of X. strumar-
ium show considerable variation in the
photoperiodic requirement for floral induc-
tion (Ray and Alexander 1966; McMillan
1975a). X. strumarium is a short-day
plant, and in North America the critical
night length increases with decreasing lat-
itude from about 7.5 h in northern popu-
lations to above 10 h in the south. Plants
from higher latitudes in the United States
also have higher levels of chlorophyll, due
to a greater number of chloroplasts with
more total membrane surface area, than
plants from lower latitudes (Abdulrahman
and Winstead 1977). In India, critical night
lengths range between 8 and 11 h, but day
neutral forms also occur (Kaul 1965a,
1971). Kaul (1971) found critical night
lengths to be specific to the different sea-
sonal forms of X. strumarium in India ir-
respective of latitude of origin. Although
Moran and Marshall (1978) noted a high
degree of allozyme uniformity over 13 en-
zymic loci within Australian populations
of Xanthium, they did distinguish genetic
differences between the chinense, cavan-
illesii, pensylvanicum, and italicum
races. These genetic differences between
complexes were reflected in their distinct
morpho-physiological characteristics when
plants were grown in a common garden
(McMillan 1975b).

3. Economic Importance

(@) Detrimental — X. strumarium is a
major weed of soybeans and cotton in the
United States (Cooley and Smith 1973;
Barrentine 1974). It has recently become
a troublesome weed in soybean fields in
parts of southern Ontario. Worldwide, it
is a minor weed of 11 crops in 28 countries
(Holm et al. 1977). Infestations of X. stru-
marium in soybeans can cause severe
(60-75%) losses due to a decreased yield,
increased moisture content of the beans at
harvest, and the presence of foreign ma-
terial (Anderson and McWhorter 1976).
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X. strumarium is often found around
barnyards and at the edge of farm ponds
and can be a particular nuisance in live-
stock production (Holm et al. 1977). The
burs become entangled in the manes and
tails of farm animals and contaminate the
wool of sheep, decreasing its value (Hasan
1974, Wapshere 1974). The seed and
young seedling contain carboxyatractylo-
side, located in the cotyledons, which is
poisonous to livestock (Kingsbury 1964;
Holm et al. 1977). The toxicity diminishes
rapidly after germination and the disap-
pearance of carboxyatractyloside is asso-
ciated with metabolic activity in the coty-
ledons (Cole et al. 1980). Adult plants are
not readily eaten by animals due to their
rough texture but their actual nutritional
value compares favorably to that of oats
(Marten and Anderson 1975; Holm et al.
1977).

The Xanthium genus is closely related
to the Ambrosia (ragweed) genus, both
being in the tribe Ambrosieae, and X.
strumarium produces a large amount of
pollen which is highly antigenic (Reddi et
al. 1980). The glandular hairs on the leaves
and stem secrete a substance which causes
contact dermititis in allergic individuals
(King 1966).

(b) Beneficial — Fruits of X. strumar-
ium were once a source of medicinal drugs
in Europe and are at present in India (Kaul
1965a). The genus name is derived from
the Greek root ‘‘Xanthos’’ which means
“‘yellow,”’ and the plant may have been
used to produce a dye (Hicks 1971).

(c¢) Legislation — X. strumarium is
listed as a noxious weed in the Provincial
Weeds Act of Manitoba only (Anonymous
1973).

4. Geographical Distribution

X. strumarium is found in all provinces
of Canada except Newfoundland (Fig. 3).
It is widespread throughout the United
States (Reed and Hughes 1970), Europe
and Asia, and occurs in parts of South
America and Africa, Australia and the Pa-
cific Islands (Holm et al. 1977).
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5. Habitat

(a) Climatic requirements — The distri-
bution of X. strumarium extends from lat-
itude 53°N to 33°S (Holm et al. 1977). It
is found most often in the temperate zone
but also in subtropical and mediterranean
climates (Holm et al. 1977). It is not com-
mon in mountainous regions (Love and
Dansereau 1959). Kaul (1967) reviews the
traits of Xanthium that contribute to its
widespread geographic and environmental
distribution. The latitudinal and altitudinal
limits of its distribution are determined by
the interaction between climate and pho-
toperiod (Ray and Alexander 1966). Fruit
production increases with plant size (Kaul
1965¢) and even very young plants will
flower and set seed under an inductive
(short-day) photoperiod (Ray and Alex-
ander 1966; Salisbury 1969). Therefore,
late germination and a long critical night
length prevent precocious flowering and
inadequate seed production. High temper-
atures (35°C or greater), particularly dur-
ing the dark period, inhibit floral induction
(Leonard et al. 1981). On the other hand,
in the northern part of its range, low au-
tumnal temperatures and early frosts select
for early germination and a short critical
night length so that there will be sufficient
time between flower formation and fruit
maturation. In addition, low temperatures,
particularly at night, retard flower and fruit
development and increase the perceived
critical night length (Ray and Alexander
1966). These conflicting selection pres-
sures result in nearly synchronous germi-
nation and flowering at the northern end of
its range (Love and Dansereau 1959).

(b) Substratum — X. strumarium is tol-
erant of a variety of soil conditions ranging
from moist clay to dry sand, but prefers
compact sandy soil, slightly moist below
the surface, with a small amount of organic
matter (Léve and Dansereau 1959; Kaul
1965¢). However, ruderal populations in
southern Ontario are more common on
fine-textured clays and clay-loams than on
coarser soils (Alex and Switzer 1976). In
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Fig. 3. Canadian distribution of Xanthium strumarium from specimens in the following herbaria:
UBC; ALTA; SASK; WN; HAM; CAN; DAO; UNB; DAL; ACAD (herbaria abbreviations as in

Holmgren et al. 1981).

India, X. strumarium will germinate and
grow at a range of soil pH from 5.2 to 8.0
and tolerates frequent flooding and saline
conditions (Kaul 1961, 1965c). Rooting
depth in X. strumarium increases with the
depth of the water table (Kaul 1968); on a
well-drained silty clay loam Davis et al.
(1965) report roots extending laterally 2.1
m and down to 1.2 m. Plants achieve good
growth with water tables ranging from 5
cm above to 90 cm below the soil surface
(Kaul 1961, 1968). Plants tolerate flooding
at all stages of growth. Roots of plants
grown under anaerobic conditions develop
larger air spaces in the cortex and are less
suberized than roots of plants grown under
aerobic conditions (Kaul 1961, 1968).

(c) Communities in which the species
occur — X. strumarium occurs in waste
. places, along roadsides, railway embank-
ments, watercourses, beaches and coastal

dunes, field edges and within cultivated
fields. It prefers open communities and
will disappear if shaded or crowded (Love
and Dansereau 1959; Kaul 1971). It will
not flower or fruit in full shade (Kaul
1971). In ruderal and agricultural habitats,
X. strumarium is found in association
with annual, biennial or short-lived per-
ennial weeds; along beaches and flood
plains its associates are beach and dune
species (Love and Dansereau 1959; Na-
deau 1961; Hicks 1971). Love and Dan-
sereau (1959) and Nadeau (1961) have de-
scribed in detail the range of beach
communities within which X. strumarium
occurs in eastern North America.

6. History

Love and Dansereau (1959) identify the
center of origin of Xanthium as Central
or South America, from which many of the
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complexes have spread northward. The na-
tive North American Xanthium taxa orig-
inally grew primarily along shores and riv-
ers and the fruits were dispersed by water
or occasionally by animals (Love and
Dansereau 1959). The activities of man
created both newly disturbed habitats and
new modes of dispersal and enabled pre-
viously isolated populations to interbreed.
Moreover, Eurasion races appear to have
been inadvertently introduced (Léve and
Dansereau 1959), such as with Manchurian
soybeans (Millspaugh and Sherff 1919).
Occasional crossing between groups fol-
lowed by inbreeding and stabilization has
led to strong differentiation of local pop-
ulations as well as great variability over a
wide geographic range (Love and Danser-
eau 1959). In North America the greatest
number of distinct Xanthium groups is
found in the northeast, where Love and
Dansereau (1959) suggest a great deal of
interbreeding and subsequent dispersal of
new forms may have taken place. Love
and Dansereau (1959) attribute the lack of
speciation and the absence of sterility bar-
riers in X. strumarium to the fact that it
is uniformly tetraploid.

In Canada, the earliest herbarium spec-
imens of X. strumarium from CAN,
DAO, and MTMG (herbaria abbreviations
as in Holmgren et al. 1981) were collected
in Quebec in 1821, in Ontario in 1862, in
Manitoba in 1873, in Alberta in 1879, in
Saskatchewan and British Columbia in
1906, and in Prince Edward Island in 1914.
Loéve and Dansereau (1959) refer to Ca-
nadian specimens of X strumarium de-
scribed by Linnaeus (1753) and Miller
(1768). Specimens of X. spinosum were
also collected in British Columbia, Ontario
and New Brunswick in the late 1800s, but
this species in now uncommon in Canada.
The distribution of X. strumarium seems
to be expanding in Ontario from the south-
western counties, where it is most common
northeastward as the range in which soy-
beans are grown expands (Weaver, unpubl.
data). The growth cycle of X. strumarium
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can be completed in soybeans because it
normally germinates at the same time that
the crop is sown, soybeans do not provide
excessive shading, and the harvest is late
enough to permit the fruits to mature.

7. Growth and Development

(a) Morphology — The cotyledons of X.
strumarium are large, fleshy, and photo-
synthetically active and enable the seedling
to become established quickly (King 1966).
Maksymowych (1973) provides a compre-
hensive summary of leaf development dur-
ing the life of the plant. Short glandular
hairs are scattered over the aerial parts of
the plant, giving it a rough texture which
makes it unpalatable to grazing animals
(Hicks 1971; Marten and Anderson 1975).
These glandular hairs exude a sticky sub-
stance responsible for the plant’s distinc-
tive odour Hicks 1971). The hooked spines
on the burs cling to animal fur, human
clothing and other material and facilitate
dispersal. Air bubbles also lodge between
the spines and increase the buoyancy of the
burs in water (Kaul 1961, 1965a).

(b) Perennation — X. strumarium is an
annual and overwinters as seeds on or be-
low the surface of the soil.

(¢) Physiological data — X. strumarium
has been used extensively in physiological
studies of floral induction (Salisbury 1969;
Gaunt and Plumpton 1980). It is a short-
day plant and generally will not flower un-
der photoperiods longer than 14 h (Mc-
Millan 1975a). Populations vary in critical
night length with latitude of origin and
some show a quantitative rather than qual-
itative short-day response (Ray and Alex-
ander 1966). Leaves are most responsive
to photoperiod at the stage of rapid elon-
gation and cellular differentiation of the
lamina (Maksymowych 1959, 1973).
Flowering can ordinarily be induced by
only one to three photoperiodic cycles
early in the life cycle (Kaul 1971). Light
flashes longer than 1 min during the dark
period inhibit floral induction, but the
plant generally does not respond to twilight
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at either end of the dark period (Salisbury
1981). Plants subjected to continuous il-
lumination can live as long as 18 mo, at-
taining great size and producing large num-
bers of seeds if put under an inductive
photoperiod (Kaul 1971). The ratio of male
to female flowers is influenced by the num-
ber of inductive cycles, with mostly stam-
inate flowers formed after one to three
cycles and the number of pistillate flowers,
as well as the rate of flower maturation,
increasing with increasing numbers of
cycles (Leonard et al. 1981).

X. strumarium has the C, photosyn-
thetic pathway (Sharkey and Raschke
1981). The stomata respond primarily to
light rather than changes in the intercellu-
lar concentration of CO, (Sharkey and
Raschke 1981) but the overall control of
stomatal response is complex (Raschke
1976). Chloroplasts are present in every
cell type from guard cells to transfer cells
(Al-Dabbagh Khudairi 1977). Longstreth
and Kramer (1980) found transpiration
rates and leaf conductance values of X.
strumarium to be greater than those of
soybean (Glycine max L., also a C, plant)
at any given day after planting. Leaf water
potential of X. strumarium varies diur-
nally and seasonally, but is not signifi-
cantly affected by high density in pure
stands or by competition with soybeans
(Scott and Geddes 1979). Floral induction
and flowering do not affect the rate of tran-
spiration, leaf water potential, leaf con-
ductance or photosynthetic response
(Longstreth and Kramer 1980). Water use
efficiency, the ratio of a plant’s photosyn-
thetic and transpiration rates, is positively
correlated with seed production (Lechow-
icz unpubl. data).

Mineral nutrients, especially nitrogen,
are also an important influence on repro-
duction in Xanthium (Neidle 1939; Sal-
isbury 1969). Xanthium can assimilate
both nitrate and ammonia nitrogen and can
store nitrogen reserves as nitrate in its tis-
sues (Wallace and Pate 1967). Just prior to
flowering the total nitrogen concentration
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of Xanthium plants was 1.54% in root tis-
sues, 2.20% in stems, and 4.49% in leaves;
of these totals 0.13% in roots, 0.26% in
stems, and 0.13% in leaves were nitrate
nitrogen (Campbell 1924). At maturity ni-
trate nitrogen was zero in all tissues and
nitrogen concentrations were 0.69% in
roots, 0.29% in stems, 1.96% in leaves,
and 1.79% in fruits suggesting that nitro-
gen was preferentially reallocated to fruits.
The seeds, with nitrogen concentrations of
6.6%, account for fully 95% of the nitro-
gen invested in fruits (Blais and Lechowicz
unpubl. data). Neidle (1939) has shown
that nitrogen availability can limit produc-
tion of both male and female infloresc-
ences.

(d) Phenology — Seed germination of X.
strumarium generally takes place in the
latter half of May in southern Ontario
(Weaver unpubl. data), but may be delayed
until early July along flood plains in the
Champlain-St. Lawrence region of Quebec
(Léve and Dansereau 1959). In Illinois,
seedlings emerge abundantly from April
through mid-May and in lesser numbers
through June (Stoller and Wax 1973).
Smaller flushes of germination may occur
throughout the summer with adequate
moisture. In experimental plantings on 26
May 1980 at 5 cm depth in St. Rosalie
clay, seedling emergence ranged from 9 to
14 days with a mean of 10 days (Lechowicz
unpubl. data). On average, the seedlings
had formed their first true leaves by day 14
from planting. Flowering begins in early
to mid-August, regardless of plant age or
size, and fruits continue to mature until a
killing frost occurs. The burs are dispersed
during autumn and winter or occasionally
remain on the dry branches until spring.
(e) Mpycorrhiza — No information is
available on the presence or absence of
mycorrhiza on X. strumarium.

8. Reproduction

(a) Floral biology — The staminate heads
of X. strumarium are located above the
pistillate heads on the main axis and side
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shoots, an arrangement favoring inbreed-
ing. It is wind pollinated, self-compatible
and predominantly self-pollinated (Love
and Dansereau 1959; Hicks 1971; Moran
and Marshall 1978). Moran and Marshall
(1978) found the outcrossing rate in natural
populations to be less than 12% and pos-
sibly zero. Nadeau (1961) points out that
in natural populations outcrossing can arise
because of the interwoven branches of ad-
jacent plants. There is no apomixis in Xan-
thium, although it was once suspected to
occur (Symons 1926; Hicks 1975). In a
Quebec experimental garden, individual
plants produced from 611 to 1488 male in-
florescences (Lechowicz unpubl. data).
The 100-150 male florets in each staminate
head shed their pollen in gradual, centri-
petal succession, beginning a few days be-
fore the stigmata are receptive (Hicks
1971). Pollen is discharged by filament
enlargement, elongation and subsequent
splitting of the anther sacs. The pollen
grains are 22-38 pm in diameter, non-
adhesive, and slightly sculptured with
weakly developed spines (Nadeau 1961;
Hicks 1971). There have been no published
reports of insect pollinators of X. stru-
marium, but insect visitors have fre-
quently been observed in an experimental
garden near Montreal (Lechowicz unpubl.
data).

(b) Seed production and dispersal —
Estimates of fruit production by a single,
vigorous, open-grown plant of X. stru-
marium range from 500 in Ilinois (Hicks
1971), to 2300 burs in India (Kaul 1965a)
and as high as 5400 burs in a well-watered,
nutrient-rich experimental garden in Que-
bec (Lechowicz unpubl. data). The number
of fruits produced is entirely dependent
upon the amount of vegetative growth at
the time of floral initiation. Nadeau (1961)
reports that natural populations in Vermont
produced up to 24 fruits per secondary
branch and up to 18 branches per plant.
Plants sown in rows in the field in south-
western Ontario at 2-wk intervals from 15
May to 15 July flowered simultaneously in
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mid-August, and produced an average of
400 burs per plant from the earliest plant-
ing and 80 burs per plant from the latest
planting (Weaver upubl. data). Mean re-
productive effort was 40-50%, based on
total bur weight as a proportion of total
plant weight, regardless of planting date.
The mean reproductive effort in a Quebec
experimental garden was comparable and
can be further partitioned since the seeds
on average account for only 38% of bur
weight (Lechowicz unpubl. data). Average
fruit production in dense, pure stands has
been estimated as 71-586 burs per plant or
about 200-300 burs per square metre in
India (Kaul 1965b). Total fruit production
is negatively correlated with bur length,
husk weight and seed weight, whereas bur
length is positively correlated with seed
weight (Hare 1980). Each fruit normally
contains two seeds although rare cases of
three or more seeds per fruit have been re-
ported (Kaul 1965b; Hicks 1971).

Fruits of plants growing along rivers or
beaches are easily dispersed by water be-
cause the burs are bouyant and will remain
floating for up to 30 days (Kaul 1961,
1965a). The spiny burs are also dispersed
by becoming entangled in animal hair or
adhering to human clothing and other ma-
terials.

(c) Viability of seeds and germination
— The two seeds within each bur usually
differ in both size and germination require-
ments (Kaul 1965b; Hicks 1971). In a
Quebec population the larger seed aver-
aged 0.06 g compared to 0.05 g for the
smaller (Lechowicz unpubl. data). The
smaller seed is often pushed up in the lo-
cule toward the beaked end of the fruit and
exhibits innate dormancy. The larger,
“‘lower’’ seed normally germinates in the
spring following production, whereas the
“‘upper’’ seed does not germinte until later
in the season or, more frequently, the fol-
lowing year. However, in some popula-
tions the seeds do not differ in position
within the bur and as many as 73% of sown
fruits may produce ‘‘twin’’ seedlings
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(Hicks 1971). Two seedlings emerging
from the same bur are often equal in size
and vigour (Symons 1926). Seed viability
in most populations is at least 80%, and
usually greater, at the time of production
(Kaul 1965b; Stolier and Wax 1973;
Wapshere 1974).

The dormancy and germination require-
ments of seeds of X. strumarium have
been studied extensively. Lower seeds
often require overwintering or several
months of afterripening for gemination
(Hicks 1971), although populations vary in
germination requirements and freshly-har-
vested seeds may germinate under favora-
ble conditions (Weaver unpubl. data).
After 12-16 wk of dry storage, only the
lower seeds will germinate at 21°C,
whereas both seeds will germinate at 30°C
(Kaul 1965b). Percentage and rate of ger-
mination are maximum at alternating tem-
peratures of 30/20° or 33/25°C and at 1-8
cm below the soil surface. Light is not re-
quired for germination and seedlings sel-
dom emerge from seeds lying on the soil
surface or buried 15 cm or more below the
soil surface (Kaul 1965b; Stoller and Wax
1973, 1974). Seeds of X. strumarium
have a high moisture requirement for ger-
mination and show little germination in
soils at less than 75% of field capacity, but
are able to absorb moisture at high osmotic
concentrations (Kaul 1968). Dormancy of
the upper seed has been attributed to im-
permeability of the seed coat to oxygen
(Davis 1930) and to the presence of ger-
mination inhibitors (Porter and Wareing
1974). Upper seeds can be induced to ger-
minate by presoaking in water at 23°C in
darkness for up to eight days (Esashi et al.
1976) or by the exogenous application of
ethylene (Satoh and Esashi 1980). Germi-
nation of both upper and lower seeds is
promoted by microbial decay, by pricking
the testa, by acid scarification for 3—-5 min,
or by exposure to high temperature (50°C)
for 10 days (Kaul 1965b). Secondary dor-
mancy is induced in both upper and lower
seeds by holding in water or water-logged
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soil at low oxygen pressure and high tem-
perature (30-35°C) for SO days or more
(Kaul 1965b). Subsequent chilling at 3-7°C
will break secondary dormancy (Esashi and
Tsukada 1978). Nondormant seeds exhibit
an endogenous rhythm with germination
flushes at 16-h periods (Satoh and Esashi
1978).

There is little information available on
the longevity of seeds of X. strumarium.
Viability of seeds from populations in In-
dia decreased markedly after 18 mo of stor-
age, regardless of storage conditions (Kaul
1965b). The viability of buried seeds from
populations in the southern United States
decreased from 99% at harvest to 66% after
6 mo of burial and 18% after 30 mo of
burial, regardless of depth of burial from
8-38 cm below the soil surface (Egley and
Chandler 1978). However, seed viability
remained 100% and germination increased
from 61 to 92% after 30 mo of dry storage
at 4°C. Stoller and Wax (1974) found that
Xanfhium fruits overwintered in the soil
at depths from 2.5 to 15.2 cm showed ger-
mination between about 50% and 90% in
laboratory tests. Wapshere (1974) found
that seeds from plants of X. strumarium
growing along the coast of Australia did
not survive more than a few years when
buried deeply in the soil, and that 98% of
viable seeds were found in the top 5 cm of
soil.

(d) Vegerative reproduction — X. stru-
marium is an annual and does not repro-
duce vegetatively.

9. Hybrids

All of the infraspecific taxa recognized by
Léve and Dansereau (1959) and Nadeau
(1961) within the extremely variable spe-
cies X. strumarium interbreed readily
with normal chromosome pairings and a
chromosome number of 2n = 36 (Nadeau
1961; Hicks 1971; Ray and Alexander
1966). Hicks (1971) found over 90% of
pollen grains to be viable in crosses be-
tween several complexes found in North
America. McMillan (1973), however, re- _
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ported only partial fertility of progeny be-
tween Asiatic and American parents. Re-
ciprocal F, progenies between various
complexes are intermediate between paren-
tal types in leaf and bur morphology, pho-
toperiodic requirements, and chemical
composition (Nadeau 1961; McMillan
1974; McMillan et al. 1976). The ease of
producing new photoperiodic responses
between introduced and indigenous types
suggests that the species has great potential
for colonizing new areas and expanding its
range.

Efforts at hybridization between X.
strumarium and X. spinosum have not
been successful (McMillan 1975a,b).
There are no reports in the botanical liter-
ature of other interspecific hybrids involv-
ing X. strumarium.

10. Population Dynamics

Two types of population of X. strumar-
ium are found which may differ in their
dynamics. Populations located along
shores or watercourses tend to be small,
ephemeral and homogeneous; populations
in ruderal habitats, agricultural fields or
waste areas tend to be large, dense and het-
erogeneous, with tall, vigorous plants pro-
ducing an abundance of seed (Love and
Dansereau 1959; Nadeau 1961; Hicks
1971). In the first type dispersal is mainly
by water, whereas in the second it is an-
thropogenic. Both types of population,
however, occupy unstable habitats and are
continually shifting to newly disturbed
areas.

Under favorable conditions X. strumar-
ium can quickly colonize new habitats due
to its high germination rate and rapid
growth (Kaul 1965c). In ruderal habitats
in India, 70-80% of sown burs produced
seedlings within 4-5 days of sowing and
seedling morality was only 1%, resulting
in pure stands with densities averaging 100
plants per square metre and an average
seed production of 200-300 seeds per
square metre (Kaul 1965b,c). Plants which
have been stunted by lack of nutrients or
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saline conditions will still produce some
viable seeds.

Wapshere (1974) studied the effects of
density on plant size in pure stands in Aus-
tralia and found that basal stem diameter,
the number of side shoots and the number
of fruits per plant increased with increasing
nearest-neighbour distances from 0.15 to
1.80 m. Plants more than 1.80 m apart
were unaffected by intraspecific competi-
tion, and had 20 or more side shoots with
approximately 100 fruits per shoot.

X. strumarium is an extremely compe-
titive weed in crops such as soybeans and
cotton (Cooley and Smith 1973; Barrentine
1974). Estimates of soybean yield reduc-
tion due to infestations of X. strumarium,
sown at densities of 1-3 plants per square
metre, range from 52 to 75% (McWhorter
and Hartwig 1972; Barrentine 1974). Soy-
bean yields in the southern United States
increased 6% for each 10% reduction in
dense natural stands of X. strumarium
(Anderson and McWhorter 1976).

11. Response to Herbicides and Other
Chemicals

X. strumarium is susceptible to a number
of soil- and foliar-applied herbicides com-
monly used for the selective control of
broad-leaved weeds in field crops (Anon-
ymous 1981). Metribuzin applied preplant
incorporated (0.3-0.5 kg/ha) or preemer-
gence (0.4-1.1kg/ha), bentazon applied
postemergence (0.6-1.1 kg/ha) and aci-
fluorfen applied postemergence (1.1 kg/ha)
effectively control X. strumarium in soy-
beans (McWhorter and Anderson 1976a,b;
Weaver 1980). Bentazon is more effective
at high temperature (35°C) and relative hu-
midity (96%) and with an adjuvant (Wills
1976). Atrazine (1.1 kg/ha), cyanazine
(1.6-2.2 kg/ha) and dicamba (0.28-0.56
kg/ha) applied preemergence and 2,4 — DB
(1.1 kg/ha) applied postemergence provide
good control of X. strumarium in corn
(McGlamery and Slife 1976; McGlamery
and Zajicek 1979). Repeated applications
at slightly lower rates are often more ef-
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fective than single applications of
postemergence herbicides, particularly for
plants taller than 25 cm (McWhorter and
Anderson 1976a; Overton et al. 1979).

12. Response to Other Human Manipu-
lations

Young plants of X, strumarium regener-
ate readily from the lower nodes if tram-
pled, clipped or otherwise injured. Fruit on
older plants or shoots which have been cut
or damaged will continue to ripen provided
fertilization has occurred prior to the injury
(Kaul 1965c¢). Seeds from immature, green
fruits with a moisture content of 52%
showed 46% germination as compared to
80% germination for seeds from fully ma-
ture fruits with a moisture content of 8.5%
(Kaul 1965c¢).

13. Responses to Parasites
(a) Insects — Hare and Futuyma (1978)
studied factors which affect seed predation
of X. strumarium by two insects found in
North America: a moth, Phaneta imbri-
dana Fernald (Lepidoptera: Tortricidae)
and a trypetid fly, Euaresta aequalis
(Loew) (Diptera: Tephritidae). The moth
oviposits on the surface of the bur and the
larvae bore through the bur wall to attack
the seeds, whereas the fly oviposits through
the bur wall directly onto one of the seeds.
Seed damage in New York populations due
to the moth varied from 0 to 28% and dam-
age due to the fly from 0 to 42%, with
combined damage varying from 4 to 89%
over 3 yr (Hare and Futuyma 1978). The
level of predation was greatly affected by
between-population variation in bur size
and shape, with the moth more sensitive to
spine length and the fly more sensitive to
bur length (Hare 1980). In general, seed
predation was more common in popula-
tions with smaller burs because large burs
have thicker walls and longer spines and
are more difficult to penetrate (Hare 1980).
Two species of stem-boring cerambycid
beetles (Coleoptera: Cerambycidae) were
imported to Australia in an attempt at bi-
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ological control of X. strumarium
(Wapshere 1974). Mecas saturnina Le
Conte is native to the southern United
States and Nupserha vexator (Pasc) to
India. Both beetles oviposit at the top of
the stems and the larvae bore down through
the pith and overwinter in the root. Neither
insect adapted well to the Australian cli-
mate or gave sufficient control to prevent
seeding except in very small plants. Large,
branched plants will produce seeds on any
shoot which has not been attacked. Multi-
ple attacks result in larval mortality be-
cause only one larva can occupy the root
(Wapshere 1974).

(b) Fungi — The rust Puccinia xanthii
schw. is an obligate parasite of species of
Xanthium and Ambrosia and occurs
throughout the United States, southern
Canada and parts of Europe (Conners 1967;
Hasan 1974). It attacks all aerial parts of
the plant except the flowers. The telia
cause deformation of the leaves, splitting
of the petiole and stem epidermis, and fi-
nally leaf drop. Infected plants mature
more rapidly than healthy plants and show
decreased transpiration, dry weight, bur
production, and percent germination
(Hasan 1974). The spores overwinter on
dead plant parts.

Conners (1967) also lists Septoria xan-
thii Desm. as occurring on Xanthium in
Canada. The following fungi occur on
Xanthium in the United States (Anony-
mous 1960): Albugo tragopogonis Pers.
ex S.F. Gray, Botrytis cinerea Pers. ex
Fr., Cercospora xanthicola Heald &
Wolf, Colletotrichum xanthii Halst.,
Diaporthe arctii (Lasch) Nits., Erysiphe
cichoracearum - DC, Mycosphaerella
xanthicola (Cke. & Harkn.) Lindau, Phy-
matotrichum omnivorum (Shear) Dug.,
Plasmopara halstedii (Farl.) Berl. &
Det., Puccinia canaliculata (Schw.)
Lagh. and Rhabdospora xanthii Pk. A
powdery mildew, Erysiphe sp., is con-
spicuously frequent on plants of the chi-
nense complex in Texas (McMillan
1975b).
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(¢) Nematodes — The following are
found on X. strumarium in the United
States (Anonymous 1960): Aphelen-
choides ritzema-bosi (Schmidt) Steiner
& Buhrer and Meloidogyne sp.

(d) Higher plant parasites — Cuscta sp.
have been found on X. strumarium in
Texas (Anonymous 1960).
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