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Biology of Pathways for lnvasive Weedsl

CHARLES T. BRYSON and RICHARD CARTERT

Abstract: Biological processes and characteristics are important f-actors in the introduction, spread.
and establ ishment of invasive weeds. These biological  t rai ts include reproduct ion, dispersal.  phenol-
ogy, physiology, protection f}om herbivores, tolerance to environmental extremes. and intcrspecific
interact i t lns. Measures and ntethods to prevent dispersal,  establ ishntent.  and persistence of nonnat ive
invasive weeds inclucle knowledge of the nrost vulnerable growth stages, rnanagelnent strategies,
maintenance of weed-free areas, and sanitat ion of vehicles, t ranspoltat ion equiptnent.  i l l l i lnals,  and
other modes of dispersal.
Additional index words: Dispersal, ecokrgy, invasive wecds, reproduction.

Invasive weecls possess a var iety of character ist ics that
enable thenr to disperse rapidly into new areas ancl out-
compete crops and native or desirable nonnittivL- \'egc-
tation fbr light, water, nutrients, and spacc (Westbrooks
199t3, 200I ) .  The success of a weed's biological  parhway
is dependent on several  factors including the method or
mechanism ol '  d ispcrsal,  longevity of propagule, adap-
t iveness to varying environmcntal  condit ions, and corn-
pet i t i \ ,e anci  rcproduct ive abi l i ty.  Botarr ists.  ecologisrs.
and weed scientists have long been awarc of the pr<lt' l lcrn
of the establ ishment of nonnat ivc weed species and hat,e
gleaned knowledge of how some species reproduce.
spread, and interact with crops and native and acceptable
nonnat ive species. To prevent econornic and ecological
diversi ty losses. i t  is necessary to prcvent addit ional in-
troduct ions and invasions of plant species that have the
potential to become serious pests of agriculture, forest.
urban, and nat ive areas. Understanding thc basic biology
and ecology of weeds is important to determine path-
ways of entry, spread, establishment, and persistence.
Biology of pathways var ies depending on the species and
environmental  surroundings. Biolo.uical  processes and
characteristics that are most impofiant lbr weeds to
l.hrive are dependent on reproduction, dispersal, phenttl-
ogy, physiology, protection, habitat requirements. toler-
ances to environmental stress, and interspecific interac-
t ions (Table l ; .

Humans are ofien directly or rndirectly responsible firr
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nrost introduct ions. wlrether intent ional or unintent ional.
but aninrals and natural  processes also disperse plants
(Reed I 917 ). TItc rnost cot.nll.lon pathways of ntovement
associated with humankincl  include contanrinated soi l .
l irod, f'ced, fiber, ballast, and packing and bagging ma-
terial. However, pathways fitr introduction and spread
rnay be l'rom ornan'rentals. filrages. or plants uscd firr
erosion control  that were once thought to be acceptable
but havc be'come weedy. Natural processes inclLrding
wind, hurr icanes, tornudocs, earthquakes, and f loods lre
also responsible for plant dispersal but to a lesser extent
th i rn  hurnan ac l i v i l i es .

Natural barriers and restrictcd migration routes pre-
vent many plant propagulcs from dispersing over great
distances; howevcr.  the current spccd and ease of world
transportat ion by hut lans ancl their  cargo has increased
the ratc and distance of dispersal <l f  plant propagulc-s.
Aftcr introduction, a plant species utay relnain near the
point ol '  introduct ion withor-r t  bccorning a pest or the
plant may cont inue dispersing frorn thc ini t ia l  point of
entry. Unfirrtunately, newly introducecl weeds are often
unnot iced Lrnt i l  af iel  their  nuntbers and range increase
great ly.  Thc periocl  of  t ime between introchtct ion and in-
vasion is terrned the lag phase (Raclosevich and Holt
19t34). The duration of the lag phase depends on a nunt-
ber of biological f-actors including size of population,
dynarnics of reproduction, and adjusting to environnren-
tal f-actors that nray be slightly different from those in
the plant's native range. The lag phase may range fiom
a t'ew to many years and may depend on new pathways
tbr dispersal. introduction of new pollinators or dispersal
vectors, environrnental change such as disturbances (e.g..
til lage), and local adaptation of the population through
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'l'uble l. Biological and ecological charilcferistics of weeds, in part adapted
t iorn Baker (196-5.  197-t) ,  Muenscher (1955).  Radosevich and Hol t  (1984),
Stuckey and Barkley ( l t )93),  and Westbrooks (1998).

ReprotlLrction

Copious producl ion of  srnal l  seeds
Ploiusc vegetative reproduction and 1l'agnrentation
Sel f -conpat ib lc or  i f  cross-pol l inated thcn by wind or  unspecial izcd f loral

v lst tors
Survival  and the abi l i ty  to producc seer l  under adverse cnvironmental

concl i t ions
Sccd s izc 's in i la l  to associutcd crops or  nt t ive plants
Snral l  incorrspicrrorrs lbwers

l)i spclsal

Mul t ip lc vcctors l i ) r  d ispersal
Shoft -  and krng-range t l ispersal  mechanisnrs
Structula l  nrodi l icat ions t i rc i l i tat ing c l ispersal

Hirb l t r t

Abi l i ty  to invadc ncrv h lb i tats
Cicnninut ion rncl  sunival  in a wide rangc ol  habi tats

Inte lspeci l ic  intcract ions

Abi l i ty  to purasi t izc othcr  p lunts
Shirdc ot l rcr  vege([ t i0n
Al tcrnatc hosl  f in '  iDsccl  pcsts un( l  Pulhogcns of  crops
Rcsi \ lNncc to patho,scn\

Phcnology

IJt l l l 'nraturat ion
F,xtcndcd sccd dorrruurcy and discont inuous gclr r r inal iorr

l ,ong l i l i '  r l l  p loplgLr lcs i r t  soi l  or  t lu l i r rg t l ispcrsal
N, l r r l t ip le gcncrat iorrs i tnnt t i t l ly
I)holopcriotlic lkrwt'ri ng
Rirpid gnrwth
Short  . juvcni lc  pcr iod

Physio k rgy

Acctrr tu l l r l ion ol  l l lgc l ixrc l  rcselvc\  in r t t t t ts .  r 'h iz t tntcs.  ot  othct  p latr t
s l  ruct  U rcs

l l igh pholosyrr thcl ic  r l lc  (C1 photosynthcsis)
Incrcascd watcr-usc c l l ic icncy (C, photosynthcsis)
l ) rot luct i0n ol 'phytotoxins t0 prohib i t  or  suppress growlh () l  othcr  p l i tnts

(  l l  lc  krpathy )

l ) r ( ) tcct ion l l r rnr  ht ' rb i  vorcs

PlodLrcl ion ol  tox ic sccondary conrpourrr ls  th i l t  deter  hclhvorcs
Strrrc lutr l  modi l ical ions (c.g. ,  thorns,  pr ick les.  spincs,  ur t icat ing hairs.

c lc. )  that  c i rusc in. jury anr l  rcpel  tn i rnals or  hcrbivorcs

Tolcrancc to cnvironnrcnt l l  s l rcss
( lent t i r t iL tc ant l  grrw t l t rot tg l t  harsh cnvir t t r t tncntal  zoncs
Sur l ' ivc cnvironurent i r l  iurd ehcnr ic i r l  cxtrenles,  inc lut l ing hfc,  hcrbic i t les.

soi l  t l is turbanccs.  s i r l in i ty .  e lc.

C

Figurc l. The clispersal ol'
1979 .  (B )  l 9 l J0  l 9 l t 9 .  (C )

tlccprtxrtctl scdgc in thc
1990 - l (x) .1.

L l r r i t e ' d  S t r t c s :  rA )  l 9 ' l l

natural  select ion (Cronk and Ful ler 199-5).  Nonnat ive in-
vasive weeds may become established in areas with sim-
ilar habitats or become adapted to new habitats through
natural selection. The time for selection may vary de-
pending on the genetic diversity in the population. Het-
erosis resulting from hybridization with related species
may also be a fhctor in facilitirtion of establishment and
spread of weeds (Carter 1990; Daehler and Strong 1991).

Dispersal of sexual or asexual propagules varies
among plant species. Copious production of sexual and
asexual propagules, i.e., seeds, rhizomes, bulbs, tubers.
etc.. is the most common bioloeical chalacteristic in
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pathways of dispersal. Deeprooted sedge (Cvperus en-
trerianus Boeck.) populiltions are estimated to produce
up to I  to 2 rni l l ion seed annual ly (Bryson et al .  2003a).
Deeprooted sedge has spread rapidly along major high-
ways (especially Interstate l0) in the southeastern United
States during the past decade (Carter and Bryson 1996)
and now occllrs at sites in 45 counties in six states (Fig-
ure l ) .  Many other nat ive and nonnir t ive invasive weeds
produce copious seeds and propagules annually. Once
seed and propagules are dispersed, they may germinate
immediately or remain dormant until environmental con-
ditions are f'avorable fbr -eermination and plant growth.
However, not all seeds and propagules germinate when
conditions are favorable, which results in seed and prop-
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agule reservoirs in soil. These soil reservolrs are a sur-
vival mechanism, and once established in an area, weed
seeds may remain viable in soil seed banks for many
years. For example, seeds of Johnsongrass [ktrghunt
hulepense (L.) Pers.l and many other invasive weeds
may remain viable fbr 15 yr or more in soil (Egley and
Chandler 1983). Seeds fiom perennial vines, shrubs, and
trees may remain in the soil for years, and their spread
and survival are enhanced because seed or propagules
can be produced annually over a long pcriod of time.

Spread of seeds, tiuits, or asexual propagulcs rray oc-
cur through natural processes, natural mammal and bird
migrations, and human activity. Morphological struc-
tures on seed or fiuit can enhance dispersal. Modified
plant structures that attach to hair of mammals and f-eath-
ers of birds during rnigrations or to hr"rrnan clothing are
important biological traits that enhance krng- and short-
range dispersal of many species of invasivc wccds. Cum-
mnn cocklebur (XunthiLun strum(riLtm L.) is comrronly
known as nature's "Velcro," and i ts frLr i t  readi ly attach
to hair  and clothing f i r r  dispersal (Arrnstrong 1979).
Small seeds in soil, such as Cvpcrus spp.! cirn attach
temporarily to the hoovcs or f'eet ol'anirnals and to soles
of shoes, vehiclc t i res, or equiprnent and can be rnoved
fiom one site to another (Westbrooks l99U). Contami-
nated hay and straw blown lirr erosion control and fiorl
mowing equiprnent can also rnovc wccd sced florn one
area to another (Westbrooks l99ll). Cogongrass llmper-
atu cylintlricu (L.) Beauv.l seed can be dispersecl by
wind at distances up to 2-5 km ur as seed and rhizorne-
contaminated soil (Byrd and Bryson 1999).

Weed seed may rernain viable afier passage through
digestive tracts of anirnals and birds. Tropical soda apple
(Solunum t,iurum Dun.) is a primc cxamplc of weed dis-
persal through the digestive tract of domesticated ani-
mals over long distances and within smal ler areas by
wi ldl i f 'e in the southeastcrn United States (Mul lahey and
Cornell 1994). Excretion of scarilied seed rnay take r-rp
to 3 d after ingestion of tropical soda apple fiuit. Within
years afier its first detection, tropical soda apple spread
to and inf'ested more than 500.(XX) ha in nine states in
the southeastern United States (Mul lahey 1996; Mul lah-
ey and Cornell 1994).

Humans are vectors for turkeyberry (SolununT lorvunT
Dun.) and swamp morningglory ( lpomoeu uquut i t 'u L.) .
Fruits of turkeyberry are used in stir-fry dishes, and the
leaves of swamp morningglory are eaten like spinach or
greens. Both are listed as Federal Noxious Weeds in the
United States based on their biology and potential to be
invasive in their native lands.
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Phenology parameters of some species may provide a
biological advantage over other species. Short generation
times and high seed production favor rapid dispersal,
large seed reservoirs in the soil, and high population lev-
ef s (Vaillant 1961). Plants that flower and produce seed
throughout the growing season may be able to produce
multiple generations per year, which increases the like-
l ihood of successful  dispcrsal,  establ ishment,  and in-
creilses in population sizes. Srnallflower umbrellasedge
(Ctparu.s diflbrmi.s L.) has the ability to complete its lif 'e
cycle in 4 to 6 wk (Holrn et al .  1911). ln r ice product ion
areas of Cal i lbrnia, mult ip le smal l f lower urnbrel lasedge
generations per year and production of large seed num-
bers and rcscrvoirs in thc soil seem to be the prirnary
f'actors in the dcvelt)pment of herbicide resistance to ben-
sulf l ron (Hi l l  ct  al .  1994; Pappas-Fader et al .  1993.
t994).

A biotype of nonnative bkxrdscale sedge (C1,perus
,sunguinolnerila,s Vahl) flowers and produces secd in the
lal l  Lrnt i l .  lhrst  or in the early spr ing in the suutheastern
United States (Carter and Bryson 2000). Seasonal seed
production nray be one reason that this species has not
beculne a problernatic weed in the Urrited States like
scveral  other nonnat ive annual sedges such as annual
scdgc (C.rTrcrus (otnprc,rsrr.s L.) and rice flatsedge (C.',-
perus iriu L.). which flower and producc seed throughor-rt
the growing sei lson in the southcastcrn Unitcd States.
Conrrnor.r cocklebur seed production is also day length
dependent.  Cornmon cocklebur seed contain two or oc-
casional ly three viable ernbryos that germinate at di f tcr-
ent tirnes, ofien years apart. A recerrtly discovered corl-
rron cocklcbur biotypc evolved the abi l i ty to produce
addit ional seecl (r-rp to 2-5) per bur (Abbas ct al .  1999).
Addit ional seed per bur enable this cornr.r ' ron cocklebur
biotype to produce rrore progeny and the ability to gcr-
minate over i l  longer period ul ' t i rne.

Plants with special ized physiological  processes rray
produce a number of chemicals that promote biological
advantages in competing with other vegetation. Purple
nutsedge (Cvperu,s ruttuntlu,v L.), yellow nutsedge (C.y-
pe ru,s esL'ulcntus L.), cogongrass. and other plant species
produce alleopathic compounds that reduce gernrination
and growth o1-ad.iacent crop or noncrop plants (Friedman
and Horowitz l97l ;  Inderl i t  and Dakshini  l99l ;  Koger
and Bryson 2004; Koger et al. 2004; Mallik and Tesfai
1988; Maltinez-Diaz 1991). Cr plants possess a compet-
itive advantage under conditions of high temperature,
high light intensity, and water stress when compared
with C., plants. C' plants have a lower transpiration ratio
and, thus, higher water-use efficiency, than C., plants.
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Although many weeds are C., plants, some of the most
competitive and invasive weeds are characterized by C.
photosynthesis (Black et al .  1969; Elmore and Paul
1983) including some of the world 's worst weeds, puryle
nutsedge, yellow nutsedge, and rice flatsedge (Holm et
al. 1917), whereas smallflower umbrella sedge is C,
(Hesla et al .  1982).

Prickles, spines, thorns, and glandular hairs on stems,
leaves, fiuit, and seed rnay protect plants fiorn herbi-
vores and ultimately enable plants to produce nrore vi-
able seed per plant than species that lack these special-
ized structures. Likewise, plants may produce chemical
repellants and toxins that protect them liorn herbivores.
Nipplefiuit nightshade (Solunum tnunTntosLull L.) and red
soda apple (Solunum t'u1t.sirrtitle,s Cav.) produce fl 'uits
with a high animal toxici ty that have been used as ro-
dent ic ides and insect ic ides in tropical  North and SoLrth
Arnerica (Nee 199 l) .  Because of anir lal  toxici ty mrny
contarninated crop seeds are re.jected from sale, such as
rattlebush lSesbuniu pLrtticeu (Cav.) Benth.l arrd showy
crotalaria (Crotuluriu,spactuhilis L.) contaminated soy-
bean IG/.r ' r ' rnc ntu.\  (L.)  Merr. . l  (Br"rrrows and Tyrl  2001;
Thomas 1934) .

Biological  mechanisnts and structures are important in
survivi t l  strategies during periods of advcrse environ-
mental  condit ions including heat,  cold, drought,  f lood-
ing. or inadequatc aerat ion. Purple nutsedge rhizomes
form tubers that may rernain donnant, give risc to new
acrial plants, or produce other rhizornes that can firrm
addit ional tubers without an aerial  plant (Wil ls l9t i7).
ThLrs, purple nutsedge is very di l l icul t  to control  in crops
and is easi ly spread in contaminatcd soi l  (Bryson ct al .
2003b). Cogongrass and rnany other perennials are Iire
tolerant and provide an advantage over othcr plants that
are not f i re tolerant (Byrd and Bryson 1999).  Fire tem-
peratures at cogongrass canopy top can reach 400 C and
burn all aboveground firliage: howcver. cogongrass rhi-
zornes remain viable below the soi l  surf lce and germi-
nate under favorable condit ions (Bryson and Carter
1993; Byrd and Bryson 1999).  Purple nutsedge, cogon-
grass, and many other species not only can survive pc-
riods of adverse envirclnmental conditions such as
drought but also can pcnetrate and grow through fleshy
subterranean organs of root crops and harsh environ-
mental zones such as rocky soils or even asphalt pave-
rnent (Hauser 1962a, 1962b; ThLrllen and Keeley 1919).

Competition and interf'erence with native plants and
crops vary among weed species. Sonte weeds compete
for water and nutrients, whereas others displace or shade
adjacent vegetation. Hemp sesbania lSesbuniu exultutet
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(Raf.) Rydb. ex A. W. Hilll shade can reduce cotton
yields by as much as 50Vo (Bryson 1990). Kudzu lPuer-
ariu montanc (Lor-rr.) Merr.], Japanese climbing fern (L,v-
godium jctponicum L.), and old world climbing fern, (L.y-
godium myriophyllunz L.) grow over adjacent vegetation.
Ultimately these invasive weeds cover and cause death
to other vegetation (Westbrooks 1998). Some plants such
as Japanese honeysuckle (Loniceru .japonica L.) and
Chinese tal low (Seryium sebi lerum L.) successful ly in-
vade natural areas, whereas purple nutsedge invades
mowed and til led disturbed areas (Westbrooks 1998).

To prevent nonnative invasive weeds from becoming
problematic, it is important to become knowledgeable
about the plant 's biological  and ecological  mechanisms
and character ist ics.  Determining the plant 's most vulner-
able stage of growth is the most important firctor in de-
velopirrg control  strategies. Best management strategies
that includc prevention, early detection, rapid response,
eradicat ion fbr smal l  or isolated popLrlat ions, and control
nrethods (Cultural and chemical) are dependent on bio-
logical and ecological knowledgc gleaned from research
and implernentation of cfl 'cctive weed control strategies.
Sanitart ion measures can el iminate the biological  path-
way trlr dispersal and prevent the spread of weeds. Prac-
t ices such as cleaning vchicles, equipment,  animals, or
tnaintaining livestock in weed-fl'ee areas befrlre moving
theur can prevent dispersal,  cstabl ishment,  and persis-
tence ol'weecl seeds or rhizomes in previously weed-free
areas.
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