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Preface

The Air Potato Management Plan was developed to provide a synthesis of the information
available orDioscorea bulbiferaand its management in Florida. Information is also inetudn
related species occurrimg Florida, including winged yan). alata, which is also considered to

be invasive. The pertinent literature from both the native and exotic ranges is reviewed and
organized in sections on taxonomy, distribution, ecoleggnomic uses, management and
legislation. Additionally, case studies on air potato management from Palm Beach Co. and the
Everglades National Park are includedl major milestone in air potato management was

reached in late 2011 when the USDA/ARS Invad?lant Research Laboratory began releasing
the beetleLilioceris chenj for biological contral Thismanagement plan was updated in

February 2014 to provide information on thielogical control program.

Mention of trades or proprietary product nardegs not constitute a guarantee or warranty of

the product by the Air Potato Task Force or the Florida Exotic Pest Plant Council. Any product
name mentioned is listed solely for the benefit of the reader, and the list may not contain all
products availalel due to changes in market condition.

Photo credits: Table 1D. polystachydeaf, Mr. Rob BroekhuisD. sansibarensigeaf, Kwan
Hanat www.NatureLoveYou.sg. Figure 16, Michael Meisenburg. All other photos, W. A.
Overholt.
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|l L ntr oodhuct i

Theestimated annual cost of invasive organisms in the United $dt88 billion, with invasive

plants accounting for approximately $34 billion (Pimentel et al., 2000). Florida is unique among
the continental states because of its tropicaltsofical environment which predisposes the state

to invasion by organisms from other tropical
environment is highly disturbed, which allows invasive species to gain dddbtSimberloff

1997). Nearly onghird of the plants found growing in natural areas in Florida are exotic, and
about 11% of those are considered to be invasive. In FY-2003, the state of Florida spent an
estimated $103 million to manage invasive plant and animal species (ISWG, 2006).

One of Floridabdés most t rDioscoréadsbifarpea memberader s
of the family of true yams. Air potato, like most other yams, is a vine which cannot support its
own weight. In order to capture sunlight, air potato climbs by hgian other plants. Air potato
is a dioecious plant, with male and female flowers occurring on separate plants. In its native range,
air potato reproduces sexually by seed, and clonally through the production of aerial tubers
(bulbils). In Florida, sexdaeproduction appears to be absent or extremely rare. Although plants
occasionally flower in Florida, only female plants have been confirmed, and thoisradarly all,
reproduction ighrough bulbils.

The native range of air potato is vast, andudel much of Asia, tropical Africa and northern
Australia (Coursey, 1967). It was first observed in the United States in 1777 in Mobile, Alabama
(Bartram, 1998), and was later introduced iRtoridain 1905(Morton, 1976). The pathway of
introduction iro the United States is unknown, although Coursey (1967) speculated that it may
have been introduced by slave shgsiving from West Africa. However, recent molecular
evidence strongly suggests that Florida air potato originated from Asia (Croxto2@&tH

The life cycle of air potato in Florida begins in the late spring (April/May) when bulbils and
subterranean tubers from the previous year begin to sprout. Growth of vines ihrapgh the
summer with bulbils appearing in mglimmer and increig in size and numbers until late
fall’early winter when the vines die back and the bulbils fall to the ground. The Hielbits mant
until the following springor early summer

Air potato causes ecological damage by climbing other vegetation amindp dense
canopies that shade out, and may cause the collapse, of native plants (Gordon et al., 1999; Schmitz
et al., 1997; Schultz, 1993)Air potato is listed by the Florida Exotic Pest Plant Council as a
Category | invasive plarit species which araltering native plant communities by displacing
native species, changing community structures or ecological functions, or hybridizing with natives.

| 1G.o al Statement

The goal of the Air Potato task force is to develop a stéde plan to protect angreserve the
native biodiversity of Florida from deterioration by air potato.



| 1®Ohj ecti ves

1. To provide a central source of information about the taxonomy, ecology, and distribution
of air potato for use in the development of methodstoreduceispence i n Fl ori
natural areas.
2. To provide land managers with the most recent information on congtblods forair
potato in Floridaincluding the release ailioceris chenifor biological control.
3. To serve as a resource for raising public awaeabsut the dangers of exotic plants,
and air potato in particular.

|l VRecommendati ons

1. Encourage and support air potato managemen
lands
2. Improve control efforts by seeking out and encouraging coopefaiveersips,
including the provision of assistance to commuiggedd ai r pot at o roundup
3. Support the omgoing effort on biological control of air potato using the leaf feeding
beetle Lilioceris cheni
4. Support research efforts to develop improved managertematives, including
chemical, mechanical and biological.
5. Encourage efforts to better quantify the e
environment.
6. Support the production of training materials to increase awareness of the negative impact
of air potato to Florida natural areas.

VBi ol olyyiyosocfor ea bul bi fer a

Vernacular names

Air potato, air yam, potato yam, bitter yaagrial yam, cheeky yanbulbil-bearing yam

Synonyms

D. sativaThumb.,D. latifolia Benth.,D. anthropophagorurd. Chev.,Helmia bulbifera(L.)
Kunth. (Wilkin, 2001),D. crispataRoxb.,D. dicranandraDonn. Sm.D. heterophyllaRoxb.,D.
hoffaCordem. D. pulchellaRoxb.,D. tamnifoliaSalisb.,D. tenufloraSalisb.,Smilax decipens
Spreng. (Wunderlin and Hansen, 20a3) oppositifolia Campbell,D. papilarisBlanco,D. tunga
Hamilton (Coursey, 1967).



Taxonomy andmorphology

The genudioscorea published in1753 by LinnaeugGenera Plantarur)) was named after the
Greek physician Pedinios Dioscoridesio was a medical offer in the Roman army at the time
of Nero and authored the most comprehengiwee on herbal medicinaf the time,De Materia
Medica Libri quinquéCoursey, 1967). Several species of this genus serve as staple crops in many
parts of the wod (Mabberley, 997, Martin, 1974. Major yam producing areas include West
Africa, wherenearly two thirds othe world supply originates, most of whichDs cayenensis
subsprotundatg andSoutheast Asia, the Pacific Islands, and the Carihlvdaare the staple yam
crop isD. alata(Al-Shehbaz and Schubert, 198rseglove, 1972

Dioscoreais in the familyDioscoreacegewhich is assigned to the order DBaoreales
Recent molecular evidence suggests thatother familiesshould be included in the ordehe
Burmanniceae and the Nartheciaceae (Caddick et al. 2002), both ofavhidpresentad North
America The Burmanniaceagenerafound in North Americaare Apertia Burmanniaand
Thismia Apertiais represented by one speci@s,aphylla Burmanniaby three;B. biflora, B.
capiataandB. flava andThismiaby one,T. Americana(Lewis, 2003) Apertia aphyllaand the
three Burmanniaspp. occurin Florida (Wunderlin and Hanser20(). The Nartheciaceae is
represented by three genera in North Ameriatiiecium, Aletris and Lophiolg) (Utech, 2003),
the later two of which occur in Florida. There are #Metris species in the staté\ (aureg A.
bracteata A. obovata A. lutea and A. farninosaand oneLophiola (L. aureg (Wunderlin and
Hansen, 2003).

Following the circumscription of Caddick et al. (2002), family Dioscoreaceagcludes
4 generapDioscorea Trichopus Taccaand Stenomerisalthough molecular phylogenetic studies
by Merckx et al. (2006) placéaccaas a sister to the tribe Thismieae of Bwemanniaceae. In
the New World, onlyDioscoreaandTaccaare found Taccais representeby one South American
speciesT. parkeri Dioscoreais by far the largest genus in the family, witle number of species
estimated to bdrom 350400 (Caddick etal. 2002)to 850 (Al-Shehbaz and Schubert 1989)
Dioscoreahas a padtropical distribution with native species found in Asia, the Americas,
Australia and Africa. A few are found in temperate areas of the world (AyamsiuCoursey
1972).

An early tretéiment ofDioscoreadivided the genus into gubgenera which were further
divided into ® sectiongKnuth, 1924). Using this classificatior). bulbifera was placed in the
subgenusHelmia, in sectionOpsophytorsubsectiorEuopsophytonBurkhill (1960) introduced
an alternate classification of the Old World yams, butitlendt use sib-genera He recognized
23 section®f Dioscorea includinga redefinedDpsophytonn whichheplacedD. bulbifera The
other invasive yam in Floridd). alata (winged yam)was placedn the sectiorEnantiophyllum
(Knuth, 1924 Burkhill, 1960).

Based on anatomical characters, Ayensu (19@2pgnized30 sections ofDioscorea
including sectiorOpsophytonn whichD. bulbiferawas placed (under stgectionEuopsophyton
Wilkin et al.(2005) indicated that the genuejuirad a complete taxonomic revisipwhich should
bebased on DNA Hetentativelyseparated species italades based on sequences of two plastid
genes.Dioscorea bulbilferavas pl aced i nf 6 h geventheughpao potatd dokse a
not have compound leavesyhich also included three species from Thailand, two from



Madagascar and one from MalawWilkin et al. (2005)placedD. alatain the Enantiophyllum
as had previous classifications.

Within the continental United Statesyo nativeDioscoreaare foundD. floridana andD.
villosa, along with four exotic specied). alata D. bulbifera D. polystachya(formerly D.
oppositifolig andD. sansibarensis The latter species, which wasly known from MiamiDade
Co. and one location in Collier Canaynow have been eradicated (Pemberton, pers. conin.)
seventrspeciesp. quaternatawas reportedh the past (AMShehbaz and Schubert 1989; USDA,
NRCS 2002; Wunderlinrad Hansen, 20Q3but has reently been synonymized witb. villosa
(Raz 20®2). Raz (20@) states thabD. floridanads undoubtedly a close relative Df villosa, but
because it is identifiable using characters that vary discretely, with states not manifest in plants
occupying gnilar habitats outside of its range, | have chosen to retain it at the rank of &pecies
All six Dioscoreaspecies found in North America can be found growing in Flordaz (20@)
provides a useful key to the speciesbscroea(native and exotic) wibh occur in North
America. Table 1 indicates some of the characters that can be used to separate the species.

1C



Table 1. Selected lsaracteristics obioscoreafound in North America.

shaped

the right J

3
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R

Species Bulbils present | Distinguishing Leaf image
characters
D. bubifera Yes roundish Roundish stentwines
totheleft
R
D. alata Yes somewhat pear| Square steptwines to

D. sansibarensis

Yes

Leaf margins &
lobed leaf apex
caudate (extending in
slender taHlike
appendage)

D. polystahya

Yes

Leaf margins 3 lobed
apex acute or with a
short projection at tip

D. villosa

No

Rhizomes brownish,
nodes not articulate
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D. floridana No Rhizomes yellowish,
nodes articulate

Low climbing, small
plant

Photo credits:D. polystachydeaf, Mr. Rob BroekhuisD. sansibarensiteaf, Kwan Han at
www.NatureLoveYou.sgAll others, W. A. Overholt.

Habit

Air potatois aglabrous twining, vine with alternate hearthaped leave@-igure 1) The vines
may reach 2®n in Iength durlng a growing season, whinh-loridabeginswith the increase in

0 “ 74 BB | precipitation in late springearly summer.
Vines continue to grow through the summer
and nto fall/early winterwhen thg senesce
Air potato is dioecious, although only female
plants have been observedNorth America
(Raz 20@). Reproductionin the native range
is achievedsexually and vegetatively through
the production obulbils - bulblike growths
producedn theleaf axils(Figure 2) Although

B e .

Figure 2. Dioscorea bulbiferawith bulbil .

flowering in Florida is uncommon (Figure 3) D.
bulbiferareproduces quickly and prolifically by bulbil
propagation. As an aggressive higlhmbing vine air
potatogrows |nto andften over thetops of lowlying

Figure 3. FIowerng bulblfera
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Vegetativemorphology

Leaves are cordatghaped with elongated tips, thin and glabrous, and range fre20 ¢t in
length and BL5cm in width. Leaves are lorgetioledof t en O8 c¢cm on mat ur e
2-3 cm on newer leaves nearest the terminal bad occur in an alternate arrangement along a
branching, hairless, steni.eaves argenerally a vibrant green on the upper surface and a lighter
green on the lower siace depending upon conditioigasa lobes of leaves are broadly rounded.
Leaf margin isentire Leaf venation is parallel and convergedletleaf base. Leaves ofD.
bulbiferaand otheDioscoreaspecies have three arcuate primary nerves whichteaflam the
centralbase of a given leaf toonverge at the leaf tip. h€ remaining primary nerves, while
converging at the base, do metich the leaf tigCoursey, 1967) Petiolesare distinctly flattened
along the upper surface grad thepoint of atachment tondividualleaves flare out to create small
wing-like structureswhich are ruffled in appearance (Miller, 2003J.oursey (1967) notes that

individual leaf tips develop prior to the development of the rest of the lamina and are termed
forerunrer tips. Each forerunner tip contains a pore that serves to exude water, a necessary

requirement of this and other rapidly growibgoscoreaspecieswhich allows for a properly
maintained hydrostatic balance.

Stems are not winged but often have agsa@ble ridge along the margin. Internode cross
sections are round. Both the petioles and the steraa bfive a reddispurple color(Miller,
2003) With the exception of a few of the dwarf species, the stems Bfitseoreacannot support

’ : their own wéght to any great
height As such, the plants of
this genus have evolved to
climb by twining (Coursey,
1967). Vine twining is an

important identifying
characteristic of species of
Dioscorea The

characteristic is categorized
at the section levelVinesof
D. bulbifera climb in a
counterclockwise
(sinistrorse) pattern to the
left (Figure 4) Coursey
3 (1967) states that sinistree
a< 0> P | twining is a trait typical of
“ > yams species that belong the
_";,.!45_ ., section Opsophyton (e.d.
Figure 4. Left twining habit of D. bubifera. bulbifera, D. sansibarensjs
as well as <ections
Lasiophyton CombiliumandMacrogynodium In contrast, dextrorse twining (clockwise twining
to the right) is a growth trait definitive of yam specaghe sectiorEnantiophyllum which is
comprised, in part, of several species that are gdmimportance as food plants (e.D., alata,
D. cayenensisubsprotundatg (Coursey, 1967).
Root structure and development @f bulbiferaand, in general, moddioscoreaspecies
involves a simple and comparatively weak rooting systeigure 5)(Courgy, 1967). At the

13
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beginning of the growing seasamhichin south Florida may be as early as +Airil, the previous
year 6s t uber gproduce dhicknspaghetikel rbatsifrbnsthe rhizomatous (or head)
end of a given tuber or bulbil. This regiofa tuber ombulbil also gives rise to the steoh the

plant (Coursey, 1967). The roots grow quickly and development begins shortly before and during
stem development and growth. One of the primary functions of the thick, primarily unbranched,
rootsis that of providing a firm hold in the ground for the rapidly developing stem. Further along
i n t he plgeowthddea thinnen aanching, fibrous root mass is produced (Coursey,

1967).

Tubers of all Dioscorea
speciesconsistof stach-bearing
tissue which is covered by a
suberin layer which ultimately
forms skin or bark (Coursey,
1967).  Subterranean ubers
(Figure 6) of the Dioscorea
belong to one of two main types:
perennial tubers, which survive
for the lifetime of the plant, and
annual tubers, which are
rerewed yearlyCoursey, 1967).
Hamon et al. (1995) suggests
that yams can be divided ot
three categories based on
seasonal life cycles; 1) species

— : : which  renew aerial and
Figure 5. Roots of underground tuber ofD. bulbifera subterranean parts every year; 2)

those which have aetiand underground parts visible all year round; and 3) species which have

aerial parts which are annual or biannual and underground parts which are perennial.
categorized D. bulbifera as

belonging to the first group, with
both aerial and subterranegarts
renewed each yearln contrast,
Okagami (1986) stated that al
Dioscorea spp. produceperennial
subterranean tubers.Species that
constitute the food yam@rimarily

species of the sectiof
Enantiophylluny typically form

only one tubewhich can grav to be
quite large normal production ob.

alata and D. cayenensis subsp
rotundata can vyield tubers thaf
weigh  between 105 kg
Underground tubers d@. bulbifera

Figure 6. Subterranean tuber ofD. bulbifera
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(sectionOpsophytol however, ar¢ypically muchsmaller and sometimes abserithisis due, in
part, to functionality in the case oD. bulbifera theaerialbulbils, rather than underground tubers
or bulbils,serve as the main storage organ for the plant (Coursey, 1967).

Reproductive morphology

Flowering of D. bulbiferais uncommonin Florida however flowering specimens collected in

October and Novembédiave been depositadthe University of Florida herbariurMoreover, he

authors of this report have observed flowering plants from August to October in Indian River and

Saint LucieCounties Plants are dioecious with mafstaminateand femalgpistillate) flowers

on separate plantd-lowering plants that have been documentedarnth Americahave all been

pistillate (Raz, 20B). As such, reproduction lpollination aml formationof fruit is questionable,
although Hammer (1998) states that. Ristillete pot at
inflorescencesre axillary and are borne singly or fasciculate, up to 6 per axil, in spikes (Raz,

20(). Spikes bear up to 50 fleaws and range in length fromd® cm, with individual flowes

subopposite and up to ca. 8 mpad (Raz, 20B). Staminate inflorescences are also axilkamyl

are borne in panicles, spikes or cymes (Raz2R08taminate inflorescences may

reach up to @ cm in length. Cymes of the ultimate flowering ax@se reduced tone sessile

bracteolate flower, with internodes at canth (Raz,2002 Coursey (1967) states that a general

trait carried by many of thBioscoreais the presence of a greater numbemafe flowers per

staminate plant than female flowers per pistillate plant and there are, on average, more male plants
than female plant® the wild. Pistillateflowers arevery smal) ranging from 24 mm in diameter

and 57 mm inlength (Coursey, 1967 Flowers ae green to white and fragrant. The greenish

white perianth of individual pistillate flowers does not change over the firepals consist of 3

petals and 3 sepals similar in size and appearanweisimilar whorls (regularly spaced)2-5

mm in length and
lanceolate (Raz, 2@).
The perianth surrounds
staminodes which are in
two similar whorls of
three Staminodes are
smaller than fertile
stamens found in staminatg
flowers (Raz, 20@).
Pistils are comprised of
three stigmas and a
trilocular inferior ovary
(Cousey, 1967.
Staminate flowers are
fragrant with tepals similar
in size, appearance, and
arrangement to tepals o
pistillate flowers. The
immature perianth of a

=

Figure 7. Seed capsules &. bulbifera (herbarium specimen in Ghana).
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