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ARS Biological Control of Swallow-wort
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Swallow-wort (Vincetoxicum spp.)
Family Apocynaceae: Asclepiadoideae

Pale swallow-wort (V. rossicum = Cynanchum rossicum)

Black swallow-wort (V. nigrum = C. louiseae, C. nigrum)

. Vmcetoxmum IS dlstlnct from Cynanchum (dlfferent subtrlbes)
 Sister genus is Old World Tylophora

(Liede 1996, Liede 1997, Civeyrel et al. 1998, Sennblad and Bremer 2000, Liede 2001, Liede et al. 2002)

No hybrldlzatlon expected Wlth Amerlcan swallow Worts
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oHairy & blunt petals — oHairless & strap-like petals

*Corona inconspicuously 5-lobed *Corona distinctly 5-lobed

*Buds rounded apex & not twisted \ i ®Buds pointed apex & twisted

White gwallo

dm rossicum)
Flowers pink to maroon

© 2006, Jeromy Biaz




North American distribution
mainly 40-46°N latitude

¢ ~ : ¢ Y \ J 3
S. Darbyshire, unpublished data; with additions by L. Milbrath



Genetic characterization of Swallow-worts
M-C Bon, ARS-EBCL

Distribution of genotypes in North America
Identify geographic origin in Europe of North American genotypes

E"E N St Lawgende River

40
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O Pale SW locations (O Black SW locations (also WI, CA)



Genetic studies in Europe & North America
M-C Bon, ARS-EBCL

North America

1 haplotype/l major genotype for each species
BSW no match with Europe
PSW match with Ukraine

* single or limited # introductions

BSW (France, U.S.A., Canada) = tetraploid (44 chromosomes)
PSW (Ukraine, U.S.A., Canada) = diploid (22 chromosomes)
 Novel hybrids unlikely



Economic

& " Weed problem:
‘ (organic) pasture
Christmas tree farms/nurseries
No-till fields
e Recreational/economic value of property
@ " Forests - regeneration?

A

Ecological
' Negative effect on:
Insect/mite communities (Ernst & Cappuccino 2005)
Grassland birds (Tnc, unpub. data)
Threat to rare ecosystems & speC|es




Biological Control of Swallow-wort

Safe?

Effective?

Genetic diversity-"No”




Weed Biological Control

use of aliving organism (natural enemy) to suppress the
population of another organism that is considered to be
a pest

Goal: release natural enemies that

1) pose no or little risk to non-target plants and

2) are effective in suppressing populations of the target
weed




Near-relatives to Eurasian swallow-worts

Class Magnoliopsida
Subclass Asteridae
Order Gentianales
Family Apocynaceae (includes Asclepiadaceae)
Subfamily Asclepiadoideae
Tribe Asclepiadeae
Subtribe Tylophorinae - Vincetoxicum spp. (Target weeds)

7 other Subtribes - 21 genera, ~370 species
Native milkweeds and milkvines
Asclepias, Cynanchum, Gonolobus, Matelea, Funastrum, Metastelma




Class Magnoliopsida
Subclass Asteridae
Order Gentianales

Family Apocynaceae (includes
Asclepiadaceae)

Subfamily Asclepiadoideae
Tribe Asclepiadeae
Subtribe Tylophorinae
Vincetoxicum spp.
7 other Subtribes
21 genera, ~376 species
3 other Tribes
10 genera, ~51 species
Subfamily Secamonoideae
none
Subfamily Periplocoideae
2 genera, 3 species
Subfamily Apocynoideae
30 genera, ~111 species
Subfamily Rauvolfioideae
28 genera, ~125 species

Order Gentianales cont)

Family Gentianaceae

23 genera, ~220 species
Family Loganiaceae

9 genera, ~63 species
Family Gelsemiaceae

1 genus, 2 species
Family Saccifoliaceae

1 genus, 2 species
Family Rubiaceae

~129 genera, ~1160 species

Order Lamiales

Family Scrophulariaceae
3 genera, 37 species
formerly in Loganiaceae

~2150 species total in North America
67 spp. to test + plants attacked by

agent congeners
(Milbrath & Biazzo 2006 TAG)



New York: Insects and Mites found on Swallow-wort

mealybugs
Chorizococcus sp. pf@®: dentatL.c
Heliococcus osborni

o

vy i /

ge milkweed bug

flatid E)Ia\nthopper
normenis sept ntrionalis

g v el J Milbrath 2010 Environ. Entomol. 39: 68-78


http://www.forestryimages.org/images/768x512/1366046.jpg

European/Asian Insects on Swallow-wort

Flowers —

Seedpods
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Foreign surveys and host range tests

René Sforza (ARS-EBCL, Montpellier, France)
Margarita Dolgovskaya, Sergey Reznik, Mark Volkovitsh
(Zoological Institute, St. Petersburg, Russia)
Jialiang Zhang, Baoliang Tian, Jianging Ding
(Wuhan Botanical Garden/Institute, Wuhan, China)
Dana Berner (ARS-Ft. Detrick)




Root-feeding Leaf beetles, Chrysochus spp.
(Coleoptera: Chrysomelidae)

"\ T

/V’ 4
- ! )'f‘

{
‘

e K ‘l'-l y
o
cl“ . ~§$}_,' .

LS

3 -T_r.". 4 - N
- \ ‘ ! \ 7 V'T i "&
Successful larval development
Milkweeds (Asclepias spp.) + other species

-\‘

Adult use of plants
Swamp milkweed (As. incarnata), butterfly weed (As. tuberosa)

CABI/Univ. Rhode Island, Gassmann et al. 2008-2011 reports
USDA-ARS-EBCL, Sforza 2009 & 2011 report
Zoological Inst., St. Petersburg, Dolgovskaya et al. 2009-2012 report

Rejected




Leaf beetle, Chrysolina aurichalcea asclepiadis
(Coleoptera: Chrysomelidae)

Defoliator
Swiss population

 Developed on butterfly weed (Asclepias tuberosa), mugworts
(Artemisia spp.), tansy (Tanacetum vulgare)
(Weed & Casagrande 2011 Environ. Entomol. 40:1427-1436)

Rejected



Root-feeding Flea beetle, Liprus punctatostriatus
(Coleoptera: Chrysomelidae)

Open fields
Far East Russia & China

 Developed on native milkweeds (Asclepias spp.) and other species
(Dolgovskaya et al. 2011 & 2012 reports, Zhang et al. 2012 & 2013 reports)

Rejected



Defoliating moth, Abrostola asclepiadis
(Lepidoptera: Noctuidae)
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Seed-destroying fly, Euphranta connexa

Diptera: Tephritidae

Destroys most se
Some Host range




rner etal. 2011 Plant Diseas \ a3 Y
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Biological Control of Swallow-wort

Genetic diversity-"No” Effective? Safe?

'Q:.‘_. !




Weed Biological Control

Goal: release natural enemies that

1) pose no or little risk to non-target plants and

2) are effective in suppressing populations of the target
weed

33-83% success rate (McFadyen 1998, Fowler 2000, Culliney 2005)
agent doesn’t establish
established agent attacked by predators/diseases
**agent can’t affect population growth of the plant



ARS Swallow-wort Research Activities

Plant population model

Identify points in the life cycle of greatest importance to swallow-wort
population growth (weak links)

Target these key points for disruption with biocontrol agents and/or other
control measures

Guide the selection of effective biological control agents



Pale/black swallow-wort Life Cycle

census time = August, prior to seed dispersal

Life stages:
s =dormant seed in soil see
j; = seedling (<6 mo)

], = vegetative juvenile (<1-? yr)
sf = small flowering, 1-2 stems (3-? yr)

If = large flowering, 3+ stems (?-? yr, rare in forests

Dot




Pale/black swallow-wort A Matrix

seed seedling |juvenile [small flowering large flowering
seed Ss*(1-(85+84)) = S5 - 5,*83 - 5,*84 0 0 f*s.*(1-(g,+8,)) f*s *(1-(g,+8,))
seedling Ss*84*Ssal 1*(1'mjf) 0 0 f*s*8,* Sl 1*(1'mjf) fi*s*8,*sqal 1*(1'mjf)
juvenile ss*g3*ssdlZ*Sjuvl*(l_mvs 1) Sjuvz*(:l'_n‘jf) Sv*(l_mvsz) fs*ss*gl*ssdlZ*Sjuvl*(l_mvs 1) fI*Ss*gl*ssdlZ*Sjuvl*(:l'_lﬂvs 1)
*(1-m,))

sf Ss*84%Sqq11 My + Sjuv2” Mj¢ s, *my, s~ (1-mgy) + N+ [f*s %8, s * My +

ss*gS*ssdIZ*sjuvl*mvs 1 [fs*ss*gz*ssdl l*mjf + fl*ss*gl*ssdl Z*Sjuvl*mvs 1]

fs*ss*gl*ssdl Z*Sjuvl*mvs 1]
|f 0 0 sv*r'nvl sz*ms| SIf *(1' rlls)
where

g. = germination rates (new or dormant seed)

S. = survival rates

m. = maturation rates (growth to later stages)
r. = reversion rates (large flowering to small flowering)
f. = fecundity (viable seeds per plant)




Swallow-wort Demography
New York State

Pale swallow-wort
Wehle State Park
field: 630 plants/m?
high-light forest: 110 plants/m?

Pale swallow-wort

field: 267 plants/m?2

Great Gully Preserve (TNC)

low-light forest: 82 plants/m?

Black swallow-wort
Bear Mountain State Park
field: 197 plants/m?2

A

Black swallow-wort
Dutchess Co.
field: 173 plants/m?2
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Pale swallow-wort Population Growth Rates (A)
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Black swallow-wort (field) Population Growth Rates (A)
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Target transitions: Swallow-wort matrix model

Transitions to
target

Survival
Juveniles
Small flowering
Large flowering

Growth

Seedling to
juvenile

Juvenile to
small flowering

Small to large
flowering

Reproduction

Small flowering

Large flowering

Wehle-
field

Pale Swallow-wort

Wehle-
forest

Gully-field

Gully-
forest

XX

Black Swallow-wort

Bear
Mountain

Dutchess



Impact of biocontrol agents on
swallow-wort



Seedling survival (%)

Contours of lambda: seedling survival vs fecundity
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Contours of lambda. Agent: H

Seedling survival (%)
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Contours of lambda. Agent:

Seedling survival (%)
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Swallow-wort Biocontrol
Release Sites

private property (Monroe Co.)

/

Musgrave (Cornell)

Great Gully Preserve (TNC) &

Wehle State Park

Bear Mountain St. Park

Garrison




Stems per meter square

Pre-release Plant Monitoring

PSW densities (2 size classes of stems)

Wehle Field
500
—@—— High density, <10 cm
o High density, >10 cm
——-w——- Low density, <10 cm
400 Low density, >10 cm
300 A
200 ~
100
Fe——== iy, GRS (i
0 T T T T T
2007 2008 2009 2010 2011 2012 2013
Year

Stems per meter square

Wehle Forest

100

60 -

40

20
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2008

2009 2010

Year

2011

2012

2013



Pre-release Plant Monitoring
Plant community 2011 data

Species Richness

Site- PSW density Native Introduced Total Percent Cover Simpson’s Index
Habitat class of Diversity (1-D)
Wehle-field High 1.3a 6.8 b 82 b 143 a 0.37b
Not-high 20a 10.0a 120a 151 a 0.73 a
None 1.8a 11.3a 13.2a 181 a 0.84a
Wehle- Present 11.8 6.1 17.9 108 0.64
forest

 High-density PSW (Wehle-field) decreases richness and diversity
although most species in the plots are introduced
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Alvar plant species

early buttercup Ranunculus fascicularis

False Pennyroyal Isanthus brachiatus
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Host range tests, Sclerotium rolfsii

Growth chamber trials (6 wk, conetainers)
Pale and black Swallow-wort

Milkweeds (Asclepias curassavica, As. syriaca)
Hemp dogbane (Apocynum cannabinum)
Hairy coneflower (Rudbeckia hirta)

Wild bergamot (Monarda fistulosa)

Little bluestem (Schizachyrium scoparium)
« Corn

« Soybean




Host range tests, Sclerotium rolfsii
Results:

67-100% mortality in all S. rolfsii-treated plants

EXCEPT
Little Bluestem, Corn, Soybean

Do you see a possible use for this pathogen?
Irm32@cornell.edu






