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ABSTRACT 

The rwt of seneca snakemt (Polygah senega L.), a peremïal herb native to North 

Amenca, has k e n  used medicinalIy by Europeans for over 3 0  years. Seneca saakerwt is 

valueci, particularly for its expectorant properties. Lately. the demand for wild seneca mot 

has increased due to an escalation of intuest in herbai medicine. hcreased harvesting 

pressa bas r a i d  concerns as to the sustainability of native seneca snakeroot populations 

in Manitoba This study investigated the biology. ecology. etbnobotany and economics of 

seneca snakeroot in order to address the question of the sustainability of seneca snakeroot 

populations. 

Ten study sites were sampled dong  Manitoba Hydro rights-of-way in the northern 

Interlake and Grand Rapids region to obtain baseline information on t&e population biology 

and ecology of seneca snakemt. The baseline idormation revealed that seneca snakeroot 

populations in the Northem Interlake region seem to be successfuliy regenerating under 

current harvesting pressures. Investigations into the economics of seneca snakeroot 

revealed that an entire network of people is involved in the seneca industcy including; 

diggers, exporters. brokers, pharmaceutical companies and consumers Results fkom the 

germination and propagation experiments indicate that seneca snakemot can be propagated 

either vegetatively or by seed. Two seed germination and two vegetative propagation 

methods proved successful. 

The information gained h m  the study lead to four recommendations conceming the 

sustainab'ility of seneca snakemt, The cultivation of smeca snabroot should be promoted 

in order to relieve harvesting pressure on existing wild populations. Harvesting and 

marketing strategies should be developed in Manitoba for the direct benefit of local 

harvesiers and exporters. The nghts-of-way in the Interlake region should be maintained 



(using mechanicd vegetation removai) as they provide excellent habitats for snakeroor 

populations. Experiments and long-tenn monitoring of seaeca populations could be 

continueci utiiizing the semi-permanent plots ofthis study. 
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CHAPTER 1 

INTRODUCTION AND OBJECTMZS 

The root of seneca snakemt (Polygaia senega L.) has been used for centuries by 

aboriginal peoples in North America as a treatment for various ailments. M e r  its 

introduction into European medicine during the early 170(rs, seneca became a highly 

sought after remedy for the treatment of respiratory prob1ems. Resently, Manitoba 

provides the vast majority of the global supply of wüd seneca mot. The recent resurgence 

of interest in n a t d  rernedies bas greatly increased the demand for seneca mot, raising 

concems as to whether natural populations in Manitoba could be over-harvested as 

occurred in eastern North America in the last century. In addressing the question of the 

sustainability of seneca snakemt populations in Manitoba, aspects of biology, ecology and 

economics of seneca snakeroot need to be considered. This leads to the four main 

objectives of this study: 

to summarize the biology. ecology, economics and history of use of seneca snakeroot. 

A complete review of the u s  of seneca snakemt by aboriginal North Amencans, as weii 

as its historiai and cumnt use in Eutopean and Asian medicine, was undertaken. Research 

on the phamiaceuticai and biochemical aspects of seneca snakeroot was s-d. The 

ecology and population biology of seneca snakemot, and available information on seed 

germination, propagation and cuitivation of the species, was considered. Economic aspects 

dateci to the harvesting, export and marketing of wikl seneca snakeroot were summarkd. 

to coUect baseline infocmation on sneca snakawt populations in Manitoba. 



Baseline information on seneca snakeroot was obtained h m  ten populations located 

dong Hydro rights-of-way in the Manitoba's wrthern Interlake (Grand Rapids) region. 

Wonnation was coilected on habitat prefexences of seneca saalcemot, including soi1 type 

and nutrient status. drainage. de- of shading. fm and disnirbance history. and 

associated vegetation. Demographic (size-structure) and pbenologicai (life-history) pmonles 

for the species were also obtawd hdividual plants were marked to determine rates of 

growth, or hanrested to determine biomass allocation to above-&round and below-ground 

plant parts. Seeds were collected from field plants for use in germination experiments. 

to determine the curreni and potential economic bemfits of seneca snakeroot harvestiag. 

Available literaturc on the harvesting and exporthg of seneca snakemt in Manitoba was 

summarued Individuals involved in the industry, including seneca root diggers, exporters, 

brokea, pharmafeutical companies, and retailers were contacted, An attempt was made to 

follow the 'route of the mots' h m  digghg to retailing. 

to conduct field experiments and propagation studies on seneca snakemt 

Soi1 was coiiected to examine the seed bank in areas where seneca snakeroot occurs 

nanirally. Seeds were sown into prepared field plots to determine the amount of 

germination under natural conditions. Field experiments were conducted to determine 

whether the addition of nutrients. or the remval of competing vegetation, wouid result in 

incrrased growth of scneca mot.. Laboratory seed germination experiments were conducted 

to determine the conditions requinxi to break seed dormancy. Vegetative propagation 

experiments (including mot and shoot cuttings, and whole-plant division) were also 

undertaken. Recommndations are madt as to the most efficient way to propagate seneca. 

and whether cucrently hamsted populations are sustainabk. 



CHAPTER 2 

BIOLOGY, ECOLOGY AND ETHNOBOTANY OF SENECA SNAEEROOT 

(Polygak senega L.) 

2.1 Introduction 

This chapter provides a literature review of the biology (taxonomy, habitat, distribution, 

reproduction). ecoiogy (ant - plant interactions), and ethnobotany (history of use) of seneca 

snakeroot. Aspects of the biochemistry and economics of seneca are also included. 

Concepts of plant population biology are integrated when relevant 

2.2 Taxonomy, morpbology and botanical relationships 

Seneca snakemot (Polygala senega L.) is a member of the Polygaiaceae (milkwort) 

family. This family contains seventeen genera and over one thousand species. The genus 

Polygulu L. is the largest, containing about 4 0 4 5 0  species (Eriksen 1993). Eight species 

are native to Canada (Giilett 1968). Polygah means 'much milk' in reference to the ndky 

secretions produceci by many members of the genus (Grieve 1967). 

Polygala senega (pichired in Fig. 2.1) is an erect, low-growing (10-30 cm high) 

perennial herb, which each spring pmduces a circdar spray of verticaily-oriented shoots 

h m  a single lmotty mot crowa (Catüag and Small1994). The aromatic root is woody and 

twisted, and has numemus laterai branches (Gien 1968). Each shoot consists of a large 

number of aitemate, lance-shaped Ieaves. Most leaves are pale green below and dark P e n  

above. The lowest leaves are reduced or de-l ike and purpiish in colour (Great Plains 

Flora Association 1986; Gillett 1968). The infiorescence is a dense. terminal, spike- 



Figure 2.1(1). Side view of Poljgda senega L. Phato taken in mid June 1994 (with 
dollar coin foi size compsrison). 

(2). Top view of Polygala senega L. Photo taken in mid June 1994 (with 
dollar coin for size cornparison). 
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Wre panicle which tapers at the apex (Gi lm). The flowers are initially greenish-white, 

but turn pinkish-white as the coroiia ages (Miller 1971). The calyx is composeci of five 

petaloid sepais (Giiiett 1%8). whiie the corda consists of three hypogynous p a l s  united 

into a tube (Giiiett 1968; Great Plains Fiora Association 1986). The seeds are black, 

sparsely white-pubescent, reticulate and ariiiode (Great PIains Hora Association 1986; 

Montgomery 1977). 

Seneca snakeroot is also known as lsenega snakemt', 'seneca (senega) rootl, 'black 

snakerootl, or simply 'snakeroot'. Unfortunately, the name 'snakerwt' has k e n  appiied to 

a number of other medicina1 plants, including An'sîofochia setpentarC0, Actaea pachypoda, 

Asarum canadense, Cimicifuga racernosa. Eupatorïum rugosum, Rauvolfia serpentins, 

Saniculu europaea and Senecio aureus (Thomson 1978; Tyler 1993). It is thetefore 

important to include the modifying adjective 'seneca' when referring to P. senega. The 

Plains Cree refer to the species as 'wisak', while the Swampy Cree use the name 

'wincekes' (Zieba 1990). 

2.3 GeographicaI distribution 

Seneca snakemt is native to North Amerka (Giliett 1968). In Canada, the species is 

partîcuiarly cornmon in Manitoba and Saskatchewan. It is also found in Alberta, Ontano 

(primarily south of the Canadian Shield), south-westem Qu-, and in the St. John River 

valiey of western New Brunswick In the United States, it is found h m  North Dakota and 

Maine in the north, to Georgia and Tennessee in the south. The distribution of seneca 

snakerwt in North America is iliustrated in Fig. 2.2 (adapted nom Catling and SmaU 

1994) and its distribution in Manitoba is shown in Fig. 2.3 (based on information from 

herbarhm coiiections W.S. National Museum, National Herbarium of Canada, Institut de 

=herche en biologie vbgdtale, ûttawa Department of Agriculture, University of Manitoba 



Figure 2.2. Distribution of sen- snakemt in North America 
(adapted h m  Catling and Small1994). 



Figure 2.3. Distribution of Polygula senega L. in Manitoba. 



Heharium] and personal observations). The species is widely distributed in southem and 

west-central Manitoba. It occurs at least as far north as Flin Flou and Grand Rapids. 

According to HIady and Poston (1959). the species has been coîlected as far north as 

Guam and York Factory (although no herbarium specimens were found to support this 

claim). Scoggan (1957) reports the species h m  near Giiiam, and along the western shore 

of James Bay. 

In the Canadian prairies, seneca snakemot was probably once more widely distributed 

than it is today. Many native elders descn'be coilecting rneza mot h m  areas that are now 

under intensive cultivation (Enady and Poston 1959). Agricultural practices have greatly 

reduced the land available for wild seneca growth. Trottier (1974) suggests that Riding 

Mountain National Park is one area that seneca mot may be pmtected, as fiarvesthg is not 

pennitted in the park. 

2.4 Habitat description 

Seneca snakeroot generally occurs in open to paaialiy shaded habitats such as prairies, 

open woods and roadsides. It prefers limstone-based (calcareous) soils (Catling and Smaü 

1994; Kindsher 1992; personai observations 1994). Seneca snakeroot is paaicularly 

abundant in the Interlake region of Manitoba, since soils in this region are calcareous and 

open habitats (such as madsides, recently bumed amas, and nghts-of-way) are common. 

2.5 Reproductive mechanisms 

Literature penainirig to the reproductive mechanisms of Potygala senega L. is scat  but 

some information does exist on the pouiaation mechaaisms for related p i e s  and genera. 

Autogamy (~e~fertilization) appears to occur in some species of P d y g a b ,  and in two other 
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genera in the family Polygalaceae (Salomonia Lour. and Murultia D.C.) (Miller 197 1). 

Research on four Indian species of Polygula by Venlratesh (1956) nvealed that in these 

species the style is curved bringing the stigrna in close proximity to the pollen, thus 

facilitating seKpollination. In another species, P. lutea. seEpoIlination appears to occur 

since the stigma te rmiaates in a tufk of hairs which catches pollen h m  the closely arranged 

anthers m e r  1971). In many annuais (which have short life cycles and high moaaüty 

rates) se15poIlination reguiarly occurs to ensure the production of a large amount of seeds 

(Grime 1979). P. senega produces numemus seeds and posesses a brush-like style (Gillett 

1968). This may be interpreted as a saftey mechanism to ensure seed production by selnng 

if cross-pollination fails to occur. Bee pollination is suggested to be suited to the large, 

showy flowers of P. pauc~otia and the nlated P. chumaebunu F e r  1971). Both bees 

and ants have been observed on Polygala senega plants @ersnbs. 1995). 

2.6 Seed production 

Seed production refers to the probability of a plant producing seeds and the number of 

viable seeds produced by a plant. In some species. such as Polygak senega, an estimate of 

seed production cm be derived h m  the number of matme capsules multiplied by the mean 

nurnber of seeds per capsule. Viability of se& may be determiad by the combination of 

band sorting (to remove undeveloped or decaying seeds), germination experiments and/or 

chernical tests (Moore and Chapmaa 1986). 

Each seneca snakeroot shoot praduces a dense. many-fiowered infiorescence. Each 

flower produces a capsule containing two seeds. The seeds (pictureâ in FigD 2A). which 

take about 35 days to ripn (Mady and Poston 1959). are srnail (CU. 2.8 x 1.3 x 1.3 mm) 

and black, obîiquely obovate and reticulate (Montgomery 1977). The seed surface is 

sparseiy white-pubescent. A bi-lobed appendage (elaiosme or ad)  is present (G'iett 1968). 



Figure 2.4. Seneca snakemt seeùs. Each seeù is ca. 
2 5  mm in length. Note bi-loùed elaiosurne. 



2.7 Seed dispersil 

Soon after feailization (and before dispersal), seeds become potential targets for 

predators and pathogens. Depmdation and pathogen attacks are parameters of seed 

population dynamics which could adverseiy affect population numbers (Moore and 

Chapman 1986). 

2.7.2 Seed seed &me- 

If seeds escape depndation and pathogen attack in preaispersal, they WU contribute to 

the seed rain. Seeds are generally initially deposited close to the parent plant (with the 

exception of wind or water dispersed seeds). In most cases, with an increase in distance 

fkom the parent plant there is a decrease in the density of seeds deposited (Moore and 

Chaprnan 1986). 

Seed dispersal is important in population biology since: 1) seeds entering an area would 

increase population size, whereas dispersal out of the area may resuit in a decrease in 

population size. 2) Seed dispersal over a considerable distance could resuit in the 

establishment of a new population. which under favorable conditions, could grow to a 

substantid size over time (Silvemwn 1987). 

Seed dispersal may occur thrwgh the actions of animais, wind or water, or through the 

actions of the plant itseIf (Silvertowa 1987). Autochory (self'dispersal) may occur by 

ballochory or creephg diaspores (van der Pijl 1972). Seed dispersa1 may be a two phase 
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pmcess: (1) primary dispersal h m  the inflorescence to the soil, possibly aided by an 

animal or the wind; (2) secondary dispersal when water or aaimals move the seed M e r  

dong the soi1 surface (Moore and Chapman 1986). 

2.7.3 Seed QiSOersal b m  

Dispersal distance, location and the deposition pattern of seeds can be determinecl by the 

behavior of dispersal agents such as bats, biids, rnammals, insects, earthwomis and even 

fish. Dispersal by animals is extremely common in temperate woodland herbs and shrubs. 

Seeds enclosed in attractive fieshy Wts (bemes for example) are typically dispened by 

animds. Alternatively, fiuits may have spines which attach to animal coats and are cankd 

away. Fleshy nuits and spines are considered as examples of the coevolution between plant 

and animal @es (Silvertown 1987; Begon et ai- 1990). 

Seed dispersal by animals increases the distance between off'ring (seed) and parent, but 

not necessarily between the offiring themselves (seeds could be concentrated [clumped] in 

one ma). The end nsult of animai seed dispersal, in terms of plant sumival, depends upon 

whether or not the seed is damaged by the disperser (Siivertown 1987). 

Some plants generate seeds or fivits with extemai structures (elaiosomes) that are 

attractive or usefiil to anis. A plant which produces diaspores that are attractive to aats is 

termed a mynnecochore. As ants coliect the diaspores, they act indirectly as dispersa1 

agents (Berg 1975). In general, the process of myrmecochory involves forager ants which 

cany seeds back to the ant nest wheze the elaiosom is removed (often fed to larvae or adult 

worker ants) and the unRamageci seed is discaràed (Beattie 1985; Holidobler and Wilson 



1990). Mymiecochorous plants arr found mariy aii over the world, and in as many as 

sixty-seven dflerent plant families (Beattie 1983). Mymecochory is especiaiiy common in 

earLy-fiowe~g no&-tempera herbb, some AustraIian and south e c a n  perennials. and 

in a diverse group of tropical species moiidobkr and Wilson 1990). 

The attractive extemal stnictures on the seeds or fiuits are wliectively termeci elaiosomes 

when ceferring to ants (ads if discussing birds). Elaiosomes contain lipids, proteins, 

vitamins, sugars and starch which provide a convenientiy-packaged energy source to the 

ants which feed on them (Hoiidobler and Wilson 1990; Hughes et al. 1994). Elaiosomes, 

which Vary in size, shape and colour, are derived fiam various tissues such as the raphe, 

pericarp, and receptacle (Hoiidobler and Wilson 1990). Like many members of the 

Polygalaceae, elaiosomes are present in the genus Polygala. In literature pertainiag to 

Polygalo, these outgrowths at the mimpylar end of the ovule have also been referred to as 

arils. adIodes, caruncles, or stmphioles (Catling and SrnaIl 1994; Merlee Teresa and Avita 

1989; Verkerke and Bouman 1980). The elaiosomes in Polygala are separated from the 

seed by a thick-wded structure, which may have evolved to ensure that only the elaiosorne 

is consumed and the seed itsei€ is rejected (Verkerke 1985). Seed hairs present on Polygala 

species probably aid the ants in carrying the seed (Oostenneijer 1989). Like most ant- 

dispersed (mynnecochorous) plants, the seeds of Polygah spccies are released nom their 

capsules after they have fden to the ground, nsulting in a concentration of seeds near the 

parent plant (Oostermeijer 1989). 

Mynaecochory is considenxl to be a mutualistic interaction between plants and ants. since 

the ants receive a food source while the plant's seeds are dispersed. Five adaptive 

advantages of myrmecochory (to the plant) i&nt.ed by Beattie (1985) are: (1) interspecific 

cornpetition avoidance. (2) tire avoidance, (3) additional nufrients in microsites (ant nests), 

(4) parental cornpetition avoidance (dispersal for distance), and (5) predator avoidance. 



Violet species (e.g. Viola papilionaceu. K. nuttafli~ benefit from myrmecochory. as ant 

dispersal re1ocates a large portion of seeds that would otherwise be vulnerable to bird and 

rodent attacks (Silvertown 1987). Myrmecochory is advantageous for Carexpedrmculatu, 

as greenhouse experiments show that seedling growth is greatiy improved when the seeds 

are removed h m  the parent plant and away from similarly-aged seedIings (Handel 1976). 

The myrmecochore Co~&tis aurea benefits h m  h t e d  dispersai as its seeds are 

deposited in sites favorable for survivai and growth (Hanzawa et al. 1988). 

The fate of seeds after dispusal couid be: (1) to remain where they land, (2) to move 

dong the soil, (3) to becorne buried, (4) to be consurneci by a predator. (5) to be picked up 

and moved by dispersal agents, (6) to be killed, (7) to die or (8) to germinate (Moore and 

Chapman, 1986). A seed may experience more than one of these factors with the exception 

of predatïon. death and germination which are end-points of the seed phase. 

2.8 The seed bank 

A seed is a dormant or resting stage of a plant's Me. The seed bank is defmed as a 

storage area for seed populations buried in or on the soil (Moore and Chapman 1986). The 

seed bank is subject to depreâation and pathogen attacks, a factor which affects the overaii 

population numbers (Silvertown and Lovett Doust 1993). 

The number of seeds in the soil is dependent upon the rate of input from the seed rain, 

loss rates due to depndation and disease, the rate of loss due to germination, and the 

dispersal of se& iato and out of an area. Seed densities are highest in fRquently dishirbed 

habitats (such as cultivable fields) and lowest in ~latively undisturbed habitats. The species 



most heavily repmnted in the soil tend to be those with the shortest Mespan (these are the 

species that produce large numbers of srnail seeds which are often capable of d o m c y ) .  

Seed ba& in highiy disturbed arw contain seeds which reflect the above ground 

vegetation whereu the seed bank below perennial vegetation can be rather 

unrepresentative. The seed bank below puermiai vegetation often consists primarily of 

seeds of herbs. and pioneer trees and shn~bs (Silvertown and Lovett Doust 1993; Moore 

and Chaprnan 1986). 

The spatial distribution of seeds in the seed bank is patchy. due to factors mentioned 

earlier which cause seeds to be deposited in clamps. Seeds are rarely evenly distributed in 

the soi1 prome, instead they tend to be concentrate- near the surface. Seeds that are located 

away from the surface are o k n  the result of distribution by soi1 invertebrates who may 

cany seeds to considerable depths. In generaI. shaiIow burial of seeds ofken increases the 

chances of germination. whereas deep bwiai ofken prevents germination (Silvertown and 

Lovett Doust 1993). 

2.9 Seed dormancy and germination 

Seed dormancy is of selective value to plants as it aiiows them to delay germination untii 

environmental conditions becorne favorable (Silvertown and Lovett Doust 1993). Many 

studies have been conducted to investigate mechanisms which inhibit and trigger 

germination. A variety of factors influence germination. including Light intensity and 

quality, temperature and temperature fluctuations. nitrates, 0 2  and CO2 Ievels. pH, 

moishue. abrasion of the seed coat (scarification). hormones and stratif~cation (Silvertow n 

1987). Dormant seeds possess hormones which either initiate or inhibit germination. Seed 

dormancy may be broken by; the change or loss of inhibiton, an increased permeability to 
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water andor oxygen, or an increase in the activity of growth promoting hormones (Merlee 

Teresa and Avita 1989). 

Long-lived species, such as trees, often have short-iîved (ephemeral) seeds. whereas 

short-lived species (annuais) kquently have seeds capabie of extended dormancy. Long- 

iived seeds often undergo m u a l  cycles of donnancy caused by seasonai temperature 

changes (e.g. may require a cold -nt) which aiiow them to germinate at a favorable 

time of the year (Silvertown and Lovett Doust 1993). 

Seneca snakeroot germinates readily under natural conditions, as evidenced by its 

abundance in disturbed sites (e.g. Hydro rightsof-way) in cenual Manitoba. Overcoming 

the dormancy factor seems to be the biggest problem facing researchers attempting to 

germinate seeds of seneca snakeroot (MacArthur 1994). According to Howarth and Keane 

(1995a). seneca snakeroot requires a prolonged stratification pend (2-3 years), and even 

then seeds have low viability. The seeds are thought to lose their vitality quickly Mowing 

collection and drying (Holm 1929). which could account for observed low germination 

rates. Accordhg to Bailey (1975). seneca snakeroot is best grown in sandy peat soil under 

partially shaded conditions. Seeds may be sown in early fdi or spring. 

Seneca snakeroot was apparently cuitivated in England by 1739 following its introduction 

by John Teamnt (Grieve 1967). An Amencan fannefs bulletin originaiiy published in 

1915 reporteci that (quoted from Sievers 1948): 

" Senegu cm be grown in any soii thcrr con mins a fair proportion of leajbid Shaàè is 

not essenti41, ulthough the pùant thrivcs ih partial shade in open harhvtnui forests. To 

propagute from seed it is necessary to p h t  seed that has been stratijied by mixing it 

with sanà and burying it h boxes orjlowerpors ùa mis? soil untii the following spring, 



when if may be sown in seedbeds or  shaliow boxes of loam and leafinold. The 

seedlings when old enough to be h d t e d  sufely can be readily îransplanted to 

permanent be& und set in rows to facilitate cultivarion nia plant can also be 

propagatedfiom rm&, which may be obtouiedfiom deakm or coUectedfiom the wild 

plmus in foll or early spriirg* In wiü sitrrcttions the p h ~  will probably need protection 

dumg thefist watcr Mer trani~planting. A light coveratg ofstrmu or p k  needles will 

be s@cient to protect them from severe frost. me plants grow siowly, and 

expenhents thrrs fir M a t e  xhm atrouî 4 years are nquired to obtd marketable r o ~ t s . ~  

Attempts by university researchers and agriculturists to transplant or cultivate seneca 

snakerwt in the 1950's were apparently unsuccessful (Shipley 1956). The species was 

also found to grow slowly under cultivation (HIady and Poston 1959). Doug Elsasser, a 

herb broker h m  Saskatchewan working uncier a gant h m  a Saskatchewan Agricdtural 

Development fiinci, found that oniy 3 of 5 0  plantcd seeds germinated (MacAnhur 1994). 

Elsasser contacteci eleven other researchers in an attexnpt to solve the germination problem. 

Lamy Gusta (Crop Development Centre, University of Saskatchewan) has been 

experimenting with different methods of tnggering germination, including cold treatment 

and plant hormones. Rairie Plant Systems in Saskatchewan are experimenting with micro- 

propagation reproduction (MacArthur 1994; Elsasser 1996). Howarth and Keane (199%) 

indicate that the p i e s  can also be propagated by m t  division. 

Merlee Teresa and Avita (1989) mdertook a series of expehents in an effort to break 

d o m c y  in P. chinénsik (Indian seneca), the sceds of which are simüar to those of seneca 

snakemot. The results of their experiments are summarized in TabIe 2.1. Fresh seed did 

not germinate. The most effective treatment used gibbereîiic acid andlor mechanical 

scarification to break donnancy. The authors concludecl that a combination of innate 

dormancy. a thick seed coat, and chemical inhibitors in the seed coat pmbably accounted 



Table 2.1. R d t s  of germination experimaits by Malce Tema and Avita (1989) 
on Polygaia chinemir L 

Seed Treatmcnt % Germination 

Untreated k h l y  coUected sceds 
SuPaficiai scarification wuh " O  number sand paper 
Deep scaafimion, dits on either side (mechankaily treated) 
Removal of stmphiole 
Removal of stmphide with superficial scarification 
Complete removal of seed coat 
Seed mat and endospenn removed 
Seeds under running wata - 2 days 
Seeds under running water - 6 days 
Seeds under running water - 8 days 
Seeds under ninning water - 10 days 
Seeds under runnïng water - 15 days 
Hot water treatment 
Heat matment 
Sulfunc Acid pretreatment - 2 minutes 
Sulfunc Acid pretreatment - 5 minutes 
Sulhiric Acid pretreatment - 10 minutes 
Sulfuric Acid pretreammt - 15 minutes 
Suifûric Acid pretteatment - 20 minutes 
Suifùrïc Acid pretreatment - 30 minutes 
Temperature(range) and untreated seeds 
Temperature (6T) and rnedianidy treated seeds 
Temperature (WC) and mechanicaiiy mted seeds 
Temperature (28%) and mechanicaily m t e d  seeds 
Tempexanire (37'C) and mechanicaliy treated seeûs 
Temperature (WC) and mechanidy  m t e d  sceds 
Labonitory dmse day light- untreated 
Laboratory diffuse dayiight - mchanicaily tzeated 
Continuous iight - untnateû 
Continuous üght - mechanidy neated 



Table 2.1. continucd Results of gannoation expaimnts by Merlee Teresa and Avita 
(1989) on Po&g& chi=& L. 

Seed Trcatmtnt % Germination 

Continuous ~ c s s  - unt11~8tcd 
Continuous m e s s  - mec)ianicaIly treated 
Black iïght - untnatcd 
Black light - mechanidy treated 
White iight - untceateû 
White light - mechanicaily trwted 
Green iight - unaated 
Green iight - mechanicaüy treated 
YeUow ligbt - un- 
Yeiiow light - mechanicaiiy treated 
Red light - untreated 
Red light - mechanicaily treated 
Blue light - mtreated 
Blue light - mechanically treated 
KNO, - untreated 
mo3 - mechanidy treated 
K m 0 4  - untreated 
-04- mechanicaiiy treated 
CuSO, - untreated 
CuSO, - mecharlicaüy treated 
Thiourea - untreated 
Thiourea - mechanically tteated 
GA, (500 ppm) - untreated 
GA, (500 ppm) - mchanically treated 
GA, (50 ppm) - strophio1e removed 
GA, (100 ppm) - strophiole removed 
GA, (200 ppm) - strophiole removed 
GA3 (250 ppm) - strophiole removed 
GA, (500 ppm) - strophiole removed 
GA, (1000 ppm) - strophiole removed 



for the low germination of b h  s e d  

2.10 Cultivation 

Successful cultivation of seneca snakecoot and related species has k e n  reported nom 

Japan. China, India and Russia (Hiady and Poston 1959; Gillett 1968; Prescott-Men and 

Rescott-Allen 1986; Briggs 1988; Catling and SmaiI 1994). Seneca is apparently cultivated 

in southern Russia, where experimenters are examining its potential in tseating respiratory 

disorciers (Hutchens 1992). Seneca is not currently under cultivation in North America 

Signincant amounts of seneca snakeroot (P. senega var. h@olia) are pmduced annuaiiy 

in Japan (Briggs 1988). Catiing and S d  (1994) report that annual production in Japan is 

8 to 10 tonnes. More recently. the Canadian Embassy in Tokyo reported that Japan 

produces about 6 tonnes per year, but that the cultivated seneca root is not as popular as 

imposted wiid root (Commercial Officet. Canadian Embassy in Japan, pers. comm. 1996). 

European and American purchasers also prefer mots harvested in the wiId (Giiiett 1968; 

Briggs 1988). Cultivation of seneca snakeroot in North America seerns possible provided 

that the optimal p w t h  environment can be detennineà. The species is behg considered as 

a potential new 'alternativef crop for Manitoba and other provinces (Manitoba Agriculture 

1993; Catihg and S d  1994). Seneca snakeroot takes about 4 to 5 years to produce a 

tapmt of rnarketabIe size (Howarth and &me 199%; Oiett 1968). 

The two principaiiy active constituents of seneca snakeroot (the drug is known 

pharmaceuticaliy as RadU Senegae [Shibata 19761) are the tritepnoid saponin glycosides 



polygaiic acid and senegin, which make up c e  5% and 4% respectively of the dried root 

(AlIport 1944; Wallis 1967). The mot &O contains a small amount of methyl salicylate. 

which gives the rwt a wintergreén-like odour (AUport 1944). ûthet chernicals in the rmt 

include sterols,  fa^, suaose, oligosaccharides (Senegoses A-E, F-I, J-O), polygalitol, and 

ca. 5% fixeci O& (Briggs 1988; Saitoh et aL 1993a,b 1994; Wallis 1967). The known 

phytochemical constituents of P. senega are listeû in Appendix 1 (Duke 1992). 

The saponin glycosides in seneca snakeroot are responsible for its phannaceutical 

efficacy. Saponin glycosides are compounds that yield a foaming aqwous solution (soap- 

iike fkoth) when mUed with water (Auport 1944; Shibata 1976). These glycosides occur 

naturaUy in certain higher plants and marine organisms. Saponins f o m  precipitates with 

cholesterol in aicohol, and have anti-microbial (primarily anti-fimgal) properties (Shibata 

1976). They also have hemolytic properties and can be poisonous to fishes, shells and 

insects. Chemically, there are two types of saponins, steroidal and aiterpenoid, which are 

based upon the structure of their sapogenins. Steroidal saponins are known as the 

precursors to steroid hormone pmduction, whereas triterpeaoid saponuis are recognized for 

their pharmaoeutical effects. Tritepoid saponins are o k n  the main ingredient in Cbinese 

herbal products, and are responsible for the efficacy of these dmgs (Shibata 1976). The 

structure of the senegin saponins pnsent in Polyguh senega L. are show in Fig. 2.5 

A number of studies have examined the biachemistry of seneca snakeroot and related 

species. S o m  examples include: 

Fujita and Itokawa (1%1) concluded that P. senega var. lanj7olùa and P. tenufolia 

contain the s a m  sapogenins. 

Corner et aL (1962) isolated at least five hydroxycinnamoyl esters h m  seneca. 





Dugan et aL (1964) depict the hctional gmups and structure of the sapogenin 

senegenin of Polygaliz senega L. 

PeUetier et aL (1964) discuss the unusual structwe of senegenic acid 

Yosioka et aL (1966) desai  a new method for soi1 basterial hydrolysis as a 

possible mechanism for the structurai study of sapanias. 

Shoji et 01. (1971,1972) descriik the chernical sûucture of the senegin saponins. 

Saitoh et al. (1993a,b; 11994) isolated new oligosaccharides (senegoses A-E, F-1, 

J-O). 

Yoshikawa et al. (1995) describe experiments on Senegae radur and its inhiitory 

effects on alcohol absorption and hypoglycemic activity. 

Masuda et al. (1996) discuss the how senegin41 of Senegae radix reduced the 

levels of blood triglycendes in normal mice. 

The Saskatchewan Herb Research Centre, University of Saskatchewan began working 

on the phytochemistry of seneca in May of 1995. Their objective is to develop an analpical 

procedure for evaluating seneca snakeroot potency using saponins as d e r  compounds. 

They are also examinkg seasonal variation in the yield and composition of snakeroot 

saponins (B. Bad, pers. comm. 1995). 

The use of plants by the native peoples of North America may have chaaged as a result of 

Ewopean infiuences. Accordhg to Arnason et aL (198 1): 
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"Indian uses of p h t s  have been recorde4 contpiw and recompiled so that their 

on'gbd r'mportance a n  ofrm e u l t  to ascertaiii, nie importance ofspec@cplmirs har 

ken aroggemed by commercial uiterests!' 

Nonetheles, historical evidence indicates that se- snakemt has long been utilized by 

a variety of native groups in eastem-central North America for the treatment of specific 

aiiments (summarized in Table 2.2). Seneca snakemt was most notably used in the 

treatment of rattlesnake bites. the mot king first chewed and then applied to the bite as a 

paste. The resemblaace of the root to a coiled snake ("Doctrine of signatures") could 

perhaps explain its use by the Seneca hdians to mat  snakebite (Briggs 1988; Weiner 

1980). The root was also used to treat snakebite by the Wmebago, Dakota, Cherokee and 

Iroquois peoples (Kindscher 1992; Moerman 1986). Snakeroot was also used in the 

treatment of insect stings and poisoning by the Wïmebago and Dakota peoples. 

The Seneca Indians also used the mot to d e  a tea, which was drunk as a treatment for 

coughs, sore throat and col& (Kindscher 1992). The boiled mot %a& was made into a tea 

and used as an abortifacient by the Ottawa and Chippewa (Weber 1980). The Nishinam 

boiled the entire plant and drank the üquid as a cl idt ic .  The boiled mot was used to treat 

heart trouble by the Mesquakies and Potawatomis (Kindscher 1992). The dried root of 

seneca snakemt was used as a chann and c d e d  as a talisman by the Chippewa and other 

native poples @ensmore 1928). 

In his memoirs, John DUM Hunter mentions that the Kickapoo, Osage and Kansas 

peoples used sen- snakemt: 

"... in co l .  infurions, during the remission qffevers, which are attended with great 

prostration of strength, and in diseuses of the puhonury organs. ntey also gave it 
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wann, in combinatiun with vurious other dnrgs, with o view to promote the sweating 

process, or to discharge rhc collectrctron of mucusfiom the tracheu and lungs. niey 

esteem if very highly in t k i r  f m i e  complanits. ami a h  in disease of their children 

when there b great d@culty ufbreafhiizg" (quoted Wrn Kindscher 1992). 

Seneca snakemt was offen used in mixture with other plant species. The Great Lakes 

Chippewa made a mdicine consishg of the mots of seneca snakemt, sagebmh, ground 

plum, mükvetch and Arkansas rose. Seueca snakemt, d e d  Bi'jiLiwuck' (Iiteraiiy, 'kattle 

herb"), was the principal ingredient. The mots were washed, scraped dned and then 

pounded into a powder. The dried powder of seneca snahrwt was kept separate, while the 

other herbs were ground into a mixture (DeIlSrnore 1913). The mixhire, which was used as 

a tonic and stimulant, was traditionally prepaied in the foliowing mariner: 

"A quart of water is heated in a pail and about 113 tif a teaspoon of the miied 

ingredients is placed on the suflace of the water ut the 4 sides of the pail (representirag 

no& south. e u t  and west). A very linle of the first [[principal ingredient] is placed on 

top of each. nie ingredients soon dissolve. A stronger decoction was secured by 

boiling. The medicine was taken 4 times a day. the dose being mal1 at first, and 

groduoly hcreased to about a tabIespoonjrr." (quoted h m  Densmore 19 13). 

In Manitoba and adjacent regions, the Plains Cree use a decoction of seneca snakerwt as 

a general remdy. The plant may be used alone or in mixture with other herbal remedies. 

Seneca snakemt bas also been used by the Cree and Sioux to treat earaches. Zieba (1990) 

reports that the Cree n a m  for rneca snakemt is 'wisak', while the Swampy Cree use the 

name 'wincekes'. The root is collected in the summer, dried, and stored for laîer use. The 

mot is steeped in hot waier, and the lukewann solution use to cure earaches. 



The fmt dated account of seneca snakeroot by Europeans was that of Rev. J. Clayton in 

1687, in which he mentions snakemt as one of 40 herbs "of greut secretî1 shown to him 

by natives in Virginia (Erichsen-Bmwn 1979). Later accounts in Virginia mention that 

native hcaling herbs were genedy coaceaied fkom European settIers, but that certain herbs 

such as 'rattlesnake mot' were allowed to be known as they need to be applied 

immediately. Seneca snakeroot was one of the first native healing plants u x d  by European 

settiers (Kindscher 1992). William Byrd of Virginia (1728) claimeci the best medicines for 

gout were those that: 

"... cfear a passage through the narmw vesse&, that are the seat of this cruel disease. 

Nothing will do this more suùienly that rattle-snokc's uiL which will men penetrate the 

pores of glass when wamn'd in the sun." (quoted h m  Coffey 1993). 

As there was no rattiesnake oil available on one of their expeditions. Byrd continue& 

"... but, lutely the Seneca Rufile-Sltctke-Rout has bem discover'd in this country. which 

being ut@s'd in winc. a d  drank every nwming and evenhg, hm in several instances 

huà a very happy aect  upon the g- and enubied cripples to throw away their 

crutches anà walk several miles." (quoted h m  Coffey 1993). 

In the eady 1700's. a Virginia doctor named John Tennent began using the root as a 

treatment for pleurisy and pneumonia He had obsemd the Seneca Indians using the root 

on rattlesnake bites, and noted that the symptoms of the bites were similar to respiratory 

disorders (Mïilspaugh 1974). Tement wrote to Dr. R Mead, a physician in London: 



"At I a s t  I wes infomed.. t h  there was a Root discovered by the Seneca Indians 

which wos a certain remedy ug- the Bite of the Ra!tCeSnake...and was distinguished 

... by the Mme of Seneca Rattte-Sllllrkeroot." (quoied from the file on Seneca Snakemt 

at the Hudson Bay Archives. Wpg.). 

In 1736 Tennent published "An Essay on the Pleurisy" in which he described and 

promoted the medicina1 virtues of seneca snakemt At the the, pleurisy was the most 

epidemic disease in colonial Virginia (JeKson 1963). AIthough respected by many 

Virginian colonists, Tement's experiments with seneca snakeroot caused considerable 

controversy amongst his fellow physicians. UnfortunateIy, other medicinai plants with the 

same cornmon n a m  were ofien mistaken for seneca snakemt by the Viginia colonists. In 

response. Tement began supplying the mot fiee of charge, which pleased the colonists but 

m e r  aüenated his coiieagues. 

In 1737, Tement traveiied to London with a supply of seneca snakeroot. He was weil 

received, and some of his material was sent to the Royal Society of Paris where its 

effectiveness in the treatment of pleurisy was again demonstrated. Tennent returned to 

Virgiaia in the f d  of 1737, but his persmal and financiai situations did not improve. He 

later retumed to Englanâ, where he died in 1748 a bitter and broken man. In 1760, his son 

petitioned the Viigbia House of Burgesses to reward his fathefs hdings. but the petition 

was rejected (Jellison 1963). 

Seneca snakeroot came to be widely used in Noah America and Europe following 

Tement's death (CreUin and Philpott 1990). By the early 1800's the plant had attracted a 

great deal of attention h m  the medical public, and was exported in large quantities to 

European apothecaries (Enchsen-Brown 1979). Seneca snakemt was used as an effective 

diuretic and expectorant, and in the treatmeat of rheumatism, dropsy, typhus. asthma and 



many other diseases (Hoim 1907; Crellin and Philpott L990). Gennan physicians praised 

seneca in t d g  ophthaida, preventing the formation of cataract, and promoting pus 

formation in hypopyon (Miiispaugh 1974). In 1870, C. S. Cowle spoke of seneca us "one 

4 the  few roofs mid see& thot you cmmt get enough cf [for resale]" (quoted h m  C r e b  

and Phiipott 1990). 

By 1887. seneca snakemt was over-hacvested to the point of near extinction in the 

eastem North Amerka, but it nmained abundant in the Northwest (Trease 1966; Coffey 

1993). Seneca snakerwt was widely harvested in Manitoba and Saskatchewan. In 1883, 

N. M. W. J. McKeane wmte oftk harvesting of seneca saaicemot by the Plains Cree: 

"... I saw that senega or Snukeroot wus UI greut &d in the States. It seemed to be 

the chief composition in nearly al1 patent medicines and we hud many acres of if 

growing al1 over the reserve; in foct t h e  wpr an abmdànce of it al1 over the country. I 

knew the root well, as the Indiuns always used it for their own medicinal 

preparations...Senega root was worth ali the wuy from 25 to 85 cents per 

pound..sorne of them made as much as $5 a W.. Snakeroot digging soon became a 

great industry al1 over the counby. .. .for several years later when I would be travelling 

by rai& ut any of the iittle stationsfrom whicli butter and eggs were shipped you wouùi 

always sec a fov sacks of Snakeroot in the shIpment." (McKenzie 1921). 

In a letter to the Right H o n o d e  Su John A Macdonald, McColl(1886) wrote that the 

aboriginal peoples of the Rosseau River reserve (ca. 60 km south of Wdpeg) "... have 

been for a nianber of years extensively engaged in gathering seneca Snakeroot, for which 

they annually received about ?en thouattd dalhrs", a coasiderabie sum in 1886. 



In 1909, the dried mot sold for fifty-five to seventy cents per pound (Wiener 1980). 

Caaadian exports and prices for wiId seneca snakeroot fiom 1919 to 1957 are summari;ed 

in Table 2.3 (hm Hlady and Poston 1959). Harvesting peaked in 1930 at Ca. 730,000 

lbs of dnd mot, but dropped off to about 150,000 lbs by the mid-19501s. During the 

1950's. seneca mot was coiiecteâ by at least 18 diffemnt native groups in southem and 

centrai Manitoba (illustrated in Figure 2.6). At this time, seventy-five percent of the 

worId's supply of the root was harvested h m  the Interlaice region of Manitoba, pmviding 

an annual income of $150,000 to the local abonginai peopIes (Shipley 1956). The t o m  of 

Hodgson, Ashem and GypsumvUe were the main depots for receiving mots. Seneca root 

was an important source of suisonai income to some native f d e s  in the Interialce region. 

The dried mot was purchased by the R.S. Robinson Company in Wiipeg. which in the 

1950's annudy exparicd 150.000 pounds of the dried root to England, Cuba, Iapan and 

SwitzerIand, as weii as supplying the United States and Canada (Shipley 1956). 

Seneca snakeroot was listed in the officiai United States Phannacopoeia from 1820 to 

1936 (Weiner 1980). and on the U.S. National Formulary h m  1936 to 1960 (KUidscher 

1992). In 1868, the species was included in a list of Canadian medichal plants in the 

Canadian Pharmaceutical Journal (Anonymous 1868). The species was also included on a 

dmg bayer's Est in the Appalachians (Ibchmal1%8). 

In the 192û's. seneca snakeroot was used in patent medicines to üeat bmnchitis, ofien in 

combination with other natunl expectorants. In the mid-19H)'s. seneca snakeroot was the 

main inpdient in a number of patent medicines and cough synips. Demand for seneca 

snakemt declined after 1960, so that by the mid-1960's the harvest in Canada was no 

longer commercialiy important (GUett 1968). The reduction in demand was Iargely 

attributable to the introduction of cheaper, chemicaily-synthesized expectorants (Tyler 

1981). 



Tablt 2.3. Camûh of SC- makcmot bda~tcd fiom Hiady and Poston 1959). 

values missing due to war-time 



1. Moose Lake 
2. Chemawawin 
3. Grand Rapids 
4, Pine Creek 
5. Waterhen 
6. Little Saskatchewan 
7. Lake St- Martin 
8. Crane River 
9, Fairford 
10. Ebb and Flow 
1 1. Lake Manitoba 
12. Sandy Bay 
13. Waywayseecappo 
14. Keeseekoowenin 
15. Rolling River 
16. Peguis 
17. Bmkenhead 
18. Roseau River 

Figure 2.6. Native groups in Manitoba who harvested seneca snakeroot in the 1950's 
(adapted fmm Weir 1960). 



(1) Utiiizetioa and phamiaceutid activity 

Seneca snakeroot is used as an expectorant, diaphoretic, sialagogue and emetic in the 

treatment of col&, ast)ima and bronchitis flyIer 1981). It is genedy administered as an 

inhision, liquid extrect or tinctwe (Pharmaceutical Society of Great Britain, 1952). Recent 

research in Japan indicates that seneca snakemt extracts are able to inhibit alcohol 

absorption by routing the alcohol to the large intestine before it can be absorbed into the 

blood stream (Conlon 1995; Yoshikawa et aL 1995). 

The principal pharmaceuticaiiy-active chemicals in seneca snakeroot, as described 

previously. are a mixture of triteqenoid saponins, which make up 540% of the dried root 

(Briggs 1988; Tyler 1994). Saponins are irrïtating to the gastric mucosa, causing secretion 

of mucus in the bronchioles (Pharmaceuticai Society of Great Britain, 1979). Seneca is 

therefore classined as an expectorant and is recommended in the treatment of respiratory 

disorders. Vomiting and purging can occur if recommended dosages are exceeded (Tyler 

198 1). 

The 1936 American Phamiafeutical Association's National Formulary describes the 

preparation of a fiuid extract of seneca snakemt that was used as an important medicinal 

base. The Pharmaceutical Recipe Book (Amencan Pharmaceutical Association, 1943) 

outhes the preparation of an ammoniated mixture of seneca, ipecac, and paregoric to be 

administered to children. By 1955. the National Formulary included only one fluid extract 

preparation and a single formula for seneca s p p .  The recommended preparation was a 
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diluted ammonia solution of 100 g of powdered seneca rwt, 2 volumes of alcohol, and 1 

volume of water. This was administered as a decoction in 1 ml dosages. 

In Great BBtain, the 1953 Phanaaceutid Fornuias (12th editioa) iisted seneca snakeroot 

as one of the 37 chief decoctions in use. It was employed as a fluid extract, glycetract 

(liquid extracts without aicohol) or inhisioa. The material was used fksh or in concentrated 

form. usuaiLy in mixrare with other pfoducts. 

In Europe and North America, interest in seneca snakeroot dacliaed in early 1960's. The 

plant was delisted h m  The U.S. National Formulary in 1961. Tyler (198 1) noted that the 

Haadbook of Non-Prescription Drugs (United States) did not List a single cough symp 

containhg seneca snakeroot 

A resurgence of interest in natural product medicine led to a considerable increase in 

exports of seneca snakeroot nom Manitoba in the late 1980's (Briggs 1988). Seneca 

snakeroot continues to be used maidy as an effective expectorant and emetic (British 

Pharmacopoeia, 1993). The mot material is obtained either h m  the harvesting of wild 

material in Noah America, or h m  plants cultivaîed in Japan (Pmcott-Allen and Rescoa- 

Men 1986). Martindale's Extra Pbarmacopoeia (Reynolds 1993) bas recently listed seneca 

snakeroot as an ingredient in thkty-five dmg products. for use maialy in the treatrnent of 

coughs. colds and respiratory disorders. These products are mariufachued in Europe 

(mainly Spain, France and Switzerland). Australia, Sweden and South Afkica (Table 

2.4). 





Table 2.4 continued. Herbd products manufactured abroad utilizina seneca snakeroot (from Reynolds 19931, 

No, M u c t  name Use Country produccd 

25 Pulmo Xidratol Codeina respiratory tract disorden Spain 
26 Pulmofasa respiratory tract disorden Spain 
27 Pulmofasa Antihist upper respiratory tract disordcrs Spain 
28 Pulmothiol coughs France 
29 Filmothi01 Enfants coughs France 
30 Senamon respiratory tract disoxùers Aus tralia 
31 Seneplus coughs and colds Austraiia 
32 Silphoscalin Gcrmany 
33 Sirop Pectoral adulte coughs France 
34 Tubemi coughs Franm 
35 Tusolone respiratory tract infections Spain 
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Prescott-AUen and Prescott-Ailen (1986) kt seneca snakeroot as an ingredient in 13 dmg 

products manufactured in Canada, whik the Compendium of Non-Prescription Proâucts 

(Canadian Pharmaceuticai AsSOCjation, 1995) Iîsts seneca snakeroot as an ingredient in six 

cou@ synips manufachired in Canada (Tabk 2.5). Therapex (Québec) produces a 

branchial cough synip containing seneca mot. Their main supplien of the root are EMIL 

Fiachsrnam. Swieerland (who did not cooperate with my request for information) and 

Active Organics of California (who have since gone out of business). Trans Herb (Québec) 

incorporates seneca sndceroot into a herbai toothpaste sold in Canada and Europe. The 

Company purchases seneca root duectly corn Canadian suppliefs, though they indicated 

that obtallring suffiCient amounts of mot is sometimes diflïcuit. A homeopathic cold remedy 

containhg a tincture of seneca root is mdactured  by Homeocan (QuEbec). Jeunique 

International (Québec) incorporates seneca into their N-R-G Plus vitamin-mineral 

supplement 

(4) HerbaLists and herbal preparatious 

Herbalists describe seneca snakeroot as a herb "that's coming back into popularity 

(Crellin and Pbilpoa 1990). Tyler (1981) notes that although herbalists have praised the 

virnies of seneca mot, overdoses can cause severe stomach upset and vomiting. Seneca 

root has k e n  used by herbalists in aating coughs and colds, and it has k e n  used as a 

stimulant. It has has alson eenmmended in the treatment of rheumatism, sore throat, and as 

a blood purifier. CreUin and PWpott (1990) note that seneca snakemt has aiso been used 

in the matment of acute bronchitis, asthma. blood poisoning, chronic catarrh, chronic 

croup, d r o p q ,  lung congestion, pleurisy, pneumonia, rheumatism, smdlpox, and 

whooping cough. 



Table 2.5. Roducts manufacturad in Canada which contain scneca snakemt (compiled fmm the Compendium of Non- 
Pmcrbtion Pmducts, Canadian Phannaceuticai Association 1995). 

Roâuc t Name Manufacmr Province Dosage f m  Saneca content 

Branchial Cough Symp Theralab Que bec 250 mL symp lmglmL 
Branchial Cough Synap Dmg Trading Ontario 250 mL syrup 0.015 mL,/mL 
Bmnchidia Cough Symp IDA h g  Trading Ontario 250 mL symp 0.015 
Bmnchozone Cough Symp Certified Drug Trading Ontario 250 nd. synip 0.015 n&hL 
Sirop Coci1lana Codeine Lab Atlas Quebec 250,500 mt syrup 0.57 m m  
WampoIt Bronchiai Cough Synip Wampole Ontario 250 mL syrup 5.5 mg/mL 



Seneca snakeroot is widely used in Europe in the form of cough drops, herbal teas or 

synips for trrating coughs, colds and throat irritations m e r  1981; Dwyer and Rattray 

1986). Unprocessed dry root is sold in Europe for herbal tea pieparations. In Viema, 

Austria, the rwt is sold at the retail Ievel for 1283 Austrian schillings per kg (CU. a 2 5 0  per 

lb., Mïke Hauser, pers. comm. 1996). 

(5) Asian markets 

The cultivated form of raeca snakemot (Polygah senega var. larifolia, Japanese seneca) 

is used as an expectorant in Japan (Wallis 1967; Saitoh et al. 1993a). Polygala tenui$oIia 

('yuamhi' in Chinese, 'onji' in Japanese), which is closely related to seneca snakeroot, is 

mentioned in the ancient Chinese herbal literature. Traditional plocessing methods specified 

that oaly the mot %a&' be used, although modem preparations generdy utiüze the entire 

rwt. Interestingîy, studies have iadicated that the mot core contains ody a small amount of 

the active saponins (Chang and But 1986). The product was traditionaliy used as an 

expectorant, sedative and resuscitatiag agent in both China (Tang and Eisenbrand 1992; 

Huang 1993) and Japan (Saitoh et al. 1993a). In China, it is ais0 used to strengthen the 

nervous system, as an anti-swelling medicine (Shibata 1976; Tang and Eisenbrand 1992), 

and as a cancer treatment (Amencan Herbal Pharmacology Delegation, 1975). Clinical 

studies in China iadicate that it is also usefiil (in mixture with other herbs) in the treatment 

of chroaic bmncbitis, insomnia and fatigue (Chang and But 1986; Keys 1976). Related 

species (Polygala tcnuijiolia and P. chinensis) are valued in China for their meclicinal 

properties, especiaiiy in treating coughs (Tang and Eisenbrand 1992). 

It has been demonstrated that the saponins of P. senega and P. tenuifoliu are almost 

identical (Fujita and Itokawa 1961; Shibaîa 1976). The saponh of Indian seneca (Polygala 
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chinensis) and Siberian seneca (P. sibirica), which have also been used in traditional 

medicine, contain closely-rehted saponin compounds (Wallis 1967; Shibata 1976; Huang 

1993). 

Seneca snakuwt has been used in v e t e ~ a r y  medicine as an antitussive in sedative 

expectorant complexes (Morton 1977; Rossoff 1974). Personal communications (1995) 

with a sample of veterinatians in W m g  revealed an Ullfamiliarity with the dmg. 

(7) Modern uses by native peoples in Manitoba 

Snakeroot is also used medicindy in homes in Manitoba. A seneca digger fiom the 

Grand Rapids area cwrently uses the root as a cure for col& and arthritis. He boas about 

three mot crowos in water, seains the mixture and then drinlcs it (H. Chartier, pers. CO-. 

1995). Seneca root is weU known among the Nithawitniw of Canoe Portage. The mot is 

collected, dried and stored for future use. The root is steeped in hot water, and the 

lukewarm solution placed in the ear to cure earaches (Zieba 1990). 

2.13 Economics of seneca snakeroot in Manitoba 

Canada (particularly the provinces of Manitoba and Saskatchewan) has long been the 

major supplier of wild seneCa snakeroot (Gillett 1968). Plants h m  the Canadian prairie 

provinces are known commercially as the 'Northem' or 'Manitoba' variety, and were held 

in high esteem due to their large size (Gillett 1968). 



Seneca snakemt is generally dug in the early summer, when the plants are in flower and 

more easily recognized. In Manitoba populations, it takes ca. 30-40 mots to make one dry 

pound (Hiady and Poston 1959). bots dry to about one-third of their fiesh weight 

(Elsasser, pers. comm. 1996). Diggers of seneca snakeroot ohen travel dong madsides in 

the Interlake region of Manitoba, quipped with a spade and a burlap bag tied around their 

waist In the s u m m u  of 1995 two seneca diggers, Clarence Campo and Henry Chartier, 

were interviewed. Both were obsemd collecting seneca snakeroot dong Provincial 

Highway 6 near Grand Rapids. 

Clarence Campo has been âigging seneca mot for about nfteen years. He claims that not 

many peuple bother digging for seneca root anymore. He uses a srnail, n m w  spade to 

loosen the plant h m  the soil. Once the plant is out of the ground, the shoots are twisted 

off and discardeci. The k h  mot in then piaced in a shouider bag. 

Henry Chartier, 69, is a retkd Manitoba Hydro employee who digs seneca root 

throughout the summer. He uses a large pick-axe tool which he believes works better than 

a shovel. He places the mots in a bag which he keeps tied around his waist. In two hours 

Henry can dig about t h  pounds of mot. When he gets home he washes off the mots with 

water and then lays them out on a screen to dry (eiiher in the sun or in a small shed). The 

drying process may take up to two weeks, depending on the weather. 

Thme seneca snakemt exporters were interviewe& Ken Hooper (Whnipeg), Dave Buck 

(The Pas), and Doug Elsasser (Togo, Saskatchewan). They aii stated that the current 

problem with the industry is the lack of seneca mot diggers. 



M.. Hooper putchases seneca root primarily h m  diggers in the InterIake region. He 

remembers that seneca mot digging uscd to be a family &air. fithe familes would go out 

for the day or wœk to c o k t  seneca mot. He feek that today many people believe that the 

time and effort iavolved in coliecthg the mot is too geat. Mr. Hwper exports seneca to the 

United States and Empe. 

Mr. Buck purchases snakemt h m  diggers in the Grand Rapids, Gypsumvilie and 

Moose Lake areas. He selis the dried material to an unnamed major pharmaceutical 

company in the United States that has international connections. Mr. Buck believes that 

most if not ail the root evennially ends up in Europe. 

Mr. Elsasser is the owner of Pariciand Botanicais. He purchases seneca mot fiom diggea 

in eastem Saskatchewan and adjacent western Manitoba (Mafeking, Swan River and 

Boggy k k  regions). The dried mot is sold to a pharmaceutical company in Montreai, as 

weU as to brokers in Vancouver and North Carolina 

In the summer of 1994, exporters wen paying ca five dollars a pound for the dried root. 

This increased to ce six to eight dollars a pound in 1995. ca. ten to tweive doilan a pond  

in 1996. and it is anticipateci that the price will increase to ca. ten to meen dollars a pound 

in 1997 (B. Bad, pers. comm.; D. Elsasser, pers. comra). 

It appears that a large poaion of Manitoba sen- mot ends up overseas. According to 

the Canadian Embassy in Tokyo. Japm imports c a  six metric tons of seneca root each 

year. Their largest supplier is Germany. Since the Japanese prefer rwts harvested in the 



wild, it is very UnlilCeIy that such a large amount of seneca mot is coming nom cultivated 

sources in Germany. In ail likelïhwd, German exporters are acting as intermediaries 

between Canada and Japan. 



CsAPTER 3 

MATERIALS AND METHODS 

3.1 Description of study sites 

The study area incorporates Manitoba Hydro rightsof-way (ROW) comdon in the 

northern Interlake and Grand Rapids regions of Manitoba (Fig. 3.1). The study sites 

were located either on the high voltage dinct current (450 h. HVDC) transmission line, or 

the adjacent lower voltage alteniatiag cumnt (230 kv AC) transmission line. 

Construction of the HVDC line began in 1968. and it was M y  operational by 1972 

(MacLeUan 1982). It is a 895 km double-line system running h m  Guam to the Dorsey 

receiving station near Winnipeg (Walker 1994). The AC line parallek the DC line nom the 

Minago River to Dorsey. The two AC line sections included in this study are the bipole iine 

section from Ashem to Grand Rapids (operational since 1964). and the unipole section 

between Grand Rapids to William River (operational since 1966; R. Bukowsky, pers. 

comm.). The AC and DC transmission lines geaerally parauel Provincial Highway No. 6, 

dowing ready access to most sites. 

The study area f d s  entirely within the Boreal Plains ecozone, and the Mid-Boreal 

Lowland ecoregion (Smith et al. 1995). This ecoregion is underlain by Palaeozoic 

limestone bedrock that is covered with glacial deposits. Limestone outcrops are fkequent 



\ ~ h i d y  area 

. Winnipeg 

Figure 3.1 Map of Manitoba showing study ana. 



throughout the area Elevation within the study area ranges between 218 m ês.1. (Lake 

Winnipeg) and 3 10 m as.1. (The Pas moraine). The topgraphy consists of a ridge and 

swale pattern trendhg fmm no& to south. Soüs in the amt are mainly Eutric Bninisols, 

Organic Mesisols and Fibasols. The study area includes t b  ecadistricts (Smith et al. 

1995): 

This ecodistnct occurs north of The Pas moraine, and includes the town of Grand 

Rapids. This region is characteriaxi by a low-relief limestone plain ovedain by a thin layer 

of glacial ta. Mean elevation is 259 m a d .  The district is dominated by limestone 

bedrock, and s d  limestone sinkholes are common. Relief changes arr ca 0.6 m per km. 

The Pas Moraine, a distinct topographical feature of the mid-Boreal Lowland ecoregion, 

extends fkom Lake Winnipeg (Long Point) west between Lake Winnipegosis and Cedar 

Lake, ending south of The Pas. The moraine is characterized by southwesterly trending 

ridges and swales with a mean elevaîion of 279 m asJ. The southem edge of the moraine 

consists of a steep escarpment c a  50 m in elevation. On the north side, the moraine has a 

gentle dope of m 1 m per km. Mesisolic orgaoic soils are common in this area, almg with 

gray luvisols and eutric brunisols. S M o w  glacial deposits and limestone outcrops occur 

throughout tht ana 



This ecodistrict occurs south of The Pas motaine. This region is characterized by a north 

to south trending ridge-swale pattern. Level peatiands consisting of mesisolic soils, and 

glacial deposits and limestone outciops. are also commoa Gray luvisol soils are common 

on the ridges. whiie gleysolic and otganïc soils have developed in the swales. Eutric 

brunisols are also found over calcareous glacial tiil. Mem elevation is 259 m as.1.. and 

relief changes are c a  0.6 m per km. 

Climatic data (mean monihly temperature and precipitation. 19664990) h m  the Grand 

Rapids Hydm meteomlogical station (53'09'N. 99'17'W) are summarized in Fig. 3.2. 

Mean annual tempe- is 0.5%. and July is the warmest month (18.8'C). Mean annual 

precipitation is 48.2 cm (1 1.6 cm snow, 36.6 cm rain). The highest Wall occurs in June 

(7.5 cm). and November the greatest snowf '  (23 cm) (Eavhnment Canada 1995). 

Vegetation sampling twk place in lune, 1994 when temperature averaged 15.l0C and 

10.1 cm of min feli. Demographic and phenological pronle surveys o c c d  weekly fiom 

June to mid-August (1994). and May to September (1995). During these periods mean 

monthiy temperatures were similar to long-term normals. but precipitation values deviated 

substantially from normal (Fig. 33. Fig. 3.4). Precipitation values in June and July of 

1994 were above normal (10.1 and 12.8 cm in June and July respectively. compared to 

long-term normals of 7 5  and 7.5 cm). whereas August 1994 was unusualIy dry (1.9 cm 

compareci to the normal 6.7 cm). In 1995, the opposite trend was seen. June and July were 

unusuaily dry (0.9 and 3.8 cm respectively). wheieas August was wet (13.5 cm). 









3.1.4 Forest fire historv 

Forest fire bistory for each site was obtained h m  Manitoba Forestry fire-history maps. 

Large-scale fires occumd in the 192û's and 193û's thughout the study area. More ment 

tires, which have been smsller and more localized, are detaiIed in Section 3 -1.7. 

Over 70,000 km of electricai transmission and distfi'bution lines are found in Manitoba. 

Vegetation management dong these lines is essential to enme safety and an uninterrupted 

supply of power (Manitoba Hyàro 1992). Manitoba Hydro currently uses three vegetation 

management strategies: mechanical removal (tractors. chah saws); herbicides (hand or 

ground-operated equipment); and biologicai control (using favorable plant species to 

outcompete undesirable ones). The f h t  method is currently the most widely used 

3.1.6 Site seIection 

Sites were chosen based on accessibiiity and the presmce of seneca saalcemot. Ten study 

sites were intensively sampled. nine on the AC lim and one on the HVDC line (Fig. 3.5). 

Seven sites were selected north of The Pas moraine, on the Cedar Lake plain. This area is 

primariiy a dry, flat limestone plain dominateci by stands of jack pine (Pinus banhiana). 

Seneca saaicemot is abundant dong roadsides and on Manitoba Hydro rights-of-way 

tbroughout this area. An additionai three sites were located in dry habitats south of The Pas 

moraine. Seneca snakeroot was rarely encountend on The Pas moraine and in adjacent 

poorly-drained areas. Individual site names are based on mwer n u m k  and type closest to 

the study plots (e.g. site 176 AC refets to tower number 176 of the AC, lower voltage 

line). 



Figure 3.5 Map of study area showing site locations. 



3.1.7 Site d-paons * .  

The foUowing site descriptions are based on personal observations. soü survey reports 

(Fraser et aL 1985). and Manitoba Foresey fire-history maps. 

This site is located CO. 54 km north of Orand Rapids. The dominant surfise texture is 

loam with patches of bedtock, sand and gravel. The site is rapidly to well-drained and 

bordered by stands of jack pine on either side. The last recorded bum occurred in 1956. 

The right-of-way is unshaded and covered with wky calcareous till. 

This site is located C a  42 km noah of Grand Rapids. The site is well to rapidly-drained 

and domiaated by loamy soil. although limestone outcrops are also present. The area was 

partiaUy burned in 1979 and is bordered by young stands of jack pine. The right-oGway is 

unshaded and rocky. and slopes slightly towards the no&. 

This site is located ca 30 km no& of Grand Rapids near the junction of Highway No. 6 

and the Buffalo Lake road Mature jack pine to the east and a mixture of jack pine and 

trembiing aspen to the west border the site. The last forest fire at tbis site was in 1937. The 

dominant soil is a rapidly to weil-dtained loam-sand-grave1 mix. The right-of-way is open 

and rocky, with some shading from regeneniting jack pine and aspen. 



This site, located ca. 10 km north of Grand Rapids near a grave1 pit maci, is bordered by 

stands of jack pine to the east and a mixed jacl pine-Macl spmce stand to the West. The 

dominant soi1 is a rapidly to weii-drained loam-sand-grave1 &. This area bumed in 1929 

and again in 1937. 

This site, located ca 1 km north of Grand Rapids. is the only one located dong the DC 

he. It is bordemi by jack pine and black spmce. with the occasional balsam poplar. A £ire 

occurred nearby in 1976. though there is no evidence of fïre in the immediate vicinity of the 

site. The dominant soi1 is a rapidly to weli-draineci loam-sand-grave1 mix. The right-of-way 

itseif is roc& and unshaded. 

This site is located CU. 5 km south of Grand Rapids and about 1 km d o m  the Wayside 

Road It is bordered by stands of jack pine. though black spmce and balsam poplar are also 

present. The soi1 is a well to rapidlyaiained sand-grave1 mix. The area was bumed in 1937 

and again in 1961. The right-of-way is grass-covered and somewhat shaded by 

regenerating jack pine and trembling aspen. 

This site is located ca. 15 Lm south of Grand Rapids. in a n e n t  bum area (1989, and 

previously in 1963). The site is weli to imperfectly-drained. with loam and mesic peat 
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depressions predominating. The rïght-of-way itself is relatively well-drained, open and 

uns haded 

This site is located co. 117 km no& of St Martin Junction, The m a  is characterized by 

well to imperfectlyai.aiaed clay deposits. The forest bordering the site consists of a mixture 

of white spnicc, jack pine and baisam poplar. The area was bumed in 1929, and a smaller 

£ire in 1970 may have also bunied the study site. The rïght-of-way is a grassy, slightly 

rolling rneadow, with some shading from shnibs. taii herbs and grasses. 

This site is located ca. 103 Lm north of St. Martin Junction. The predominant soi1 is a 

cdcareous, clay-stony ta. The area is Ievel to undulating, and imperfectly to weU drained. 

The right-of-way is bordered by stands of jack pine with some white birch. A large £ire 

occumd in 1929, and the site may also have k e n  burned by a smaller fire in 1970. 

This site is located c a  100 Lm north of St. Martin Junction. The topography is Ievel to 

unduiating. with imperfoctly to weJl-drainecl clay-1- to stony till. This site was burned in 

the huge fîre of 1929, and possibly again in 1971. The right-of-way is bordered by stands 

of jack pine, with young white spruce dong the forest edge. 



3.2 Field sampling 

The ten study sites were sampled to obtain badine information on the ecology and 

population biology of seneca snakemt in Manitoba's Interlake region. Vegetation 

sampihg was undertaken to obtain information on the plant c o m m ~ t i e s  in which seneca 

snakeroot is found. and to quantify seneca snakeroot abundance. demography and 

biomass. Environmental information (soil and habitat descriptions) were also obtahed for 

each study site. 

Descriptions of seneca snaLuwt habitats were obtained by recordhg information on the 

forest vegetation bordering nghts-of-way in which seneca was found. Local topopphy, 

shading, and soil moistue conditiom were &O noted. 

Three replicate soi1 cons (8 x 8 x 12 cm in depth) were randornly taken h m  each of the 

ten study sites (June 1994) in areas where seneca snakeroot was found Fresh samples 

were stored in a coder in the fieId and transfemd to a cold-mom at the University of 

Manitoba. The soil was then prepared for nutnent, conductivity and pH analysis by 

Norwest Labs, Winnipeg. Total nitrogen (N) was analyzed by using a CaC12 extract and 

automated colorimetry. An ammonium acetatelacetic fluoride extract and automated 

molybdate colorimetry was used to detennine total phosphorus (P). Potassium (K) was 

determined using fiame photometry and an ammonium acetatdacetic fluoride extract. Sulhir 

was analyzed by using a CaQ extract and methyl thymol blue automated colorimeby. Soi1 

conductivity and pH were determined using a standard water extract (Nomest Labs 1994). 



Ttansects were used to determine the relative abundance of seneca snakeroot, and to 

provide a summary of associated plant species. At each of the ten sites, two 20 m line 

transcts were randoxniy placed in areas where seneca snakemt was present Percent cover 

of vegetation was recorâed in 1 r 2 m rectanguiar quadrats placed at every other meter 

dong the trawct (20 quadratslsite). Cover were made in laîe June, 1994. 

Aithough it is impossible to determine the age of seneca saalcemot plants, the number of 

shoots (plant 'si&) undoubtedly increases as plants age. Number of shoots per plant was 

therefore used to obtain demographic pronles of seneca snakeroot popuiations. At each 

study site, a 10 x 10 m semi-permanent plot, divided into 100 1 x 1 m grids, was 

established. Each grid was sampled by recording the location of ai l  seneca snakeroot 

plants, and counting the number of shoots of each plant. In addition, ten randody selected 

plants were permanentiy marked in each of the 10 semi-permanent plots. AU sites were 

visited weekiy fiom mid-June 1994 to late August in 1994, and again from May to 

September in 1995, and the coadition of marLed plants (e.g. fiowering, seed production, 

etc.) was recorded to obtain a phenologicai pronle of the species. 

3.2.5 Above and b e l o w - w d  b ioma 

Above and below-ground biomass allocation in seneca snakeroot was deterrnined by 

carefuUy digging up living plants. A total of 56 plants of various size were harvested in this 
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way in 1994, from a nurnber of locations. Above and below-ground biomass were 

separated, dried in an oven at 80' C and massed 

Seed capsules were collectecl h m  mid-Juiy to early August (1994 and 1995) h m  a i i  

sites. Capsules were removed by band, stond in paper bags and brought back to the 

laboratory, where they were carefdLy spread out ta dry. Drying opened the capsules. 

reieasing the seeds (two pet capsule). The seeàs were picked out and stored in sealed glas 

vials at 2'C for later use in germination experiments. The mean weight of 1ûûû seeds was 

ais0 detennined. 

3.3 Laboratory experiments 

Laboratory experiments were underiaken to: (1) determine the seed bank present in areas 

where seneca snakeroot occurs; (2) to investigate seed germination requkments of seneca 

snakeroot; (3) to investigate mthads for vegetative propagation of seneca snakeroot. 

These experiments were undertaken in the growth-cbamber and greenhouse facilities of 

the Botany Department, University of Manitoba. A Conviron CMP-3023 growth chamber 

was used in seed germination and vegetative propagation experiments. The chamber was 

set at 24°C with 12 hours of Light per &y. Mean illumination was ca. 51 wattslm2, nom a 

bank of fluorescent aud incandescent bulbs. Two greenhouse areas were used for growing 

plants. The south-west greenhouse had fluorescent bulb lighting, with a mean illumination 

of c a  12 wattslmz. The south-east greenhouse had similar conditions, but illumination was 

somewhat higher at ca 17 wattslm2. A section of the main greenhouse with hi@-intensity 

sodium lights was used for seed bank, seediing and plant propagation experiments. This 



greenhouse has a mean ülumination of ca. 57 waWm2. AU the above greenhouse light 

intensity readings were taken on a ckar s m y  day in January. 

3.3.1 Seed b& 

Sampliag was undertaken to determine soii seed bank composition. and to determine 

whether the soil contained germiaable se& of seneca snakeroot. Five soil seed bank 

samples were taken at each site in Jdy, 1994. Sarnpiing involved taking three scoops of 

soil. using a garden trowel. from beneath the fiowering shoots of mature seneca plants. 

The scoops were placed in a labelleci plastic bag and kept refngerated. Ia the laboratory. ten 

random sub-sampIes of 70 ml of soil were rnixed with 1 liter of water to form a slurry 

(Shaw 1993). This slurry was carefuuy pomd over a mixture of 2 parts sterilized soil, 1 

part peat and 1 part perlite contained in 15 cm wide plastic pots. The 100 pots were then 

placed in the University of Manitoba greenhouse and watered regularly. Species were 

recorded and removed upon identification. The experiment ran for eight months. 

The above procedure was repeated in September 1995, but half of the soil sample was 

placed into a TC cold-mm for two months before potting (cold-stratification treatment). 

This expriment also nin for eight mon& 

Numemus experiments (using varied amounts of seeds and repetitions) were undertaken 

to determine the germination requirements of seneca saakemt setd (surnrnarized in Table 

3.1). Most germination trials took place under light, since pmliminary experiments 

indicated thaî seds fded to germinate in the dark. Removal of the ad (elaiosom) nom the 

seed did not appear to increase germination success. A number of other treatment 



Table 3.1. Description of techniques uscd in seed g errnination trials, 

TecM~ue Descrbtion 

Aril removal 

Cold-stratification 

Germination medium 

Growth environment 

Scarification 

Seed storage 

*surface stdiztion with b1each:wata solution (l:20 parts) 
*surface steriiization with 'No Damp' 
*aicohol surface sterilization 

*extemai appendage (eIaïosome) ranoved h m  se& 

*seeds placed between layers of mois  sand for 6-8 weeks (2 'C) 

*petri dishes + filter papa dampened with waier 
epetri dishes + filter papa dampened with gibberellic acid 
*pots with various combinations of mil mixtures 

eseeû coat siit with scalpel (two slits) 
mat partidy removed with scalpel (cut) 

* m m  temperature ( h s h  seeds) 
ecold storage ( TC) 
&eezer storage (ZC) 

eseeds soaked overnight in water to sofien seed coat 
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combinations involving various mixes of germination medium. anti-hngal treatment, 

scarification, and wld stratification were attempted, as s m  below. 

Two germination media were used: (1) damp filter paper in petri dishes; (2) greenhouse 

soil mixes. The f h t  involved placing seeds on damp fiIter paper in parafilm-sealed, 9 cm 

diameter glass petri dishes. These petri dishes were kept in a contralied growth chamber 

(24-C, 12 hours of light, mean illumination of ca. 51 wattdmz). The second method 

involved sowing seeds on the surface of soil placed in pots. Pots were kept either in the 

greenhouse, or in a controlied enviromnent chamber. 

In early experiments, seeds were often attacked by an unidentifîeci fungus before they had 

a chance to germinate. To overcome this problem, seeds were surface-sterilized. This 

involved washing the seed in a 20: 1 waterhleach solution for 1-2 minutes, and then rinsing 

with pure water. In most expeàwnts. seeds were soaked in pure water for one &y prior to 

the bleach treatment. 

Scarification involves scratchhg or cutting the seed coat to promote germination. Seneca 

snakeroot seeds were titst soaked overnight to soften the seed coat Under a dissecting 

microscope, the seed was carefiilly hcld with tweezers and the seed coat slit open using a 

sharp scalpel. Later, as much as possible of the bottom haif of the seed coat was removed 

(see Fig. 3.6). since early experiments demoastrated that this increased germination. 



Figure 3 -6. Scarif~ed seeds of seneca sndceroot 



Cold-stratification involved placing see& between layers of moist sand, and exposïng 

them to near-freezing temperatures for at least 6-8 waeks. This treatment simulates 

conditions experienced by seeds in winter. In this experinaent, seneca snakeroot seeds were 

placed between a double layer of cheese cloth c o v e d  with moist sand @ig. 3.7). and 

kept in a cold-room (mean temperature of 2%) for periods mgkg fhm two to six months. 

The sand was Lep moist with regular waterings. 

Gibbenllic acid is a hormone that controk plant growth and development This hormone 

is found in actively-growing areas of the plant such as the embyro. Gibberellins promote 

seed germination, stem and leaf development, flower and f i t  development, rwt growth, 

and cell differentiation. Seeds that require specific environmental conditions to germinate 

wiii ofien break dormancy when treated with gibbereilic acid (Bidwell 1974; Campbell 

1993). In this experiment, gibbereLlic acid was used in varying concentrations (0.1, 1. 10, 

25,50 and 100 m&) in an attempt to promote the germination of seneca snakeroot seeds. 

Vegetative propagation has two major advanmges over seed germination: (1) propagated 

individuais are identica1 to their 'parent'; (2) plants are developmentally advanced and wili 

grow more quickly. A nurnber of vegetative propagation methods were attempted. as 

summarized below (see also Tabk 3.2). 



Figure 3.7. (1) Cold-stratification trays of seneca snakeroot seeds. 
The seeds are layered between moist sand and placed 
in a cold room (2°C) for two to six months. 
(2) Diagramatic üiustratioq of seneca snakeroot seed 
stratification, 





Rwt CU- 

Entire plants were dug up. transported to the greenhouse, and potteci. After one year of 

growth, pieces of the taproot fiom these plants were cut into 2-5 cm long pieces. These 

rwt pieces were plantai into mil, or piaced on the soil surface, in plastic growth trays. The 

trays were then placed in the pnhouse and watacd nqphdy. 

Shoot pieces of varying length were cut h m  living seneca snakermt plants, at different 

phenological stages (e.g. newly elongating shwts, mature (flowering) shwts). These were 

planted into soi1 in 15 cm diameter pots. Some shwts were fint dipped in commercial root 

starter in an effort to promote root growth, The root starters used were 'Stim-Root No. 1' 

(Plant Roducts Co. Ltd.), which contains 0.1% BA.  and 'Roots' (Wilson Laboratories 

Ltd.), which contains 0.4% IBA and a fungicide. Pots were placed in the greenhouse and 

watered reguiady. 

Living seneca snakeroat plants were carefully dug up fiom the field and immediately 

transported to the University of Manitoba greenhouse. Whole plants were cut in half 

veaicaily and each haifrepotted Pots were p l a d  in the greenhouse and watered regularly. 

3.4 Field experiments 

A series of field experimnts was undertaken to investigate some of the factors limiting 

growth and germination of seneca snakeroot. Manipulative experiments were used to 
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investigate whether the addition of macf~nutrients, or the removal of competing vegetation, 

would lead to an increase in seneca saakemt growth, A third experiment involved sowing 

h s h  seed into pnpared plots in the field to deteninine in siru germination success. These 

experiments are descn'bed in greater detail below. 

Macroautrients (nitrogen-potassium-phosphonis) were added to plants growing in the 

field to determine whether wiid populations are nutrient-Wted. This experiment was 

undertaken at three of the study sites (183.33, and 133). At each of tbese sites, plants of 

similar size (total aumber of shoots) were paind and msuked in the field. Paired plants (10 

pairs at site 183,s pairs at 33, and 15 pairs at site 133) were C a  1 m apart. One plant in 

each pair was randomly selected for nutrient addition, while the other sewed as a 

procedural control. Every two weeks ( h m  June 1- 23, 1995). treated plants were watered 

with 2.0 L of commercial 20-20-20 (N-P-K) nutrient solution. Control plants received 2.0 

L of water without added nutrients. Above-pund biomass of each plant was harvested in 

mid-summer (Jtdy 6.1995). dried at 80%. and massed. 

This experiment was undertaken to determine whether removal of competing vegetation 

resulted in incrrased growth of seneca snakeroot plants. This experiment was perfomed at 

sites 75, 1078 and 8. Ten pairs of size-matched plants were selected at each site and 

marked. Treated plants had the above-grouad biomass of potential cornpetitors (defmed as 

a plant within a 0.5 m radius of the seneca plant) removed every weelc, beginning in June 

1, 1995. Contml plants were left untouched. Above-gromd biomass of each plant was 

harvested in mid-summer (July 6. 1999. dried at 80°C, and massed. 
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3.4.3 SowjnO of seed under field conditions 

Site 176 was selected for the seed sowing expriment On June 1,1995 a grid of six 1 x 

1 m plots was marked out with stakes. All plants were removed from within the plots, and 

the soi1 was tilled with a hoe to a depth of ca. 15 cm. Twenty-five non-scanfied seneca 

seeds were sown into each of t h  plots, while the remaining thne plots were sown with 

twenty-five SC-ed (by sliciag the seed coat) seeds. AU plots were lightly watered 

Mmediately after the seeds were sown. Plots were weeded and carehlly monitored for 

evidence of seneca germination and seedling establishment every week until the end of 

August. 

For both the cornpetition and nutrient experiments, clifferences in above-ground biomass 

between the two treatments were tested using two-sided, paired t-tests. The nul1 hypothesis 

is that man biomass values for the treatments are not statistidy different 

~omespondence analysis ordination was used to summarize the vegetation composition 

of the ten study sites. Ordination methods are used to efficiently represent and summarize 

the major trends present in a complex, multivariable data set The results are presented in 

the fom of a two-dimensional ordination biplot, in which the sites and species are placed in 

accordahce to their relative communality. The ordination program CANOCO (ter Braak 

1987) was used to penonn the analysis. 



CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Ecology of seneca snakeroot 

Extensive field reconnaissance surveys were undertaken dong rights-of-way, highways 

and in naturai areas of the northem Interlake ta determine the habitat preferences of seneca 

snakerwt. The species occm abundantiy throughout the region in dry, unshaded sites. It 

shows a clear preference for calweous (pH > 7). limstone-based soils, and is rarely 

found on the acidic substrates of the Canadian Shield. Seneca snakeroot also shows a 

strong preference for weU-drained soils. Whüe it does occur in moderately-drained sites, it 

is not found in wet, low-lying, boggy sites. Typically, the species is found adjacent to dry, 

upland stands of jack pine and trembihg aspen. Seneca snakeroot is also found in the 

native grasslaads of southern and western Manitoba. 

Seneca snakeroot appears to be quite shade-intolerant. It is abundant in unshaded or 

lightiy shaded areas such as cleared rights-of-way, but kcomes Mequent  in more shaded 

habitats such as closed fonst stands and unmanaged rights-of-way. The species is common 

in open areas, which suggests that it is may not be a particuiarly strong competitor. V- 

bladiag (the mechanical management of vegetation w&r Hydro lines) creates open habitats 

that are favourable to seneca snakeroot. Dry, recently bmed sites are also colonized by 

seneca snakeroot (e.g. site 36). The abundance of seneca snakeroot in the northen 

Interlake is atûi'butable to a combination of the cdcareous soils, and disturbances that open 

up habitats for the species. 



Soi1 macronutrient status. conductivity and pH for the teii study sites are sumrnarized in 

Table 4.1. Soils are basic (mean pH = 8.1. range 7.5 - 8.5), indicating calcareous 

conditions. Mean conductivity ïs C a  0.3 &/in, i n d i h g  non-saiine conditions (values < 1 

dSlm are considered non-saline in agricultural soils). Meau nutrient values for nitrate- 

nitrogen. phosphate, potassium and sulfate were ca. 4.2, 2.6. 120.3 and 2.9 ppm 

respectively. Ushg agricultural guidelines. these mils would be considered highly deficient 

in nitrogen and phosphorus (J. Hicks, Norwest Labs pers. corn.). This suggests that 

seneca snakeroot cm tolerate mamnnutrient &ficiencies. 

Mean percent cover estirnates for the most common species. and for bare ground. are 

summarized in Table 4.2 (see Appendix II for the complete data set). Total vegetation 

cover was < 50% in most sites. particularly in the sites north of Grand Rapids (where 

exposed rock limited plant colonization). Mean cover of seneca snakeroot was 3.15%. 

Common associates include bearberry (9.78%). sedges (mainly Carex aurea and C. 

richardsonii, 9.67%). lichens (mainly Chdina spp. and Cladonia spp., 7 .OS%), wild 

strawberry (S. 10%). smwth aster (4.89%). northern bedstraw (4.85%). bryophytes 

(mostly red-stem moss, 3.32%). American vetch (2.73%). northern reed grass (2.34%), 

and yanow (2.20%). 

A comsponâence aDalysis ordination biplot summarizing plant community relationships 

between the ten sites is presented in Fig. 4.1. Species c o n  to ai i  sites, such as seneca 

snakeroot, yarrow, wild strawbeny, smooth aster and noahun bedstniw, are fouad near 





Table 4.2. Species commonly associnted with seneca snakeroot. 

Species Common name Mean % cover per site Mean % cover 

133 104 75 33 1078 8 36 134 176 183 (ail sites)* 

Polygala senega 

A d  illea rnillefolium 
Arctostaphylos uva-ursi 
Aster laevis 
Calatnugrostis inexpansa 
Carex aurea 
Carex richardroriii 
Fragaria virg iniona 
Galium boreale 
Vicia arnericana 

Y arrow 
Bearberry 
Smwth blue aster 
Notthcm reed gras 
Golden sedge 
Richardson's sedge 
Wild strawberry 
Northern bedstraw 
American vetch 

Cladina spp, Cladonia spp Lichens 
Bryophytes 

Rock 
Bare ground 
Litter 
Dead wood 

* Mean % cover per site may not add up exactly to mean % cover overall since site 133 is based on 3 iransects. 





the center of the ordination diagram. The most nortber1y site (133) occurs on its own at the 

top right of the ordination diagram. fi has higher lichen cover. and higher shmb abundance, 

than the other sites. The other noithem sites (8.33.75.104 and 1078) oaw as a group at 

the bottom right of the ordination diagram. These sites are characterized by high cover of 

Richardson's sedge, and bryophytc species. Th m a t  southerly sites (183, 176, 134 and 

36) occur at the upper Ieft of the ordination diagram. These sites are characterized by higher 

cover of species characteristic of grasslands, such as smooth aster, northern reed grass, 

northem bedstraw and American vetch. The results indicate that the southem portion of the 

right-of-way is dominateci by grassland-like vegetation, whereas the northem sites are 

characterized by boreal species that are tolerant of dry conditions. such as bearberry. 

bryophytes and lichen species. 

4.2 Population biology of seneca snakeroot 

A phenologicai pronle of semca snakemt populations in the northem Interialce region of 

Manitoba is summarized in Hg. 4.2 (based on detailed survey data, Appendix III). 

New shoot growth begins in early s p ~ g  (late April to early May, depending on prevailing 

soi1 and air temperatutes). These newly emerging shoots are dark purple in colour, with 

scak-iike leaf primordia Bright green eiîiptical-shapea leaves fonn as the shoot elongates. 

The base of the shoot is scaiy and =tains its pwpiish colour. Flowering begins in Iate May 

and lasts into early July. The flowering head first appears as a dense, green-coloured, 

cone-shaped structure at the end of each shoot The white fiowers first a p  at the base of 

the f l owe~g  portion of the shoot. The f l o w e ~ g  head is cyhdrical in shape when the 

plant is in full bloom, and the sepals tum a pinkish colour. Fruits (two-locular green 

dehiscent capsules) first appear in early July. Approximately 30 days later, the capsules f d  
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to the p u n d  and the shoots are baie of capsules by early to mid-August The shoots begin 

to die back in late August to early Septernber. Dead shoots ( h m  previous years) ofien 

remain attached to the motstock until they rot away. New shoot buds develop in late fall 

(September - Ocîober) aid over winter until spring. 

Density of seneca snakeroot plants, and t&e mean number of shoots per plant, are 

summarized across the ten study sites in TaMe 4.3. Mean density over a i l  sites was Ca. 2 

plantdm2 (raaging h m  0.47-4.W plaxWrn2). The mean numbet of shoots per plant. over 

ali 10 study sites, was ca 5 shootdplant (based on a sample of 1863 plants). The smailest 

plants were found at site 134, which also had the highest plant density. In general, sites 

with the largest plants (e.g. sites 133 and 1078) were rocky, making the digging of plants 

difficult. Site 36, which was l e s  weil-drained than the other sites, had the fewest plants. 

Size-frequency bistograms for the ten seneca snakemot populations are pnsented in Fig. 

4.3. The number of shootdplant showed a strongly L-shaped (positively skewed) 

distribution at ali  sites. That û, the populations are characterized by a large number of srnall 

plants but comparatively few large plants. niû result suggests that: (1) seneca snakeroot 

populations successfully regenerating by seed, since there an a large number of small 

plants; (2) oldu plants are either dying naturaliy, or are king selectively harvested. The 

iargest plant found, based on a sample she of 1863 plants, had 70 shoots (site 1078). The 

rnajority of plants had fewer than 20 shoots, however. 



Table 4.3. Population density and mean number of shoots of seneca snakemt at v w h s  sites. 

Site Density /m2 Mean No. Shoots 

North 133 3-54 5,88 
104 1 *O1 4-37 
75 2-08 6.23 
33 0-9 1 5 ,42 

1078 1-15 8.17 
South 8 1,38 4,54 



Site 133 

n=354 

Site 75 

n=208 

Site 1078 
15 n=11S 

10 

5 

Site lû4 

n=101 

Site 33 

n=91 

No. of Shoots No. of Shoots 

Site 8 

n=138 

Egun 43. She-hquency histognuns for the 10 study sites. 
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Figure 4.3 continueci. Size-fiequeacy histograms for the 10 study sites. 
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Changes in the number of shoots between 1994 and 1995, for the 100 marked plants (10 

per site). are summarized in Table 4.4. Thirteen of îhe plants were lost for various 

reasons (harvesting, natuial m d t y ,  site destruction). Of the remaining 87 plants, 59 

showed an increase in the number of shoots (mean of ca. 3.7 shoots), 17 showed a 

decrease (mean of c a  2.9 shoots). aad I l  had the same number of shoots. Overall, these 

resuits indicate that the numbu of shoots increases with plant age. 

The spatial pattern of individual plants at each site are given in Appenda III. Whiie 

plants at sites 8, 33, 133, 104, and 134 were datively evenly distriiuted throughout the 

study plots, the other sites shows higbiy clumped (clustered) plant distributions. 

In the summer of 1994, fifty-six plants were barveste& and dried mot and shoot material 

was massed. The graph of root:shoot mass (Fig. 4.4) shows that above and below- 

ground biomass allocation in seneca snakeroot are approxknateIy qual, over ail plant sizes. 

4.2.5 R-d seed procluctiPn 

In both the field and greenhouse-pwn populatioas, ht-year plants (i.e. those with a 

single shoot) were never observeci to fiower. However, most plants having two or more 

shoots produceci flowers and hie. Each shoot produces on average ca. 37 flowen (range 

15-63, n = 50; Table 425). Since each flower produces a capsule containhg two seeds 

(mean weigbt per seed was 0.0017 g based on a sample of 1000 seeds), each shoot 

produces an average of ca 74 seeds per annum. Plants in the study sites had on average 5 

shoots. the number of seeds produced is ca 370 seediyr. Length of inflorescence per 

shoot was C a  2.37 cm f 1.09 s.d. (range O - 4.5 cm. n = 49). In both the field and 



Table 4.4. Numba of shoots pcr markcd s e n a  pîant in 1994 aiid 1995. A dash (-) refm 
to a plant diat was missing duc to hesting, namrol amditg amad construction. 

Northcm No, of shoots North- No,ofshoots 
Sites 1994 1995 Dinerence Sites 1994 1995 Diaizence 

road constnicted 
mad constructed 

1 
1 

-3 
-4 
-1 l 



Table 4.4 continuai. Number of shoots pet msrked seneca plant in 1994 and 1995. A 
dash (4 refm to a plant that was mÛsing due to huvcsting, narnal mortality or road 
c0nsmctioIL 

Southern No. of shoots Southem No. of shoots 
Sites 1994 1995 Di f f inct  Sites 1994 1995 Diffcrence 



LOG (ROOT BIOMASS) 

Figure 4.4. Log-log plot of mot vs. shoot biom~s~ in g c a ~ ~ ~  (n=56). 
LUK indicates a one to one relationsbip ktwcen mot and shoot. 



Table 4.5, Numk of sceds in a taadom S8rnDIe of 50 scneca snalrcroot shoots. 

No. Numbcrof seeds No. Numbcr of se& 

Mean 37.3 Standard deviation 10.9 
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laboratory, it was noticed that flowering shoots that were cut or damaged early in their 

development bihircated to produœ a pair of flowering shoots. 

4.3 Harvesting and morWlty in wild popdations 

Table 4.6 smmmizes  harvesting and monality of the 100 permanently-marked plants. 

Six plants were harvested (based on excavation scars) during the summer of 1994, at sites 

133, 1078 and 176. These harvested plaats were aU relatively large (range of 14-29 

shoots), suggesting that larger plants are differe~ttiialy harvested. Hameshg ia the vicinity 

of sites 75 and 183 was aIso noted. Five plants could not be relocated in 1995. Since no 

evidence of excavation was found, it is assumed that these plants died of aatural causes. 

Most of these plants were smaii (1.2,3,6 and 11 shoots). 

4.4 Nutrient expetiment 

The mean above-ground biornass for the nutrient-treated plants was 1.94 g I 1.78 SA. (n 

= 29). and for control plants 1.66 g f 1.55 s.d. (n = 29). The pairrd t-test (t = 1.957. p = 

0.060) suggests that plants tnated with nutrients are larger than the control plants. though 

the results are not quite sipaiIicant at the a = 0.05 kvel. These nsults suggest that growth 

of seneca snakemt in the Interlake region may be increased by nutrient addition, though 

more long-tcmi experiments are required. Given the low levels of nitmgen and phosphate 

in Interlaice soils. this nsult could perhaps have ken  anticipated. Unfortunately. nutrients 

in this experimnt were oniy added thme times beginniag in early June, by which time 

shoot production and elongation had already taken place and flowering had begun. Future 

studies should consider adding nutnents earlier in the growiag season. before shoot 

elongation talces place. 



Table 4.6. Loss of sema nlants h m  dots duc to harvestinn. construction ar mattslitv. 

Site Plants lost in 1994 
(includes plant size) 

Plants lost in 1995 
(includes plant si=) 

harvesped, 26 and 14 shoots 
no los8 

no las, but etidence of hamsting in ana 
no loss 

himsmî, 15,26 and 19 shoota 
no loss 
no loss 
no loss 

harvesied, 29 shoots 
no loss, evidtna of hamsdng in m a  

no loss 
no los9 

loss duc c consmction, 6,2û, 1 shoot(s) 
diad, 3 shoots 

died, 1 1,6 shoots 
no loss 

diad, 2 shoots 
no loss 
no loss 
no loss 



4.5 Cornpetition experiment 

The mean above-gmund biomass for plants in wceded plots was 1.09 g f 1.04 s.d. (n = 

30), and for control (unwceded) plots 1.21 g f 1-37 S.& (n = 30). The pairrd t-test (t = 

1-16. p = 0.25s) indicates that wacding had no effect on plant biomass. This is perhaps not 

a surprishg d t  given that the study sites are spamly vegetated. Seneca snakemt plants 

growing in more shaded habitats might be expected to benefit h m  weeding. but more 

experiments are re@red. 

4.6 Seed germination - field experiment 

Plots som with scadied and nonosCafifiecl seed were monitored thtoughout the growing 

season, but no evidence of seneca snakeroot germination was noted. Conditions were 

unusually hot and dry in June and M y  of 1995, which might accouat for these negative 

results. Further research is clearly requurd to determine the conditions necwary for seneca 

snakeroot seed germination under nahual conditions. 

4.7 Soi1 seed baak 

Resuits of the seed bank trials are surnmarizeà in Table 4.7 a - c. A number of species 

germinated in these trials, mostiy short-lived, 'weedyl species. A single seedüng that 

appeared to bc seneca snakeroot came up in the fht seed baaL trial. but Wlfortunaîely it 

died kfore it could k defïnitely identifiecl. No other seneca plants germinated- Seneca 

snakemt seeds were udoubtediy in the soii, since coiîections were purposely taken h m  

beneath existing seaeca snakeroot shoots. However, samples were taken in mid-summer, 



Table 4.7 (1). Species that gerrninated fmm seed bank soi1 collecteâ in mid-summer 1994. * 
SCIENTIFiC NAME COMMON NAME 133 104 75 33 1078 8 36 134 176 183 

Achîllea dllefollnun Ymow 
Agropyron ~uchycaulum Sknder wheatpss 
Agrosrls SC& Rough hair grass 
Anenwne m u l r î  Cut-ltavcd ancmonc 
Arabis hitsuta Hirsute m k  cress 
Benda sp. Birch spccies 
B m w  sp, Brome spccies 
Cany,anula r o t d ~ o l i a  Harcbe1l 
Cardamine parvifora Small bitter cress 
Cirsium awertse Canada thistIe 
Deschanpsirr cuespitosa Tufted hair grass 
Epilobiwn ciliutm Northern willowherb 
FtagCUIa virginianta Wild strawberry 
Galium boreale Northern bcdstraw 
Mentha arverrsls Field mint 
Phnrago sp. Plantain species 
Pou compressa Canada blue grass 
Pou profensis Kentucky blue grass 
Poteniilla norvegica Rough cinquefoil 
Sortchus amensis Perennial sow-thistle 
Taraxacum oflcimle Danâelion 
Thlaspi arvenre Stinkweed 

X X X 
x 

x x x x x x  X 
X 

X X X X  X  X 

X 

X 
X X X X X 

X X 
X 

X 
% X X X X X X X X  

x X n X 
X X 

X 
X K X X K  

X X X X  x 
x 

X X X 

X X X X 
X 



Table 4.7 (2). Species that gemiinated from seed bank soi1 coilected in mid-summer 1995. 
9 

Anuwanthus retroflem~~ 
Cardamine pm@~ru 
Che~podium ulbm 
Cirsium arverrse 
Galium boreale 
Poa pratensis 
PotentiJJa ~rveg icus  
Senecio vulgwis 
Setaria viddis 
Silene noctiflora 
Sonchur uwensis 
Tur~x(xcum oflcinale 

Red-mot pigweed x 
Small bitter cress 
Lamb's-quarters x x x  
Canada thisde 
Northern bedstraw x 
Kentucky blue grass 
Rough cinquefoil x 
Common groundsel x 
Green foxtail 
Nighi-flowering catchfly x x 
Perennial sow-thistle x 
Dandelion x x x 

X 

X X X  

X X X  
X x 
X K 

X X X X X X X  



Table 4.7 (3). Specics that germinatcd nom s d  bank cold-trcated soi1 collected in mid-summer 1995. * 
SCIENTIFIC NAME COMMON NAME 133 104 75 33 1078 8 36 134 176 183 

Agrostls scabra Rough hair grass 
Arubis hirsutu Hirsute rock cress 
Campada rotunâ@ofia Hmnbell 
Ciretwpoàiiwn album Lamb's-quarters 
Cirsium arvense Canada thistîe 
DescnMipssh caespitoso Tufted hair gras 
Galium boreale Northem bedstraw 
Heucherai richardronii Alumroot 
VIolo sp, Violet species x 
Pm ptatenris Kentucky blue gniss x 
Potentillo norvegicus Rough cinquefoil 



prier to the shedding of the curent year's seed. The seneca snakemt seed collected was 

apparently either not viable. or their seed coat was not sufficientiy broken down to d o w  

germination to mur. The seeck that were viable likely germinated in early s p ~ g  as 

evidenced by numemus sccdIings that were observeci s\u~ounding many of the established 

plants. Seeds may also have been r e l d  by ants thereby decrrpsing the number of seah 

present in the saedbanL ben& existiDg s e n  snakeroot plants. 

4.8 Laboratory seed germination triah 

A complete summary of the peai dish seed germination trials is given in Table 4.8. 

Initial attempts to gemiinaie both freshly coiiected and coid-stored seed were unsuccessfial. 

Removal of the ar i l  (elaiosorne) did not improve germination success. Initial attempts at 

seed scarification (two siits in the seed coat) resdted in a few seeds germinating. In later 

experhents, 'scarification' involved complete removal of a portion of the seed coat. This 

type of scarification greatly increased germination rates. Most experiments were performed 

in petri dishes placed in a growth chamber, since the highest germination rates were 

achieved under these conditions. Fungai infection was prevented by soaking the seeds in a 

1:20 bleach : water solution (see Methods). 

The plant growth hormone gibberellic acid was used in varying concentrations (0.1 mgL 

to 100 mgL) in an attunpt to promote germination. In combination with scd~cation,  

application of gibberrllic acid was found to increast gemiination rates in most experiments. 



Table 4.8. Seed germination trials. In al1 cases petn dishts were used dong with filter paper dampened with water or 
gibbre11ic acid (GA), if useà. W.S. refers to window d l ,  G.H. nfers to greenhouse and G.C. mfen to the growth chamber. 
Al1 seeds wen pn-soaked in water for 24 hours pnor to scarification and/or GA matments except trials in 1994. 
Germination nsults with a question mark (1) were only qualitatively noteô. 

Date And-Fungal 
(mldly) a a t m n l  

7/6/94 
7/6/94 

9/21/94 
10/24/94 

4/2/95 bleachfwater 
4/3/95 bleacwwater 
4/4/95 bleacwwater 
4/5/95 bleacwwater 

4 / l W  bleacwwater 
4/ 12/95 bleach/water 
4/12/95 bleach/water 
4/13/95 bleachjwater 
4/25/95 bl tach/water 
4/26/95 bleacbater 
4/26/95 bleach/w ater 
4/29/95 no damp 
4/29/95 no damp 
4/29/95 no damp, alcohol 
4/29/95 no damp, alcohol 
4/29/95 no darnp 
4/30/95 alcohol 

Secds used 
(matment/age 

frcsh/1994 
fiidgel l994 

aril removed/1994 
cold stored/1994 
cold stored/1994 
cold storeci/ 1994 
cold s tond/l994 
cold s toreà/l994 
cold storeâ/1994 
cold store41 994 
cold s tored/l994 
cold s tored/1994 
cold storeâ/1994 
cold stored/1994 
cold storW1994 
cold store# 1994 
cold s tore4 1 994 
cold stored/ 1994 
cold storedl 994 
cold store41994 

Scarification GA Growh Rcsults 
(m@) Environment Germination (% Gezmination) 

(ovedi average) 
W*S* O15 O 

darkness Of5 O 
G. C. 0/100 O 
G, C. 0/15 O 

2 dits G. C, 311 5 few 
2 slits G. C, 1/45 few 
2 slits W.S. 1/30 fcw 
2 slits W.S. 111 5 few 

cut G.C. ?lw few 
cut W.S. 7/30 few 
cut G.H. 7/30 ftw 
cut W.S. 7/15 few 
cut O. 1 G C  1\15 few 
cut O, 1 G C  ?/lS few 

O. 1 G.C. 1/15 O 
G.C. O/iO O 

cut G.C. 011 5 O 
O. 1 G.C. 0115 O 

cut O, 1 G.C, 2/15 13 
cut O. 1 G,C, 2/15 13 
cut G.C, 2/15 13 



Table 4.8. continued. 

Date Anti-Fungal Seeds used Scarification GA Growth Results 
(nJdly) ma-t (treatmcnllage (ma) Environment Germination (% Germination) 

collec ted) (overall average) 
511 6/95 bleacma ter cold fitondf1994 cut G.C. 5/60 8 

bleach/water 
bleach/water 
bleach/w atm 
bleach/water 
bleac mater 
bleacb/watm 
bleach/water 
bleach/w ater 
bleach/w ater 
bleach/w ater 
bleach/w atcr 
blcach/w ater 
bleach/water 
bleac h/w attr 
bleachlw atm 
bleach/w ater 
bleac h/w ater 
bleach/water 
bleacwwater 
bleacw ater 
bleach/w ater 
bleach/w atm 

cold storedl1 994 
stratified 4 months/1994 
stratifieâ 4 months/1994 

freezer stonA/1994 
freezer stored/1994 
cold storcd/1994 
cold storcil/l994 
cold stoW1994 
cold stored/1994 
cold stored/ 1994 
cold stored/1994 

sttatified 2 monthsf l994 
sttatified 2 months11994 

fresh/1995 
frcsh/1995 
fresh/1995 
freshl1995 
fresh/1995 
fresh/1995 
fresh/l995 
fresh/l995 
fresW1995 

cut 
cut 

cut 

CUt 

cut 

cut 

CUt 

cut 

cut 
cut 
cut 
cut 
cut 

G.C. 
GC. 
G.C. 
O C  
GE. 
G.C, 
G,C, 
G.C, 
G.C, 
G C  
G.C, 
G.C. 
G,C, 
GE. 
G.C, 
G C  
G.C, 
G C  
G.C, 
G.C. 
G,C. 
G.C. 



Table 4.8, continucd 

bleach/w ater 
bleacwater 
bleachhater 
bleachlw ater 
b1eachEwater 
bleachhater 
blcachhvater 
bleachater 
bleac&atcr 
bleach/water 
bleach/water 
bleac h/w ater 
bleac Wwater 
bleac Wwater 
bleac h/wa ter 
bleach/water 
bleach/wa ter 
bleacwater 
bleach/w at er 
bleachhater 

Seeds used Scarification GA Growth Results 
(matment/age (mgh) Environment Germination (96 Germination) 

collec tcd) (overall average) 
hsh/1995 cut 100.0 G.C. 12/20 60 
fmh/l99S 
fres hl1 995 
fresb/issS 

stratified 4 months/1994 
stratified 4 months/1994 
stratified 4 months/1994 
stratified 4 months/1994 
stratified 4 months/1994 
stratified 6 monthsf El94 
stratifitd 6 months/1994 

cold s tored/1995 
cold stored/l995 
cold storW1995 
cold s toW1995 
cold s tored/1995 
cold stored/1995 
cold storeû/1995 
cold stortd/1995 
cold stored/1995 

cut 
cut 
cut 
cut 
CUt 

eut 
cut 
cut 
eut 

cut 
cut 
cut 
cut 
cut 
cut 
cut 
cut 
cut 

G.C. 
G.C. 
GE. 
G,C, 
OC, 
G C  
G,C, 
G.C. 
G.C, 
G.C. 
G.C, 
G-C, 
G.C, 
G.C. 
G,C, 
G.C. 
G.C. 
GE, 
G*C. 



Seed stratification in moist sand, for periods mghg h m  two to six months, was also 

undertaken (in conjunction with seed scarification). A two-month sttatifkation period 

resulted in ca. 20% germination success, but this increased to CU. 90% when seeds were 

stratified for four months. A six month stratification yielded eu. 50% germination. 

suggesting that a four-month Stratification period is optimal for seneca snakeroot. 

Greatest germination success (85-90%) occun#i for scarified seed (removai of at lest  

25% of the seed coat) that was stratified for four months. The addition of gibbereilic acid 

iacreased germination hirther stül (to aimost lûû%), but the resulting seedlings were often 

weak and somewhat spindly. 

Seedlings germinated in petri dishes were successfiilly transplanted into greenhouse soi1 

once they had deveioped a strong root and shoot system (generaliy 2-3 weeks after 

germination). Afier a few months of growth, these seedlings wen placed in a cold-rmm (2 

OC) for 3 months to simulate over-wintering conditions. AU seedlùigs treated in rhis way 

produced numerous shoots when they were removed h m  the cold-room and placed back 

in the growth chamber, indicating that they were winter-hardy* 

None of the fnsh seeds sown into peat/sand/soil and peat/sand mixes germinated. Seeds 

that were stratifiai for four moaths also failed to germinate when sown into a mixture of 

soiysand/perlite. In July of 1995. cold-storeâ se«ls cokted  in 1994 were soaked in water 

ovemight. Haif were scarified prior to sowing into soil. and half were sown without 

scarification. None of the non-Scatifjed sced germinated, but a germlliation rate of ca. 20% 

was achieved from scarified seed. The emrging secdlings were weak and soon died, 



however. It is therefore recommended that seneca saakemt seeds be germinated in petri 

dishes. and the seedlings iater cranspIanted into mil. 

4.9 Vegetative propagation 

Results of the mot propagation trials are summatiz+d in Table 49. OveraU the results 

are not encouaging. A few small lateral mots were pmduced h m  small mot pieces placed 

on the soi1 surf- but otherwise mot propagation was unsuccessful. 

The resuits of the shoot cuning experiments are summarized in Table 4.9. The fmt 

experiments used shoot cuttings taken from plants ~ W L I  in the greenhouse. The procedure 

involved placing fireshly cut shoot cuttings (ca 2 - 5 cm in Iength) into greenhouse soil. 

Only a few mots were observed growing fiom these shoot cuttings. The next experiment 

used the same procedure, but the base of the cuttings were dipped in a commercial root 

starter (Stim-Root No. 1, 0.1% IBA) prior to planting. Again, only a few rmts were 

produced h m  these shoot cuttkgs. In a third experiment, shoot cutting ends were dipped 

in a commercial mot starter containhg a hingicide (Wilson's Rwts, 0.4% BA). These 

cuttings showed much comiâerabk mot growth aftcr one month. 

On May 12,1995 fiesb cutthgs were taken h m  plants in the field The plants had just 

begun to grow, and the shoots were shoxt (genedy < 5 cm). purplish in colour, and with 

ody a few lea€ primordia. These cuttings were takcn back to the greenhouse, where they 





were pianted into greenhouse soi1 after the base was dipped in a commercial mot starter 

(Stim-Root No. 1.0.146 IBA). These cuttiags showed strong above-ground growth, and 

new shoots were formed afier a few montbs. Shoots coiîected a week later May 18,1995) 

and treated in the same way did not take as wek howmr. Shoot coliected on June 1.1995 

were f ï owe~g ,  and cuttings did not survive transplanthg Some non-fiowering shoots 

collected on June 17, 1995 survived transplanting, but establishment success was low 

compared to shoots coUected in cady May. TbeJe mults indicate that propagation of seneca 

snakeroot by shoot cuttiags is poss ï ï  but only if the shoots are colîected in the Iate fdi or 

early spring (young shoots c 5 cm in length, with leaf primodia only). Older shoot 

cuttings, paaicularly if they are f l o w e ~ g ,  do not rmt weli. Cuttings dipped in a 

cornmerciai mot starter (preferably one with a firngicide) @or to planthg produce the best 

results. 

Some of the plants produced h m  shoot cutthgs were grown for six months and then 

placed in a coldmom for ihtee months to simulate over-wintering. When these plants were 

placed in the growth chamber, some resumed growth but others did not. Further 

experimeais are required to determine optimal conditions for the establishment of seneca 

snakeroot shoot cuttings. Success of cuttings taken in late f d  shouid also be detemiined. 

4.9.3 Whole-rn di- * . *  

In the spring and summet of 1995. individual seneca snakeroot plants were carehilly dug 

nom the field, transported to the University of Manitoba greenhouse, and cut in half 

verticaüy using a scalpel. The two halva were phted into standard potting soii and grown 

in the greenhouse. Plants coliected in early May surviveci weil, but plants taken later in the 

growing season (late May and June) did not perfom as well (Table 4.9). These nsults 
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indicate that whole-plant division shouid be perfomed in the eady spring (or late fd), 

while the plants are stiU dormant or just after they have bmken donnancy- 

The plants divided in early May were overwintaed in a cold-mm, and then placed in the 

growth chamber to resume growth. These plants produced numemus new shoots and even 

flowered, indicating that whole-plant division is a feasible method for propagating seneca 

soakemot. 



CHAPTER 5 

SUMMlARY, SUSTAINABILM'Y AND BECOMMENDATIONS 

In order to investigate seneca snakemt populations in Manitoba, aspects of the biology, 

ecoIogy, economics and history of Polygolcl senegu were considend 

Available litetanire was reviewed to summarize relevant information on seneca snakeroot. 

In Manitoba, this perennial herb is typ idy  found on calcareous soils in open, dry habitats. 

Seneca snakeroot bas been used mediciaaily by many of the aboriginal peoples of North 

America, for a wide variety of ailments. In the 1700's seneca mot was intraduced into 

European medicine, and subsequently became a valuable natural treatment for respiratory 

disorders. A recent resurgence of interest in naturai products has i n c d  the demand for 

seneca root. This naturai product has been, and continues to be, an important part of 

Manitoba's economy. Increased hanresting and reduced habitat availability (due to land 

clearing for agriculture) Ieads to the question of the sustainability of native seneca root 

populations in Manitoba. Recent attempts to germiriate seneca secds in North America have 

been unsuccessful. even though a variety of seneca snakeroot is cultivated in Japan. 

Basel* information revealed that on Manitoba Hydro rights-of-way in the northem 

Interlake, seneca snakemot occurs on dry, calcareous (mean pH of 8.1). nutrient-deficient, 

silty-clay soil. Common associates include bearbury, sedges, lichens, smwth aster, 

northem bedstraw, bryophytes and wild strawberry. Seneca shoot bu& develop in late faii, 

oveminter and t&n continue development in eady spring. F i o w e ~ g  occurs h m  Iate May 

to early June. Fruits appear in Juiy and mahue within 30 days. Size-frequency âiagrams 

indicate that seneca snakemt is successfiilly regenerating at the ten study sites. The species 
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aiiocates approximately equal biomass to above and below-ground structures. Loss of 

larger plants was mainly due to harvesting, and d e r  plants due to mortality. 

h order to investigatc the economics of seneca, persons invoIved in the seneca snakerwt 

industry of Manitoba were contaclcd and intewiewed Diggers may be found throughout 

the summer dong roadsides co11ccting the mot. The drieâ mots are sold to bmkers and 

exporters thughout the province. Exparters may seil the mot dinctly to pharmaceutical 

companies, or to international brokers. Phammceuticd companîes either sel1 the root whole 

or powder it for incorporation into a variety of products. In Europe and Asia, the root is 

aiso sold whole for herbal tea pnparations. The majority of the global triade in non- 

cultivated seneca mot appears to be based on materiai harvested in Manitoba, 

The resuits h m  germination and propagation experinients indicate that seneca snakeroot 

c m  be propagated both vegetatively and h m  seed Two seed germination methods proved 

successftû. The fïrst involves stratifying seed in moist sand for four months, and then 

scarifjhg the seeds using a fine scalpel. The second method involves scarincation and 

application of giibereilïc acid, a plant growth hormone. Vegetative propagation (of material 

coUected in the early spring or late fall) is best achieved by planting shoot cuttings dipped in 

root starter, or by dividing whole plants* 

5.2 Sustainabillty of seneu snakeroot popdations 

Seneca snakemt plants are îikely susiainabk in the Notthern Interlaice area. especially in 

regions north of Grand Rapids. h these regions, outcrops of ümstone bedrock and loam- 

sand-grave1 soil mixes commonly mur and make the digging of seneca diffîcult. Seneca 

digging is far more efficient and profitable in areas closer to and south of Grand Rapids. 

The hamesting difficuities due to the mcky terrain combhed with the positive results of the 



size-fhquency histograms (seneca is successfully regenerating at each study site). le& to 

the assumption that seneca snalceroot plants in the Northem Interlake region can be 

considered fairly safe from overharvesting - for now. However. Interlake regions in which 

the soil is characterized by clay or loam mixes. which make seneca snakeroot easier to 

harvest, could vey well be pmoe to overharvesting. Seneca has been overharvested to near 

extinction in eastem North Amenca (Coffey 1993) and authors Howarth and Keane 

(1995a) wam that smeca toot is king ovetharvested in Saskatchewan as they ask readen 

' P k e  do mt pick the wiLd seneca roor'. 

In grassland regions. such as parts of Saslcatchewan and Riding Mountain National Park 

(RMNP). seneca snakeroot is present, but not as abundant as in the Interlake region. This 

is Iikely a result of overharvesting. competition with other species and loss of suitable 

habitat. Soil mixes in grassland regions are 'IOOS& enough to facilitate efficient harvesting. 

Fortunately. RMNP does not permit harvesting but in similar regions. seneca bas no 

protection. Cornpetition with other species could aiso be a factor in grasslands. Seneca 

snakerwt is Wrely a poor cornpetitor. Seneca thrives in the rocky, dry. nuaient-poor soils 

of the Interlaice where few other species survive. so the competition level is low. In 

grassland regions. the soil is richer and species diversity is high (compared to northern 

hterlake rocky areas). Seneca, which is nlatively shade-intolerant, is not able to compete 

as eficiently with the numerous other species and therefore is less abundant than in the 

Interlake. Seneca snakeroot has also k e n  a£fected by habitat loss. Agricultural and urban 

development. especially in southern Manitoba and Saskatchewan, have eliminated 

appropriate snakcmt habitat. In these regions, nmnants of seneca populations may be 

found in ditches and roadsides. 



A complete sumy of the seneca snakcmt populat.0~1~ in the province would be useful 

for determinhg the abundance of seneca snakeroot and the locations which rnay be 

susce@%le to overharvesting or habitat Ioss. 

Aside h m  the p ~ ~ ~ s u r e s  on seneca snakuwt populations, it is important to remember 

that seneca mot is a valuable part of Manitoba's economy and traditionai We. Rather than 

suggesting that the barvesting of seneca mot be 'banne& in certain areas, f i e r  research 

on the cuitivation and propagation of seneca mt s h o d  be pmmoted 

The economic value of seneca snakeroot and the stresses on nanual populations (such as 

harvestiag and habitat loss) combined with the knowledge gained from the study, have led 

to the development of fout recommendations for the management of seneca snakeroot 

populations in Manitoba These are summarized below. 

5.3 Recommendations 

1. Habitat loss and increased harvesting have placed considerable pressure on the 

remaining native seneca snakerwt populations in Manitoba, Hmesting pressure on wild 

popdations can be aiieviated by promothg the cuitivation of seneca snakeroot. It is 

recommended that a program to propagate and cultivate seneca snakeroot be developed 

for the northern Interlake (Grand Rapids) ngiw. in cooperation with the aboriginal 

communïties in the area Research on the propagation and cultivation on seneca 

snakeroot should be continued. Cultivated seneca root could grow to become an 

economicaiiy viable Manitoba cmp. Entrepreneurs h m  British Colombia (as well as 

0 t h  paxts of Canada, including Manitoba) have shown considerable intuest in growing 

seneca snakemt in theh province. where other m p s  such as ginseng and echinacea, 

have become economicaliy valuable. Logistically, seaeca root should be cultivated in 
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Manitoba where the enviromenta1 conditions are appropriate and where the plant 

naairallyoccuis. 

2 Seneca sDalreroot harvesting aad marketing stratcgies that wiil bring economic benefit to 

the aboriginal communities of the Grand Rapids aita (and other tegions of Manitoba) 

shouid be devcIoped Seneca diggers couid be advised that fidi harvesting (rather than 

summer) would d o w  for the maximum amount of seed to be dispersed and 

subsequently increased regeneration of plants the following year. Apparently, the 

concentration of saponins are highest in the f d  (Howarth and Keane 1995). A 

distribution network for the efficient and profitable marketing of cultivateci seneca root 

shouid be created for the direct benefit of the harvesters and exporters in Manitoba 

3. Manitoba Hydro rights-of-ways in the Interlaice region an excellent seneca snakeroot 

habitats. It is recommended that these populations be maintained and promoted. Regular 

vegetation maintenance such as v-blaàïng shouid be continuai to control excessive shrub 

and tree growth, but herbicide use should be avoided 

4. Long-tenn monitoring of seneca snakeroot populations dong Manitoba Hydro nghts- 

of-way shouid k considereâ, using the existing 10x10 m semi-permanent plots. The 

growth rate of seneca plants could be determined (which would be wful in propagation 

research). Long-term weeding (removal of cornpetitos) and nutrient addition (lesponse 

to feaiüzer) experiments shouid aiso be considered. A complete survey of the seneca 

root population in the province should also k undertaken. 
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Appendix 1. Phytochcmical constituents of Polygula sencga L. (from Duke 1992). 

1,s-Anhyh(0-Alpha-D-Galacto~os yl- ( 1-2)-0-Alpha-D- 
Gaîactopyranosy1- ( 1-2))-D-Olucitol 

Arabinosc 
Arabinosy l-Alpha-D-Oalactosy1-D-Giu~0~t 
P-coumaric acid 
Cyclosenegin 
3,4=Dimethoxycinnamic acid 
Ferulic acid 
Fucust 
2-O-Alpha-D-Galactopposyl-1 J-anhydro-D-Glucitol 
Galactose 
6-O-Beta-IEGlucopyraaosyl- 1,5-Anhydro-D-Glucitol 
Glucose 
Hydtoxy senegin 
Manninotriose 
Mannose 
P-Methoxycinnamic Acid 
Methyl Salicylate 
Monotropi toside 
Patin 

Polygallc Acid 
Polygalitol 
Resenegin 
Raffinose 
Rharnnosc 
Ribose 
Salic yclic-acid met h y Ms tct-primvcmside 
Saponins 
Senegcnin 
Senegin 
Scnegenic Acid 
Sinapic Acid 
Alpha Apinastcrol 
Stachyose 
Tcnuifolin 
Tenuifolic Acid 
Tenuigenin 
3,4,5 Thcthoxycinnamic Acid 
Valtrianic Acid 
Xylose 



Appertdix Iï. Mean cover values oer species mr transect (Northern sites). 

Species 
Achillea niillefolh 1.75 1.25 2.25 1.50 2.25 2.50 0.50 1.50 3S5 190 
Agropyron smlthli 

Anemone canademis 
Anemone muidfida 
Antenm0a apricu 
Apocynum androsaemifolium 
Aquilegh brevistyla 
Arabis lyma var, ûamchatica 
Aralia sp. 
A rctostaphy los uva-wsi 
Aster laevis 
bare ground 
Betula sp. 
bryophytes 
Calcultclgrostis inexpuma 
Cantpanu fa rotundifofia 
Carex aurea 
C a m  houghtonii 
Carex richardronii 
Carex siccata 
Commamira umbellata 
cornus ca~densis 
Qpripedim calceolur 
Danihonia spicara 



Appenàix ïï continue& Mean cover values per species per transect (Northem sites). 

Tmsec t 1078 DC 33 AC 75 AC 104 AC 133 AC 
spades 
dead wood OS0 18.50 9.00 7.50 
D e s c ~ s i a  caespitosa 
E @ w  innovatus 
Epiiobiwn angus~folim 
Erigeron aspet 
Fragatia virginiana 
Gaillardia aristata 
Galium boreale 
Habenaria bracteota 
Heuchera n'chardsonii 
Hicrocbn ionbellatum 
Jwperw convnunis 
Koeleria crisrata 
Lrithyncr ochroleucus 
Lathym venosus 
lichen 
Ulim philudelphicum 
Linnaea borealis 
Lizbspermum conescens 
Litter 
Meliotrcs alba 
Miarithemum canadense 
Oryzopsis asperfiliu 
Oryzopsis pungens 
Picea glauca 





Appendix ï I  continued. Mean cover values per species per transeci ( N o m  sites). 

Transec t 1078 DC 33 AC 75 AC 104 AC 133 AC 

Taraxacum o@inale 
Vicia americana 
Viola adunca 
Zjzja aptera 
Zygaâew graminew 
Unidentifled Herbs 
Unidentified Grasses 
Unidentified Shmbs 



Appendix II. Mean cover values per species per ûansect (Southem sites). 

Agropyron smlthü 1.25 0.50 
Amclonchier ulnlfoliu 0-25 OS0 1.75 
A ~ m o n e  canRRl01tsis 0.20 0.10 0.25 0.50 1.25 025  0.25 
Awmone niult#W 2SO 0,25 0.75 0.50 
Antemaria aprica 1.75 2.50 3.00 1.75 
Apocynwn androsaem~ollm 2.50 1.75 1.75 0.50 2.50 

Araôis lyraa var. h c b t i c a  0.25 
Aralia sp. 
A mosiqphylos wu-wsi 2.00 8.25 12.75 5.50 3.75 0.25 5.00 8.00 21.75 
Aster Jaevis 12.20 10.05 11.25 6.25 6.50 6-00 4.00 7.75 4.50 4.50 
ban giowd 1-50 7.20 17.00 2.75 
Betda sp. 0.50 
bryophytes 0.80 0.50 5.00 9.50 9 . 0  2.00 
CalmMgrostis inexpansa 1 -50 8.00 1.00 2.50 1.00 12.00 4.50 4.00 3.50 
Campanuka rotund~olia 0.45 0.50 2.25 0.50 0.25 0.25 2.50 1.50 
Cwex aurea 7.00 6.60 
Carex houghtonii 0.25 
Catex rickrhonii 1.75 7.75 3.75 1.25 2-25 7.75 5.75 
Carex siccata 4.00 4.50 
Contmondra ambellata 0.25 2.75 1.25 8-25 3.50 2.50 
Cornur cadensis 
Cypripedium calceolus 0.50 
Danthonia spicata 8.00 





AppcndU< II wntinued. Mean cover values per species per transect (Southem sites). 

Species 
Pinus banksiana seedling 2.00 0-75 1,25 
Poo pratemls 
Polygala senega 
Popdus baIsmYera 
Populus seedllng 
PotentiIIa frttticosn 
Porentitla nomgica 
Prunclla vdgorfs 
Prunus nigru 
Prunus vfrginiana 
Prunus virginiana 
rock 
Rosa sp. 
Rubw &eus 
Salk bebbiano 
Sdf iaga  tricuspidata 
Schizachnc pwpwaccens 
Senecio canus 
Shepherdia caMdenris 
Sisyrinchium montmm 
Srnilacina stellata 
Solidàgo hispi& 
Solihgo nemoralis 
Sonchus awensis 
Stachys pulustris 



AppRdix Il continucd. Mean cover values per species per transect (Southem sites). 

Transec t 183 AC 176 AC 134 AC 36 AC 8 AC 
Species 
Sympbricarpos occidentalis 1.1 O 0.45 

1 

Taraxacm oflcinde 0.40 1.50 2.50 2.00 6.75 1.25 1.50 1.00 1.25 
Vicia mericana 15.00 1.50 3-25 0.75 4.75 2.75 12.75 14.0 1.25 
Viola adunca 0.90 OS0 0.25 
Zizia aptera 
Zygadew gromineur 2.50 1.00 OS0 2.00 0.25 4.50 2.00 
Unidentified Herbs 0.60 0.40 1,25 3.00 1.25 
Unidentified Grasseti 10.20 0.60 5.00 2.75 5.50 5.75 3.75 1.25 
Unidentified Shrubs 0.25 0.25 0.50 0,75 1 .50 



Appenâix IIL Two year phenoiopjcai prome of ~encca sdccmot. 

Month Day(s) Status 
1994 
June 15-17 The plants were just starrlig to flowa in the naabcm-rnost sites. 

Slightly M e r  ahead in the ~00th. Flowas w a c  a i i  white in dense, 
smau cone shapcd-hcriAw. 

June 

June 

J ~ Y  

July 

July 

August 

August 

Month 

Fiowczs aU white, no cvidcnœ of Mts 

Flowers mosdy white, somt evidcnœ of purplt colom. 
Plants waein fulI bloaa  Somc shoots have capsales f d g  on 
Iowa fiowers(bott0m of id-ce). 

Flowers almost aU pinkish-white. somt white c o l o d  Capsules 
formcd on some plants but inside secds are still green. 

Most plants had very dark purple sepais amund capsules. 
Some fiowaing heads were a i i  white and small  as if they had just 
started fiowering. Plants at vazious stages. 
Site 8, high elevation. dry. plants firrthest ahead. 

Plants almost dont fiuiting. Haif f a n  off, to barc ends of shoots. 

Fruithg finished for alwJst a l l  plants. Leaves tuming colour and 
falling off. Some shoots w a t  totally bare of leaves. 
Lots of evidence of digging. see notes. 

Almost evexy plant was biue of Suits. Leaves tuming purple. 
Some shoots already dead. Dying back h top dom. 

1995 
May 1 Patches of snow in fofest, ice stül on small laices. Temp 12 

ImpossibIe to find pImu without lmking for madced nails. 
Shoots either not visible or just poking through. 
Very Ettle evidence of growth of odier species. few green areas. 
Carex sp. growing. Avg Icagth of seneca shoots about -5 - 1 cm. 
Had to mnove lina and top soil to find shoots ifpresent 
Shoots purple to purp1e-green. No leavts yet, just scaies. 



Month Day(s) Status 
1995 
May 11 Vay COU Tcmp 2 ' C . FnePng raùi & snowing. 

Snow on g r o d  at site 183 foiming a hard mst 
Not muchdincrc~lce from lrst shoots may k 
a bit longer 1 - 13 cm. Many msdrcd plants stU not visible. 
QPite adinCaencein aherspies fîomlast weeL Cmcx 
richar&& . prairie m x q  willows flowering. Quie a bit more 
green, but patchy. Yamw, strawbary, Tmmucwn . 
Antenad just m g -  

25 Seneca plants various sizts. Some not visible, some just popping up. 
'Iht majority were 2 4  cm long (shoots). Very few with smaii green, 
dense flowcring heads. (Le. just beginaiag to form flowers.) 

30 Plants about 610 cm talL Many have green flowering heads. Srnall, 
tight, with no white showing. Noticed some seedlings similin to ones 
in greenhouse. 

June 5 Shoots 15+ cm tail. Fiowaing heads grecn. Some of the bottom 
flowers open on same plants 

16 Plants in fbil flower! Noticed green capsules on bottom of some 
f l o w e ~ g  heads. Some fiowers dropping off at bottom, 
(pmbably not pollinated). May have somehing to do with 
the vay wemi weather. Some pi& colour noticed on some 
flowas. Noticed ants crawlhg ail o v a  plants at some locations. 

23 Capsules fornicd on aU plants. Almost cntirely ai l  fidl of capsules. 
Top few flowers may stül be present. If not poiïi~ted, flowers fallen 
off. Shooû panly barc. Didn't notice the pWpurple colour and fidl 
flowering stage as did last yzar. The hot weatha must have 
accelerated things. Last week ody a couple of capsules were 
formcd on each shoot, now they were alnaost entiFcly N1 of 

capsules. 

June 28 133 - Plants NL of capsules (&men). Som capsules noticexi on 
ground. Noticed the pinWpurp1e colout on some. 
75 - some fdi of capdes. or partly to N l y  bare 
176 - no capsules noticcd at ail. Very few with smaii white fiowers 
on tip, rest bare. Eitha not poiiinated, or capsules faen off aiready, 
didn't notice any capsules on the ground Perhaps tao hot and dry? 



Appenâix HI continueci. Two year phenologicai profile of sencca snaktroot. 

J ~ Y  6 133 - Fuii of capsuies and sepais bave da& puipIe colour or 
bnn to psrtly bare dcapsuics, Lcavts tuming piirplt. 
Capsuies that have fallen to purxi have dned up and O+ 

Lastweckitwase~sytoseegrrcncapsaIesongn,und, 
this WC& v a y  riifncuitb bccause capsuics yeUow - totaiiy dried up. 
S o m  black s#ds noticcd on gouncL 

Site 8 - aîmost aU capsuics gone, didn't notice anything on &n,uncL 
183 - almost a i i  capsuies gone, impossibIe to cdkct soed here~ 

10 Sie  183 - Shoots hue, rafcIy saw a shoot with a couple of capsdes 
lefi on. Fouad what lodrs like an ant refbse heap, coliected a sample. 
75 - Some capsules stiïi on(l/2 on) but had to look hard to find them. 
133 - k t  site. Most have capsuies stii i  on (1/2 to m). Wi be bare 
in a weck or two. Scpai&apsuies vay  purple, a few stiil green. 
Many have bare shoots as well. Most leaves an a redpurple colour. 

26 No capsules fomd on plants at any site. Lots of purple colound 
leaves. Some yellow colour noticed, some leaves falling off. 
Sites semi very dry. Noticed shoots of some plants had split near the 
ends once or twice. 

August 14 Met senega digger Henry Chartier digging on side of road 
Plants hard to hd,  because no flowers/capsuies etc. 
Collected seed bank soiL Sites fairly damp due to recent heavy min. 
Some plants doing good, some entirtly purple. 

30 183: Site vay wet, Ieaves green. plants o.k. 
133: very wet, many plants unda water. Some with stems and 
leaves vexy da.& piaple, some plants green and healthy Iooking. 
Pahaps due to recent heavy rains. Few had leaves Mning yellow. 

O c t o k  10 Plants collecteci in the Ashan mgion in late f a  resembelled plants 
colIeaed in eariy spring - i.c. da& prirple shoots with scale-like 
leaves emergïng from the gmund - suggesting that the shoots emerge 
(begin new p w t h )  in the f d  rather than eariy 
spring as previously thoaght 



Appendix IV. Spatial pattern of rneca snakeroot plants in study plots. Site number is 
indicated at top nght of each plot Scaling on the axes is in metas. 
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