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CHAPTER |

Introduction

For many wildlife species, shrubs are often the only substantial cover froniqosesiad
thermal stress available in arid and semi-arid systems. The clonal natuaayo$inubs
aids survival in the relatively harsh environments they occupy and is a useful
characteristic for creating woody canopy cover. Chickasaw fuon(s angustifolia
Marsh.) is a commonly occurring shrub which has a native range covering tharsouthe
Great Plains and the southeastern quarter of the United States. This @amnhi g
attention as a vital element for wildlife in the southern Great Plains witethdxn
Bobwhite Colinus virginianu$ habitat is often limited by the amount of woody cover.
Many other wildlife species rely on woody patches in grasslands for vaeassns such
as nesting, hunting, or food sources. In addition to Chickasaw plum, smooth sumac
(Rhus glabra..) and fragrant suma®&( aromaticaAiton) are common species with
widespread native distributions that, once established, will spread clonall/grokith
habit may allow for the establishment of cover to provide habitat for wildlifeepe
Additionally, understanding the physiological processes driving the gienvath
expansion of Chickasaw plum will allow land managers to make informed decisions

about habitat manipulation in grassland ecosystems.



Two experiments were conducted in 2007 and 2008. In the first study, small
stands of the plum and two sumac species were established to determine effective
practices to establish small stands of native clonal shrubs for improvigigeniabitat
in northwestern Oklahoma and similar regions. The specific objectives were to
determine effects on survival and growth of 1) propagule source, i.e., nursery-grown
bare-root seedlings, intact local transplants, and coppiced local transpldiitsge and

interspecific competition control, and 3) planting date.

In the second study, the roots of interconnected ramets within existing stands of
Chickasaw plum were severed to gain insight on the process of resource ondoyati
determining the relative importance of persistent root connections betweets.rar o
achieve this carbon gain (photosynthesis and growth) and water relations dstomat
conductance, intercellular GGstem midday water potential, and soil volumetric water
content) were monitored for differences between stems that had their root comecti

severed or those that did not.



CHAPTER Il

Review of Literature

CLONAL PLANTS

Vascular plants share many general life strategies that includestkimization of seed-
bearing lifespan, the genesis of transport tissues that distribute essanctprovide
structural support to the plant as well as traits that promote successful itiom pet
resources above and belowground (Jenik 1994). Reproduction is accomplished through
two mechanisms; sexual and asexual. Sexual reproduction results in a new individual
plant via a seed that is generated as a result of pollination. Plants that propagate
asexually generate new potentially independent plants that are theofesgetative

growth (Jenik 1994; Alpert 1999; Stenvall et al. 2004; Vaughan et al. 2007; Beaudet and
Messier 2008). These plants contain identical genetic material and are kolones.
Clonal growth is defined by an organism’s ability to produce multiple tepetiof
developmental units that have the potential to be physiologically autonomous (Oborny
and Kun 2001). An entire clone is known as a genet and each potentially functionally

independent module is known as a ramet (Eriksson 1993).



Clonal growth facilitates a competitive advantage by increasingiéispain of a
genet and successfully gathering and allocating resources. Clonalgyr&egy that
plants employ that increases their ability to produce successful offspong énd
Midgley 2003). Many clonal plants appear to use a sit-and-wait strategy in thieic
expand for many years and periodically disperse high numbers of seeds. Ties @rea

higher probability of success when germination conditions are ideal (Hosak2@2%).

Clonal growth can be exhibited several ways and is achieved by sprouting from
dormant, suppressed, or adventitious buds (Esau 1977; Bosela and Ewers 1997).
Specialized organs usually are in the form of modified stems including rhizboibes,
corms, stolons, and tubers. Most research conducted on clonal mechanisms has been
performed on herbaceous plants. These processes are fairly well understaod acros
wide spectrum of non-woody plants (Alpert 1996; Derner and Briske 1998; Yu et al.
2002). However, relatively less is known about the ecology and physiology of glonalit
in woody perennials. The mechanisms driving sprouting in woody plants origioiate f
dormant endogenous or adventitous buds in the roots, at the base of stems that have been
damaged, from the root collar, or from branches that are contacting the grouna@of§he r
of woody plants can act as carbohydrate storage organs that bear mehatayesdrate
new roots and stems. This suckering system is demonstrated by several pemely s

(DeByle 1964, Petranka and McPherson 1979; Jenik 1994).

It is difficult to distinguish between the mechanisms driving sprouting of new
ramets whether it be spontaneous, damage induced, hormonal, some other driver, or a
combination of these (Luken 1990; Hosaka et al. 2005). Jenik (1994) divided clonal

growth of woody plants into three categories: 1) repeated copies of reproduntivkem



by primary meristems in the form of additional buds, 2) reiteration of damagedjiagd a
organs, and 3) initiation of new organs from adventitious (or reparative) buds. Clonal
plants will produce additional stems as part of their natural growth progng&se!

Tredici 2001). In plants that sprout during normal growth, apical dominance is not the
controlling process. These sprouts arise from dormant buds that are formed
endogenously in young undamaged roots, at the root collar, or from stems that have been
buried (Del Tredici 2001; Lantz and Antos 2002; Dunkin et al. 2008). These buds remain
attached to the primary xylem by trace elements as the diameter obtheareases

(Fontaine et al. 1999). They will branch to form bud clusters, but fail to remain active
indefinitely and very mature roots and stems lose their ability to sprout (Smaith e

1997).

Disturbances will elicit a sprouting response in a vast number of plants
(Landhausser and Lieffers 2002; Bond and Midgley 2003; Hosaka et al. 2005). A
disturbance to aboveground stems that causes a loss in leaf area wilkiticesa®t-to-
shoot ratio which will initiate a sprouting event by sending hormonal cues to inactive
buds that releases them from apical dominance (Landhausser and Lieffersra@eet
al. 2004; Beaudet and Messier 2008). Reparative buds form near the surfaceaif the r
so they are disjunct from the pith and are activated less frequently (EsauBbS&l&
and Ewers 1997). The newly sprouted buds draw on the carbohydrate reserves in the
remaining stems and roots and the vigor of sprouts is positively correlatediscoleve

carbohydrate in storage (Willard and McKell 1978; Cerasoli et al. 2004).

There are many advantages to having a clonal growth form including rapid

establishment, the ability to integrate resources among connected, ramaets
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potentially unlimited lifespan. Clonal plants have the ability to buffer the efééct
resource heterogeneity on a small scale; i.e. the area occupied by intetedmhanes
(Herben 2004). This trait may (Wijesinghe and Handel 1994) or may not (Peltzer 2002)
increase the competitive ability of the plant. It has been demonstrated thaickerts of
beech Fagus grandifoliaEhrh.) have greater height, diameter, and survivorship than
seedlings. This jumpstart on growth provides an increase in the plant’'s competitive
ability (Beaudet and Messier 2008). Honnay and Bossuyt (2005) note that environmental
and spatio-temporal stochasticies are buffered by clonal species morethalonal

species due to the iteration of ramets and potential for resource integratoeovist,

clonal plants are more buffered against spatio-temporal heterogeneity imitia¢ thae to

the potential reallocation of resources among ramets. Hosaka et al. (2005guientif
three main factors that contribute to clone persistence in pawjsmi(a trilobal.); 1)
Ramet iteration reduces the probability of genet mortality due to starHastirbances,

2) Integration promotes the establishment of new ramets on less than eeaBsit
Horizontal expansion improves access to heterogeneously distributed resoulmes. C
plants are generally more resistant to disturbance or local extinctiospkaies that lack
the ability to reproduce asexually (Honnay and Bossuyt 2005). This is largetyg du

their ability to buffer environmental heterogeneity in space and time (Eriksson 1993)

Sprouting controls the persistence of a clone’s life after disturbance and the
acquisition of new territory and resources (Del Tredici 2001). Bond and Midgley)(2003
stated that a clone may occupy the same place for millennia with Hitttege in
population size. This allows for very long term if not unlimited fecundity of a clode a

increases the probability that the successful genetic make-up from traiscjmssed on



to future generations when seedlings are successfully establishess@BriL993). As a
result of the long lives and lack of senescence in many clonal plants ténsidficult to
identify a genet without the aid of genetic tests. However, in some spkeiaspen
(Populus tremuloideMichx.) and Chickasaw plum, a clone may be identified by
phenotypic traits like leaf color in fall or timing of flowering in spring pegively (D.
Bartos, personal communication, August 2008). Plum clones form a stand with hill
structure and are generally distinct from other clones. Aspen populatiomsi@e
genetically inter-mixed as a result of mass germination events thatingesponse to
disturbance such as after major fires (Turner et al. 2003). The above esdfuptrate
the two major clonal growth strategies that exist on a spectrum spanninofegmators
which possess connections that persist for long periods of time like Chickasaw plum to

splitters whose connections are short lived like aspen (Oborny and Kun 2001).

Splitter describes the habit of a genet to spread across the landscapesss separ
and independent ramets. Connections between ramets are short-lived. Once the new
ramet is functionally independent, it need not rely on resource subsidies from its mothe
plant. This allows a species to spread out on a landscape in search of patches of good
resource availability. A good site will allow the ramet to thrive and reproducely
and/or initiate new ramets. This habit allows the plant to most thoroughly use the

available resources.

Integrator plants possess persistent connections between the ramets.afBgg str
allows for each stem to acquire nutrients, carbon, and water and subsequemndiyaians
them to nearby ramets in less rich patches. This method of gathering restlomws$or

the genet to occupy a site with patchy resources, but the ramets on resourdegcoansi



persist because they are subsidized by the rest of the genet with limidogcess(Evans
1988). This allows for all ramets to remain a viable source of seed regardiéss of
guality as long as some ramets can provide the necessary resourceevior girowth

and have a surplus to sustain efficient ramets.

Ramet population sizes tend to stabilize depending on species and environment.
The mechanism controlling this population density has been suggested to be due to limits
of integration or a modular control of bud initiation (Eriksson 1993). The extent of the
area occupied by any single clone is dependent on the species but spltteagheater
potential to spread which is exemplified by the Pando clone in Utah that may be the

largest living organism on the planet (Mitton and Grant 1996).

SHRUB ECOLOGY

Shrubs are woody plants that are generally short in stature and will prodlig#em

stems as a normal part of their development (Del Tredici 2001). Shrubs are often found
on sites that are inhospitable for many trees due to climatic stress doahstiregimes.
Their clonal structures allow them to access heterogeneously distribsedoes (light,
nutrients, and soil moisture) in harsh environments (Schenk 1999; Yu et al. 2002; Roiloa
and Retuerto 2006). In addition to normal expansion, sprouting allows for resilience to
disturbances such as fire, flood, defoliation, or mechanical damage (Bronaini2@94;

Gibson et al. 2004; Rood et al. 2007; Beaudet and Messier 2008).



Shrubs play an important role in rangelands, deserts, and forest understories.
Shrubs can facilitate succession at a site by displacing shade intoleraueloeid
species and providing an environment that allows the establishment of more shade
tolerant tree species. Many organs of winged sufRhag copallind..) including
flowers, leaves, fruits, and rhizomes contain allelopathic toxins that have been
demonstrated to inhibit the growth or germination of many prairie plants (Petadka
McPherson 1979). Shrubs may improve soll fertility with nitrogen rich litter and
facilitate their own invasion into grasslands because many prairie spaniest take
advantage of higher nitrogen levels associated with decomposition of highdttdrin |

(McCarron and Knapp 2001; Siemann and Rogers 2003).

Shrubs provide thermal cover for many animals and afford protection from
predators. Northern Bobwhit€¢linus virginianu¥ habitat is limited by the amount of
woody cover on a site (Guthery et al. 2005). Many other wildlife spedjesrravoody
patches in grasslands. The seeds of shrubs are often larger than the seedamd forbs
grasses and may be an important source of food for many species includitgy inse
mammals, and birds (Meyer and Pendleton 2005). White-tailed@decgileus
virginianug rely on shrubs for screening cover and browse. Dugtkah. (2008) found
nine bird species in Oklahoma nesting in mature stands of Chickasaw plum including
Bell's vireo (Vireo bellii) and painted bunting®@sserina ciri¥, two species of concern
Insectivores find many kinds of larvae concentrated on shrubs and pollinators find an

abundance of nectar on the numerous flowers produced by some species of shrubs.

Chickasaw plum, smooth sumd&. (glabraL.), and fragrant suma&( aromatica

Aiton) are common species native to northwestern Oklahoma that, once estamifihe



spread clonally via root suckers. This growth habit may allow for the estatdnt of
ample cover to provide the habitat needs for wildlife species. Additionally,danti
these species on abandoned agriculture fields will help with the restoratidivef na

habitats.

CHICKASAW PLUM

Chickasaw plum is a clonal shrub with a wide range that extends from the Soutbatrn Gr
Plains east to New Jersey and south to Florida. It tolerates a wide ratigeat€ c

variables and soil types, but seems to occur mostly in well drained and sandy soils
(Gilman and Watson 1994). A single stem can grow to about 3 m. Plum will establish
by seed and after 2 years will begin to initiate new ramets from its rootskirDet al.

(2008) found that plum clones in Oklahoma expand at a rate of $1 and can cover

an area >1 ha. The oldest stem in their survey of 95 clones was 27 years. Clones have
distinct growth pattern. If stands are undisturbed, the mother plant will bel#s¢ tal
individual with the widest diameter near the middle of the thicket and new ramfiets w
initiate at the periphery in subsequent years. The term “motte” (fromtEreitiy is used

in the southern United States to describe this growth habit. Chickasaw plum is common

in grasslands and can often be found at forest edges.

More than 40 species of birds use or are associated with plum in Oklahoma
(Dunkin et al. 2008). Several other taxa including mammals, reptiles, and insects use

plum in various capacities. Plum provides cover from predators and relief from itherma
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stress. In a good year plums will produce large quantities of mast thad isyulset not
relied upon by numerous animals (dg@dpcoileus virginianus raccoons Procyon
lotor], coyotes Canis latran$, and insects). McCartgt al (2002) found that about 85%

of the fruits of Chickasaw plum are eaten by wildlife 3 days after ripening

Chickasaw plum has broad cultural significance. Cattlemen dislike plusngec
it will occupy the space that would otherwise have grass that cattle could gtzae
has been a history of shrub control efforts in rangelands. Native Americang usddl
plum for food (Carlson and Jones 1940). Chickasaw plum is popular for making wines

and jellies (Gilman and Watson 1994).

SMOOTH SUMAC

Smooth Sumac is a widely distributed shrub whose range includes the entirety of th

North American continent except Alaska and the Arctic provinces of Canada It is
pioneer species that tolerates a wide variety of site conditions but seenfeit@poe or
disturbed soils in prairies, rocky hillsides or woodland openings (Hurteau 2004). Stems
can grow to 3 m and clones reiterate and spread via root sprouts. A clone will spread
laterally at a rate of 1 mi'y(Gilbert 1966). It has been demonstrateRirmglabraand
conspecifics that sprouting rates may be increased by a disturbance $ueloaheavy
browsing (Knapp 1986; Strauss 199R). glabraclones exhibit a motte structure similar

to that of plum. This species may be propagated by seed or root cuttings (Hurteau 2004).

The seeds of marfyhusspecies are used throughout the winter by a number of birds,

11



mammals, and insects (Jewell et al. 1991; Strauss 1991; McCarty et al. 2002)isEher
long history of smooth sumac being used by Native Americans for medicines, food, and

dyes (Hamel and Chiltoskey 1975).

FRAGRANT SUMAC

Fragrant sumac occupies the eastern half of North America from theié\tcean to

the Great Plains (Taylor 2004). Plants can reach 1.5 m. Thickets are formedh@hen t
branches contact the ground and adventitious roots become established in a process
known as layering. This species thrives in dry forests or rangel&dsomatia is also
anabundant producer of seed that can be used as a winter food source for many taxa
(Nantel and Gagnon 1999). Itis a pioneer species and the seeds will gernaididye re
after a heavy disturbanc®. aromaticawill sprout vigorously from the root crown
following a defoliating disturbance event such as fire. Ramets may live 2Qea3)
Propagation is achieved by growing seedlings or taking root cuttings. mragrmaac has

ethnobotanical uses that include food, medicine, and tanning (Reagan 1928).

SHRUB ESTABLISHMENT

Establishing native shrubs on prairie or fallow farmland is achieved two wagst dir
seeding or planting seedlings. Seeding an area has the advantage of potentiall

12



establishing large areas for relatively low cost and labor. Seeds of shrubsicelndbed

in seed mixes for native plant restoration and applied to restore native djversity
regenerate food sources, and mitigate wind and water erosion from degraded lands
(Grantz et al. 1998; Visser and Botha 2005). However, success rates are lasebeca
seed mortality is very high and competition from existing plants limits seedling
establishment. Additionally, it may be difficult to obtain large quantities of natied.

An alternative to direct seeding is nursery produced seedlings. These halstitage

of high survival rates, but seedlings must be planted by hand and the labor involved
restricts the scope of the planting area (Johnson and Okula 2006). Furthermorggseedli
have a one or two growing season head start compared to seeds. The positive results
obtained using seedlings make the increase in cost and labor requirements ofte¢hevort

investment depending on the required planting density.

Use of seedlings in forestry and conservation plantings is well established,
occurring on approximately 1 million hectares annually (Smith and Darr 2002Y). 10
billion seedlings (96% bare-root) were planted during the 2005 — 2006 season in the
Southern United States with 1.7 million of those in Oklahoma (McNabb and Eneback
2009). Many states have a nursery that produces seedlings to support thesd-eiforts.
instance, the state seedling nursery in Goldsby, Oklahoma, sells bare-roaidthrdw
seedlings of >30 species for $0.05 — $0.60 (depending on species and quantity
purchased). Containerized seedlings, which contain an intact root-soil intariace,

available for marginal sites for approximately $0.90 each.

Often the most limiting factor for seedlings establishment in theyBiat after

transplanting is water stress because root systems are initially degdloped.

13



Coppicing is a cultural treatment that entails severing the aboveground portion mif a pla
and is used to alter the root-to-shoot ratio. In most angiosperms this produces agprouti
response that uses stored energy in the roots to produce new, vigorous stems ¢bmith et
1997). Removing the existing buds from a transplanted stem reduces water stness on t
plant because of the resulting increase in the root-to-shoot ratio and mayancreas
establishment success. This method is used in forestry for short rotation cr@spéke
(Shepperd 1996) or to prevent the need for replanting like in che€msthea sativa

Mill.) (Giudici and Zingg 2005).

Transplants, i.e., seedlings or ramets that are dug up and replanted elsealgere
be taken from local sources if seedlings are not commercially availablegst of
seedlings is prohibitive, or a particular genet is desired. Local tratsplave genetics
that are well adapted to its site and could provide a viable option for stand establishment.
Often, the ability of a cutting or transplant to establish a viable clone isvpbsit
correlated with the amount of mobile carbohydrate reserves and its sipenasbi
(Ghani and Cahalan 1991; Ritchie et al. 1993; Landhausser and Lieffers 2002). More
sophisticated propagation techniques involve the micropropagation of small groups of
cells in undifferentiated somatic tissue in the seeds or meristemkl¢héeral. 1997;
Dean 2008). All of these methods result in independent plants that may be planted in the

field.

Tilling is a common method for site preparation (Karlsson 2002; Blazier and
Dunn 2008). It has agricultural as well as natural resource management eglicat
(Ducci and Santi 1997; Johnson and Okula 2006). Tilling physically disturbs the saill,

reduces competing vegetation, exposes a site to more sunlight, and improves water
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infiltration and root penetration (Lincoln et al. 2007). Carlsbal (2006) found that
tillage had a positive effect on survival of loblolly pif&r{us taedd..) seedlings on
some Piedmont sites across the southeastern United States. Tillage impigivieanake
diameter growth of loblolly pine seedlings on the Upper Coastal Plain andd#iedmn
Georgia on a wide range of soil types (Wheeler et al. 2002; Lincoln et a). 2007
Karlsson (2002) showed that silver bir@&ef{ula penduld&Roth) seedlings had increased
survival on sandy soils with deep plowing. On upland sites, tillage increases growth
primarily by increasing the penetration ability of roots (Will et al. 2002)lelgraded
rangelands, tillage has been shown to increase species diversity and pliyt dens

(Huffman 1997; Van der Merwe and Kellner 1999; Visser and Botha 2005).

Plants in close proximity will compete for soil water and mineral ressuce
light (Fuhlendorf et al. 1997; Herben 2004; Tworkoski and Glenn 2001). Competition
control increases growth by allowing desired plants to utilize site @=souarore
completely (Smith et al. 1997). Chemical herbicides, physical barriers,ohamnieal
treatments can be used to achieve this goal. The herbicide sulfometurohincetaged
survival and growth of cottonwoo®@pulus deltoideBartram ex Marsh.) seedlings
compared to cultivation and physical barriers (Geyer et al. 2006). Sulfometuron methy
applied over longleaf pind>( palustrisMill.) seedlings increased diameter growth and
the rate at which seedlings emerged from the grass stage (RamseyeaP@03hs In
another study, sulfometuron methyl reduced hardwood regeneration growph iexce

combination with lime to increase soil pH (Schreffler and Sharpe 2003).

Alternative to herbicide, weed barrier fabric can also increase thigawuand/or

growth of seedlings by depriving unwanted weeds of light (Davies 1988). Weest barri
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cloth increased survival of cottonwood compared to other synthetic mulches (Galyer e
2006) and increased height growth for newly established Arizona cypesseésus
arizonicaGreene) seedlings compared to no treatment in New Mexico (Harrington et al
2005). Mechanical treatments to reduce interspecific competition include mowing,
cultivating, or hand weeding periodically around the desired species (SIB&&r

Huffman 1997; Woeste et al. 2005).

DETECTING THE MOVEMENT AND ALLOCATION OF RESOURCES

Clonal plants have the potential to share resources, e.g., water, nutrients, and
carbohydrates, between connected ramets (Evans 1988; deKroon et al. 1996; Herben
2004; Roiloa and Retuerto 2006). Measuring movement of resources in clonal plants has
been accomplished in several different ways. Most research has focused oadusrbac
plants because of the ease with which controlled experiments can be conducted (Alper
1999; Eriksson 1993; Herben 2004; Zhang et al. 2008). Woody clonal plants pose
problems for experimenters due to slow growth rates and large clone sizeallgener
studies on woody plants are condudteditu and it is often difficult to eliminate
confounding factors (Eriksson 1993). Evaluating the mechanisms of short-term
physiological processes on clonal growth and survival of long-lived woody plants can be
a challenge. The most basic way to observe connections is to physicallytexbava

roots. Excavating root samples for analysis of larger plants proves to be @tdedf&

(Eriksson 1993; Jenik 1994; Mayes et al. 1998). Boo and Pettit (1975) explored the root
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structure and carbohydrate reserves in shinnery@a&rcus havardiRydb.) by

removing the A-horizon of the solil profile with a fire hose, but this method is not
common. They found that mechanical disturbance caused root carbon reserves to
decrease during early summer. This implies that carbohydrateegsge/transported to
new or existing stems to aid in repair and renewal. Dyes and deuterium have been use
as tracers in xylem to detect the presence, pathways, and mechanisms of iteafunct
connections between ramets of aspen (DeByle 1@&texspp. (deKroon et al. 1996),

and the shrubledysarum leav€Zhang et al. 2003). Labeling using the carbon isotopes
3¢ and™C has been used to track the movement of photosynthate through clonal
fragments and forest stands (Dyckmans and Flessa 2001; Keel et al. 2006) etZilang
(2002) used &'C label to track C allocation and showed thatlineavedaughter ramets
are a much greater sink than mothers and that rhizomes are storing neawikaessC

from both stems. Additionally, defoliation induced C subsidy from the ramet left
undisturbed. Plants also can be wounded (either roots or stems) to observe resource
allocation among ramets after disturbance. The movement of carbon isdrifermethe
growth rate and location or density of new sprouts (Boo and Pettit 1975; Matlack 1997,

Fraser et al. 2004; Gibson et al. 2004; Giudici and Zingg 2005).

Fertilizer was applied to largeleaf pennywdit/drocotyle bonarienseSomm. ex
Lam.) clones and N integration among ramets and increased branching wasabse
illustrating this species’ ability to exploit patchy resources achestandscape (Evans
1988). TargetedfN enriched fertilizer applications have been used to track nutrient
uptake and integration in rhizomatous perennials (Evans 1988; Derner and Briske 1998;

BassiriRad et al. 1999; Millard et al. 2006). It must be noted that using isotopedabels
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expensive and if radioactive isotopes are used special precautions must be taken.
Monitoring changes in growth can be achieved by taking stem density datajmentuit
surveys, or genetic analysis at the stand scale or heights, diameters, aassbam

individual stems (Doust and Doust 1988; Cirne and Scarano 2001; Feng et al. 2004;
Nagamitsu et al. 2004; Hosaka et al. 2005). Plants have been subjected to wounding
(either roots or stems) to observe resource allocation after disturbancemoVément of
carbon is inferred from the vigor and location of sprouts (Boo and Pettit 1975; Matlack
1997; Fraser et al. 2004; Gibson et al. 2004). A common method for creating disturbance
on a site that will encourage sprouting is coppicing. This is done by cutting stémes t

ground which stimulates the emergence of new stems (Giudici and Zingg 2005).

Many clonal plant species rely on resource integration to support adjacent new
ramets or transfer resources from ramets in resource-rich patchesete naresource-
poor patches (Wijesinghe and Handel 1994; Railing and McCarthy 2000; Zhang et al.
2003; Herben 2004). There is also evidence that resource integration is not vital to all
clonal species (Pauliukonis and Gough 2004; Wang et al. 2004; Poor et al. 2005; Matlaga
and Sternberg 2009). When resource sharing occurs, growth of ramets providing the
resource subsidy may not be affected due to increases in resource use gfi#diang
and He 2009) which may mask the importance of resource sharing. Resource subsidies
may be most apparent on sites where resource availability is particwdéetpgeneous
or abundant (Alpert 1999; Herben 2004; Zhang et al. 2008). Alternatively, rather than
resource integration, the function of persistent connections in theRgassnochloa
villosa Trin. has been shown to be an effective adaptation to withstand wind erosion in

dry climates (Yu et al. 2008).
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CHAPTER IlI

Shrub Establishment in Northwestern Oklahoma

ABSTRACT

Shrubs play an important role for wildlife in grasslands by providing cover and food. |
tested the effects of tillage, planting date, and competition control on the savilval
growth of different propagule types (bare-root seedlings (BRS), coppiceflénatss

(CT), and intact transplants (IT)) of Chickasaw plirrufius angustifoliaviarsh.),

smooth sumadRhus glabrd..), and fragrant suma&( aromaticaAiton). Tillage did

not affect survival or growth. After 2 years, plum BRS had >50% higher survival than
CT and IT. Planting in late spring increased survival of plum CT by >33%. Comopetiti
control with weed barrier cloth increased plum survival by 13% and growth by 0.5 mm in
the first year. For smooth sumac, there were no differences in survivgicamith

between CT and IT and survival was 49% after 2 years. For fragrant sumac, 8B% of B
survived after 2 years. Overall, BRS performed well, but if seedlings argailziide,

local transplants can be taken and planted at higher densities to achieve sguitar r
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INTRODUCTION

Chickasaw plumFrunus angustifolidviarsh.) is a commonly occurring shrub
which has a native range covering the southern Great Plains and the southearsbijuart
the United States (Little 1977). This plant is gaining attention as a \@takel for
wildlife in the southern Great Plains (Dunkin et al. 2008) where Northern Bobwhite
(Colinus virginianu} habitat may be limited by the amount of woody cover. Shrubs
provide thermal cover as well as protection from predators. Bobwhites shofer@pce
for habitats with mixed shrub cover compared to habitats lacking shrubs for coverts in
summer and roosts in winter (Guthery et al. 2005). Many other wildlife sp@tjeon
woody patches in grasslands for various reasons such as nesting, hunting, or foed source
(Jewell et al. 1991; Gee 1994). In addition to Chickasaw plum, smooth seimzs (
glabraL.) and fragrant suma&fius aromaticaiton) are common species with
widespread native distributions that, once established, spread clonally via roa sprout
(Knapp 1986; Nantel and Gagnon 1999). This growth habit may allow for the rapid
establishment of cover to provide the habitat needs for wildlife. Development of
effective methods for native shrub establishment in grasslands is importarrfagens

who desire to increase cover and food provided by shrubs.
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Initial establishment of native shrubs on prairie or fallow farmland iseeti
two ways, direct seeding or planting seedlings. Seeding an area has thagaleant
potentially establishing large areas for relatively low cost and labor. $ésldribs can
be included in seed mixes for native plant restoration and applied to restore native
diversity, regenerate food sources, and mitigate wind and water erosion fraadeteg
lands (Grantz et al. 1998; Visser and Botha 2005). However success rates are low
because seed mortality is high and competition from existing plants |eediirsg

establishment. Additionally, it may be difficult to obtain large quantities of natied.

Alternatives to direct seeding are nursery produced seedlings and local
transplants. Seedlings must be planted by hand and the labor involved restricts the scope
of the planting area (Johnson and Okula 2006). The positive results obtained using
seedlings make the increase in cost and labor requirements often worth ttreentes
depending on the required planting density. Transplants, i.e., seedlings or ranaets that
dug up and replanted elsewhere, may be taken from local sources if seedlings ar
commercially available, the cost of seedlings is prohibitive, or a partigeiteat is
desired. While transplants can be gathered free of charge, labor involved veittiog)l|

transporting, and replanting is greater than for nursery produced seedlings.

Often the most limiting factor for seedlings establishment in theyBiat after
transplanting is water stress because root systems are initially geweloped.
Coppicing is a cultural treatment that entails severing the aboveground portion mif a pla
and is used to alter the root-to-shoot ratio. In most angiosperms this produces agprouti
response that uses stored energy in the roots to produce new, vigorous stems. Removing

the existing buds from a transplanted stem reduces water stress on the plzs# béca
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the resulting increase in the root-to-shoot ratio and may increase establiguocess.
This method is used in forestry for short rotation crops and horticulture for plant

propagation (Ghani and Cahalan 1991; Giudici and Zingg 2005).

Tillage and interspecific competition control are common methods of site
preparation in forest and range systems (Blazier and Dunn 2008; Karlsson 2002; Romo
and Grilz 2002). Tilling physically disturbs the soil, reduces competing \tegeta
exposes a site to more sunlight, and improves water infiltration and root penetration
(Lincoln et al. 2007). Herbicide use is a common practice that reduces competitien t
desired species (Ramsey and Jose 2004; Schreffler and Sharpe 2003). Alternative to
herbicide, weed barrier fabric increases the survival and/or growth ofrgge(iavies

1088).

My goal was to determine effective practices to establish smatistd native
clonal shrubs for improving wildlife habitat in northwestern Oklahoma and similar
regions. For the first year of the study the specific objectives were toetiniles
differences in survival between nursery-grown bare-root seedlings, lmtatt
transplants, and coppiced local transplants, 2) determine the effects of tidhge a
interspecific competition control on the survival and growth of newly establistiedss
of shrubs, and 3) test the suitability for stand establishment of three comrabn shr
species (Chickasaw plum, smooth sumac, and fragrant sumac) that are impduatéat wi
habitat in the Southern Great Plains. In the second year of the study, anethvasssit
added to test 1) whether time of planting (late winter, early spring, andomindy)s
affects survival and growth of shrubs, and 2) the effects of weed barrieoalot

propagule growth.
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METHODS

Study Area

Two sites were established on private lands near Waynoka, Oklahoma (Woods County)
in early spring 2007 and sampled during the 2007 and 2008 growing seasons. The
establishment sites were located in native blues&rhifachyriunscopariumMichx.)

prairie and abandoned agricultural fields. Soils were deep loamy fine sands dathe E
and associated series (USDA-NRCS 2008). These soils are excessivedy difaermic
lamellic ustipsamments and are located on undulating dunes of alluvial plains: Site 1
2007 (N 36.58, W -98.78) consisted of an abandoned agricultural field and included
common sunflowerHelianthus annuus.), buffalo bur Solanum rostratununnal),

sand burCenchrussp. L.), and goldenrod&plidagosp.) with stands of Chickasaw plum,
smooth sumac, and fragrant sumac among the herbaceous vegetation. Site 2-2007 (N
36.61, W -98.79) was an abandoned agricultural field dominated by common sunflower
and sand bur. An additional site (Site 3-2008, N 36.51, W -98.69) was installed in 2008
on an area containing native bluestem prairie. The primary land uses farsallsre

cattle grazing and hunting. The 30-year average annual precipitation for Woods County
is 68 cm (Oklahoma Climatological Society 2009). Local precipitation wasurezh

and total rainfall in the area was 91 cm in 2007 and 60 cm in 2008 (Fig. 3.1).
Temperatures ranged from -18 C in February to 42 C in June 2007. There were similar

extremes in 2008.
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Figure 3.1. Monthly precipitation trends on shrub establishment sites (36°35’'9” N,
98°46’54") compared to the 30-year average in Woods County, Oklahoma, 2007 — 2008.
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Treatments

Forty establishment plots (6 m diameter) were planted on two sites on 14 — 16 March
2007 prior to Chickasaw plum bud break. Ten Chickasaw plum plots and five each of
smooth sumac and fragrant sumac were planted at Site 1-2007 and Site 2-2007. Plots
were spaced at 30-m intervals. A dibble bar was used to plant all stems on &9-6€m-

-cm spacing.

For the plum planted at Site 1 and 2, three different propagules (20 each) were
planted alternately in each of the ten plots per site. Plum BRS obtained from the
Oklahoma Forestry Services seedling nursery in Goldsby, Oklahoma, avepared to
locally adapted transplants collected on site that were coppiced (CTi iotdef (IT).
Bare-root seedlings were 1 year old and had all been top pruned at the nurdezigtd a
of 20 cm. These propagules were planted with the root collar at ground level and all
initial heights were assumed to be 20 cm. Transplants were selectetidrpariphery
of well-established local stands of plum. Transplants had initial diametenrsdpe8 mm
and 17 mm (average 7.5 mm) and IT had heights ranging from 17 cm to 104 cm (average
59 cm). All transplants had a lateral red5 cm in length. Based on observation of
annual growth rings of the CT propagules, the aboveground portions of the transplants
were between 1 and 3 years old. Half of the plum transplants were coppiced, i.e., their

tops were cut approximately 1 cm above ground line.

For the smooth sumac plots (five at Site 1, five at Site 2), only CT or IT were
planted as | was unable to find a commercial seedling source from Oklahoma. dach pl

contained 20 of each propagule type. Transplants were taken locally fronrveahgas
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large stand of smooth sumac adjacent to Site 1-2007. Stem diameters ranged from 4 mm
to 14 mm (average 8 mm) and IT had heights between 16 cm and 91 cm (average 47.5

cm).

All transplants were obtained using a narrow shovel to sever the roots amtl extra
ramets. The transplants were moved to the plots in buckets filled with water. For
fragrant sumac, only BRS (Oklahoma Division of Forestry seedling nursery,bgpolds
Oklahoma) were used because of the difficulty transplanting locally obtaimeds of

this species. Each of 10 plots (five at Site 1, five at Site 2) contained 36 BRS.

Site preparation treatments included competition control and tillage. Ilndfgbr
2007, half of each plot was tilled to a depth of about 15 cm using a 1.5-m-wide disk
harrow pulled by a tractor. Several passes were made to ensure uprootisgrad exi
vegetation. Perpendicular to the tillage treatment, 0.15 kghiéometuron methyl
(Oust, DuPont, Wilmington, DE) was sprayed on March 5 to eliminate competition from
grasses and forbs on half of each plot. Oust is a pre-emergent herbicide comm@nly us
in forestry for site preparation. A solution of 1% glyphosate (RoundUp, Monsanto,

Creve Coeur, MPwas used to spot treat the plots twice during the 2007 growing season.

Based on results from the 2007 study, 36 additional plots were planted in 2008 to
test the effects of competition control using weed cloth, timing of planting, and ptepag
type (CT vs. BRS for plum). Transplants were collected in the same mannel88The
planting. All bare-root seedlings were obtained from the Oklahoma ForestigeSe
Forest Regeneration Center. Half of each 6-m-diameter plot was covénetbvmil,

83g m? Polyscape weed barrier cloth (Shaw Fabrics Products, Wellington, CO) as a
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physical barrier and alternative to chemical competition control. Tvpddte each

were planted (six plum, three smooth sumac, three fragrant sumac) on 4 February, 26
February, and 18 March 2008. Chickasaw plum plots contained a total of 60 propagules,
half of which were BRS and half of which were CT pruned 20 cm above ground line.
Smooth sumac plots contained 40 stems that consisted entirely of IT. Fragramt suma

plots contained 36 BRS.

Measurements and Experimental Design — 2007 Planting

Survival was recorded seven times throughout 2007 and 2008 (Fig. 3.2). Ground line
diameters and total heights were measured on surviving stems before apddcifte
growing season. Heights were initially set at 20 cm for BRS because afynumseing.
Coppiced transplants were cut at ground level and initial heights were sehat O ¢
Diameter measurements after the first and second growing seagserelwaeys made on
the largest living stem. Heights were measured to the tallest livingpaoiftthe stem.
First year, second year, and total diameter and height increment \\werlatea by taking
the difference between each living stem’s diameter or height duringraedwermant
seasons. Height and diameter increment do not reflect growth for the CT and IT
propagules. Initial diameter measurements were taken on the main stempdairtaals
propagules. Subsequent sprouting from the stem collar or root of the coppiced
transplants as well as occasional mortality of the main stem and respafutiegntact
transplants confounded estimates of diameter growth. Likewise, friepaieial
mortality of the main stem of the IT transplants confounded estimates of beoglth.

While irrelevant as estimates of growth for the transplant treatmergbt hed diameter
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measurements and associated increments serve as important esiirttaggootential

rate of stand development that might be expected when planting different pespagul

Due to morality in the herbicide treatment, this factor was dropped from all
analyses. The variables propagule source and tillage were tested for gecthode
species separately. Within each plot, the stems of each propagule typgex till
combination were averaged and the mean served as the experimental unit. Fordplum a
smooth sumac, differences between the tillage and propagule treatmentssieste
using a split-plot ANOVA. Sites served as blocking variables. Tillage wasgtble-
plot factor and propagule type was the split-plot factor. For fragrant sumaBRSI

were planted and tillage effects were tested using a randomized cobipttelesign.

Measurements and Experimental Design — 2008 Planting

Survival was documented on 15 May, 11 July, and 18 September 2008. Initial
measurements of stem heights and diameters were taken on all of the planetshieef
propagules initiated growth. Subsequent measurements were taken on surviving stem
during the following dormant season as described above. Height and diameter
increments were calculated by taking the difference between imtdireal heights and

diameters.

For the 2008 study, stems of the same propagule x weed cloth combination within
plots were averaged to obtain the experimental unit. For Chickasaw plum, planting date
served as the whole-plot factor, competition control served as the firgplspliactor,
and propagule type as the second split-plot factor. For the two sumac species, planting

date served as the whole plot factor and competition control as the split-pbot fact
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While the effects of planting date were tested, differences cannot beidelfyraiscribed
to seasonal differences since only one planting event per time period could be intluded |

a 1- year study.

RESULTS

2007 Planting

Tillage Effects. Tillage did not have a large or consistent effect on survival,
diameter increment, or height increment. At the end of the two growing seasars
for the tilled and untilled treatments for plum were 45 = 3.3% SE and 44 + 2.9% SE for
survival P =0.82), 16.9 £ 1.59 cm SE and 17.7 £ 2.18 cm SE for height increent (
0.99), and 0.70 £ 0.423 mm and 1.30 + 0.225 mm for diameter increfher@.28) f =
20). For smooth sumac after 2 years, survival was 49 + 7.5% SE and 49 + 7.3% SE and
height increment was 6.6 + 1.64 cm SE and 7.4 £ 2.18 cn SE)(64) for the tilled and
untilled treatments respectively € 10). Tillage decreased diameter increment of
smooth sumac over the first 2 years from -0.43 £ 0.223 mm SE to -1.29 £ 0.335 mm SE
(n=10,P =0.04). For fragrant sumac over the first two growing seasons, means for the
tilled and untilled treatments were 77 £ 10.4% SE and 88+ 8.9% SE (n = 10) for survival
(P=0.27),8.7 £1.57 cm SE and 10.6 £ 1.03 cm SE for height increfen0(47), and
0.88 £ 0.470 mm SE mm and 0.88 + 0.141 mm SE for diameter increment. Because of
the lack of a strong tillage response, only the main effects of propagule ¢ypesented

and discussed below.
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Figure 3.2. Trends in survival £ 1 SE (%) of shrub propagules planted in Woods
County, Oklahoma, 2007 — 2008,, Chickasaw plum propagules € 40). B, sumac
propagulesr{ = 20). BRS indicates bare-root seedlings; CT, coppiced transplants; and
IT, intact transplants.
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Chickasaw Plum. After two growing seasons, survival of BRS (85%) was
greater than that of the transplants. Among transplants, coppicing increased sfirviva
plum from 20 to 30% when measured after two years. (Fig. 3.2). The pattern of survival
over the second growing season varied among propagules. Survival of coppiced
tranplants decreased from 40 to 30% during the second growing season while most
individuals in the BRS and IT treatments that survived the first growing seasaovesl
the second as well. Initial diameters of BRS propagules ranged from 3 — 11 mm wit
some individuals from all size classes surviving. No individuals from the Ciineaa
with an initial diameter >13 mm survived (initial diameter range of 3 — 15 mm) and no
individuals from the IT treatment with an initial diameter >10 mm surviveddinit

diameter range of 3 — 17).

Initial mean diameters were greater for the transplants than fBREgTable
3.1). However, by the end of the second growing season, diameters of surviving
individuals were largest for the BRS propagules because diameter incngasegreatest
in this treatment for both years (p<0.0001). Initial heights were dependent on peopagul
type and whether the propagule had been pruned or coppiced. During the first two
growing seasons, height increment varied by propagule (p<0.0001) such thatighial he
after two years with similar among the BRS and IT treatments andtiawie CT

treatment (Table 3.2).
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Table 3.1. Mean (x 1 SE) annual diameter and diameter increment after 2 yednsulopsopagules on Sites 1 and 2 in

Woods County, Oklahoma, 2007 — 2008.

Diameter (mm)

Diameter Increment (mm)

Species Propagulé n Initial Year 1 Year 2 1% Year 2°Year Total
Chickasaw plum BRS 40 59+0.1 6.0+£0.187+03 01+01 27x03 28+0.3
CT 40 76+02 41+0360+03 -36+05 22+04 -15%04
IT 40 74+02 56+0372+03 -03x03 15+03 1.2+0.3
Smooth sumac CT 20 85+0.2 55+0.269+03 -31+02 09+x05 -23+0.5
IT 20 85+0.2 87+0.291+03 03+01 01+03 04%0.3
Fragrant sumac BRS 20 6.1+0.2 64+037.3+04 00+£01 13+0.2 0903

'BRS indicates bare-root seedlings; CT, coppiced transplant; IT, intact sanspl
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Table 3.2. Mean (x 1 SE) annual height and height increment after 2 years for shrub propadsikes d and 2 in Woods

County, Oklahoma, 2007 — 2008.

Height (cm) Height Increment (cm)
Species Propagulé n Initial Year 1 Year 2 1Year 2° Year Total
Chickasaw plum BRS 40 2000+£0.0 343+09 434+13 143+09 92+11 23413
CT 40 00+£0.0 185+13 26.2+15 185+13 79+15 26.2+15
IT 40 50.0+1.3 48.6+3.0 452+24 -3.8 23 -18+11 -59%16
Smooth sumac CT 20 00+0.0 11.0+£09 205+24 11.0+09 89+15 205+24
IT 20 48.7+19 458+21 448+1.8 -27+x05 -19+08 -45%1.0
Fragrant sumac BRS 20 20.0£0.0 258x09 29.7x13 58+0.9 46x0.9 9.7+1.3

'BRS indicates bare-root seedlings; CT, coppiced transplant; IT, intact anspl
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Smooth Sumac.Survival after 2 years was similar for coppiced and intact
transplants® = 0.17, Fig. 3.2). No transplants <5 mm initial diameter survived (initial
diameter range 4 — 13 mm). The average initial diameter for sumac trans@arg@s
mm. After two growing seasons mean diameter increment of the Gmémtawas
negative due to mortality of the initial ramet and basal resprouting. As § teeull
treatment had a mean diameter 32% greater than the CT treatment afteatsv(lable
3.1). The mean height of the IT treatment was negative due to frequent die-back of
portions of the main ramet. However, total height after two years was alnosasvall
in the IT as in the CT treatment due to the greater initial height of that fraasplants

(Table 3.2).

Fragrant Sumac. Eighty-three percent of the fragrant sumac BRS survived after
2 years (Fig. 3.2). Seedlings from all size classes survived (initiatthamange 3 — 11
mm). There was <1 mm diameter increment (Table 3.1) during the first twingro

seasons but nearly 10 cm in height increment (Table 3.2).

2008 Planting

Chickasaw plum. Overall, survival of plum BRS propagules was greater than for
CT propagules, i.e., 77 and 29% respectively (Table 3.3). However, there was an
interaction between planting date and propagule type.004) because BRS survival
was fairly consistent across planting dates (76, 75, and 80% survival for sudgessive

later planting date$? = 0.56) while survival of CT increased with later planting dates
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(16, 21, 52% survival for successively later planting d&es(.03). The application of

weed cloth increased (= 0.005) survival compared to no cloth from 47 to 60%.

Diameter increment after 1 year of individuals planted on the early, middle, and
late planting dates was 0.5 mm, 1.2 mm, and 0.7 mm, respectively (Tal#e=3.3,
0.002). Diameter increment of individuals in the BRS treatment (1.1 mm) wettergre
than those in the CT treatment (0.4 m)H0.003). Compared to no weed cloth, weed
cloth increased diameter increment from 0.6 to 1.0 Pm 0.005) in the 2008 growing

season.

Height increments for plum planted on the early, middle, and late planting dates
were 0.6 cm, 3.0 cm, and 0.4 cm (Table B.3; 0.008), respectively. However, height
increment was similar for the first and second planting dates for the wtkdrelatment
(2.0, 2.3, and 0.6 cm for successively later planting dates) but was greatesniaidlee
planting date for the no weed cloth treatment (-1.4, 4.2, 0.3 cm for successively later
planting dates) resulting in an interaction between planting date and thelatéed c
treatment = 0.02). . There also was an interaction between planting date and
propagule typeH = 0.02) because height increment of BRS was fairly consistent across
planting dates (1.4, 2.3, and 1.8 cm between successively later dates) while height
increment of CT varied considerably (-1.3, 3.7, -1.0 between successively latergplanti

dates).
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Figure 3.3. Trends in survival £ 1 SE (%) of shrub propagules planted in Woods

County, Oklahoma, 20084, Chickasaw plum propagules € 6). B, sumac propagules
(n=3). BRS indicates bare-root seedlings; CT, coppiced transplants; IT, intac
transplants; 1, propagules planted 4 February; 2, propagules planted on 26 February; and
3, propagules planted on 18 March.
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Table 3.3. Survival and growth means after 2 years (+ 1 SE) for Chickasaw plum propaguled piatmoods County, Oklahoma,

2008 q = 6).
Diameter (mm) Height (cm)

Planting Date Weedcloth 'Propagule  Survival (%) Initial Final Increment Initial Final Increment
4 February Cloth BRS 80 +4 51+04 6.1+x04 11+£03 23.1+12 247+09 26+1.0
CT 238 6.0+05 51+£07 02+03 215+32 204+24 13%1.1

No Cloth BRS 725 50+£03 55+02 04+00 220+£1.3 226+09 1.2+0.7
CT 8+3 6.1+03 43+07 01+£01 182+13 197+13 -39+24

26 February Cloth BRS 81+4 37+03 5603 19+£02 226+1.1 230+11 24+06
CT 289 57+03 6.1+05 08+02 224+14 215+16 21+1.2

No Cloth BRS 69+4 41+0.2 50x03 12+01 249+£0.7 255+08 3.1+0.7

CT 14+8 58+05 6.2+13 07+£03 238+19 28.0x25 52+1.0

18 March Cloth BRS 83+8 45+05 5706 11+£0.2 205+08 229+13 18+0.7
CT 62 +13 59+02 68%+06 07204 21.2+11 202%+12 -0.7%x05

No Cloth BRS 773 56+03 65+03 09+02 23.7+06 251+11 18+0.8
CT 41+9 55+02 6.1+ 04 01+£02 206+1.0 19.0+09 -1.3%0.7

'BRS indicates bare-root seedlings; CT, coppiced transplant; IT, intact anspl

37



Smooth sumac.In the 2008 planting, smooth sumac exhibited poor survival
regardless of planting date with 8, 3, and 7% survival rates for the early, middlateand |
planting dates respectivell? € 0.72, Table 3.4). The weed cloth and no weed cloth
treatments had survival rates of 2% and 10% respectivehy0(06). Statistical analyses
for height and diameter increment could not be reliably conducted because four of nine

plots did not have any individuals that survived until the end of the first growing season.
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Table 3.4. Survival and growth means after 2 years (£ 1 SE) for smooth sumac intactangégtdnted in Woods County,
Oklahoma, 2008n(= 3).

Diameter (mm) Height (cm)
Planting Date Weedcloth  Survival (%) Initial Final Increment Initial Final Increment
4 February Cloth 5+3 70+01 85+05.8+23 37.7+21 355+65 -35+35
No Cloth 12+6 7.7+01 75+0.20.0%£0.0 343+48 288+18 -1.7+20
26 February Cloth 0+0 72+03 ND ND 453 +3.0 ND ND
No Cloth 55 7.7+0.2 6.7 0.3 41.9+2.6 30.3 -11.0
18 March Cloth 2+2 7.2+0.3 8.0 0.0 50.7+34 23.0 -11.0
No Cloth 12+9 6.6+0.2 6.5+0502+0.2 40.7+3.1 28.1+31 -31x21

'ND indicates when no data were available due to mortality.
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Fragrant Sumac. Fragrant sumac BRS exhibited good survival regardless of
when they were planted with 86, 83, and 98% survival at the end of the first growing
seasonfor the early, middle, and late planting dates=(0.08, Table 3.5). Fragrant
sumac survival was not significantly different with or without weed cloth (91 and 87%
respectivelyP = 0.54). Diameter increment averaged 0.7 mm and did not differ
significantly with planting date or weed cloth (Table 3.5). However, dianmstement
was greatest for the first planting date with the weed cloth treath@&n(5, and 0.6
mm with successive planting dates) but greatest for the second plangnwittiato
weed cloth treatment (0.4, 1.0, and 0.4 mm with successive planting dates) resulting in an
interaction between planting date and weed cloth treatRent0(04). Weed cloth
decreased height incremeRt£ 0.05) compared to no cloth (-2.6 and -1.7 cm

respectively).
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Table 3.5. Survival and growth means after 2 years (+ 1 SE) for fragrant sumac baseedbngs planted in Woods County,

Oklahoma, 2008n(= 3).

Diameter (mm) Height (cm)
Planting Date Weedcloth  Survival (%) Initial Final Growth Initial Final Growth
4 February Cloth 87+4 46+0.6 56+0.6 1.0+01 244+14 21.1+0.8 24+1.1
No Cloth 85+4 4.7+0.0 52+0.1 04+£0.0 23406 20.7+1.2 -19+1.4
26 February Cloth 89+3 43+0.2 48+0.2 05+0.1 23.3+£05 19.7 £ 0.7 -29+1.3
No Cloth 76 £13 44+05 55+04 1.0+03 236+1.9 23.0+22 -0.3+0.8
18 March Cloth 9% +4 49+0.3 56+0.0 06+£0.2 21.6+1.3 191+1.1 -2.6+0.2
No Cloth 100+ 0 46104 50+0.3 04+£02 219%0.7 18.8+1.0 -3.0+04

41



DISCUSSION

Cultural Treatments

In my study on deep sandy soils in northwestern Oklahoma, tillage did not have a
positive effect on survival or growth on the three species tested. This findierg dibm
the more typical positive response of seedling survival and growth to tillagesozirl

al. (2006) found that tillage had a positive effect on survival of loblolly gPeus taeda
L.) seedlings on some Piedmont sites across the southeastern United Stitdge. Ti
improved height and diameter growth of loblolly pine seedlings on the Upper Coastal
Plain and Piedmont of Georgia on a wide range of soil types (Wheeler et al. 2002;
Lincoln et al. 2007). Karlsson (2002) showed that silver bBetula penduldroth)
seedlings had increased survival on sandy soils with deep plowing. On upland sites,
tillage increased growth primarily by increasing the penetratiortyabflroots (Will et

al. 2002). The failure to find a tillage effect in the current study indicatesithar root
penetration does not limit growth rate of Chickasaw plum, smooth sumac, or fragrant
sumac in northwestern Oklahoma or that tillage treatments did not have addfgtaig

on soil properties. In either case, it does not appear that tillage is nedessary

establishment of shrubs in sandy soils of northwestern Oklahoma.

Competition control increases growth by allowing desired plants to utiieze s
resources more completely (Smith et al. 1997). The herbicide used in this study,
sulfometuron methyl, increased survival and growth of cottonwBogdulus deltoides
Bartram ex Marsh.) seedlings compared to cultivation and physical b&@mysr et al.

2006). Sulfometuron methyl applied over longleaf pfep@alustrisMill.) seedlings
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increased diameter growth and the rate at which seedlings emerged fronssh&tagea
(Ramsey and Jose 2004). However, competition control with the pre-emergentdeerbici
sulfometuron methyl is not appropriate for seedling and transplant estadatisfanthe
species tested in my study because of the complete mortality experierassociation

with its application. In another study, sulfometuron methyl reduced hardwood
regeneration growth except in combination with lime to increase soil pH (8eheafd
Sharpe 2003). The pH of the soils in this study is neutral or slightly acidic. Perhaps
using a soil amendment to increase pH could have improved propagule survival and
performance in the herbicide treatment, but given the relatively high pH sbile
already, the failure of the herbicide plots appears to be related to sgneitivie shrub
species. Application of a different herbicide that does not have a negatisteoaffdum

or sumac would probably have beneficial effects on the establishment of shrubs and may

warrant further research.

In my study, weed cloth increased survival of plum by 13% and diameter growth
by 40%, but had little effect on the other species. In previous studies, weed cloth
increased survival and growth of seedlings. For instance, weed cloth increaseal sur
of cottonwood compared to other synthetic mulches (Geyer et al. 2006) and increased
height growth for newly established Arizona cypré3sdressus arizonic&reene)
seedlings compared to no treatment in New Mexico (Harrington et al. 2005). Ussdg w
cloth has several limitations. Installing weed cloth is cumbersome. Staplased to
secure the edges, but in northwestern Oklahoma where strong winds arergdahem
cloth must also be almost covered with soil to prevent the wind and animal traffic fr

shredding it. The fabric is made of plastic fibers that degrade and becatheenitit

43



prolonged exposure to sunlight. The Polyscape weed barrier fabric costs about$0.54 m

and which cost approximately $12 ptah my study.
Propagule Type

Bare-root seedlings of both plum and fragrant sumac had excellent survisdH&@d&6

after 2 years). The primary advantage seedlings have over transplaatsvgetl

established root system. Bare-root seedlings of common native spedesenaly

easy to obtain from nurseries. The Oklahoma Forestry Services Forest Regener

Center sells > 30 species for conservation and forestry purposes at a cost efSD&Ib

each. The plots were planted with 60 stems. If only seedlings had been planted each
stand would have cost $20. However, considering the high survival rates of BRS and the
fact that a mature stand can arise from one seedling, a lower planting degbitipen
operationally employed to reduce seedling costs. After only two yeaes@arting, we
cannot yet evaluate number of years it will take before the differenagudgs are large

enough to provide suitable wildlife habitat.

Transplants may be a viable option if local sources are available. Ramets of
Chickasaw plum and smooth sumac are relatively easy to collect and transport.
However, fragrant sumac spreads predominately by basal sprouts and transpldnts ¢
not be collected. Transplants should be taken in the dormant season prior to bud break.
Coppicing the transplants removes most of the preformed buds which reduces ifhitial lea
area and plant water use and decreases the likelihood of mortality from tneger s
during the first several months. In my study, coppicing transplants increaseelsar

Chickasaw plum but not smooth sumac. However, most of the surviving non-coppiced
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sumac stems sprouted from the base indicating that there could be a phydiologica
adaptation that is similar in function to coppicing that occurs when stems aredsever
from the mother plant. Despite the lower survival rates of transplanted steahs, loc
sources are readily available and can be planted at higher densities thandiRgnt the
same number of surviving plants. Other potential advantages of transplantslawe the
cost and effort associated with storage, transportation, and planning as gezietiss

that are adapted to local conditions.

Height and diameter increment could not serve as measurements of gnoeth s
they were confounded by top die-back and resprouting. Additionally, there wascevide
of herbivory by deer, especially for smooth sumac, which reduced plant heights. These
sprouting characteristics make growth estimates in year one intheaiaitial size of
transplants is no indication of plant size in the first several years. However, the
measurements of height and diameter are important as they serve ateestinthe rate
of stand establishment associated with different propgules and cultural mesatrggen
though they suffered negative height increments after two growing seasofis, the |
propagules were tallest due to greater initial height and may resultnmoiterapid stand
establishment. Growth measurements in subsequent years will be relevatbmsdit

vigor and the trajectory of stand establishment.

Planting Date

Planting date had little effect on survival of BRS. This result is consistédntivaise for

twelve tree species planted on multiple dates spanning the dormant seasoman India
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(Seifert et al. 2006). While differences between planting dates cartibcstity tested,

the differences cannot be unambiguously ascribed to late winter, early sprind, or m
spring since these specific timings could only be replicated once in a 1-year stud
However, planting late in spring just before bud break seemed to provide the best
conditions for survival of Chickasaw plum transplants. This may be due to warming soil
temperatures and spring rains encouraging immediate growth of newlydplante
transplants. Local measurements of precipitation indicate that all tlwrgengldates had
rainfall events shortly after or before planting (Fig. 3.5). It is doubtful thaessive

rainfall events had a cumulative effect on soil moisture because of the higrapgitgne

of these deep sands. However, the study site received heavy rain the day béfoe the
planting which could have provided conditions that improved survival. Watering or
irrigating newly severed transplants may facilitate dormant buds to prashtsesponer

and allow for greater water uptake by existing roots. Another possiblhigdeto better
survival of transplants planted on the last date is that plant growth reguldioesaathe

time of bud swelling allow these transplants to initiate root growth sooner. Additjona

the transplants taken on the last date were connected to the mother plant longer and could
have received additional resources in preparation for resumption of aboveground growth

(Boo and Pettit 1975).
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Figure 3.4. Local precipitation for Woods County, Oklahoma January to May 2008.
Arrows indicate planting dates: 1, 4 February 2008; 2, 26 February 2008; and 3, 18
March 2008).
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Conclusion

Establishing shrub clusters in grasslands of northwestern Oklahoma has thialgotent
improve habitat quality for species such as Northern Bobwhite. Minimal site atiepar
(mowing for access) was necessary for the species tested on thesaiédsed in these
trials. Bare-root seedlings require less labor and had better survesthrah

transplants. Long-term monitoring of these establishment stands is negplealihsight

into the development of mature stands of Chickasaw plum, smooth sumac, and fragrant

sumac.
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CHAPTER IV

Early Independence of Interconnected Ramets in the Clonal Shrublickasaw Plum

ABSTRACT

Resource integration is a widespread phenomenon in clonal plants that allows for
potential translocation of carbon and water between interconnected ramets.effo bett
understand the importance of this process in Chickasaw limys angustifolia
Marsh.), growth (diameter and height), net photosynthesig,(tomatal conductance
(gs), intercellular CQ concentration (, midday stem water potential), and soil
volumetric water content (VWC) of interconnected ramets were monitored dheng
2008 growing season in Woods County, Oklahoma. | severed the roots between
interconnected ramets on the interior (1S) and periphery (PS) of Chickasawtahds s
and left undisturbed control (IC and PC) plots for comparison. IS and IC plots nekasure
the response of stems that were classified as a mother (Mo) or adjacened@djhand
the PS and PC plots focused on proximal (Px) and distal (Ds) stems. Foretdl,ram
severing had little or no effect on growth,eAgs, G, and VWC P > 0.18). Though
Chickasaw plum possesses persistent root connections between ramets theremals
evidence of water or carbon resource integration between interconnectts uaher

normal conditions.
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INTRODUCTION

Clonal plants have the potential to share resources, e.g., water, nutrignts, an
carbohydrates, between connected ramets (Evans 1988; deKroon et al. 1996; Alpert
1999; Herben 2004; Roiloa and Retuerto 2006). Obviously, a newly generated ramet
receives resource subsidies from a mother plant during its genesis. Haweuanclear

in many species the extent to which connected ramets continue to share resources.
Clonal plants have the ability to buffer the effects of resource heteibgenea small
scale; i.e., the area occupied by interconnected clones (Herben 2004izeFearés

applied to largeleaf pennywoliydrocotyle bonarienseSomm. ex Lam.) clones and N
integration among ramets and increased branching was observed illushistsyeties’
ability to exploit patchy resources across the landscape (Evans 1988). Thsayrai
(Wijesinghe and Handel 1994) or may not (Peltzer 2002) increase the competiitye abi
of the plant. Addressing questions about the physiological processes dependent on the
movement of water, carbon, and nutrient resources among ramets of clonal plants wil
help to better understand their ecological niche and competitive ability ddeadito

more efficient management strategies.

50



Most research designed to measure movement of resources among clonal plants
has focused on herbaceous plants because of the relative ease with which controlled
experiments can be conducted (Eriksson 1993; Alpert 1999; Herben 2004; Zhang et al.
2008). Woody clonal plants pose problems for experimenters due to slow growth rates
and large clone size. Generally studies on woody plants are contgusteecand it is

often difficult to eliminate confounding factors (Eriksson 1993).

Plants can be wounded (either roots or stems) to observe resource allocation
among ramets after disturbance. The movement of carbon is inferred fromvitie gro
rate and location or density of new sprouts (Matlack 1997; Fraser et al. 2004; Gibson et
al. 2004; Giudici and Zingg 2005). Boo and Pettit (1975) explored the root structure and
carbohydrate reserves in shinnery oQki€rcus havardiRydb.) and found that
mechanical severing of ramets caused root carbon reserves in the mgrpaition of
the clone to decrease during early summer. This implied that carbohydrateseser

transported to new or existing stems to aid in repair, maintenance, and renewal.

The goal of this study was to gain a better understanding of resource atiooati
the clonal shrub Chickasaw plurgnus angustifolidviarsh.). Specifically, the aim
was to determine the relative importance of persistent root connections aneobse
directionality in resource subsidies among ramets. The hypothesis thatgeswhated
peripheral ramets rely on older portions of the genet for carbon or belowgrounaeesour
subsidy was tested by measuring ramet growth, leaf gas exchangeleandvayer
potential. Alternatively, older portions of the genet may rely on new ramgtgther
resources from a previously unexploited space, or each ramet could be functionally

independent shortly after it is generated.
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METHODS

Study Area

This experiment was installed in early spring before the 2008 growing sedsesiudy

site was a native bluestem prairie community with soils that are deep fmensands
classified in the Eda series near Waynoka, Oklahoma (Woods County, N 36.52, W -
98.70). These soils are excessively drained thermic lamellic ustipsamandrdase

located on undulating dunes on alluvial plains (USDA-NRCS 2008). The plant
community was dominated by little bluesteSckizachyriunscopariumMichx.) with
intermixed stands of Chickasaw plum. The primary land uses of this propertyattéze c
grazing and hunting. The 30-year average annual precipitation for Woods County is 68
cm (Oklahoma Climatological Society, 2009). Local precipitation was messimd

total rainfall in the area was 91 cm in 2007 and 60 cm in 2008. Temperature extremes

ranged from -18 to 42 C in 2008.

Treatments

Fifteen Chickasaw plum stands that appeared to be undisturbed were used for this
experiment. Stand diameters were approximately 7-15 m and represdiotattive
species. An undisturbed plum clone resembles a hill in silhouette. There is a mother
stem generated by a seed near the center of the stand. | presumed, \atiil) the

stem with the greatest height and diameter was the mother based on a previoos study
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Chickasaw plum that found a linear relationship between stem diameter and age (Dunki
et al. 2008) and other studies of clonal shrubs that identified age and size structure of
clonal clustergGilbert 1966; Reinartz and Popp 198The mother trees in this study
ranged from 2 — 3 m tall with diameters that ranged from 43 — 77 mm. Ramets get
progressively smaller with distance from the mother. The 15 genets were randomly
assigned one of the following treatments: interior sever (1S), periplesed @S), and
controls (IC and PC). For IS stands, the mother stem was identified and all morsect

to adjacent ramets were severed to a depth of at least 60 cm with a Toro Dinlgertren
with a 10-cm-wide blade (Bloomington, MN). Three cuts were made to form alériang
around the mother (Fig. 4.1). Exploratory excavations indicated that connections
between ramets were within 30 cm of the soil surface. The mother stems (M) and s
adjacent stems (Ad) were tagged and height and diameter measurements recorded
through the 2008 growing season to calculate ramet growth. For PS stands, thet smalle
stems on the periphery of the clone were located and severed from the clone using the
trencher (Fig. 4.1). Six stems on the proximal (Px) and the six adjacent stems on the
distal side (Ds) of the trench were monitored as described above. The five @aots

left unaltered and served as controls for both treatments. In IC and PC d&mndsysre

classified and measured using the same hierarchy as the sever treatment
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Severance

Figure 4.1. Diagram illustrating the general layout for intet(left) and periphere
(right) severing treatmer, Woods County, Oklahoma, 2008tand are, density, and
stem sizes are not to sci A, interior severing treatmenB, peripheral severin
treatment. Mo indicates mother stems; Ad, thoacadt to mothers; Pstems on the
proximal side of the peripheral severing treatr; and Dsstems on the distal side of t
peripheral severing treatm.
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Measurements

Stem height was recorded for all ramets to the nearest 1 cm with a hegghSpern

diameter at ground level was recorded to the nearest 1 mm with dial calipdes
measurements were taken on 4 April 2008 with follow-up measurements on 22 January
2009. Diameter growth was calculated as the difference between the finateliand

the initial diameter. Height growth was calculated as the differencebetihie final

height and the initial height.

Net photosynthesis ), stomatal conductance to water vapqy, (gtercellular
CO, concentration (¢, midday xylem water potential§, and soil volumetric water
content (VWC) were measured five times (approximately every month) befyeé
and August. Data were collected between 8:30 AM and 4:00 PM. For the interior
treatment, Mo and Ad stems were measured. For the peripheral treatment, Px and Ds
stems were measured. Leaf-levglAg, and G, were measured with a LI-6400 portable
photosynthesis system (Li-Cor Biosciences, Lincoln, NE). Light levelmastained at
1500 pmol rif s*using the attached blue/red LED light source. The referengav@®
set to 400 umol mdl One leaf from each plant on each sampling date was measured.
Since leaves fit entirely into the cuvette, they were collected, placed fic flags, and
kept refrigerated until leaf area was measured using the LI-3100 aregInn€ter
Biosciences, Lincoln, NE). Gas exchange measurements were recdlosiatpthe
actual leaf area measured. Midday xylem water potedtjaives measured with a
pressure chamber on one twig per stem (Portable Plant Water Status Console;
SoilMoisture Corp., Santa Barbara, CA). Readings were taken at the moment sap was

seen wetting the surface of the cut stem. Soil VWC was determined by tiragndom
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reflectometry with the miniTrase kit (SoilMoisture Corp., Santa BarbakauSing the

30-cm waveguides and 10-ns pulse in the soil directly under measured stems.

Within the plots, stems from locations containing multiple measurements, i.e.,
positions Ad, Px, and Ds, were averaged and the average served as the expennitental
As differences in growth and physiology related solely to position within tme clere
expected, responses of severed ramets were compared to ramets of thesgane p
from the unsevered control. The fifteen plots were assigned to five replicatesobas
proximity to one another. Two separate analyses were conducted, one thaedomgpar
effects of severing on Mo and Ad stems in the IS and IC treatments and ahather t
compared the effects of severing on Px and Ds stems in the PS and PC treatment. A
split-split-plot analysis was conducted to test the effects of seveeatyient (whole-
plot), ramet location (first split-plot factor), and date (second split-plabifpas well as
interactions. The factor of most interest was the interaction betweemgeveatment
and stem position which tested whether the measured responses of stems in a given

location differed depending on whether it was severed or not.

RESULTS

Diameter and height growth were similar among severed and unseversabtam
same position for the comparison between the mother and adjacent stemaifntera
between the severing treatment and ramet location for diameter gPew@¥1 and

height growthP = 0.38, Fig. 4.2, 4.3). Initial diameters of the IS and IC plots were 47.5
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and 42.5 mm, respectivell? = 0.34, Fig. 4.2) and initial heights were 199 and 225 cm,
respectively P = 0.24, Fig. 4.3). When stem positions within severing treatments were
averaged, severing had little effect on diame®er 0.32) or height growthR = 0.08) of

the IS and IC treatments. Diameter growth for the severed and wetearrets was 4.9

and 3.2 mm while height growth was 1.6 and 1.9 cm, respectively.

Similar to the comparison between mother and adjacent stems, diameter and
height growth of severed and unsevered stems in the proximal and distal postiens w
similar along the periphery of stands (the interaction term between geaadmmamet
locationP = 0.45 for height growth arid = 0.99 for diameter growth, Fig. 4.2, 4.3).

When the proximal and distal stems were averaged, initial diameters miFRCgplots

were similar with means of 8.9 and 8.8 mm, respectively (Fig. 4.2). However, éiamet

of the ramets in the PS plots grew 3.1 mm while those in the PC treatment grew 2.6 mm
(P =0.02). Initial heights and height growth of the PS and PC treatments were similar
with 78.1 and 77.0 cm initial height (Fig. 4.3) and 7.1 and 6.6 cm height growth,

respectively.

As would be expected, leaf gas exchangg,(&, G), VWC, and¥ all varied
during the growing season (Figs. 4.4 — 4.8). There were no interactions involving date so
separate analyses for each date were not conducted. Stem location had no etiéct on le
gas exchange for mother vs. adjacent stem or proximal vs. distal stenrisammpaP >
0.1, Figs. 4.4 — 4.8). The interactions between severing and ramet location were not

significant for leaf gas exchange variables or soil VWG (0.18).
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Figure 4.2. Diameter means + 1 SE (mm) for Chickasaw plum ramets in Woods County,
Oklahoma, 2008. Mo indicates mother stems; Ad, those adjacent to mothers; Px, stems
on the proximal side of the peripheral severing treatment; and Ds, stems onals&dbst

of the peripheral severing treatment(5).

58



300

1 Final Height
% I |nitial Height (severed)
250 - 1 Initial Height (unsevered)
200 -
€ B
(&}
N
£ 150 |
2
O
L 100 -~ %
50
O T T T T
Mo Ad Px Ds

Stem Position

Figure 4.3. Height means + 1 SE (cm) for Chickasaw plum ramets in Woods County,
Oklahoma, 2008. Mo indicates mother stems; Ad, those adjacent to mothers; Px, stems
on the proximal side of the peripheral severing treatment; and Ds, stems onalh&dbst

of the peripheral severing treatment(5).
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Figure 4.4. Net photosynthesis + 1 SE (umol £@%s%) for Chickasaw plum ramets in
Woods County, Oklahoma, 2008, internal treatmentsB, peripheral treatments. IS
indicates internal severance; IC, internal control; PS, peripherabseeePC, peripheral
control; Mo, mother stems; Ad, stems adjacent to mothers; Px, stems on the proxima
side of peripheral plots; and Ds, stems on the distal side of the peripherahpidik (

60



0.30
0.25 -
~
A
N 020
o
0151
I
(@]
E 0.10 -
N
(D)
8 0.40 . . . :
< B
e
O
S 0.35 -
©
c
8 0.30
@©
E 0.25 -
8 0.20
v
—e— PS-Px
0.15 4 —i— PC-Px
—O0— PS-Ds
—— PC-Ds
0.10 T T T T
4/1/2008 5/1/2008 6/1/2008 7/1/2008 8/1/2008 9/1/2008

Date

Figure 4.5. Stomatal conductance + 1 SE (metHni%s) for Chickasaw plum ramets
in Woods County, Oklahoma, 2008, internal treatmentsB, peripheral treatments. IS
indicates internal severance; IC, internal control; PS, peripherabseecPC, peripheral
control; Mo, mother stems; Ad, stems adjacent to mothers; Px, stems on the proxima
side of peripheral plots; and Ds, stems on the distal side of the peripherahpid} (
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Figure 4.6. Intercellular C@+ 1 SE (umol C@mol aif') for Chickasaw plum ramets in
Woods County, Oklahoma, 2008, internal treatmentsB, peripheral treatments. IS
indicates internal severance; IC, internal control; PS, peripherabseecPC, peripheral
control; Mo, mother stems; Ad, stems adjacent to mothers; Px, stems on the proxima
side of peripheral plots; and Ds, stems on the distal side of the peripherahpid} (
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Figure 4.7. Midday stem xylem water potential £ 1 SE (MPa) for Chickasaw plum
ramets in Woods County, Oklahoma, 20@8.internal treatmentsB, peripheral
treatments. IS indicates internal severance; IC, internal control; m$)grat severance;
PC, peripheral control; Mo, mother stems; Ad, stems adjacent to mothers;nf’xpste

the proximal side of peripheral plots; and Ds, stems on the distal side of the peripheral
plots fh = 5).
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Figure 4.8. Soil volumetric water content £ 1 SE (%) for Chickasaw plum ramets in
Woods County, Oklahoma, 2008, internal treatmentsB, peripheral treatments. IS
indicates internal severance; IC, internal control; PS, peripherabseecPC, peripheral
control; Mo, mother stems; Ad, stems adjacent to mothers; Px, stems on the proxima
side of peripheral plots; and Ds, stems on the distal side of the peripherahpid} (
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DISCUSSION

In general, there was little evidence of resource sharing among intecteshsgems of
Chickasaw plum. Severing did not affect carbon gain as measured:loy growth.
Consistent with our findings, the importance of resource integration to mainarthgr

rates among interconnected ramets of several herbaceous species is duestiona
(Pauliukonis and Gough 2004; Wang et al. 2004; Poor et al. 2005; Matlaga and Sternberg
2009). Ramets of Chickasaw plum, though integrated with the clone, appear to be
functionally independent when they establish root systems of their own. However, othe
plants species rely on resource integration to support adjacent new rametsfer tra
resources from ramets in resource-rich patches to ramets in resourcetpbes pa
(Wijesinghe and Handel 1994; Railing and McCarthy 2000; Zhang et al. 2003; Herben
2004). When resource sharing does occur, growth of ramets providing the resource
subsidy may not be affected due to increases in resource use efficiency édbdig

2009) which may mask the importance of resource sharing. | did not find a difference in
Ci, a surrogate for the efficiency of water use, to indicate any evidence of catipens

associated with sharing of water among ramets.

| did not find an effect of severing on soil moisture or leaf gas exchange in
Chickasaw plum. However, | did not measure changes in ramet leaf area or root
development, which influence surface areas available for water use and wdkter upta
CarexL. the quantity of water transported from a watered ramet to an unedatenet

was related to leaf area (deKroon et al. 1996). Additional studies might gain imgight
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measuring structural differences like changes in leaf area or rootyd@hdliams and

Cooper 2005) or physiological modifications, e.g. nutrient use efficiency (Zmahigea
2009), that can modulate or eliminate adjustments in growth or gas exchange processes
Moreover, this study focused on water relations and growth as the primary factors
associated with resource sharing. Nutrient amendments (Zhang et ala@@GGable
isotopes of°C and™N (Moing and Gaudillere 1992) could be used to monitor the
allocation of nutrients and fixed carbon to give a more complete description ladout t
function of persistent connections within Chickasaw plum clones. Furthermore, resource
subsidies may become apparent on sites where resource availabilityciglgdyti
heterogeneous or abundant (Alpert 1999; Herben 2004; Zhang et al. 2008), in new
growth following disturbance (Landhausser and Lieffers 2002), or in drought yieans w
plants may have to rely more on stored or shared resources. Alternastiaty,than
resource integration, the function of persistent connections been shown to be areeffect
adaptation to withstand wind erosion in dry climates in the gtsasimochloa villosa

Trin. (Yu et al. 2008).

American plumP. Americanaviarsh.) in Kansas tallgrass prairie accessed water
from the upper 25 cm of the soil profile (McCarron and Knapp 2001). | conducted
exploratory excavations and found the majority of the lateral and fine roots &&aSéne
plum also were within the upper 25 cm of the soil profile. However, | also foundphat ta
roots under a stem can extend beyond 2 m and that occasional deep sinker roots occur
along lateral connections between ramets. This architecture suggestsitkas&wv

plum can access water from the top of the soil profile in the spring and after summer
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precipitation events as well as water from deeper in the soil profile. Tih&se ®ots

may decrease the need for water sharing among ramets of Chickasaw pl

Stem sizes were different according to their location with largest<laribe
center of a stand and progressively smaller ramets with distance fronother. This is
consistent with the description of Chickasaw plum clones by Dunkin et al. (2008). The
peripheral ramets (Px and Ds) in the PS plots experienced more diametér thaowihe
comparable stems in the PC plots. This result is somewhat counter-intuitinesodc
severing were to alter growth, it would be expected to increase growth of atiericat
the expense of the other location (Wijesinghe and Handel 1994; Zhang and He 2009).
Chickasaw plum clones, though interconnected, appear to have ramets that are
functioning independently of each other relative to water relations, leaxghange, and
growth. For those trying to restore native prairie or provide a woody elément
grassland habitats, this research emphasizes that Chickasaw plum gapwtdtiao semi-
arid, sandy conditions and a disturbance which severs the roots of a plum stand will not
harm the remaining stems. Therefore, management to hasten the expansiokasa@hic
plum clones by severing and transplanting ramets in areas without shrubs bagefit
of increasing woody cover without risking negative effects on the remainingstame
These adaptations allow Chickasaw plum to thrive in a wide range of site condittbns

probably contribute to the moderate success of severed transplants used fottipropaga
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