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Three studies were conducted to characterize asgpt early-seral
competition between Douglas-fir seedlings and tireosinding vegetation
communities during Pacific Northwest forest estbiient. The first experiment
served as the foundation for this dissertationwaasl designed to quantify tradeoffs
associated with delaying forest establishment giets/by introducing a fallow year
in order to provide longer-term management of caingevegetation. A range of six
operationally relevant treatments were applied owergrowing seasons that
included in the first (1) a no-action control, @%¥pring release only, (3) a fall site
preparation without sulfometuron methyl followeddgpring release, as well as (4) a
fall site preparation with sulfometuron methyl amdpring release. In the second
year, there was (5) a fall site preparation witreuwlfometuron methyl followed by a
spring release and also in the second year (@) sitapreparation with sulfometuron
methyl and a spring release. Treatments 5 andré M fallow without planting
during the first year. These treatments were agph two replicated experiments
within the Oregon Coast Range.

After adjusting for initial seedling size, year€sults indicated that plantation

establishment and competition control immediatéigraharvest (i.e. no fallow



period) enabled seedlings to be physically largantthose planted after a one year
delay. Atthe Boot study site, limiting vegetatio@low 20% for the first growing
season improved year-3 Douglas-fir seedling stelurwe over 273 cfh Delaying
establishment activities one year and reducing @timg vegetation below 11%
enabled seedling volume after two years to bessizdily the same as three year old
seedlings in the no-action control, a volume raofgeetween 148 to 166 ém
Delaying forest establishment at Jackson Mast irgaeeedling survivorship over
88% when a spring heat event reduced survivordhigges planted a year earlier to
less than 69%. The combined effect of applyingllesite preparation and spring
release was necessary to reduce competitive celawti0% in the year following
treatment and provided longer-lasting control obay/'semi-woody plants. Less
intense control measures (i.e. no-action contrdlteeatment 2) were not able to
restrain woody/semi-woody plant cover which greméarly 40% at Boot and over
24% at Jackson Mast in three years. No treatnegitnie provided multi-year control
of herbaceous species. Including sulfometuron yhatithe fall site preparation
tank-mix did not have a negative effect on seedjjrayvth or provide significant
reductions in plant community abundance in the yafowing application when
compared to similar regimes that did not included¢hemical. Delaying
establishment lengthened the amount of time agsalcvwith forest regeneration
except on a site that accentuated a spring heat.eve

In the second study, horizontal distance and azimeddings provided by a
ground-based laser were used to stem map seedtiatidns and experimental unit
features at Boot. These data were used to creatateve Cartesian coordinate
system that defined spatially explicit polygonstdimay, for the first time, the ability
to collect positional data on competing forest tatien within an entire experimental
unit. Deemed “vixels” or vegetation pixels, thgsdygons were assessed for
measures of total cover and cover of the top threst abundance species during the
initial three years of establishment. An alternathkdity check of research protocols

was provided when total cover resulting from thieVtechnique was compared to a



more traditional survey of four randomly locatethglots. The resulting linear
regression equation had an adjusté®f0.90 between these two techniques of
assessing total cover. When compared within anvexat and year, total cover
differed by less than 12 percentage points betwleeiwo techniques. Analysis of
year-3 woody/semi-woody plant cover produced bytéodniques led to identical
treatment differences. Two treatments resultadlandy/semi-woody cover of
approximately 1500 ftby the vixel method and nearly 40% cover by tHepat
method while the remaining four treatments wereigeal below 600 ftor 20%
cover, respectively. With continued refinemengsil techniques could visually
present forest development through all phases emdde long-term information
used to bolster growth and yield models, measuregeproductivity, as well as
community ecology research.

The third study evaluated the season-long gas egehand biomass
partitioning of four weedy plant species capableapidly colonizing Pacific
Northwest regenerating forest€irsium arvensgCirsium vulgare Rubus ursinus
andSenecio sylvaticusere studied at two sites. A greenhouse was wsgdroduce
two levels of irrigation (well-watered and droughtyrhese species were also studied
while growing among a larger vegetation communitg &eld site. Irrigation
treatments had little impact on gas exchange reBggcies achieved maximum
photosynthetic rates of 30, 20, 15 and 25 umo} @s* (respectively) prior to
mid-July coinciding with an active phase of vegetagrowth. As the season
progressed, photosynthetic rates declined in spiteell-watered conditions while
transpiration rates remained relatively consiséaein when soil water decreased
below 0.25 m H,0/m® soil. Water use efficiency was high until latdydior all study
species, after which time it decreased below 5 L@@l - mmol HO ™. Multi-leaf
gas exchange measurements as well as biomassrdeitded a holistic view of plant-
level mechanisms used to shunt activity toward libgneg tissues. Herbaceous
species had assimilation rates that differed \vaiyi¢within each species) by as much

as 10 to 20 umol CON? s from July to September as lower leaves senesced in



favor of those higher on study plants. Specifaf Erea was greatest in June for all
species then declined indicating species placte éffort into sacrificial early season
leaves when compared to those higher on the glahtould continue to support
flowering or vegetative growth. The study of sewd@as exchange in the presence
of declining water availability has helped to désercompetitive mechanisms at
work during forest regeneration as well as proyabgsiologic support for the

application of vegetation management regimes.
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CHAPTER 1.0

INTRODUCTION AND LITERATURE REVIEW

1.1 Succession and Silviculture

The physical act of harvesting a Pacific Northw@N\W) conifer forest
dramatically increases the availability and quabtyight, soil water, and has the
potential to scarify the upper soil horizon (Baz2879). These activities introduce a
disturbance that can provide the stimulus and grgwbonditions necessary for the
development of early-seral plant species (Bazza@®;1Byrness 1973; Radosevich and
Osteryoung 1987). West of the Cascade crest ig@dehis developing plant
community can be a diverse and complex assemblegfgeoies representing a variety
of taxa and growth habits (Chen 2004; Dinger andeR2009; Halpern 1989).

In this open disturbed environment, plant commudéyelopment follows
various secondary successional trajectories aduassprouting species, those
germinating from the existing seed bank, and sésgukdsed to the site begin to
simultaneously colonize (Bazzaz 1990; Clements 1Bi&e 1985; Schoonmaker and
McKee 1988). As this plant community grows andleitp these open conditions,
roots begin to overlap and canopies begin to sbhadenother creating intense
competition for limited site resources (Antos aralpgérn 1997; Balandier et al. 2006;
Goldberg 1990). The PNW has a Mediterranean cémarked by a pronounced
summer drought period making soil water a primanyting resource during the
initial years of forest establishment (UW 2007;dP&én et al. 1988; Harrington and
Tappeiner 1991). Researchers have reported thaad¢eous vegetation is able to
rapidly exploit open conditions creating short-tesompetition for soil water where as
woody perennial species are slightly slower to eesipbut have longer-lasting
competitive effects (Wagner 1989; Miller et al 19€hin 1999; Rose and Rosner
2005).



Vegetation management prescriptions are often tesegbtrict plant
community growth during stand initiation (Nyland&) where planted tree seedlings
with limited root systems, are susceptible to tifeiences of interspecific competition
for soil water (Casper and Jackson 1997; Morred.et993; Zutter et al. 1986).
Commonly these prescriptions either prepare tleefgitthe arrival of the seedlings or
release them from competition (Walstad and Kuch718#8ough the planned
interruption of successional processes. ConndllSlayter (1977) illustrated this
concept with alternate developmental pathwaysgheahitted additional disturbances
to change the course of succession. These intemngpare not permanent as open
areas are again colonized by various plant spéCieseau and Harper 2009; Miller et
al. 1999; Boateng et al. 2000). When appropriaaplylied and specific thresholds
reached, these treatments have the potential tmiragree seedling survivorship and
growth (Cousens 1987; Wagner et al. 1989) allowlgprocess of reforestation to
proceed rapidly.

The length of time vegetation control is necessamvoid growth losses is
deemed the critical period (Nieto 1968; Wagnen.et296) and is relatively short for
long-lived tree species. Occurring within thetfiige years of establishment, this
period of time is marked by activities designedltov or temporarily halt normal
successional development and favor crop tree atiquisf site resources. As the
crop trees grow, a notable shift occurs where addit competition release treatments
are not required (Wagner et al. 1996). This shifirincipally due to the desired tree
species developing root systems capable of expipdeeper or more contiguous soil
resources with above-ground portions tall enougimitt the negative effect of
reduced light interception (Sands and Nambiar 198¥n and Walstad 1987). The
application of these principles has been showmfrove seedling access to site
resources enabling well-documented improvemengsawth (Rosner and Rose 2006;
Miller et al. 1995; Dinger and Rose 2009; Newtod &meest 1988) and increasing the
probability of the seedlings growing to become daamt life form on the site, a



characteristic mandated by Oregon law (Adams aath52011, Oregon Department
of Forestry [ODF] 2010).

1.2 Operational Forestry on Private Land

Forests managed for the sustainable productioimdierr resources use various
means of vegetation management to reduce competitiprove seedling access to
limited site resources, and direct successionalgases. While there are multiple
non-chemical methods that can be used on privatis|an the PNW, the application
of herbicides is a common means of reducing cortipeinfluences due to the lower
cost, higher efficacy, and reduced risk of injurypersonnel (Newton 2008; Wagner
1993). These compounds, labeled for use in foreate applied in season-specific
treatments as either a fall site preparation angpelease(s). A fall site preparation
is applied prior to planting tree seedlings usihgraicals which are effective at
controlling a broad range of perennial and annpati®s. Spring release treatments
are applied prior to tree bud break. They aregiesl to provide continued control of
forb and grass species during the year followirggféil site preparation or release
trees from competition at some future point in twileen the treatment is deemed
necessary. The need for additional spring releas¢ments is often based on
application cost and an inverse relationship betwhe level of vegetation remaining
on the site in the late-winter/early-spring andocti@e growth. Multiple herbicide
applications can be required due to the breakddwimese chemicals according to
soil-specific half-lives (Ahrens et al. 1994) enaglplants to recolonize these areas.

In the PNW, these fall site preparation and spreigase treatments typically
involve one to four applications of herbicides dgrthe early years of establishment.
These treatments are often tank-mixes of two orenddferent chemicals applied as a
single solution. The choice between the constitparts of these applications is
based on site specific measures of target spexias tontrolled, training, and
experience. These assessments include abunddmeates of herbaceous and

woody/semi-woody vegetation as well as the spemmesprising these groups.



Selectivity and seedling safety is achieved throdifflerences that exist between
weedy plants and conifer seedlings including mdtalpathways blocked with
different chemical choices, application prior tamqting, or application during a period
of seedling dormancy prior to bud break in the-ltang (Ahrens et al. 1994).

This cycle of fall site preparation and spring asle may be unnecessary or
ineffective if the regenerating unit of land arslviegetation community are out of
phase with these regimes. While forest managesessfully apply the discussed
scientific principles of vegetation managementia PNW, the specific tailoring of
these principles to a situation that does nonfid the normal cycle of early
establishment activities can raise considerablatgebExacerbating this debate is the
paucity of regionally relevant information availalwn vegetation community effects
within these management situations.

A challenge to traditional early establishment megg is illustrated by the
management of a unit of land harvested duringdtedpring or summer. At the
typical time of fall site preparation in late-summnglant abundance may be low
because of the combined effects of harvest dishedand summer drought. It is
possible that, due to the limited development af &gea, herbicidal chemicals may
only be absorbed through root contact and thatsim® residual plants with roots
below the influence of the chemicals (Ketchum efl@P9) may be unhindered. This
could make the treatment an ineffective and costtake.

One option is to delay forest establishment aatisithrough the introduction
of a one-year fallow period with special care tmag legally compliant with the
Oregon Forest Practices Act (ODF 2010). This faj@ear with no management
activities would allow the vegetation communitygt@w and increase leaf surface
area while providing the time needed to returnuhi¢ of land to common
management cycles. Researchers have testedehi®fiagnatching management
cycles with the establishment of a crop and comfaveedy plant species. Whether it
is to accommodate the logistics of heavy mecharepeipbment on wet soil

conditions in the spring (Shaw 1996) or investigatihe timing of management



activities to balance different rates of germinatamd establishment (Buhler 1997;
Nielsen et al. 2002; Lauer and Quicke 2006), tlaeeesituations within a single year
that require the adjustment of management techaigResearch suggests that
depending on the crop and measure of merchantate ime dependent tradeoffs
are associated with delaying activities (Helmsl.e1290).

The concept of delaying establishment a few weeksanths to achieve a
particular objective appears to be sound, butdiffecult to apply this to a tree crop
and establishment activities that span two diffeyears. One obvious tradeoff is that
the strategy automatically adds one year to ratdéagth and may not take advantage
of any natural lag in growth of competing vegetatiollowing harvest disturbance.
The best techniques for adapting management peadiicthis situation are not
understood. In fact, no forestry study has beendaeporting the benefits and
drawbacks of this strategy with respect to Dougjlaseedling growth or response of
the competing herbaceous and woody/semi-woody spedi may be possible to
adapt current management regimes, but a side bytestl of these options in a
replicated experiment is needed to better undedstanlogic consequences as well as

inform forest establishment decisions.

1.3 Characterizing and Presenting Early Stand Conditions

Assessing vegetation communities at the speciet fevmeasures of
abundance and distribution require on-site vissah@ates. While technology is being
developed and used successfully to detect variland pommunities through remotely
sensed data (Omasa et al. 2007; Hopkinson et @, Z&rp-Johansen 2002), there are
no known computerized or photographic methodsdhatcharacterize individual
species with varying abundances that overlap hreetdimensional matrix associated
with complex early-seral vegetation community. pspotential sources of human
error, a trained botanist can easily distinguigtséhcharacteristics. Botanists
conducting vegetation surveys can identify indiatdspecies at various stages of



development as well as locate plants within a samgiame that would otherwise be
unobserved due to small stature, low individual ham, or visual obstructions.

Researchers have reported strong positive comakbetween measures of
plant cover abundance and levels of competitioioiests develop (Greig-Smith
1983; Rose et al. 1999; Cole and Newton 1986). et&pn surveys are typically
conducted on a smaller number of randomly selesiddamples within experimental
units (Comeau and Harper 2009; Dinger and Rose;208@ern 1989; Maguire et al.
2007; Rosner and Rose 2006, Zutter et al 1986pefixental units can be relatively
large and permanent plot subsamples of the plantramity generally occur on
smaller areas. Spatial and temporal sources adti@ar exist within plant
communities, even on relatively small scales. rislte vegetation assessment
methods could permit a better understanding of WwelW small subsamples of the
plant community characterize the overall variatiathin experimental units.

Graphical images of this complexity in responssgatial distribution and
growth development have not been found in the faregetation management
literature. Methods for presenting the resulteay-seral forest plant community
development commonly include graphical trend linakles of means, or long species
lists. Ecological studies have illustrated conseaptcolonization and expansion using
Cartesian coordinate data in scatter and contauis pf experimental units (Rossi et al
1992; Greig-Smith 1983; Cromack and Ord 1979).aAgxample, Kooijman (1976)
studied the colonization of acorn barnacles orsttie of a ship hull in the Netherlands
producing figures that incorporate spatial dataeske data were used to show a key
component of interpreting the randomness assocvatedspatial distribution patterns
and the size of individuals inherent in ecologdata (Cromack 1979; Rossi et al
1992; Kooijman 1976). Techniques need to be dgeeldo characterize and present
this spatial complexity to further the understagdif early-seral forest plant
communities.

Programs such as the Stand Visualization Systera designed as an

educational aid to present images of forests udifierent silvicultural regimes



(McGaughey 1998; Roth and Finley 2007). Mappinacpdures presented by Ek
(1969) have the ability to create this kind of mfation, but these visualization and
data collection techniques have not been appliedregenerating forest. Commonly,
these stem mapping efforts focus on older more raatands as illustrated by
Panandeh (1974) who used Ek’s work in conjunctigh additional data to present
the spatial patterns of forest stands that woulcthbeaged using mechanized
equipment. Spatial analytic procedures were usgudsent the distribution patterns
(nearest neighbor and Ripley’s K(d) analysis) eétin a northern Idaho old growth
forest by Moeur (1993). The analysis focused gadel the interactions of trees or
groups of trees and helped define how past stanel@@ment could result in the
patterns currently observed. These techniquesheniesulting data have not been
adapted to the establishment phase of forest dewsnt or included methods for
assessing plant community development and spagiesver associated with
successional processes affected by silvicultugihres.

Techniques that accurately portray early seral tmmg as well as the
dynamic changes of the vegetation community areetke Beyond demonstration
purposes of silvicultural regimes, these methodddcbe used to challenge
assumptions of how well subplots portray conditionstudies with experimental
designs. Presenting graphical images of thesd ptammunities will require the
integration of field data with forest visualizatieaftware and other graphical
programs. Finally, there is room to develop teghes to understand how plant

communities develop and individual species resgorsilvicultural regimes.

1.4 Weedy Plant Physiology
Measures of species abundance and expansion &allypised to quantify

levels of competition in forested systems and heheaeed for silvicultural

early forest environments, they represent a coasae measure of much finer

physiological processes leading to observed groeghonses. The physiologic



attributes of gas exchange and morphologic devetoptiat make certain species
successful at colonizing disturbed sites remaifumdamental unknown in the PNW
forest establishment literature.

Cirsium arvens€Canada thistle)Cirsium vulgare(bull thistle),Senecio
sylvaticus(woodland groundsel), arRubus ursinugtrailing blackberry) are
commonly associated with regenerating forest pdamimunities in the PNW
(Halpern 1989; Dyrness 1973; Schoonmaker and Md®&8; West and Chilcote
1968; Rose and Ketchum 2002). These species egtrasange of life history
strategies (Grime 2002; Grace and Tilman 1990\atialg annual to perennial life
spans, herbaceous and semi-woody growth habitgydegtive methods, and to a
forest manager, different tactics that can be ws@dntrol their influence on planted
trees. Studies have defined certain physiologieets of reproduction (McDowell
and Turner 2002; Lalonde and Roitberg 1994), coitipetharacteristics (Randall
and Rejmanek 1993; Nkurunziza et al. 2010), regmtwsrises in atmospheric €O
(Ziska 2002, Ziska et al. 2004), and general albggoof these species (Michaux
1989; Heimann and Cussans 1996). A degree of glogsc knowledge is missing
despite this amount of informatiois. syvlaticusfor example, has been studied since
the late-1960’s and various aspects of physiologl/dispersion are reported (Halpern
et al. 1997; West and Chilcote 1968; van Andel¥ach 1977; Fioretto and Alfani
1988). However, there are no published gas ex@heatgs for this species that would
aid in characterizing the link between the photdlsgtic process and the growth
responses observed during forest establishment.

Research has generally defined traits that corerpetitive advantages in
disturbed habitats including high carbon fixatiates, high specific leaf area, rapid
growth, large effort in seed production, and ragitization of site resources and/or
ability to use resources at lower levels than offtents (Huston and Smith 1987;
Bazazz 1999; Larcher 2003). Researchers havetegpboomparative results on plant
species utilization of light, water, or nutrientagability in an attempt to understand

how co-occuring or congener plants may competairtiqular environments (Brock



and Galen 2005; Feng et al. 2007; Patterson and FB3). The majority of these
gas exchange measurements occur within a relatshelgt period of time using
methods that can not account for seasonal develuah@atterns. Longer time
frames that include an entire season of growth haea studied on shrub and tree
species (McAlpine 2008; Limousin et al. 2010; Ovalet2010). While this research
has produced a significant amount of knowledgerdigg the competitiveness of
certain species, the work has been done in settiagsre different from that of a
developing forest in the PNW, making it difficutt €xtrapolate results. The PNW has
a pronounced summer drought period and it is of ketrest to understand how
species competing with crop trees regulate theegalsange process, utilize soil water,

and grow on a season-long timescale.

1.5 Summary of Dissertation

Wagner (1993) proposed that vegetation managerheties need to be years
ahead of current forest management practices ir éoddevelop research that can be
used to meet silvicultural challenges. The thtediss reported in this dissertation are
focused on one primary aspect of Wagner’'s overl,glefining competitive
mechanisms between Douglas-fir seedlings and thetaBon community during the
initial three years of establishment. Operatignedlevant management practices may
be adapted to particular management situationghimiprocess requires the
coordinated study of Douglas-fir seedling respassell as the surrounding plant
communities. Within the PNW forest establishméetature, new techniques that
challenge traditional research methods of presgrstiand conditions need to be
developed. Little work has been done to assesadbigracy of vegetation survey
results, and spatially explicit graphical data tanpcommunities in the early-seral
environment do not exist. While there is evidetacsuggest weedy plants do not
compete equally, a lack of data exists that coiddradefining the physiology of how
species of interest grow and utilize limited sgsaurces. This dissertation was



10

designed to begin answering some of these quesdimhprovide information that can

lead to the continued refinement of best managepragtices.
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CHAPTER 2.0

DELAYING DOUGLAS-FIR (Pseudotsuga menzesii) SEEDLING
ESTABLISHMENT TO IMPROVE THE EFFICACY OF VEGETATION
MANAGEMENT REGIMES

2.1 Introduction

This study was designed to test strategies thabeadapted to deal with a
Pacific Northwest (PNW) forest regeneration scenaRroduction schedules as well
as state reforestation law (Adams and Storm 20DF, 2010) dictate that stand
establishment begins within one year of harvestipgrations through the careful
application of silvicultural prescriptions. On naed timber lands, a site harvested in
the late-spring or summer may be relatively dewaidegetation at the time a
chemical site preparation treatment would normiadlyapplied. The effectiveness of
herbicides depends upon maximizing the potentiatémtact and absorption into
plant tissues (Colquhoun 2001). It has been shbamnif sufficient leaf area does not
exist, it may be difficult to control certain PNWapts, particularly those residual
sprouting species that have deep well-establisheidsystems (Ketchum et al. 1999).
In this context, applying a chemical site preparatnay be an unjustifiable expense
as difficult-to-control residual plants may not alisenough of the herbicidal
chemicals to reduce their abundance and compettfeet.

In an attempt to improve the efficacy of herbicidaémicals, foresters may
choose to create a fallow period where no manageaotinities occur. After
allowing the vegetation community to grow unhindkefer one growing season, a
chemical site preparation is applied in the sedaticfter harvest with seedlings
planted that winter in the hopes of providing adrestart to the establishment of the
next stand. It is possible that this strategy mesylt in more lasting control of
residual plant species, but the decision autombtileagthens the time associated

with the regeneration period. The decision may &4 to take advantage of the
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harvesting disturbance and the natural lag in coitngre from the developing
vegetation community. In the end, this decisionldaepresent a significant financial
mistake.

The concept of delaying establishment activities lbeen studied in the
agricultural literature. Crop production systerasédnrequired the evaluation of
techniques that delay seed sowing to accommodatiedgfstics of heavy mechanized
equipment in the presence of wet spring soil comast (Shaw 1996). Weed
management considerations also include matchingithiegy of the plants to be
controlled (Buhler et al. 1997) with the physiologieeds of the crop during
establishment and growth (Buhler and Gunsolus 1B88sen et al. 2002). Results
from these studies indicate that delaying cropbéistament can decrease weed
abundance across a growing season through mordetencpntrol. However, this
delay may reduce crop yield and potential profitsl(ns et al. 1990) depending on the
cultivar, final merchantable product, and weathstgrns associated with the growing
season.

Silvicultural research has investigated the tinohgarticular management
activities. Forest nursery studies have repotiecdptimum timing for seed sowing in
order to maximize germination and growth of see@iflinks and Jones 1996; Morris
et al. 2000). Forest scientists in the Southeadierted States have conducted
research to understand the timing of establishmegnimes necessary to maximize
early pine plantation growth through adequate \etget control. Lauer and Quicke
(2006) reported the optimum time to spray imazapwrder to provide long-term
control of woody vegetation was from July to Sefdtem Associated with this study,
various combinations of the timing and frequencyneichanical and herbicidal
control measures were applied over the coursesofgge year (Lauer and Zutter 2001;
Zhao et al. 2008). In these systems, where botidwand herbaceous vegetation
competition can be intense, effective mechanicatrob(e.g. bedding) as well as both
pre- and post-plant vegetation control were regutoesignificantly improve pine
growth (Lauer and Zutter 2001; Zhao et al. 2008).
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One Pacific Northwest study incorporated delayiegdiing establishment of
two different crop tree species across multiplaye®&adosevich et al. (2006) and
Grotta et al. (2004) investigated the potentialtiimber production benefits using
mixed stands of Douglas-fir and red alder, a ngrofixing symbiont. Given the rapid
juvenile growth rate of red alder, one treatmentuded delaying alder establishment
for five years in order to limit the competitivei@naction with Douglas-fir. These
studies utilized a common experiment that was fedws assessing future stand
characteristics associated with species compogRadosevich et al. 2006) and the
effects on stem and wood quality (Grotta et al.00

The challenge common to all of these studies isahg management delay
falls within a single year or does not incorporaséablishment regimes that can be
adapted to PNW managed forests. Traditionallystonganagers use a combination of
a fall site preparation and spring release treat{aeto reduce competing vegetation.
Fall site preparations are applied from July todbet, three to six months prior to the
planting of tree seedlings and are broadcast aptdigk-mixes utilizing herbicides
and rates that will maximize the potential for cohof difficult species (Newton
2008; Ferrell et al. 2009). The potential for dgeto trees is minimized due to
chemical breakdown over the fall and winter buieéntain cases (e.g. sulfometuron
methyl), short-term negative impacts have beenrteggBurney and Jacobs 2009).
Spring release treatments are designed to mailw&icover values during the
growing season of application and allow seedlingsndered access to site resources.
While this treatment is broadcast applied over tgdiDouglas-fir seedlings,
selectivity is achieved through a combined effddtrning, chemical choices, and
lower use rates. Choosing between these regintetharchemicals that will be used
is based on a forest manager’s training and expeziwith the vegetation community,
soils, and the chemicals themselves.

While certain aspects of delaying management aietsvand vegetation control
options are known, considerable debate exists antbdranslate these findings to a

regenerating PNW forest that is out of phase wattmmon management cycles. This
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study was designed to 1) compare Douglas-fir segdtiorphology and growth
responses to a range of operationally relevanttaiga management treatment
regimes including a one year fallow period 2) coragle ability of these regimes to
reduce competitive cover 3) quantify treatmentceity for continued herbaceous and
woody/semi-woody vegetation control and 4) investiggf the addition of
sulfometuron methyl to a tank-mix of chemicals &abin the fall site preparation

negatively affects seedling growth and plant comitytabundance.

2.2 Materialsand Methods
2.2.1 Site Descriptions

Boot is 10 km (6 miles) south of Falls City, Oregdd’ 46.6’ N, 123 27.9’

W) on lands managed by Forest Capital Partners, (Agpendix 1a). It has deep
well-developed soils classified as fine, mixedjastmesic Typic Haplohumults
(NRCS 2011) and a Douglas-fir site index of 41 35 feet) at 50 years. The site is
at an elevation of 152 m (500 feet) and faces nwitih slopes ranging from O to 5
degrees. Jackson Mast is 22 km (14 miles) sou@otthge Grove, Oregon (437.3’
N, 123 12.4’ W) on lands managed by Lone Rock Timber CamygAppendix 1b).
Soils on the site are classified as fine, mixedsimedJltic Palexeralfs (NRCS 2011).
The site is at 205 m (675 feet) in elevation angpsuts a Douglas-fir site index of 35
m (115 feet) at 50 years. This site has a W/SWhdgaspect and a slope of 10 to 25
degrees.

According to research plans, both sites were thdreested as late in the
season as possible in order to truly representntiieagement scenario. A market
spike for Douglas-fir logs in the spring of 200¢tdted that the sites be harvested
earlier than anticipated. Jackson Mast was hagddsbm late-April to mid-May 2007

and Boot was harvested from late-May to early-RO@.
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2.2.2 Experimental Design

The study sites were established in the summe@®@7 2 Each site consisted of
twenty-four plots 18.3 x 18.3 m (60 x 60 ft) at Bamd 24.4 x 24.4 (80 x 80ft) at
Jackson Mast using a complete randomized bloclgdesihe six treatment regimes
(Table 2.1) were randomly assigned within eacloaf blocks (replicates). The no-
action control (treatment 1) served as a referarieae trees were planted but no
vegetation control was done. The remaining regiwa® designed to represent five
potential management options that are available aviate-harvested unit. If there
was very little vegetation at the time of fall giteeparation, a forester may choose to
do only a spring release (treatment 2) taking athgaof the low cover and potential
cost savings (i.e. no fall site preparation). Tmeants 3 and 4 included the standard
fall site preparations (with and without sulfometaiin the tank mix) followed by a
spring release in the first year. Treatments 5@ddlayed the chemical applications
by one year introducing a fallow period. All tregnt regimes were broadcast applied
with a backpack sprayer. The date, herbicidesided, and rates of application are
included in Tables 2.2 and 2.3 (Boot and JacksostMaspectively). These chemical
mixes and the rates of application were choseméydrester managing these lands
and represented operation treatments applied ar atieas with similar plant
communities.

In order to avoid localized and intense competifrom sproutingAcer
macrophyllum(bigleaf maple) stumps, all treatment plots werengitally treated. At
Boot, a hatchet was used to open the bark dowmetgambial tissue every 8 cm (3
inches) circumferentially around the stump. Un@itlimazapyr (Chopp&) was then
squirted into the cut using a spray bottle. Treatment (called a “hack and squirt”)
was done on the same day as the fall site prepareti2007. Thécer macrophyllum
stumps at Jackson Mast were treated using a solafi@0% triclopyr (Element% in
petroleum oil (Brush and Basal &jlon 24 January 2008. This solution was applied
directly to the basal bark of the sprouts growirggrf the stumps. No herbicide drift
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Table 2.1: Description of the six treatment regimsead in the study. Subscript “0”
signifies a fall site preparation with sulfometurmethyl included in the tank-mix
(treatments 4 and 6). Treatments 1-4 were plafédduary 2008 while treatments 5
and 6 were planted in January 20009.

—

Plantation establishment Delay plantation establishmen

immediately following harvest one year
Fall Site . Fall Site .
Treatment Preparation Spring Releas Preparation Spring Releaseg
1-00/00 no no no no
e
8 o | 2-0S/00 no yes no no
5 8
a ™| 3-Fs/i00 yes yes no no
4 - RS/00 yes yes no no
e
8 o | 5-00/FS no no yes yes
5 8
o ™| 6-00/GS no no yes yes
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Table 2.2: Herbicides applied according to thetineat regimes at Boot. Individual
treatments (additionally marked by bolded largertfevere tank mixes and broadcast
applied using backpack sprayers and a waving-weeithique within treatment plots.

Sulfometuron was only added to the tank mixes agdph treatments 4 and 6.

Boot Active Ingredient
Application| Regime | Trade Name (product use rate) Chemical Name Rate Applied
Accord® (7 L/ha or 3 gts/ac) Glyphosate 3.77 L/ha
~ o | Treatment 3escorf (70 g/ha or 1 oz/ac) Metsulfuron methyl 42 g/ha
8 | 2 | Fsioo |choppef (0.58 Lihaor8ozlac) |Imazapyr 0.16 L/ha
3 % Induce’ (0.58 L/ha or 8 oz/ac)  |Adjuvent 0.52 L/ha
E —_
e ; Accord® (7 L/haor 3 gts/ac) Glyphosate 3.77 L/ha
§ P | Treatment 4Escort (70 g/haor 1 oz/ac) Metsulfuron methyl 42 g/ha
I E s/00 |Choppef (058 Lihaor8ozlac) |Imazapyr 0.16 L/ha
0 .
Induce’ (0.58 L/ha or 8 oz/ac) Adjuvent 0.52 L/ha
Ous? (210 g/ha or 3 oz/ac) Sulfometuron methyl 158 g/ha
© 0 Treatments
= § | 23 and4 Velpaf” DF Hexazinone 1.68 kg/ha
Y I3 (2.24 kg/ha or 2.0 Ibs/ac)
= | @ | 0oSoo
2lel o
o S FO0OO0 |Weedon& LV6 2 4D 152 Liha
n £ Soo (1.75 L/ha or 0.75 gts/ac)
[0]
Accord® (7 L/ha or 3 gts/ac) Glyphosate 3.77 L/ha
o | Treatment §escorf (70 g/ha or 1 oz/ac) Metsulfuron methyl 42 g/ha
[ee]
§ % oofs Choppef (0.58 L/haor 8 oz/ac) |Imazapyr 0.16 L/ha
5 s Induce® (0.58 L/ha or 8 oz/ac) Adjuvent 0.52 L/ha
2| 8
ggg < Accord” (7 L/haor 3 gts/ac) Glyphosate 3.77 L/ha
o =
s ? | Treatment 6 Escorf (70 g/ha or 1 oz/ac) Metsulfuron methyl 42 g/ha
© | g ooF.s Choppef (0.58 Lhaor 8 oz/ac) |Imazapyr 0.16 L/ha
) .
Induce® (0.58 L/ha or 8 oz/ac) Adjuvent 0.52 L/ha
ousf (210 g/ha or 3 oz/ac) Sulfometuron methyl 158 g/ha
m U;
o @ Treatments Velpaf® DF
S 2 Hexazinone 1.68 kg/ha
S | @ | 5ad6 324kgMa or2.0Ibs/ac) ¢
& | o | oorS
< £ Weedon& LV6
T} S 2,4-D 1.52 L/ha
S| & | ooRkS |@1.75Lhaor0.75 gs/ac)

Note: All sproutingAcer macrophyllunstumps were directly treated. A “hack and
squirt” treatment was completed on 20 Septembe¥ 28thg undiluted Chopper
(imazapyr) applied to fresh cuts.
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Table 2.3: Herbicides applied according to thetineat regimes at Jackson Mast.

Individual treatments (additionally marked by baldarger font) were tank mixes and

broadcast applied using backpack sprayers and egvaxand technique within
treatment plots. Oust Exftgsulfometuron at 56.25% and metsulfuron at 15% by
weight) was added to treatments 4 and 6.

Jackson M ast Active Ingredient
Application| Regime | Trade Name (product use rate) Common Name Rate Applied
=
§ % Treatment JForester§ (4.67 L/ha or 2 gts/ac) |Glyphosate 2.51 L/ha
g g Fsioo |escorf (70 g/haor 1 oz/ac) Metsulfuron methyl 42 glha
= o
) [a
2 | 2 | Treament Forester§ (4.67 L/ha or 2 qts/ac) |Glyphosate 2.51 Liha
n w Metsulfuron methyl 32 gha
" = FOS/OO Oust Extr§ y g
U (210 g/haor 3 0z/ac) Sulfometuron methyl 118 g/lha
@ | Treatments 5
[ee]
8 § | 23 and4|VelparL Hexazinone 1.68 kg/ha
I Ko} (7.0 L/ha or 3 gts/ac)
= | £ | 0Soo
<% 2 S ®
S UB)- F00 Tc;an3sllr/1§ 002/ Clopyralid 0.30 L/ha
FOS/OO (0.73 L/ha or 10 oz/ac)
o < | Treatment 5 Mad Dod® (9.34 L/ha or 4 qts/ac) |Glyphosate 3.8 Uha
o | 2 Escort XP (70 g/ha or 1 oz/ac)  |Metsulfuron methyl 42 g/ha
& | 8 | oofs -
g ;% Sylgard® 309 (70 g/ha or 1 oz/ac) |Silicone Surfactant ~
= o
a
‘?i) @ Mad Dod’ (9.34 L/ha or 4 gts/ac) |Glyphosate 3.8 Uha
» | @ |[Treament§ o pr.n® Metsulfuron methyl 32 glha
& 3 OO/FOS (210 g/ha or 3 oz/ac) Sulfometuron methyl 118 g/ha
Sylgard® 309 (70 g/ha or 1 oz/ac) |Silicone Surfactant ~
[}
2 @ | Treatments @
S 8 Velpar' DF Hexazinone 1.68 kg/ha
< 2 5and6 |(2.24 kg/ha or 2.0 Ibs/ac) oo
s | 2| oorS .
s =5 S Transline Clopyralid 0.24 L/ha
N N OO0/, (0.58 L/ha or 8 oz/ac)

Note: A solution of 20% Elemenf4triclopyr) and 80% Bark and Basal ®il
(petroleum oil) was applied to tAeer macrophyllunstump sprouts on 24 January

2008.
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was observed in any treatment plot and over treetliears of stand establishment

reported here, control of these sprouting stumpsivear complete.

2.2.3 Seedlings

Seedlings were grown at a nursery unique to eactpaay but utilized the
same nursery and seed source for the seedlingeglbath years (Silver Mountain
Nursery, Sublimity, OR, at Boot and IFA Humbolduidboldt, CA, at Jackson Mast).
Douglas-fir bareroot 1+1 seedlings were planted Ipyofessional crew at each site on
a pre-marked 3.05 x 3.05 m (10 x 10 ft) grid. Buffows were included at both sites.
At Boot, the buffer row was between plots and akdan Mast the buffer row was
inside each plot. Treatments 1-4 were planted andb8 February 2008 at Boot and
Jackson Mast, respectively. Treatments 5 and 6 planted on 8 and 28 January
2009 at Jackson Mast and Boot, respectively. Vewdres (Pacforest Supply
Company, Springfield Oregon) and bamboo stakes wszd to protect seedlings
from ungulate browse damage.

At each planting date, one randomly selected bagedlings (approximately
100) were brought back to Oregon State Universitytested by Seedling Quality and
Evaluation Services (SQES). Shoot and root volwwese assessed by displacement
on approximately 40 trees. Shoot to root ratio ealsulated as the shoot volume
divided by the root volume. The remaining 60 treeese divided into four groups of
15 and potted into 1 gallon containers. Each gafulb trees was then subjected to a
freeze test according to a pre-programmed regintte avunique low temperature for
each of the four groups (Burr et al. 2001; Dury885). These trees were then placed
in a nearby heated greenhouse and maintained ellawatered status for 6 or 7 days.
After this period, SQES personnel used standardjzading criteria to check each
seedling for freeze damage to buds, needles, sterddyranches calculating the lethal
temperature to 50% of a tissue or plant (abbredih@b0) for each of the four groups.

Seedling height to the nearest centimeter and dexraéground line to the

nearest millimeter were measured one month afgettiplg (initial) and again each fall
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(September or October) for the first three ye&tem volume was calculated using
the formula V=f*dia®*ht)/12 where “dia” is the diameter at ground lixed “ht” is
the height. Seedling growth during the 2010 seasmsthe difference between the
2009 and 2010 measurements for height, diametdrstam volume. Survivorship
percentage in 2010 was calculated as the numbeiiraf trees within each plot
divided by the total number planted (n=25 at Bout a=36 at Jackson Mast) and
multiplied by 100.

2.2.4 Vegetation Community

Four permanent vegetation subplots were randonehtéal in each treatment
plot (n=96 on each site) and were positioned egtadi between measurement trees.
A 1 meter radius PVC (polyvinyl chloride) sampliitfgme was used to aid in
determining percent cover of vascular plants inidétements up to 15% then in 5%
increments up to 100%. Plants were identifiedoecges level, but when plants did
not have the necessary parts to accurately detertnécorrect species, genus or
family level identifications were used. Occasidyal cotyledon could not be
identified and was included in the survey as arkfnwn forb.” Nomenclature
follows Hitchcock and Cronquist (1973) but Pojad alacKinnon (1994) and Gilkey
and Dennis (2001) were used as plant identificatedarences. Vegetation subplots
were measured in September 2007 prior to herbaggdication and in July 2008,
2009, and 2010. Summed cover values were deriyedithng the cover percentages
of each species found in the subplots. This tegleallowed cover values to exceed
100% as species often overlaped. For the purpgdsasiplicity, summed cover will
henceforward be referred to as cover.

Management of vegetation survey data required guenprocess in order to
compare surveys with various species which mayay not be common to all plots.
This data management process is outlined in AppehdiThe technique allowed the
inclusion of additional plant information such aswth habit (forb, fern, graminoid,

shrub, tree, and vine/shrub) or whether a plantdessned “herbaceous” or
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“woody/semi-woody.” Descriptive information such these enabled the cover values
to be divided into distinct groupings. Herbacewegetation included all forb, fern,
and graminoid species whose above-ground portignedlly die back during the
winter months. It is recognized that there areahlat exceptions (e.g. overwintering
biennials, fern species likgolystichum munitupetc.) but, in the broadest sense, this
botanical generalization is correct. Woody/sempdypplants are those whose above-
ground portions do not die back and have peremgdissue that would be classified
as woody or semi-woody (shrub, tree, and vine/sbpdzies).

2.2.5 Environmental Characteristics
Environmental data was collected every four hotiisoéh sites since the fall

of 2007. A centrally-located Hobo Microstation (deb# H21-002, Onset Computer
Corporation, Bourne, MA) was connected to a tippdagket rain gage (model #S-
RGA-M002, Onset Computer Corporation, Bourne, MAJ)l @ temperature and
relative humidity sensor (model #S-THA-M002, OnSemputer Corporation,
Bourne, MA). Data were continuous at Jackson Masgtan elk chewing sensor
cables at Boot caused two distruptions. Duringotreods of 7 May to 13 June and
14 September to 31 December 2010, precipitation wate estimated using two
weather stations to form an averaged single dadgipitation total. One station was
located 11 miles due west of Boot while the seamad 17 miles to the
south/southeast. Temperature data during thesepérnods came from the station 17
miles to the south/southeast.

Monthly soil cores were collected during the sumefe2008 and 2009 at both
sites using an AMS core sampler with a slide ham(@&BtS Inc., American Falls,
ID). One randomly located position was used irhezcl2 plots that represented two
replicates of each treatment regime. Initiallyrea8 hole was dug and at each
subsequent sampling, fresh soil was exposed. digeveas taken horizontally
centered at 10 cm depth, labeled, and taken tod#try facilities at Oregon State

University. The sample was taken from the sleexs@ghed, dried for 48 hours at
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45°C (113F), and reweighed. Volumetric soil moisture of saenple was calculated
by multiplying the gravimetric water content by theélk density (see Brady and Weil
2002).

2.3 Statistical Analysis

Means for each response variable were calculateckpgrimental unit and
these values (n=24; 6 treatments x 4 replicatesd wealyzed using Statistical
Analysis Software version 9.1 (SAS Institute, I€ary, NC). Analysis of covariance
was carried out using mixed model approaches (PRIDED) and analysis of
variance was conducted with generalized linear nsd@®@ROC GLM). Blocks
(replicates) were considered random effects imthdels while treatments were fixed
effects. Assumptions of normality, linearity, azmhstant variance were examined on
the residuals for each response variable testdekifollowing analyses. No
transformations were required to meet model assomgt Fisher’s protected least
significant difference t-tests were used to comp@ament means. SAS software
“pdmix800.sas” was used to assign letters for tneat when multiple comparisons
were made in PROC MIXED (Saxton 1998). Unlessmwils® stated, an alpha level

of 0.05 was used to determine statistically sigaifit results.

2.3.1 Seedling Data

Analyzing seedling growth responses with plantithgg occurred in two
different years required careful considerationtafistical procedures. Trees planted
on the site were grown over different years arghsichanges to cultural practices at
the nursery can influence seedling morphology 8entitplanting sites (Burdett 1990;
Nyland 2002). At the nursery, bareroot 1+1 segdliwere grown for one year, lifted,
replanted at a lower density, and grown for a ség@ar. This meant that seedlings
in treatments 1-4 were grown in 2006 and 2007 ntathem available for planting in
February 2008. Seedlings in treatments 5 and & geminated and grown in 2007
and 2008 making them available for outplantinganuhary 2009.
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Accounting for the potential for variability in il seedling size was done using
analysis of covariance which blends regressiomtigcies with standard ANOVA
procedures. Initial measurements (height, dianstground-line and stem volume)
taken in March serve as the covariate. Followiragedures outlined in Littell et al.
1996, an interaction term was included in therindidel between each initial
measurement and the 2010 response variable oésteNo interactions were
significant indicating that common slope model \@ppropriate. Dropping this
interaction term allowed the adjustment of meartsthe comparison of seedling
height, diameter at ground line, and volume treatmesponses in October 2010.

The first season of growth for most seedlings isanivhen compared to future
years. This period is marked by a seedling’s rnieex$tablish intimate contact with
the soil (Burdett 1990; van den Driessche 198 Mceseedlings have established
contact and extended roots to deeper and morencmnis moisture reserves, growth is
dictated by the conditions of the site. The grodahing 2010 represented the first
common year after the initial season of establisttrfer seedlings in all of the
treatment regimes. This growth data (height, diam@nd stem volume) along with

the survivorship in 2010 were compared using ANQYAcedures.

2.3.2 Vegetation Community Data

Cover of the vegetation community was analyzedviddally by site and year
using ANOVA procedures. Only the July surveys @8, 2009, and 2010 were
analyzed. The September 2007 survey was condpdtado the application of the
treatment regimes. These data were not analyzecdefitment differences, but are
reported to illustrate the observed level of contivetvegetation in the first fall post-
harvest. Delaying establishment to gain longetiigscontrol can be assessed by
looking at the composition of the vegetation comityubeyond the time when
regimes are finished. Cover values in July 201fevgeparated into two categories,
herbaceous plants (forbs, ferns, graminoids) anabdyitsemi-woody plants (shrubs,

trees, vine/shrubs). These values were analyziddally by site for the July 2010
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survey to understand if the treatments had sigaifly affected the longer-term
abundance of these two vegetation community comygsne

Orthogonal contrasts were constructed to testdeci§ic preplanned
comparisons on the herbaceous and woody/semi-woatponents of the vegetation
community in July 2010. The first compared theaation control with the remaining
treatments to test for a herbicide effect (treatnievs treatments 2, 3, 4, 5, and 6).
Contrast two compared the spring release onlyrtreat (2-OS/O0) with those
treatments which received a fall site preparatiath spring release application
(treatments 3, 4, 5, and 6). Contrast three coetpthre two treatment regimes that did
not include sulfometuron methyl in the fall siteeparation (3-FS/O0 and 5-O0/FS)
with the two treatments that included the chemicdhe fall site preparation (4-
FoS/O0 and 6-O0/§S). Contrasts four and five compared similar trestt regimes
applied one year apart (3-FS/O0 vs 5-O0/FS angtAckO vs 6-0O0/FS,

respectively).

2.4 Results

Summary: After accounting for the initial sizeseedlings, treatment regimes
which reduced competitive cover improved seedlnogvth relative to the no-action
control. In October 2010, trees planted after bola year were indeed smaller in
height, diameter, and volume than those planteg#ae before. Seedling growth in
the delayed treatments was not enough to surpass planted the prior year. A
spring release only was capable of restraining vagen community growth below
20% during the initial year. Whether vegetationsveantrolled by a fall site
preparation and spring release in year one or afietelay, both resulted in a
vegetation community below 11%. Dynamic changesroed to the herbaceous and
woody/semi-woody components of the vegetation caityr response to the
chemicals included in the different treatment reggmIincluding sulfometuron methyl
in the fall site preparation did not improve seadligrowth or competition control

when compared to a fall site preparation withow themical.
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2.4.1 Seedling morphology and growth 2010

Data provided by SQES is presented in Figure 3Hoot to root ratio lines of
4:1, 2:1 and 1:1 have been included to illustraieegal trends in seedling morphology
planted across the two years on each site. Seeshioot to root ratio at Boot
noticeably decreased from 2008 to 2009. Seedihdackson Mast were similar
across the two years. Cold hardiness testing lySS@vealed that seedlings planted
in February 2008 had LT50'’s of -9Q and -12.8C at Boot and Jackson Mast,
respectively. Seedlings planted in January 20@RLA®H0’s below -17C at both sites.
Cold hardiness to temperatures beloWC-8uggest, at least by this measure of stress
resistance, seedlings were well-prepared for plgniGlerum 1985; Richie 1986).

After accounting for initial seedling size, treatmeegimes significantly
affected height, diameter, and volume measurentakés in October 2010 (Table
2.4). The adjusted means presented in Table 2ioisrate the effect these regimes
had on 2010 seedling morphology. Height at Boat madestly improved by
competition control ranging from 121 cm in the rati@n control to 149 cm in
treatment 2. At Jackson Mast, height was alse@fit and ranged from 96 to 123 cm
in the no-control and treatment 3, respectivelgeding height in the delayed
treatments (5 and 6) was not different from theantien control at either site.
Seedling diameter at Boot fell into two distincbgps, herbicidal control during the
first year increased diameter to 2.5 to 2.7 cm]emtiameter in the no-action control
and the two delayed treatments (5 and 6) were220] and 2.0 cm, respectively.
Jackson Mast seedling diameter was less definediguthe treatments ranging from
1.5 in the no-action control to 2.0 in treatment 3.

At Boot, 2010 stem volume (Table 2.5) in the dethireatments (5 and 6) was
not different from the no-action control and randi@an 148 cniin treatment 6 to 166
cm® in the no-action control. Treatments that cofgébbompeting vegetation and
established seedlings immediately after harvesafnents 2, 3, and 4) improved
stem volume by over 64% when compared to the noracbntrol. At Jackson Mast,

stem volume in treatments 2, 3, and 4 was betwBé&nt® 144% larger than the
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Table 2.4: ANCOVA tables presenting Type Il etletor seedling height, diameter
at ground-line, and stem volume in the fall of 2@&0well as the survivorship and
growth of each parameter during the 2010 seasoaowiB@ was calculated as the
difference between the 2009 and 2010 measurem8&igsificant treatment effects
are indicated by bolded P-values=0.05).

Site
Boot Jackson Mast
Parameter Effect Num. df Den. ¢if F Stat. P-vajue F StatvalBe
o Height Treatment 5 14 3.10 0.0433 | 6.98 0.0018
§ Initial Ht. 1 14 2.17 0.1629 1.59 0.228p
% Diameter Treatment 5 14 4.72 0.0098 § 6.65 0.0023
8 Initial Dia. 1 14 0.98 0.339¢ 1.06 0.321p
Stem Volume Treatment 5 14 6.48 0.0026 | 5.33 0.0060
Initial Vol. 1 14 3.04 01033} 157 0.231p
S |Parameter Effect Num. df Den. ¢f F Stat. P-vajue F StatvalBe
o
(;, 2010 Survivorship Treatment 5 15 1.81 0.17p5 23.3D.0001
=
2 [Height Treatment 5 15 1.72 0.19 1.36 0.2961
e
% Diameter Treatment 5 15 244 0.0834 145 0.2¢43
O
Stem Volume Treatment 5 15 12.6%0.0001] 1.99 0.1394
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Table 2.5: ANCOVA (adjusted) means for treatmdfaats on seedling height (cm),
diameter at ground-line (cm), and stem volume®jdmthe fall of 2010. Means
within a column that have the same letter are tatissically different ati=0.05.

Boot
Treatment Height| Diametgr Stem Volume
1-00/0qd 121b 21b 166 b
S 2-0S/0d 149a 25a 297 a
2|8 3-Fs/o0| 13624 25a 273 a
= 4-FS/00| 126b| 27a 297 a
g 5-00/FS] 116ab 20b 155 b
S| 6-00/ks| 109ab| 200 148 b
Jackson M ast
Treatment] Height| Diametgr Stem Volume
1-00/0d 96 c 15c 6lc
< 2-0S/0g 117 ab 1.9 ab 119 ab
E & 3-FS/O0 123 a 20a 149 a
= 4-FS/00 108bc| 1.9ab 125 ab
S 5-00/FS 103 c 1.9ab 108 b
Q| 6-00/ES| 100c | 170 90 bc
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no-action control. Delayed treatments (5 and @gpakson Mast were numerically
greater in stem volume at 90 and 108 ¢raspectively) when compared to 61%m
the no-action control.

Height and diameter growth that accrued during2®0 growing season was
not affected by the treatment regimes at either(3iable 2.4, Figure 2.2, and Figure
2.3). Only stem volume growth in 2010 at Boot wamificantly affected by the
vegetation management regimes (Table 2.4). Segdimtreatments 2, 3, and 4 at
Boot grew between 202 and 234%im 2010 (Figure 2.2). The no-action control grew
141 cnf and delayed treatments 5 and 6 increased 81 aodr’7®espectively. The
inclusion of sulfometuron methyl in the fall siteeparation tank-mix (treatments 4
and 6) did not statistically improve height, diaeretand shoot volume growth in 2010
when compared to the companion treatment withaittiemical (treatments 3 and 5).
Survivorship was not different among the treatman®oot (Figure 2.2) ranging from
79% in treatment 3 to 93% in treatment 5. At xdackson Mast, survivorship was
affected by the treatment regimes (Table 2.4 agdrEi2.3). The no-action control
had the lowest survival at 44%. Treatments 2n8,4&had greater seedling
survivorship at 63 and 69%. Seedlings plantetiéndelayed treatments in 2009 had
the highest survivorship found at Jackson Mast @@tand 88% in treatments 5 and 6,
respectively.

2.4.2 Vegetation Community and Composition

When compared to the no-action control, chemieattnent regimes
employed in the study significantly affected summeder during the year of
application (Table 2.6). In 2008, the vegetatiommunities unrestrained by
herbicidal application (treatments 1, 5, and 6gehfrom 39% to 43% at Boot and
51% to 59% at Jackson Mast (Figure 2.4 and Tal@le Applying a spring release in
2008 according to treatment 2 limited the vegetatiommunity to less than 20%
cover at both sites. At Boot, treatments 3 anddllrss than 6% cover and were

lower than the 19% cover found in treatment 2. 3&m®me comparison at Jackson
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Table 2.6: ANOVA tables for vegetation cover bywas well as ANOVA tables for
herbaceous and woody/semi-woody vegetation in 2@&i@nificant treatment effects
are indicated by bolded P-values=0.05).

Pr>F
62

54

47

Pr>F
10

62

Pr>F
58

24

42

Pr>F
05

89

Parameter Source DF TypelllSS Mean Square F value
Cover Block 3 312.8925 104.2975 266  0.09
July 2008  Treatment 5 6406.7396 1281.3479  32.620.0001
Cover Block 3 763.7708 254.5903 1.67 0.21
July2009  Treatment| 5 16296.0833  3259.2167  21.440.0001
5 Cover Block 3 254.3125 84.7708 1.20 0.34
@ July 2010 Treatment 5 20428.0313 4085.6063  57.6%0.0001
Parameter Source DF TypelllSS Mean Square F value
Block 3 736.2188 245.4063 1.98 0.1
Herbaceous
Treatment 5 6778.7708 1355.7542  10.910.0001
Woody/Semi- Block 3 468.7813 156.2604 1.46 0.2
woody Treatment 5 7310.9271 1462.1854  13.630.0001
Parameter  Source DF TypelllSS Mean Square F value
Cover Block 3 263.2787 87.7596 0.72 0.55
July 2008 Treatment| 5 12189.8255  2437.9651  19.980.0001
Cover Block 3 612.5104 204.1701 211 0.14
[ July2009  Treatment| 5 11149.8021  2229.9604  23.080.0001
s
p Cover Block 3 988.3125 329.4375 2.09 0.14
o
2 July 2010 Treatment| 5 10774.0208  2154.8042  13.680.0001
[&]
©
Lo )
Parameter  Source DF TypelllSS Mean Square F value
Block 3 831.7578 277.2526 2.73  0.08
Herbaceous
Treatment 5 2318.0130 463.6026 4.570.0099
Woody/Semi- Block 3 237.1745 79.0582 0.68  0.57
woody Treatment 5 3627.3672 725.4734 6.220.0026
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Table 2.7: Mean summed cover of the vegetationnconity by site, year, and
treatment regime. Analysis was conducted indiViigizy site and year. Significant
treatment responses were found each year. Medhs &icolumn that have the same
letter are not statistically different @t0.05.

Boot
Treatment 2008 2009 2010
1-00/00]| 43a 77 a 95 ab
Q| 2-0S/00)] 190 54 b 98 a
E S| 3-Fsioo| 6 46 bc 85D
& 4 - KS/00 3c 28 ¢ 50 ¢
21 5-00/FS 39a 7d 37d
S| 6-00/s| 394 3d 23 e
Jackson M ast
Treatment 2008 2009 2010
1-00/00| 59a 72a 115 a
X1 2-0S/00] 160 31b 90 b
E S| 3-Fsioo| 100 31b 81 bc
& 4-RSIOOL  5p 19 be 63 cd
2| 5-00/FS 54 a 9c 59d
S| 6-o0/ks 51a 9¢c 54 d
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Mast was not statistically different and rangedasein 5% and 16%. Including
sulfometuron methyl in the fall site preparatiareétment 4) did not significantly
reduce the vegetation at either site when comparéee regime that did not
incorporate the chemical into the tank-mix (treatb®.

Without continued herbicidal control in 2009, tmeants 2, 3, and 4 gained 35,
40, and 25 percentage points (respectively) irr twier values at Boot and 15, 21,
and 14 percentage points (respectively) at Jacktast (Figure 2.4 and Table 2.7).
Cover in the no-action control treatments at Bowt dackson Mast increased to 77%
and 72%, respectively. According to the delayedtment regimes (5 and 6)
vegetation communities that grew unhindered in 20@8e reduced to less than 10%
cover at both sites in 2009 (Figure 2.4 and Tabig 2No statistical differences were
found between these two treatments at either site.

By the time of the July 2010 vegetation survey, jwars had passed since
herbicide application in treatments 2, 3, and 4 @mel year had elapsed in treatments 5
and 6. Despite this passage of time, summed ¢0\2810 was different among the
treatments (Figure 2.4 and Table 2.7). Treatmgn®s and 3 at Boot had grown to
over 85% cover. Treatment 4 was lower at 50% cow¢rJackson Mast, cover in
treatment 2 was 90% and was less than the 115%wellsien the no-action control.
Treatments 5 and 6 at Boot increased to 37% and@’4r in 2010 and were only 9
and 5 percentage points lower than the levels fonmickatments 3 and 4
(respectively) the prior year. This comparisodatkson Mast did not respond in a
similar manner. In 2010, the delayed treatmentn(b6) increased to 59% and 54%,
respectively. This increase, in the year followirggbicide application, was between
28 and 35 percentage points higher than the 31% @¥dcover found in treatments 3
and 4 (respectively) the previous year.

Treatment regimes significantly affected the conitpws of the vegetation
community in July 2010 (Table 2.6) as measurechbyabundance of herbaceous
(forbs, ferns, and graminoids) as well as woodyisgoody (shrubs, trees, and

vine/shrubs) plant cover (Figure 2.5). At botkesjtherbaceous species were capable



[=d
S

[=)
S

Herbaceous
Summed Cover (%)

80 4

Woody/Semi-woody
Summed Cover (%)

Figure 2.5: Herbaceous and woody/semi-woody deveémt through the initial three

40 1

33
S

60 A

40 |

20 1

Boot
——e—— 1-0000 | Forbs
SO 2-08/00 | Ferns » a
—TTv o= FS00 | Graminoids
— o —A— .= 4-FiS/00 /
H — - — 5- O0/FS v b
— —0— —  6-00Fs b
/A be
. m cd
Lyl
T . T . T T
Sept '07 July '08 July '09 July '10
Shrubs
Trees
Vine/Shrubs
a
a
b
b
b
b
Sept '07 July '08 July '09 July '10
Date

80 1

60

40 1

20

80 1

60 A

40 1

20

43

Jackson Mast

Forbs
Ferns
Graminoids

N e /
SN . o
Sept '07 July '08 July '09 July '10
——e—— 1-00/00 | Shrubs
o 2-08/00 | Trees

—— v —— 3FS00 1 Vine/Shrubs
— —A— = 4-Fy8/00
— —®= —  5.00FS
— —o— —  6-00/Fs

=S oo
N e — ¢

.y e . be

' 3
Sept '07

July '08

July '09 July '10

Date

years of plant community development. Herbaceousrcis the summed total of
plants classified as forbs, ferns, and graminold&ody/semi-woody cover is the
summed total of all plants classified as shrulegdy and vine/shrubs. Triangles
represent approximate times of herbicidal applocaticcording to the treatment

regimes. July 2010 data was analyzed as all texg#tgtwere at least one year beyond

herbicide application. Treatment means with theesetter are not statistically
different ata=0.05.
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of invading open conditions once the disturbanddsovest and/or chemical
treatments were complete. Herbaceous plants athzabgrown to between 21 and
74% cover as of July 2010. One year after herbiogk, treatments 5 and 6 had the
lowest abundance of herbaceous plants at 36 and2E@ectively) while those two
years from herbicide use were over 47% (treatm2nss and 4). Treatment 3 had the
highest cover at 74%. This was primarily due ®dblonization of a single species of
fern, Pteridium aquilinum(data not shown). Orthogonal contrast three att Bbable
2.8) demonstrated that the inclusion of sulfomeaturethyl in the fall site preparation
resulted in a lower abundance of herbaceous pia2810. Delaying vegetation
management according to treatments 5 and 6 resulteds herbaceous cover in 2010
when compared to the companion treatments (3 aagplied one year earlier (Table
2.8).

At Jackson Mast, herbaceous plant cover was diffemmong the treatment
regimes (Table 2.6 and Figure 2.5). Herbaceougp@mprised 79% of the cover in
the no-action control. Subtle differences existatbng herbaceous cover present in
treatments 2 through 6 spanning a range of 17 p&xge points from 49 to 66%. The
only significant orthogonal contrast on this siembnstrated a herbicide effect
comparing the herbaceous cover of the no-actiotralaio all other treatments (Table
2.8). As mentioned previously, the vegetation camities associated with treatments
2 through 6 at Jackson Mast rapidly increased 2000 to 2010. Figure 2.5
illustrates the role herbaceous plants playedigrdsponse.

Woody/semi-woody vegetation was slower to respontié harvest
disturbance but was different among the treatmesgitires at both sites in July 2010
(Table 2.6). In July 2010, four years had passstkshe sites had been harvested and
woody/semi-woody vegetation in the no-action cdneached 40% and 36% cover at
Boot and Jackson Mast, respectively (Figure 2W8hody/semi-woody vegetation
growing in treatment 2 was not different from thee action control at either site and
was 41% cover at Boot and 24% at Jackson masgctgely. At both study sites,

the use of herbicides affected the abundance ofiweemi-woody plants (contrast 1,



45

Table 2.8: Orthogonal contrast results presenyesitb for the analysis of herbaceous
and woody/semi-woody components of the vegetatoonnounity in July 2010. Bold
font indicates a significant contrastoat 0.05.

Contrast - Herbaceous 2010 DF ContrastSS F Value HHr>
1. Trt 1 (OO/OO0) vs All Trt's with herbicides 1 38021 156 0.2308
2. Trt 2 (0OS/0O0) vs. Trt's 3, 4,5,and 6 1 44233 3.58 0.077B
3. Trt3and 5 (FS) vs. Trt4 and 8y 1 1832.9102 14.75 0.0016
4. Trt 3vs Trt5 (FS - one year apart) 1 29933145 24.10 0.0002
B 5. Trt4vs Trt6 (S - one year apart) 1 1313.2813 10.57 0.0054
8 Contrast - Woody/Semi-woody 2010 DF Contrast SS F ¥aluPr > H
1. Trt 1 (OO/OO0) vs All Trt's with herbicides 1 272521 25.28 0.0002
2. Trt 2 (OS/0O0) vs. Trt's 3, 4,5,and 6 1 4392%  40.97 <0.0001
3. Trt3and 5 (FS) vs. Trt4 and 6 & 1 33.0625 0.31 0.5870
4, Trt 3vs Trt5 (FS - one year apart) 1 162.0000 1.51 0.2381
5. Trt4vs Trt6 (S - one year apart) 1 8.0000 0.07 0.7885
Contrast - Herbaceous 2010 DF ContrastSS F Value HHr>
1. Trt 1 (OO/OO0) vs All Trt's with herbicides 1 @8t2505 14.48 0.0017
2. Trt 2 (OS/O0) vs. Trt's 3, 4,5,and 6 1 36838 3.55 0.079p
3. Trt3and 5 (FS) vs. Trt4 and 6 8 1 6.5664 0.06 0.8046
% 4. Trt 3vs Trt5 (FS - one year apart) 1 300.1250 2.96 0.1060
E 5. Trt 4vs Trt 6 (FS - one year apart) 1 182.8828 1.80 0.1993
_@ Contrast - Woody/Semi-woody 2010 DF Contrast SS F ¥aluPr > H
,§ 1. Trt 1 (OO/OO0) vs All Trt's with herbicides 1 306922 17.46 0.0008
2. Trt 2(0OS/O0) vs. Trt's 3, 4,5,and 6 1 758B7 6.46 0.0225
3. Trt3and 5 (FS) vs. Trt4 and § 8 1 631.2656 5.41 0.0344
4. Trt 3vs Trt5 (FS - one year apart) 1 205.0313 1.76  0.2046
5. Trt4vs Trt6 (S - one year apart) 1 2.0000 0.02 0.8975
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Table 2.8). Orthogonal contrast results demoredrtitat the woody/semi-woody
cover at both sites was greater in the spring selealy treatment (2) when compared
to those treatments that also received a fallsiparation (3-6). At Boot, treatments
3, 4, 5, and 6 were not different from one ano#ret ranged from 10% in treatment 3
to 1% in treatment 5. At Jackson Mast, woody/semmpdy plant response to
treatments 3-6 had differences that spanned a @nyéo 20%. Despite this low
cover at Jackson Mast, treatments that includddmgturon methyl in the fall site
preparation (4 and 6) had a significantly lowerradance of woody/semi-woody
plants when compared to those without the chenfBahd 5) (Table 2.8).

2.4.3 Environmental data

Boot is 209 km (130 miles) to the North/Northwekfackson Mast (azimuth
350°). Despite the relatively close circumstances wége Cascades, mean total
precipitation received at the two sites was diffét®y over 700 mm with Boot at 1649
mm and Jackson Mast at 944 mm (Figure 2.6). Fro@82o0 2010 the mean total
precipitation during July, August, and Septembes 58.9 mm and 36.7 mm at Boot
and Jackson Mast, respectively. This represemnigd36% and 3.9% of the annual
amount of precipitation. During these periods @iugjht, soil moisture can decline to
low levels (Figure 2.7). Vegetation cover over 2@épleted soil moisture to very low
levels decreasing to 5% at Jackson Mast, the difébe two study sites. Reducing
vegetation cover below 20% through the regime®tesicreased soil moisture
availability at 10 cm depth to greater than 0.30H30/m® soil at Boot and 0.14 ¥n
H,0/m® soil at Jackson Mast.

A heat event occurred from 16 May to 18 May 2008{Fe 2.8) that is believe
to have affected the survivorship and growth ofliegs at Jackson Mast. The
highest air temperature recorded during this tlil@gperiod at Jackson Mast was
39°C (102F) at 1700 hrs local time on 16 May 2008. A reiafiumidity of 18% was
also recorded at this time creating a vapor presgeficit (VPD) of 5.73 Kpa. This
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Figure 2.8: Daily maximum temperature presentediteyand year. Bolded arrow on
the top of each image indicates the peak of a itiageheat event observed on 16 May
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ended arrow.



50

was the hottest temperature and one of the dregs iecorded on that site during the
entire 2008 growing season. The same day at Bbigfhatemperature of 3& (93F),
relative humidity of 27%, and VPD of 3.88 Kpa wasarded. Similar May heat
events were not recorded in 2009 and 2010. Duhege years, temperatures steadily

increased through the spring until peaking in [aibr or early August.

2.5 Discussion
2.5.1 Delaying Forest Establishment

This is the first study in the Pacific Northwestetealuate the tradeoffs
associated with whether or not delaying establistirard instituting a fallow year
improved seedling growth through improved efficatyegetation management.
Plantation establishment and competition controhediately following harvest (no
fallow period) created seedlings that were physidarger than those planted after a
delay. This result indicated that delaying silViatal activities extended the time
associated with forest establishment. During titeal season after planting, seedlings
draw upon stored carbohydrate reserves as wdileaghotosynthetic output of current
needles to establish intimate contact with soil exignd roots to aquire water and
nutrient resources (Burdett 1990; van den Dries§&8¥). Bud flush and future
growth potential is directly tied to a seedlingtsldy to accomplish these tasks.
Delaying the establishment of the next stand pagpdtis initial growth year.

Trees planted according to the delayed schedulaatidespond to the level of
vegetation control with growth that surpassed tpasted the prior year in treatments
2, 3, and 4. Agricultural crop production illuged that minor losses in growth may
occur with planting dates close together, but phantlates farther apart tend to have
larger and more economically negative impacts op greld (Helms et al. 1990;
Nielsen et al. 2002). The logistical consideragiohapplying the necessary seed bed
preparation and appropriate weather conditionsedkas the time required to cover
large ownerships may prevent planting at the opttimree for the crop (Shaw 1996).

Similar logistical considerations occur in forestiyyvariable weather patterns,
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chemical effectiveness, delays in nursery prodactamd frost or heat events can
influence the timing of establishment activities.

It is important to recognize that differences opagximately 30 to 50 cm in
height, 0.5 to 1.0 cm in caliper, and 100 to 206 nstem volume found during the
initial three years between seedlings planted imately and those delayed may not
be biologically significant in the future. These aelatively short-term results and a
temporal separation of one year may not be enauglotv timber production
schedules such that rotation lengths are impadBamhversely, planting immediately
after harvest using the appropriate vegetationrobregimes resulted in an automatic
shortening of rotation length on that unit of ldndone year. Budget constraints often
dictate the length of time forest managers canrobobmpeting vegetation during the
critical period (Nieto et al. 1968, Wagner et &99%, Rosner and Rose 2006) creating
a high priority need to understand the most effmas use of vegetation management
regimes. Barring any large increases in chemicapgplication costs from year to
year, treatments 3 and 5 as well as 4 and 6 shegldre similar funding. This would
indicate that economically, the decision to estdibéi forest immediately or delay
these activities will depend on the market on whicdture trees will be sold.

Projecting market conditions 40 or more years thofuture is unpredictable.

2.5.2 Specific Seedling Responses

Initial seedling characteristics measured by SagdQuality and Evaluation
Services (Figure 2.1) demonstrated the potentraydar to year variability in seedling
size. This study ensured seedlings came fromahe swursery using the same seed
source and was not designed to manage nurseryaydtactices. These practices as
well as weather conditions work jointly to influenthe morphology and physiology
of seedlings destined for reforestation sites (Btirii990). Reactive measures like
frost protection and active management of irrigatiertilization, pest control,
wrenching and/or root pruning are used to direetiBegs toward target

characteristics (Rose et al. 1990; Burdett 1990)e year to year difference in root to
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shoot volume data at Boot demonstrated how theggiqatl characteristics can change
in operational silviculture.

The mid-May heat event in 2008 (Figure 2.8), phgissite characteristics, and
the vegetation competition at Jackson Mast provalpthusible explanation for the
slow plantation establishment reported. In 20@8)a bud break and leader
extension occurred during the early part of Maycfitgami et al. 1982; Burney and
Jacobs 2009, personal observation) so bud scalesopen and foliage exposed when
the high temperature and VPD were recorded on 1% Mackson Mast is situated on
a SW to W facing slope at angles that range beti8dn 25 so the surface of the
soil is tilted toward incoming solar radiation aigges that improve the transfer of light
energy (Maguire 1955; Holbo and Childs 1987).s pioposed that this heat event
coupled with the physical attributes of Jackson t\pasvided an initial dessicating
shock that exceeded the ability of seedlings wiitfitéd root systems to supply water
to growing tissues (Barnes et al. 1998; Hobbs.et982; Larcher 2003).

Plant community competition contributed to the pseedling growth and 44%
survivorship in the no-action control by drawingl seater to low levels at Jackson
Mast. Substantiating this argument was the faattilees in treatments 2, 3, and 4
experienced the heat event, but had less than Bgftation cover and soil moisture
over 14% m H,0/m® soil. Survivorship was improved to between 63 @8%h (still
an unacceptable number for forest managers). Plaated in January 2009 were
exposed to similar chemicals and low cover valbasdid not experience hot dry
conditions in mid-May. Seedling survivorship wa®n88% and their growth
response may put them on a trajectory to surp&siisgs planted the previous year
(treatments 2, 3, and 4). Boot was a very diffeseie but provides support for this
discussion. It faces north at 0 ts® incident light on this site was at a more aldiq
angle and temperature and VPD were lower duringrtiteMay heat event in 2008.
Seeding survivorship and growth at Boot was mugbraved.

Seedlings in the open setting of a regeneratingmuast contend with high

temperatures, various levels of competition foritiing site resources, and extend
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roots and shoots in a manner that allows themetadgly increase dominance over the
course of stand development (White and Newton 1Bi§tand 2002; Walstad and
Kuch 1987). Douglas-fir and other true firs canoghly susceptible to heat damage
in young conifer plantations when high surface smbperatures occur on south and
southwest facing slopes (Newton 2008; Livingstod Btack 1987). If extreme
weather events in the PNW become more common umdutears, changes to nursery
cultural practices and silvicultural regimes mayéguired. Nursery managers may
need to target seedlings with lower shoot to ratbs increasing the volume of roots
relative to the shoots, a measure linked to refaties success on dry outplanting
sites (Rose et al 1990; Rose et al. 1997; Hobbk #092). In a physical setting like
Jackson Mast, harvesting patterns may need to eharg shelterwood or strip cut
(oriented to cast shade in the afternoon) which prayide more ameliorated
conditions for the initial years (Holbo and Chiti887). If crop failures occur on a
more regular (although unpredictable) basis, retateon budgets will need to be
adapted such that funds are available for replgntlrastly, additional years of
vegetation control may also be required to refodéfitult sites. There are
recognized tradeoffs associated with each of tbpiens which revolve around the
efficiency of forest management as well as the kgsiplogic requirements of the
conifer crop species.

At the rates, timing of application, and soils bede sites, the presence of
sulfometuron methyl in the fall site preparationkamix did not noticeably influence
bareroot Douglas-fir seedling growth. This studfeied the opportunity to
investigate the effect of sulfometuron methyl aai@ and timing of application
common to operational practices. It was not cotetlito define the exact phytotoxic
level of the chemical. A phytotoxicity study usiogrefully controlled conditions and
a gradation of sulfometuron rates would need tddree in order to assess the exact
level that impacts bareroot Douglas-fir 1+1 seaglion a particular soil. This study
is indirect confirmation that when used in a fak gpreparation tank-mix on these

soils and at the rates tested (always accordita instructions), sulfometuron
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methyl did not damage Douglas-fir bareroot 1+1 Begs in a manner that was
statistically detectable.

Much controversy about the effects of sulfometurgthyl has existed among
forest managers in the region. The chemical inhithie activity of acetolactase
synthase, an enzyme responsible for the produofipnoteins necessary for normal
growth and cellular function (Ahrens et al. 1994jdiihoun 2001; Kearney and
Kaufman 1988). It is soil active and dependingib@ characteristics and
environmental conditions, has a half-life of uptee month (Ahrens 1994; Trubey et
al. 1998). The soil residual nature could incraasepotential for seeding roots to
come in contact with the herbicide and detrimeptafipact initial growth.
Substantiating this debate, Burney and Jacobs j2@f8rted that the chemical had
short-term impacts on containerized (415D or sty@pDouglas-fir seedlings planted
near Tillamook, Oregon. Results indicated thafosnéturon methyl (Ou&) applied
as a fall site preparation at 0.16 kg af haduced root growth more than five
centimeters below the surface by 30 to 49% whenpewed to a no action control
(Burney and Jacobs 2009). The chemical did noaghpbove-ground growth
characteristics and the negative effect on rooivtralisappeared 15 months after the
fall site preparation. Root growth was not meagimehe current study and the
bareroot seedlings used had no media surroundotgystems. However, consistent
with findings presented by Burney and Jacobs (2008)e were no detectable

differences among the above-ground morphologiclsgetheasurements.

2.5.3 Vegetation Community Response

Plant community development in the no-action cdnlitestrated the rapid
colonization of herbaceous plants and gradual asgén dominance of woody/semi-
woody species according to successional trends. didturbance of harvesting
substantially modified the light environment, desed demand for water, and due to
the movement of logs and machinery, exposed miseral These actions provided

the appropriate germination and early growth caoonst that favor wind-disseminated
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seed as well as the stimulus required for speni#isel seed bank (Duke 1985). Many
of these herbaceous species are known to havephptdsynthetic rates, high growth
rates, prolific root systems, and produce largelarnsof seed (Antos and Halpern
1997; Dyrness 1973; Larcher 2003; Michaux 1989; tdad Chilcote 1968). These
characteristics enable them to dominate a sitdingeatense competition for
resources in a relatively short period of time @@nand Rose 2009, Newton and
Preest 1988). Woody/semi-woody plant species gertaifrom seed and can
regenerate vegetatively from root stocks or stuprpigs (Antos and Halpern 1997).
These species tend to have slower photosynthééis eamd hence slower growth rates,
but as leaf area continues to develop, they caorhestrong competitors (Larcher
2003; White and Newton 1989). In this forestryteom, these residual woody/semi-
woody species can shift from what Grime (2002) dbsd as “stress tolerators” in the
previous stand to intense “competitor” speciedia dbpen environment. If left
unchecked, they can become a longer-term hindranfogest growth (Harrington and
Tappeiner 1991; Reynolds and Roden 1995; WhiteNewiton 1989).

This study has shown various methods with assattadeleoffs that can be
used to limit plant community growth on manageditwith the potential for
invasion from diverse mixes of herbaceous and wisaayi-woody plant communities
(Balandier et al. 2006; Newton 2008; Wagner e2@06). From a forest management
perspective, these herbaceous and woody/semi-wgadis do not hold the same
economic value as the trees these sites are maf@gau are thus, deemed to be
weeds. Vegetation management regimes introduadadd short-term disturbances
which interrupt floristic successional models (Celhand Slatyer 1977). These
alternate pathways disrupt plant community develepnby introducing planned
disturbances in an attempt to minimize competifarlimited site resources during
the initial establishment phase.

Treatment 2 (OS/O0) demonstrated how herbicidéigediin a spring release
treatment have the ability to selectively contretbaceous species. Spring release

treatments utilize chemicals and rates that caorbd&dcast applied over dormant tree
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seedlings while controlling undesired plants theingnate in the winter and early
spring. Of the chemicals applied in the springask, hexazinone has the longest
residual nature with a reported half-life of 90 sl§xhrens et al. 1994). This
characteristic in conjunction with droughty sumraenditions common in the PNW
serves to limit plant community growth across angng season improving efficacy
and longevity of the treatment (Rose and Ketchu@220 This treatment represents a
potential cost savings and a vegetation manageopioin that uses a smaller amount
of herbicides.

Applying only a spring release (treatment 2) did provide long-lasting
control of woody/semi-woody species at either sltefact, results indicated that the
elimination of the herbaceous component in thests [@erved to release both the
Douglas-fir seedlings and the woody/semi-woody fgamlhe chemicals at the rates
applied were not necessarily designed to conttabéished residual plants.
Herbicidal chemicals with soil residual behavigpitally bind to organic matter and
clay colloids in the upper profile owing to the higation exchange capacity (Ahrens
et al. 1994; Brady and Weil 2002). Establishedslan these forested settings have
deep root systems (Antos and Halpern 1997) andhmicals may not penetrate far
enough to negatively impact growth (Michael et1&l99; Koskinen et al 1996;
Newton et al. 2008). Deep roots and limited depeient of foliage at the time of
application may allow certain plants the mechanisetessary to avoid lethal
herbicidal doses. While hexazinone can controldycgpecies at higher rates or if
significant foliage exists, there is a real dartgesrop trees (acknowledged on the
herbicide information label). The treatment hasuled in seedling growth
improvements, but it remains to be seen if eadpoases change in future years as
woody/semi-woody vegetation continues to competh planted trees.

It was the combined application of a fall site @egtion and a spring release
(treatments 3-6) that reduced both the herbacemlisvaody/semi-woody components
of the plant community. Fall site preparation tneents often use a mix of two or

more chemicals designed to increase the potentialisorption through foliar as well
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as root contact (Ahrens et al. 1994; Colquhoun 200hese chemicals are applied at
rates that result in the adequate control of probl& species (Newton 2008; Lauer
and Quicke 2006). The phytotoxic effects of thefsemicals degrade in the months
that elapse from application to the next sprinfgch forest managers use to minimize
damage to tree seedlings (Reynolds and Roden N&&ton 2008). A spring release
treatment following this fall site preparation péied to control plants that germinate
in the presence of diminishing herbicidal influeracel maintain low amounts of
competition for the length of the initial growingason (Dinger and Rose 2009; Zutter
et al. 1986; Sand and Nambiar 1984). The tandgaroaph of these two treatments
resulted in the efficacious control of the vegetattommunity across the intial three
years of establishment.

Including sulfometuron methyl with the combinatioihchemicals in the fall
site preparation tank-mix slowed the regrowth @f viegetation community in the
second season after application providing some abuftextended control. It is
possible (yet untested by the current study) tiede chemicals are behaving in an
additive or synergistic manner when applied as& mix and represent a potential
avenue for future forest vegetation managemenarele Agricultural literature has
reported additive, synergistic, and even antagernisteractions among chemicals
applied for weed control (Damalas 2004; Zhang €1295). The type of interaction is
highly dependent on the weed species (e.g. momscalicot), mode of action,
translocation, site of activity, timing of appliaat, etc. Damalas (2004) reported that
synergism can be more common with broadleaved wpkaty species and companion
herbicides that belong to the same chemical grduis. possible that the chemicals
included in the fall site preparation, specificalyfometuron methyl and metsulfuron
methyl (both sulfonylurea herbicides), could havielacted in a manner that slowed
the reinvasion of treated plots. But, this remanky a question at this time. While
vegetation regrowth was slowed with these regimes4 and 6), second season cover
was above the threshold associated with successfigtation management (Dinger
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and Rose 2009; Harrington and Tappiener 1991).sd kabtle differences could be
artifacts of the data and not necessarily signifi@an a biologic level.

Treatments delaying vegetation control (5 - OO/R& & OO/ES) may have
an adverse affect on the speed with which the atigatcommunity reinvades open
areas due to the potential for increased seed fdie.rapid increase in abundance of
the vegetation community, specifically herbacedastpspecies, associated with
treatments 5 and 6 during the 2010 growing seasdackson Mast may be partly due
to the vegetation communities in and around theaieh site. The western edge of
Jackson Mast is less than 500 meters from InterStabpen to the prevailing winds
(predominant winds are from the S and W), and dosesmall collection of farms
and residential homes. Alternatively, Boot is keckin a more sheltered location (low
winds) with contiguous mature and maturing foresteaunding it. Similar rates of
increase post-chemical disturbance were observBdaitin 2009 and 2010 for the
fall site preparation and spring release treatmgh#sd 5 as well as 4 and 6). In
locations where herbaceous wind-dispersed seegbected to be a challenge,
delaying plantation establishment may not be a @e@sion unless additional years
of vegetation control are used to restrain growtiglenough to protect the critical
period (Wagner et al. 1999).

Delaying plantation establishment through the ihiiciion of a fallow period
has not resulted in a lower abundance of woody/semoidy plants at Boot and was
only marginally different at Jackson Mast. Thisui indicated that the chemicals
used in common operational vegetation managemgimes were capable of
reducing plant cover to low levels (less than 10&gpardless of the timing utilized in
this study. The result also shows that one yeanbfndered growth allowing the
development of larger amounts of leaf area, didnecessarily create a more
efficacious use of herbicidal chemicals. Giventtiee results discussed previously,
delaying vegetation control appeared to simply flkeeg the time associated with this
early-seral stage of forest regeneration excejat site and during a year experiencing

an extreme weather event.
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2.6 Conclusionsand Management I mplications

The primary objective of early silvicultural treagnts is to ensure a fully
stocked vigorously growing stand of trees that elsemanagement expectations and
both state and federal forest policies. Reforgstagcenarios can challenge
conventional wisdom and create opportunities tduata methods that can be used to
support decision-making criteria necessary foratiie land management. The
foundation of the concept to delay establishmewtrder to improve chemical
vegetation control is built upon the complexitiésmanaging logistical considerations
that integrate complex weather patterns as wathashing chemical choices, timing,
and rates of application to the current and paaémteed community. This study is
unique in the forestry literature and is suppotigagricultural research which
illustrated that tradeoffs exist with various e$sfiment strategies.

Delaying plantation establishment in a multi-yezneft crop did not result in
tree growth that surpassed seedlings planted careeyelier except on a site where
physical characteristics accentuated an extreméwereavent. Given the short time
frame necessary to establish forests on produsttbedules and the length of the
critical period for tree species, delaying estdinlient one year resulted in a stand of
trees that is one year behind. These are shont+iesults and treatment differences
could disappear with time so the long-term impdehtvoducing a fallow period
remains to be seen. Sulfometuron methyl includettie fall site preparation at the
rates tested did not appear to affect above-gr@mdylas-fir seedling growth in a
negative manner.

Results indicated that the chemical choices, rates timing of herbicide
applications according to the treatments includhetthis study were sufficient to limit
vegetation community growth (as measured by suntoedr) during the year of
application. Chemicals used in the treatment regiaitered the herbaceous and
woody/semi-woody components of the vegetation comtias. A spring release only
treatment reduced herbaceous vegetation duringeitueof treatment, but did little to

control woody/semi-woody plants. Even after onary&# unchecked growth (the
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fallow year in treatments 5 and 6), similar cherhregimes limited competing plant
growth below 20%, a typical threshold for succelsgégetation control. Fall site
preparation treatments were necessary to provitgeleterm control of woody/semi-
woody plants. No single chemical regime was capabproviding long-term control
of herbaceous plants. Sulfometuron methyl incluaked component in the fall site
preparation tank-mix did not result in reduced cetitye cover during the year of

application.
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CHAPTER 3.0

COMBINING STEM AND VEGETATION MAPPING APPROACHESTO
CHARACTERIZE ABUNDANCE AND DISTRIBUTION OF AN EARLY -
SERAL FOREST PLANT COMMUNITY

3.1 Introduction

Collecting and presenting data on forest plant camities in a designed
experiment poses unique challenges. Various metbgital approaches exist to
guantify and characterize the abundance of plaetiep. The majority of these data
collection techniques require a botanist to viguafitimate cover percentages based
on a specified number of subplots within largerezkpental units. There are no
known survey methods which can use remotely seinsages and computer
modelling software to develop species specific coradues in these complex
vegetation communities (Omasa et al. 2007; Hopkiretal. 2004; Tarp-Johansen
2002). Presenting these results is often dondabw@ar format of species lists and
cover percentages (Halpern and Spies 1995), grgsiiy growth habit (Miller et al.
1995), a sentence describing the current or previotest type (Peter and Harrington
2009), or graphical form in charts of various ssapiots, trend lines, or other figures.
While these techniques all have merit, few oppatiemexist to collect spatially
explicit data on interspecific competition withirperimental units and present that
data in a graphical format.

Programs such as the Stand Visualization Systens)3Mre designed to
create images that demonstrate aspects of silureudtnd forest development
(McGaughey 1998; Stoltman et al. 2004). Theserarog have the capability of
utilizing spatial information in a Cartesian cooralie system placing trees and other
large objects of interest on a viewable plane nRigowth habits physically smaller
than shrubs and trees, however, are more diffioytresent. Large numbers of

individuals, close proximity, and rapid speciesitwrer make it difficult to collect
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spatial information on smaller plant lifeforms. rést visualization software has thus
disregarded herbaceous and woody/semi-woody compopéthe early-seral plant
comunities.

Mapping tree locations was initially presented ésgarchers in Canada during
the late-1960’s. Ek et al. (1969) developed stespping techniques that generated
Cartesian coordinates (X and Y distances fromereeice point) necessary to draw
the location of trees. Payandeh (1974) carrieBlda work by using this positional
data to assess measures of uniformity or randonareesg trees, shrubs, and other
forest structures. Moeur et al. (1993) utilizeileansit laser to stem map 0.3 to 0.9 ha
plots from multiple positions within an establisHedest to assess the level of tree
uniformity in older stands. Other techniques ussmgulation (Boose et al. 1998) or
measuring tapes and 90 degree prisms (Reed €184) fio collect the necessary
spatial data in mature forest stands. These tqubsihave the disadvantage of being
slow and tedious in an established forest wheeedisight is highly limited, an
impediment to any ground-based data collectioresystThe use of ground-based
survey lasers during the early stages of plantasiablishment could, however, make
it possible to map stand conditions when line-ghsis not obstructed.

Plant communities are influenced by the silvicidtuegimes used to establish
forest stands on managed lands. Herbicidal vagatabntrol is one such prescription
that has the potential to temporarily limit planbwth as well as create short-term
shifts in the community composition based on tlepoase to these regimes (Comeau
and Harper 2009; Dinger and Rose 2010; Miller e1899). Competition for limited
site resources can be intense and has been shdwweda spatial component (Fischer
and Miles 1973; Rose et al. 1999). As the weed-@irea around a seedling increases,
the probability of overlapping zones of competitaectrease, enabling improvements
in growth response (Casper and Jackson 1997; FiackdeMiles 1973; Rose et al.
1999; Rose and Rosner 2005). A technique hase®st developed to characterize,
even on a coarse-scale, the spatial changes that iocplant communities during

early succession as directed by silvicultural reggm



69

Techniques that accurately and efficiently porggegwth, development, and
replacement of plant species are needed to incrrasenderstanding of the complex
phenomenon associated with plant community respmnseanagement activities. It
is also a highly coveted situation within the scesawhen a new technique can be
used to challenge a well-established methodologniattempt to test the validity of
both. The objectives of the current study werg)tpresent a methodology for relative
mapping of tree locations and experimental unituiess in a regeneration study, 2)
present a new methodology for assessing, on aesaede, whole-plot vegetation,
and 3) compare the accuracy of of this new whotgypggetation survey with the
more common use of randomly located subplots toacterize plant community

dynamics. Future applications and avenues foarekewill also be discussed.

3.2 Materialsand Methods

Prologue: All distance measurements were inteafigrpresented in United
States Customary Units throughout this paper. Thigrmally an unacceptable
practice in scientific literature, but this decisiovas made in order to preserve the
consistency of the data. Plot layout, survey unsgntation, visual measures of
species abundance, as well as the applicabilithefresults to foresters in the region

are all dominated by United States Customary Umitd metric) of measure.

3.2.1 Regeneration study site

A single site, Boot, served as the basis for threecti mapping study. It is
located on a 0 to°morth facing slope in the Oregon Coast Rangé 46436.32” N,
123 27 57.63” W). Soils are classified as mesic tydaplohumults and support a
Douglas-fir site index of 135 feet at 50 yearse@iegs planted on this site in
2008/2009 represented the third generation of faneagcent ~100 year history.
Several stumps over six feet in height with spbiogrd notches suggest the forest was
felled prior to the use of gas-powered chainsaRifig counts on the largest stumps

harvested in the summer of 2007 ranged from 8Btpe@rs indicating they were
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established between 1909 and 1922. Dominant pregess on this site were
Pseudotsuga menzieslisuga heterophyllaAlnus rubra andAcer macrophyllum
Common understory species w&gmphoricarpos albugolystichum munitum
Corylus cornutaSambucuspp., andicer circinatum

A complete randomized block design was used tdbkstethe regeneration
study that served as the basis for the current mgmudy. Six vegetation
management treatment regimes (Table 3.1a) wer@nalgdassigned and replicated
four times on 60’ x 60’ measurement plots in theser of 2007. Plot dimensions
were based on slope distance measurements madanitipulse Laser Rangefinder
(Model 100; Laser Technology, Inc. Centennial, Cadlm) and a double right angle
prism (Sokkia Corporation; Olathe, Kansas). Ptwhers were marked with five foot
lengths of polyvinyl chloride (PVC) pipe. Usingreasuring tape and colored pin
flags, tree locations were marked on 10’ x 10’ gmigbr to planting. The layout of the
plots allowed 25 measurement trees to be locatddnxeach experimental unit. A
single row of buffer trees was located between expntal units.

A professional crew was used to plant the Douglasaireroot 1+1 seedlings
in February 2008 (treatments 1-4) and January 2088tments 5 and 6). Directions
were given to place the seedlings in the best jpigidcation that occurred as close as
possible to each pin flag. VeXaubes were installed immediately after planting to
protect seedlings from ungulate browse. Herbitidatments were broadcast applied
using a backpack sprayer according to the schexlilmed in Table 3.1b.
Treatments were designed to test whether introduzidelay or fallow period into
plantation establishment (i.e. treatments 5 anidhfjoved vegetation control and in
turn, early seedling growth (see Chapter 2). pibsitingAcer macrophyllunstumps
were treated using a “hack and squirt” techniquapoly an undiluted solution of
imazapyr on the same date as the fall site praparet 2007.

Each experimental unit was stratified into four &qguadrants and one
permanent 1-meter radius vegetation survey suly@strandomly located between

trees in each strata (n=96 on the site). Durimty ¢@ mid-July in the initial three
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Table 3.1: Description of the six treatment regn(®) and treatment regime details
(B). Individual treatments were broadcast appéiec tank-mix using backpack
pumps. Subscript “0” and the asterisk signify ladie preparation with sulfometuron
methyl included (treatments 4 and 6) in the tank:n8eedlings were planted in
treatments 1-4 February 2008 while treatments Seandre planted January 2009.

A Plantation establishment Delay plantation establishment
immediately following harvest one year
Fall Site Fall Site
Treatment . Spring Releasg . Spring Releasg
Preparation pring Preparation pring
1. O0/00 no no no no
2. 0S/00 no yes no no
3. FS/00 yes yes no no
4. RS/IO0* yes yes no no
5. OO/FS no no yes yes
6. OO/RS* no no yes yes
B Treatment Regime Details
Regime Application Chemicals Rates
Glyphosate (Accord) 3 gts/ac
. . |Metsulfuron methyl (Escort) 1l oz/ac
Treatments | Fall Site Preparation
3and4 | 20 September 2007'Mazapyr (Chopper) 8 oz/ac
Induce (adjuvent) 8 oz/ac
Sulfometuron methyl (Oust) * 3 0z/ac
Treatments Spring Release |Hexazinone (Velpar DF) 2.0 Ibs/ac
2,3,and 4 11 April 2008 |5 4 D (Weedone LV6) 0.75 qgts/ac
Glyphosate (Forester) 3 gts/ac
) Metsulfuron methyl (Escort) 1oz/ac
Treatments Fall Site Prep
5and 6 3 September 2008 Imazapyr (Chopper) 8 0z/ac
Induce (adjuvent) 8 oz/ac
Sulfometuron methyl (Oust) * 3o0z/ac
Treatments Spring Release |Hexazinone (Velpar DF) 2.0 Ibs/ac
5and 6 15 April 2009 |7 4 p (Weedone LV6) 0.75 qts/ac

Note: A “hack and squirt” treatment of the sprogtikcer macrophyllunstumps was
conducted on 20 September 2007. Undiluted imazapgrsquirted into
circumferential gashes made with a hatchet ontathgs at the site.
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years of establishment, total cover of all vascplants as well as cover of each
species was recorded in these subplots. Totakéevefined as the percentage of a
subplot covered by vascular plants. It was a numdogging from O (i.e. bare ground)
to 100 (i.e. totally occupied by vascular plantslitchcock and Cronquist (1973)
served as the basis for genus and species nomgecldhformation on species
growth habit (forb, fern, graminoid, shrub, treme/shrub) was incorporated into the
dataset using the process outlined in Appendi¥@getation survey information was
divided into two principle groupings, herbaceoud amody/semi-woody. Forbs,
ferns, and graminoids are referred to as herbaqgaanss while woody/semi-woody
plants are those classified as shrubs, trees, iaetstirubs. The percentage totals for
each species were summed based on these two componehe plant community to
establish the amount of herbaceous or woody/semiyaover in a particular
subplot. The four subplot values were used toutale a mean and these means

(n=24, 6 treatments x 4 replicates) were analyzed.

3.2.2 Stem Mapping

A permanent marker was established at least 3 sxgten the SW corner of
each experimental unit. This position tended tphgsically uphill of each 60’ x 60’
plots. A Criterioff Survey Laser Series (Model 100; Laser Technology; |
Centennial, Colorado) mounted on a monopod was taesasicertain the horizontal
distance and magnetic bearing (azimuth) from tersranent marker. The laser
location served as the origin (0, 0) and each pafiimiterest within a plot was relative
to this position. A slope correction was not uded to the low angles associated with
the land on this site.

Three people collected these data. One persomategethe laser while a
second walked between points providing the “tatgBbsitioned adjacent to the
seedling, a two meter pole with a ping pong-st@ddle attached as well as this
person’s body served as the “target” for each iémterest. The third person
entered the data into a Tripod Data Systems (TR&) ldgger (Model - Ranger;
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Trimble Company, Corvallis, Oregon) and ensuredigate call back of information.
While the order of measurement had no influenctherprocess, a strict order was
adhered to so that all locations were measuredhidrcase, the four corner posts for
the experimental unit were surveyed then bordestriollowed by measurement trees,
and finally vegetation subplot locations. Thishieique also allowed certain kinds of

shrubs, trees, or sprouting stumps to be mapped.

3.2.3 Vegetation Mapping

Utilizing a feature of the experimental units, arse-scale vegetation survey
was conducted that included 100% of the area wethith 60’ x 60’ plot. Recall that
all of the trees on the study site were planted ooughly 10’ x 10’ grid inside each
plot and Vexa tubes were installed. These locations formeddathat delineated 36
100 ff polygons (Figure 3.1) marked by the location &f tiees and/or the Vextar
tubes (if the tree was dead at the time of surv®agta collected within each of these
36 unique polygons could then be used to createilatpd map of the vegetation
community. For the purpose of simplification, &6 - 100 ft polygons within each
experimental unit will henceforward be referrecgo‘vixels” or vegetation pixels.

A complete survey of all vixels on the site (n=8@4s done in late-July or
early-August each year (2008, 2009, 2010) followtimg detailed vegetation survey
that occurred in the four randomly located subpldtstal vascular plant cover and
square foot coverage of the top three most aburgpeties was visually estimated for
each vixel. Generally, the key species in a vagetaommunity were a small
number of individual species (Miller et al. 199%)dahis determination required a
subjective judgment. Similar to the subplot vetietasurveys conducted in July,
Hitchcock and Cronquist (1973) served as the Hasisomenclature and information
on species growth habit (forb, fern, graminoid ughitree, vine/shrub) as well as
separating these habits into herbaceous (forb, &h graminoid) and woody/semi-
woody (shrub, tree, and vine/shrub) componenteséldata were added using the

methods outlined in Appendix 2.
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Figure 3.1: Conceptual map defining the vegetatiael or “vixel.” PVC corner
posts are designated by the small circles. Bdrdes occur between PVC corner
posts (small explosion symbols). Stars represeatsorement trees and the flag
symbol shows the location of a permanent plot mdaokéveen trees #1 and #2.
Dashed arrows indicate the systematic order foltbdiering vixel vegetation surveys.
The beginning and ending rows of trees are numb&reding the approximate
location of each measurement tree.
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3.3 Data Management and Statistical Analysis
3.3.1 Data Processing

Laser survey data were downloaded from the TDSIdgtger into Excel
(Microsoft Corp.) where the horizontal distance aaanuth information was used to
calculate X and Y distances from the laser locatidhis process is presented in steps
one and two of Figure 3.2 and is similar to procedwutlined in Moeur et al. (1993).
The survey point for each plot tended to be outdigeSW corner. This meant that
the majority of the points were located along azlmuhat fell from North to East or O
to 90 degrees, ascertained by the magnetic conmpased in the CriteriGhlaser.
However, this was not always the case and azintathard the northwest or southeast
created X Y coordinates with negative numbers. 89Y&s not permit negative
numbers and in order to position each point ofregein a space recognizable by the
program, 50 feet was universally added to bothdioates making all numbers
positive and eliminating the issue.

These data were incorporated into SVS to produtieigiual plot maps similar
to Figure 3.2 and visually inspected for erronedais (Figure 3.3a). Out of the 1272
data points on the Boot study site, only 5.5% nexgiany kind of correction. The
majority of these mistakes were typographical ereord easily spotted using SVS as
either the distance and/or azimuth were incorritipg the element of interest in an
impossible location. An adjustment was made togtae item in the appropriate
location, but slight variations were not changeidife 3.3b). In this context, the
“appropriate” location of trees and other markees wefinable. Plots were
established methodically and all tree locationskadion a strict grid pattern such that
specific trees were in locatable positions (egp %6 should always be next to #5). It
is recognized this technique would be an inappadempractice if extreme accuracy
and/or unbiasedness was an absolute requiremertterlthese circumstances, a
secondary data collection would be necessary tecothese points. For the purposes
of this study, the small number of corrections wasdeemed to be improper or result

in bias which would compromise study results.
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Step 2: Using geometric proofs. calculate the
X and Y distances (Cartesian coordinates™®)
relative to the permanent survey marker
using the following fornmias in Excel:

*Note: Azimuths are based on magnetic
north so points that he to the NW or SE wall
have negative numbers. After these
calculations, add a consistent distance to

X = 5IN({(aznimuth * x)/180) * distance each X and Y coordinate to ensure all
values are positive. This places each point

F = i + )/ * dis
¥ = COS((azimuth * x)/180) * distance of interest in a space recogmizable to SVS.

Figure 3.2: Explanation of the steps in the datkection process (step 1), calculating the X Y rclioates (step 2), and using
these coordinates to calculate the area of eaeh (gtep 3). Seedlings are represented by filleds and vixel borders are
delineated by the solid lines. The diamond issilneey point and the rectangle over the diamortkdagaser.
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Figure 3.3: Stand Visualization System (SVS) insageraw data in Block 1 Plot 4 at
Boot with two seedlings in unlikely positions (A)dithe same plot with the two trees
edited to be in the “correct” position (B). Theatwuspect trees were intentionally
made larger than the rest of the seedlings in dadelearly illustrate how errors in
data collection were discovered and corrected.
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At the time of the vixel vegetation survey, theettecations were used as a
frame of reference to aid in determing species icoV@e assumption was that at the
time of survey, the space between the four treesi0a ff but terrain features,
harvest residue, and planter decisions all resutftéee locations that are not exactly
10 feet apart. This meant that not all vixels engassed exactly 100°fand a
correction was required to accurately portray tingase foot coverage of individual
species. The Cartesian system of X Y coordindtewed the direct calculation of the
area contained by each vixel using a geometric ddarautlined in Step 3 of Figure
3.2. This area was then divided by 100 (what & wssumed to be at the time of
visual assessment of the vegetation) to develagraation factor. This correction
factor was then used to adjust plant species omlaes based on the size of each
vixel (i.e. multiplying species cover by the cotren factor). All plant species cover

values presented in this paper have been adjustibisimanner.

3.3.2 Statistical Analysis

Statistical Analysis Software version 9.1 was USRS Institute, Inc., Cary,
NC) for analysis. Regression analysis was condugseng the PROC REG function
in SAS. ANOVA analyses were conducted using gdizeidlinear models (PROC
GLM). Assumptions of normality, linearity, and &tant variance were examined on
the residuals for each response variable testediradsformations were required to
meet model assumptions. Unless otherwise statealpha level of 0.05 was used to
determine significant differences.

Mean total cover percentages were individually walked for each
experimental unit by the described techniques (stilsmd vixel vegetation surveys)
across the three data collection years. Thesesngare then compared using simple
linear regression analysis to understand the ogisltip between these two methods of
measuring a vegetation community. The dependerghla was the total cover
percentages found through the four randomly locatdxblots while cover percentages

found through the vixel assessment served as tiependent variable. All three
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initial years worth of data (2008, 2009, and 20d@)e included in this analysis. This
was a necessary step as the vegetation commuratyyione year did not provide the
full range of observable cover values.

Treatment effects on 2010 total cover values peioy the subplot and vixel
vegetation surveys were analyzed separately byadéltection technique and year
using ANOVA procedures. Fisher’s protected leagtiicant difference t-tests were
used to compare treatment means at an alpha I[e0d® Herbaceous (forbs, ferns,
and gramioid) and woody/semi-woody (shrubs, trees/shrubs) components of the
2010 vegetation community were analyzed separbietiata collection technique
using ANOVA procedures.

Common and/or abundant plant species are presenteathematical and
graphical format only. Due to the manner in which data was collected, ANOVA
procedures could lead to erroneous results. @fidymation on the top three species
were collected at the time of the vixel vegetasarvey which meant that the actual
area and presence of a specific species creates irethe dataset that could be a
result of the sampling method not necessarily tbatinent regimes being tested by
ANOVA procedures. When means of a particular sggeare presented, these values
were calculated by treatment over replication. éVixnages of individual plots are

also graphically presented.

3.4 Results

Summary: While stem mapping concepts are not teswvas the first known
attempt to apply these techniques to a regenerdtiregst and vegetation community
response to silvicultural regimes. Results indddathat visual representations of
research plot conditions as well as the vegetatiommunity dynamics can be
presented, but not completely married into one ienaigthe current time. A
comparison of total plant cover evaluated throulgé tour randomly selected subplots
and that developed through vixel cover resulted iimear regression equation with
an adjusted Rof 0.90. The two vegetation survey methods hedtlan a 12



80

percentage point difference in total cover when garad by treatment and year.
Analysis of herbaceous and woody/semi-woody conmp®oéthe vegetation
community revealed similar response trends desipgalifferences between the two
techniques.

3.4.1 The Process of Mapping Stems and the Veget@bmmunity

Data collection in this regenerating forest toadsléhan 20 minutes to map the
points of interest located within each plot. Thpeeple were required for the
mapping process so data collection could procead@asonable pace. The resulting
datasets were then easily managed using standamouter software that included the
free SVS program made available by the USDA Fd8estice (McGaughey, 1998).
Plots were carefully laid out to encompass 360inftide each 60’ x 60’ experimental
units. Trees were planted on a 10’ x 10’ grid aix@ls should encompass, on
average, 100 square feet. Using the data produoerdthe mapping exercise, the
mean plot area (n=24) with a 95% confidence inlemss 3657 ft (3614.8, 3699.3).
The mean vixel area (n=864) with a 95% confidenterval was 101 $(99.73,

102.8).

Collecting vixel data was an intense dedicatedreffth took two to three days
for one person to survey the entire plant commumrtyhe study site. Focusing only
on total cover and the abundance of the top thpeeiss enabled data collection to
progress faster than a vegetation survey recomegy species encountered. Figure
3.4 presents an example of how vixel images pottraydynamic changes that
occured on the site. This experimental unit seasd no-action control and the
corner posts (cylinders in the four corners), vagenh survey locations (smaller
cylinders), all trees (small green dots), and agiehf maple Acer macrophyllum
stump that escaped treatment in the fall of 20@7ckerarly presented. Tree
measurements (height and diameter) as well as mesastithe maple stump (canopy
radius and height) were included in 2008 (left) apdated using the same measures

in 2010 (right). X and Y grid lines were includedthis vixel image to show the
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Figure 3.4: SVS images of a no-action control00& (left) and 2010 (right) (panel
A) as well as the total cover (%) of the vgetattommunity (panel B). Mapped tree
locations are presented in panel A with cornergpoepresented by double high
cylinders and vegetation survey markers as sinigle ¢ylinders. Sigmapl8tdoes

not allow specified positions to match the vixehcept so the straight grid lines were
utilized in panel B to show approximate tree lomasi. The approximate location of
tree 1 and 25 were inserted with small labeled boxe
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approximate location of all trees in the plot. ®lisurvey results are presented in
panel B (lower). The technique detected the coitieepicenter shown by the
100% cover in the bottom central portion of theeVixnage.

3.4.2 Comparing the Accuracy of Subplots and \&xel

Regression analysis between total cover assessrayththrough the vixel
survey (x-axis) and that resulting from the subpglatvey (y-axis) is presented in
Figure 3.5. The linear regression explained 0086 ®f the variation among the two
techniques of measuring total plant cover (adjustedf 0.9082).

Analyzing total cover assessed through either tigcienas well as the amount
of herbaceous and woody/semi-woody vegetation iD2@vealed significant
treatment responses in the first three years abkshment (Table 3.2). Treatment
means resulting from both techniques are present€dble 3.3. By either the vixel
or subplot method, herbicide application resultedd08 total cover values below
20%. Treatment 2, which received only a springasé, restrained cover to 14% and
17% during 2008 found through the subplot and vigehniques, respectively. Plots
receiving a fall site preparation in addition testhpring release (treatments 3 and 4)
were limited to less than 6% cover. The no-actiontrol and delayed regimes
(treatments 5 and 6) had cover values between 838¥ in 2008. The application
of treatments 5 and 6 in 2009 reduced total coetwib 9%. Plants in the no-action
control increased to over 73% cover by the timthef2010 surveys. Treatments 2
and 3 were not different compared to the no-aatmmtrol in 2010 by either
vegetation survey method ranging from 68 to 73%ecov otal cover abundance
increased in treatments 4, 5, and 6 from 2009 1® 2t remained statistically lower
than treatments 1, 2, and 3.

There were, however, differences that existed bervilee values presented by
the subplot or vixel techniques (Table 3.3). Theemethod suggested that
treatments 4, 5, and 6 were not different from anether in the 2010 survey and were

separated by less than 10 percentage points. ulipdas analysis showed a difference
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Figure 3.5: Regression analysis of the relatignbleitween total cover measured
using the vixel assessment (x-axis) and total cassessed using four random
permanent subplots (y-axis). Note that three yearsh of data were included in
order to provide a more complete range of datéhferegression analysis.
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Table 3.2: ANOVA tables of total cover responséréatment regimes by year as well
as the analysis of herbaceous and woody/semi-weeggtation community
components in July 2010. The vixel survey is i tipper panel while the subplot is

in the lower. Asterisk indicates significant tmeaint effects ai=0.05.

Parameter Source OF Type Il SS Mean Square F value Pr1F
Block 3 70.9355 23.6452 3.32 0.0485
2008 Total Cover
Treatment 5 4788.8736 957.7747 134.67 <0.4oof
Block 3 87.1840 29.0613 1.13 0.36p4
2009 Total Cover
Treatment 5 7078.4110 1415.6822 54.93 <0.qoop
D I Block 3 69.8265 23.2755 0.49 0.6913
-;—< 2010 Total Cover| . tment | 5 9374.9841 1874.9968 39.86 <0.doofL
Parameter Source OF Type Il SS Mean Square F value PryF
Block 3 540515.3610 180171.7870 1.27 0.3p0¢4
2010 Herbaceous
Treatment 5] 3663684.5160 732736.9030 5.16 0.p040
2010 Woody/ Block 3 646999.4750 215666.4920 1.80 0.1B9¢Y
Semi-woody | Treatment | 5| 9648213.3600 1929642.6720 16.13 <0.p0q1
Parameter Source DF Type Il SS Mean Square F value PriF
Block 3 165.3620 55.1207 250 0.0994
2008 Total Cover
Treatment 5 4579.1068 915.8214 41.48 <0.doof
Block 3 462.3412 154.1137 1.72 0.2458
2009 Total Cover
Treatment 5 10703.6172 2140.7234  23.88 <0.¢oop
§ Block 3 237.1979 79.0660 1.71 0.2081
©. | 2010 Total Cover
% Treatment 5 11501.4063 2300.2813  49.69 <0.¢oop
Parameter Source DF Type Il SS Mean Square F value PriF
Block 3 736.2188 245.4063 1.98 0.1410
2010 Herbaceous
Treatment 5 6778.7708 1355.7542 10.91 0.qoof
2010 Woody/ Block 3 468.7813 156.2604 146 0.2462
Semi-woody | Treatment | 5 7310.9271 1462.1854 13.63 <0.qoof

*

*

*

*

*

*
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Table 3.3: Treatment means of total plant covergfésented by year and method.
Values within a column sharing the same lettemartestatistically different ai=0.05.

2008 2009 2010

Treatment Subplot  Vixel| Subplot Vixel| Subplot Vixe
61a 49 a 75 a 73 a

1. 00/00 36 a 39 a
44 b 47 a 75 a 73 4

2. 0S/00 14b 17 ¢

3. ES/00 4c 6d 36 bc 38D 68 a 69 &
4. ES/I0O0 2c 3d 22cC 30c 43 b 38b
5. 0O/FS 33a 34 b 5d 9d 30 ¢ 32D

6. OO/FS 30 a 32 b 2d 5d 20d 29 Db
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which spanned 23 percentage points. These diffesealtered the results of the
multiple comparisons causing some treatments &idiestically different in the
subplot technique but not in the vixel survey. Ehegle largest of these differences
occurred during 2009 in the no-action control whedg percentage point difference
was found. Other differences between the techsitgrded to be more subtle and
were less than 9 percentage points.

Treatment regimes influenced herbaceous and woamhy#&oody components
of the vegetation community (Table 3.2). Abundaofckerbaceous vegetation
assessed through the subplot method (upper parkligel assessment (lower panel)
are presented in Figure 3.6. Treatment regimeasuged herbicides in 2008 or 2009
reduced the abundance of herbaceous vegetatiow helth (subplot) or less than 330
ft? (vixel). Once treatment regimes ceased in 208fhdteous plants in all plots
increased in abundance. Treatment 3 received sit@apreparation (no sulfometuron
methyl) and a spring release and had the greatestrat of herbaceous vegetation
with 74% or 2050 ftcoverage by the subplot and vixel techniques eetsrely. The
subplot method detected differences among treasiem, 5, and 6 that spanned a
range of 21 to 56% herbaceous cover in July 2Efanning a range of 922 to 1380
ft? of coverage, these same treatments were nottisitisdifferent from one another
in August 2010 as measured by the vixel method.

Despite the difference in techniques, assessmétiie avoody/semi-woody
cover resulted in identical treatment responsegu€i 3.6). The no-action control and
spring release only treatments were not differeothfone another in 2010. Surveying
the subplots revealed both treatments had nea®lyetfirer. Using the vixel method,
these same treatments had 166affid 1384 ftin the no-action control and treatment
2, respectively. The remaining treatment regimesevgrouped between 1 and 10%

using subplots or 95 and 587 fiith the vixel survey.
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3.4.3 Species Specific Responses to Treatmenhisgi

The plot presented in Figure 3.7 received a f&dl greparation and spring
release in 2007/2008. It was physically adjacernhé no-action control presented in
Figure 3.4 and had less than 6% competitive cavéra first growing season (2008).
This low amount of competition did not persist ifitture years. Recall that this
treatment had had a dramatic increase in the albbgedas herbaceous plants found
through both the vixel and subplot assessmentstalf cover (previously shown in
Figure 3.6). The red and orange areas within éméral portion of the plot were
dominated by a single herbaceous speélesrjdium aquilinum(western brackenfern)
that quickly colonized all replicates of treatm8ntA treatment mean of 1282 ft
cover by this species was found in 2010 (Table. 31)is amount was nearly three
times the 436 ftobserved in the no-action control.

The purpose of a fall site preparation was to redbhe abundance of perennial
species capable of competing long-term with desiregs. Despite the intensity of the
regimes testedRubus ursinustrailing blackberry) was not eliminated from bgin
among the top three most abundant plant speci@syitreatment (Table 3.4).
Treatment 2 (OS/O0) did little to conti@Ubus ursinusvhich increased from 122t
in 2008 to 830 ftin 2010. Treatments 3-6, which all had two hddgapplications,
adequately controlled this species limiting covermless than 20%tn the year
following application. Whether it was through sekspersal or partial control of
established plants, the species progressivelyasetin cover post-herbicidal control.

Senecio sylvaticuscreased dramatically in certain treatment pllogsn nearly
disappeared from these areas (Table 3.4). Theesp@as present in all treatment
plots on the site at some point during the develamof the vegetation community
from 2008 to 2010. However, the greatest abundaot®enecio sylvaticusere
found in treatments 4 and 6 in the year followihg application of these treatment
regimes which included sulfometuron methyl in thk $ite preparation. In 2009,
treatment 4 had over twice the amounSehecio sylvaticust 491 ff when compared

to treatment 3 at 181%ft A similar response was observed in treatmeaisds6 in
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Table 3.4: Summed cover development for three ddminspecie?teridium
aquilinum Rubus ursinysandSenecio sylvaticugresented by treatment regime.
Means and standard errors were calculated by specer replications. Grey boxes
indicate years when herbicidal control was appdiecbrding to the regimes tested.

Pteridium aquilinumCover (ff)

Treatment 2008 SH 2009 SE 2010 $E
1. 00/00 73 37 228 11p 436 140
2. 0S/00 80 43 455 25B 822 445
3. FS/00 95 37 609 22p 1282 414
4. RS/00 17 9 152 71 484 188
5. OO/FS 40 25 30 14 143 5p
6. OO/RS 70 40 12 8 102 54

Rubus ursinusCover (ff)

Treatment 2008 SH 2009 SE 2010 $E
1. O0/00 107 30 573 61 988 138
2. 0S/00 122 36 487 8 830 119
3. FS/0O0 3 1 72 31 270 8¢
4. ES/IOO 3 2 3 2 45 11
5. OO/FS 91 32 9 6 66 34
6. OO/RS 127 36 17 6 65 22

Senecio sylvaticu€over (ff)

Treatment 2008 SH 2009 SE 2010 $E
1. 00/00 65 21 35 229 5 S
2. 0S/00 13 11 151 317 6 4
3. FS/O0O 12 5 181 62}/ 3 3
4. RS/IO0 15 8 491 934 62 24
5. OO/FS 60 21 80 33 72 3P
6. OO/RS 54 45 79 19 372 43
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2010 which had the same chemical regimes afteeayear delay. Treatment 6
(OO/R,S) had 372 ftof Senecio sylvaticushile treatment 5 (OO/FS) had only 72 ft
Figure 3.8 illustrates these colonization patténmgsponse to similar treatment
regimes within a single block (replicate). The eppanel is treatment 4 and lower is
treatment 6.Senecio sylvaticusas quick to colonize open conditions in 2009rafte
the application of treatment 4. In the delayedtireent, the species was present
during 2008, absent in 2009 due to the chemicarobmeasures, then came back to
this plot in 2010.

3.5 Discussion
3.5.1 Collecting Spatially Explicit Data During flBaForest Establishment
The mapping techniques presented in this papev Bloav, from a single
position, data may be collected on locations adrest within experimental units. Peet
et al. (1997) compared a similar laser-based stinggument made by Criteri8n
with a standard surveyor’s total station provingtttinese laser-based instruments were
accurate within certain technical limitations. Résindicated that given the magnetic
compass’ possible error rate of +/- 0.3 degreesthforetical working distance that
would allow stem mapping to achieve +/- 10 inchg-€&n) accuracy is 156.5 ft (47.7
meters) (Peet et al. 1997). If the laser posittwms the origin (0, 0) and a distance of
156.5 ft (47.7 meters) on a 45 degree angle is, ubedsystem could map
experimental units 0.25 acres (0.10 ha) from alsilogation with an accuracy of +/-
10 inches (=25 cm). Larger experimental plotsotber sites of interest) could be
mapped from multiple survey positions that are tedaip to 47.7 m (156.6 ft) away.
Accuracy of stem mapping could be improved in sgweays minimizing the
need to estimate tree location corrections. Farstipod could be used to hold the
laser minimizing any sway that can occur with tee of a monopod. Second, a stadia
rod with two levels 90apart could be used by the person walking betwsepoints.
If a target such as a piece of plywood is fixegaticular height (e.g. 4.5 feet from

the ground), this would ensure a more consisteckdrap for the laser and could
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simplify calculations in the data management precéshird, if extreme accuracy was
vital to project success, using a surveyor’s tstation would be more appropriate.

Various mapping techniques utilize distance anthath readings to report
forest stand characteristics (Parish et al 1998gyet al. 2009; Moeur 1993; Wells
and Getis 1999), but this study was the first kn@attampt to collect data during
establishment when line-of-sight was not a hindeana this initial phase of forest
growth, data collection was rapid and took threepteone eight hour day to map the
entire study site (a total of 24 man-hours). Guite this spatial information was an
investment, but it is good for the life of the staand tree growth data only need be
updated when measurements are taken.

Utilizing a physical feature of an experimentaltunidefine polygons whose
area can be calculated provides a new method flectiog spatially explicit data on
plant community abundance and distribution. Calhecvixel data required two or
three days for a single person to survey the eptaet community on this site (16 to
24 man-hours). Depending on the needs of the ¢trajed botanical experience of
those assessing the vegetation community, the gsammaild be increased or decreased
in complexity and spatial scale. Vegetation susveyuld include all species found in
each vixel allowing more rigorous statistical tegtof treatment effects in designed
experiments. Vixel resolution could be changedrtable the foundations for spatial
analysis at different scales including measurestefspecific competition proximity
(e.qg. if the area within a vixel, as defined irstbtudy, is subdivided) or larger
landscape level changes to plant communities ifevixels are coalesced into larger
units). Vixel surveys could be made simpler ardude only total cover measures or
cover by growth habit (grasses, forbs, ferns, shrtrees, etc).

If the capability to integrate SVS and vixel mapt®ia single image were
developed, a stand as well as the correspondimg péemmunity could be quantified
and visually presented from the initial years dabBshment through all phases of
forest development. Forest visualization prograrase developed to serve as

communication tools (McGaughey 1998; Stoltman e2@04) and have been shown
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to provide an effective educational foundationdadiences unfamiliar with
silvicultural practices (Roth and Finley 2007). eTiechniques outlined in this paper
add a means of illustrating the effects of vegetathanagement, an aspect of forestry
that has been difficult to present. Vegetation agament carries with it the potential
to ensure vigorously growing trees, but has astetisocial stigmas (Wagner 1993).
From a manager’s perspective, having the abilitmép and present the response and
development of forest vegetation under various mameent regimes could greatly
improve the communication of these silviculturadgiices to the public, adjacent land

owners, as well as other interested groups.

3.5.2 Comparison of Survey Techniques to Presegetation Communities

The combination of mapping and analysis of the Megetation survey has
provided an alternate validity check that challengesults provided through
commonly used vegetation surveys of randomly disted subplots. Regardless of
the vegetation survey method, treatment effecte@pparent and began to disappear
as herbicidal influences diminished allowing plapécies to colonize these areas.
Results of the linear regression analysis illusttahe strong relationship between the
two measures of total plant cover. The nearlyslope of the presented regression
line indicated that indeed randomly selected subpiere a valid method for
assessing larger vegetation community responsedtnent regimes.

Subtle differences that exist between the two tegles may be due to the
increased precision that could result from a lasg@nple size as produced through the
vixel survey. A second valid explanation for thedé&rences revolves around the
timing of the surveys. While the same vegetatiom@munity was measured, the four
random subplots were assessed in early to midwlilgh is generally the height of
the growing season in these non-irrigated situati@®ose and Ketchum 2002). The
vixels were assessed in late-July 2008 and mid-Auigu2009 and 2010 creating a
difference of three to five weeks between the tuways during the hottest and driest
part of the PNW Mediterranean summer (UW 2007)e ahility to visually detect the
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amount of leaf area and subsequently the amouwt\ar for a particular vegetation
community was influenced by the life stage, develept, and senescence patterns
unique to a species and year. The comparison otlweemi-woody analysis
supported this explanation of timing influencing\ay results. Woody/semi-woody
plants have leaf area that does not necessarigssenn the presence of typical PNW
summer drought. By either the vixel or subplotmoet, results showed similar
treatment responses as well as significant diffle¥srihrough the multiple comparison
procedures cross-validating these measures ofldné gommunity.

Forest mapping literature has largely ignored #isisect of early-seral
competition that can affect the distribution ofdst trees observed at some future
time. A review of the relevant literature was cooigd and the studies found focused
on the distributions of older stands using obsémmat study designs. The majority of
this research was done to ascertain the degrdasiédng in mature forest stands
(Cromack 1979; Chen and Bradshaw 1999; Getis aakin 1987; Moeur 1993),
define the amount of intraspecific tree competi{i§hi and Zhang 2003), or utilize
dendrochronology studies to understand previoustance history (Donnegan and
Rebertus 1999; Parish et al. 1999; Wells and G8®9). Among these studies,
competition acting over a period of time was oftéad as the single most important
factor determining the spatial distribution and pasition of the canopy layer for a
particular forest.

The current study adds to this body of literatuygloviding the ability to
collect and present spatially explicit data onrgponse of these early-seral
communities to vegetation management regimes #tahes course for future stand
characteristics. The level and duration of intecsfic competition during the initial
years of establishment can lead to a delay, remlyotir even failure of a stand to
develop into the dominant vegetation type on a(Sigg@peiner and Wagner 1987).
The ability for a perennial shade-intolerant wosggcies, such as Douglas-fir, to
develop into this dominant lifeform is linked tcethbility to capture site resources

necessary for survival and growth (Larcher 2003giMiee and Forman 1983; Smith et
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al. 1997; Petersen et al. 1988). This processbagiestablishment. Seedlings
incapable of acquiring these resources in adeg@mtaints have reduced

physiological potential (Brix 1979; Larcher 200&r8s and Nambiar 1984; van den
Driessche 1987) that negatively impacts growthaasp (Cole and Newton 1987;
Harrington and Tappeiner 1991; Hughes et al. 1$%@nsky 1961). Depending on
the amount, composition, and duration of competjtseedlings experiencing low
amounts of necessary resource(s) during thesealigéars have the potential to
become trees of lower crown position or succumbdiads these stands mature (Cole
and Newton 1987; Smith et al. 1997; Zedaker eB8l7).

3.5.3 Future Avenues of Research and Development

With the right development, forest growth modelsldause these kinds of
spatial data to project stand growth beginninghanéearly stages of establishment.
This effort would require the layout and mappingwétegic plots in a replicated
manner across management units. These mappedyvaloks create an information
network established to provide long-term informatem vegetation communities,
forest growth and yield, as well as site produtyiviThe network could also be used
to aid prediction accuracy of forest models throtlghability to ground-truth outputs
on known research plots. If the survey positigdhe point where the laser was placed
for the mapping) were accurately located using @létositioning Systems, it may be
possible to incorporate all of these data into agéa&phic Information Systems layer,
opening a new avenue of forest planning and prodtyctesearch.

A secondary level of modeling at a regional lewvalld also benefit from this
proposed network of vixel data. Carbon sequestratsearch could utilize the cover
estimates of various shrubs or other non-commettiealspecies. These additional
measures of terrestrial carbon stores could coatioumprove the accuracy of these
models by characterizing this component of forepladt communities and the effect
management activities have on these lands. Tlulslcocrease the understanding of
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how plant communities respond to disturbance dratlliected over a period of time,
the response to proposed climate shifts.

In support of these modelling efforts, additionariwwill be needed to link
abundance data such as these with the ecophysiofagte resource use, specifically
the use of soil water. While above-ground levélgemgetative cover have been
correlated with the degree of competition (Rosal.et999; Cole and Newton 1986),
few studies have been published that define théoglnthetic and transpiration rates
of plant species common to regenerating sitesarPtiW. If it is possible to quantify
how individual plant species work on a physiologiel, it may be possible to define
clear above-ground competitive thresholds (Waghat. 4989; Cousens 1988) when
control measures are needed. This may becoméity regpatial analytic procedures
(assuming the appropriate scale) are capable wigaid the analysis of these
proximity relationships. Ultimately, the goal wdube to clearly define practical
thresholds allowing the targeted control of prokdéimspecies that remain as barriers
to productive forest growth.

Ecologic research could utilize these techniqudsetter understand the
dynamic principles involved in plant community deyanent. Measures of species
abundance, diversity, as well as distribution ax@$andscape could be analyzed at a
variety of spatial and temporal scales providirigasis for a number of plant related
fields. These mapping techniques could aid in tstdading the invasion patterns of
alien plant species. Forest health scientistsdcowdp the spread of insects and
pathogens. Holland et al. (2007) used a larger paittern concept to map and explore
the distribution patterns of beneficial beetleg thare known to occur in barley and
wheat fields in the United Kingdom. Their resudl®owed that current year’s
emergence patterns of the beetle species wereddtaprevious populations in
specific soil moisture patterns. Wildlife biolotgisould quantify the abundance and
distribution of plant communities (Harrington ancchblas 2007) for the analysis of
forage and habitat suitability as well as the impdcspatial distribution on faunal

species of interest. A plant ecologist could stsegd dispersal, colonization, and
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response to disturbances similar to results preddmt Kooijman (1977) who studied
barnacle colonization patterns using a spatial gnidhe side of a ship hull in the
Netherlands.

One example of how these techniques could be ugethk plant ecologist is
presented in Figure 3.9. Two species of thSilsiumarvenseandCirsiumvulgare
are common to regenerating sites in the PNW andrihge presents two research
plots that had some of the highest concentratibtisese plantsCirsium arvense
(upper panel) is an introduced perennial speciscdn colonize through wind
disseminated seed as well as vegetatively thropgrading root systems (Donald
1990; Tiley 2010).Cirsium vulgare(lower panel) is an introduced biennial species
and is only able to colonize through wind dissert@daeed (Michaux 1989; Mitich
1998). The first season (2008) both plots weratéid with a spring release
application which maintained low abundances opkhts. Neither species was found
to be among the top three most common of the favrdmained. In 200€. arvense
colonized one location in the north central portdrnhis plot and continued to expand
its influence into the 2010 growing seasd@h. vulgarewas not among the top three
most common while in the rosette stage during 2608pwing to its biennial habit,
bolted and flowered in the 2009 growing seasone flants then died and the species
did not appear among the top three species dufifg.2

Figure 3.9 visually illustrates why knowing the ectlogic strategies of plants
is important to decisions regarding effective mamagnt. C. arvensénas been a
researched problematic plant for over 100 yeamntizs 1889). Prentiss (1889)
found that a root fragment larger than 1/8 of arhim diameter and %z inch long
possessed enough vegetative material to enabjdaheto regenerate. This root
sprouting behavior makes manual control difficuitianay result in simply
propagating the species where as chemical costralich more effective (Donald
1990). WhileC. vulgareis also controlled with herbicides, mechanical suees can
be effective on this species due to the lack oktetg/e reproduction.
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3.6 Conclusions

Stem and vegetation mapping methods outlined syghper enable the
presentation of forest conditions unique to thaldsghment period. Vixel surveys
encompassing 100% of the area within experimemiié$ lhave challenged standard
survey methods and results indicated that botmigales depicted similar changes
during this phase of forest succession. The \daéh provided an additional aspect to
plant community data, the ability to present aigligtexplict image. Land managers
could use these methods to educate audiences diafamth forest practices as well
as meet internal and external goals to stewardgt®ia the most appropriate manner.
These data could help direct the application eiailtural investments (Dubois et al.
2001) in such a way that would maximize economiiciehcies and minimize
environmental costs. The techniques also opemwaesearch direction within the
field of forest mapping that may assist with moideliforest competition, plant
species abundance and diversity, plant ecophysiplagecology, and potentially
wildlife habitat utilization. Decision support tscsuch as these may allow broader
management objectives to be tested, assist witlpkance to sustainable forestry
practice policies, and provide what McGaughey ()2#&med to be “data-driven

solutions.”
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CHAPTER 4.0

SEASON-LONG GAS EXCHANGE AND BIOMASS PARTITIONING OF
SELECTED WEEDY PLANT SPECIESASSOCIATED WITH A
REGENERATING PACIFIC NORTHWEST FOREST

4.1 Introduction

Plant communities in regenerating forests are cermnassemblages of species
that can number well over 100 on sites in the Onegoast Range (Chen 2004).
Vegetation management prescriptions are often teskhit the growth of this
community and improve site resource availabilitygtanted tree seedlings (Dinger
and Rose 2009; Newton and Preest 1988; Sands andi&lal984; Zutter et al.
1986). The goal of these activities is to intetrsyccessional trends (Connell and
Slayter 1977) in an effort to favor the establishima crop trees. These prescriptions
are designed to temporarily minimize (Boyd et 893; Comeau and Harper 2009;
Lindgren and Sullivan 2001; Miller et al. 1995) thieundance of a significant portion
of the plants on a site without damaging tree segsli(Newton 2008; Walstad and
Kuch 1987). Large seedling growth gains have eparted (Creighton et al. 1987;
Harrington and Tappeiner 1991; Maguire et al. 20Q&liz et al. 2011). However,
minimizing the abundance of an entire plant comityunbuld suggest the
competitive importance of these species is equediighted. With the appropriate
information, it may be possible to selectively &trgertain species that are more
competitive leaving other portions of the vegetattommunity unhindered.
Information on a physiological level could supplemtie commonly used abundance
data providing a more detailed understanding ottrapetitive mechanisms at work
during forest regeneration.

Forestry studies have compared specific types @étation common to
regenerating units in an attempt to understand wépecies (or group of species) may
be more competitive and thus more important torobniStudies have measured the

biomass response of crop trees to either a stazddrdensity or additive mixtures
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showing that indeed, not all species were equaligpetitive for site resources
(Willoughby et al. 2006; Perry et al. 1993; Davisike 1998; Britt et al. 1990; Bell et
al. 2000; Morris et al. 1993). Other studies hdemonstrated the negative
physiologic responses of seedlings to specific tagem communities, again
illustrating that certain species can have a mooegunced impact on crop trees
(Randal and Rejmanek 1993; Gordon et al. 1989;dPatkal. 2010; Morris et al.
1993).

A smaller cohort of forestry studies has assedseaveedy plant species
themselves in an attempt to understand how theyet#on a physiological level
(sometimes in conjunction with the tree speci€Xnard et al. (1997) compared the
leaf area, xylem water potential, and stomatal ootahce of three shrub species in
Southwest Oregon and reported that xylem watempiateand stomatal conductance
were different among the species and across tls®sedifferences among the
species were attributed to rooting depth as wetlpggies specific control of stomata.
Hangs et al. (2003) explored the nitrogen uptakalséities of Jack pine and three
competitor species that spanned a range of lilmgorStatistical differences were
found among the species with the gr&aslamagrostis canadensiseing highly
competitive for nitrogen. Lastly, Bell et al. (ZDreported that as competition
density increased, Jack pine as well as four comweedy species, decreased
photosynthetic and transpiration rates as wellitasgen use efficiency. Results
indicated that herbaceous species had the greeggative impact on Jack pine early
in the experiment, but diminished in time as wouwdgetation steadily became more
competitive (Bell et al. 2000).

A significant amount of research has been donetime various physiologic
aspects of competition for species occurring itirsgs other than forests.
Comparative approaches have been used to evalwatecaring plants or congener
species to identify traits that confer advantagesatd invading new habitats (Daehler
2003; Vila and Weiner 2004). McAlpine et al. (2p@8udied five shrubs to quantify

the invasive strategies Bierberis darwinniiin conjunction with four native species.
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Results showed th&. darwinniihad greater rates of seed germination and surasal
well as a maximum light-saturated photosynthetie cver 15 pmol fis”, a rate that
was nearly twice that of the four natives. Theagg were concluded to provide a
significant physiologic advantage for the speciehull-light conditions. Blickler et

al. (2003) compared the water use capabilitiecSaritaurea maculosan invasive

forb, with three native grasses in a semi-aridgjeasl. Findings indicated that the
species did not use more water than native grasgkpossessed an intermediate level
of water use efficiency (approximately 2 g dry nilag$4,0). C. maculosalid,
however, use water later into the season. Theoasfiroposed that this luxuriant use
of soil water depleted resources below levels reguby native species, aiding in its
competitive success. Brock and Galen (2005) detredrd that two congener
Taraxacum(dandelion) species had no differences betweetopimsthetic and
transpiration rates. The higher water use efficyess well as low specific leaf area of
the native T. ceratophorumwas proposed to make it more tolerant to droagiit
hence more competitive in high alpine environme@¢her studies have evaluated
various competitive mechanisms enabling certaiicispdo adapt to changes in
resource availability (Houssard et al. 1992; Totiehet al. 2007), increase growth
rate and biomass in different environmental coondgi(Wang et al. 2006; Feng et al
2008), phenology and seasonal physiology (Xu e2G07), or explore physiologic
aspects unique to a species (Bossard and Rejm&3ek Milsen et al 1993).

A study has not been found which simultaneouslyman®s gas exchange and
morphologic attributes of plant species capablepidly colonizing disturbed forest
landscapes in the Pacific Northwest (PNW). Publistesearch results (Halpern
1989; Dyrness 1973; Schoonmaker and McKee 1988t WhekChilcote 1968; Rose
and Ketchum 2002) as well as those presented egrlieis dissertation have
illustrated howCirsium arvens€CIAR), Cirsium vulgare(CIVU), Rubus ursinus
(RUUR), andSenecio sylvaticuSESY) are adept at invading disturbed forest
environments. From a management standpoint, $e=saes also represent a range of

prescriptions that can be used to control theindance. The twgirsiumspecies are
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of known worldwide importance (Skinner et al. 20883 work has been done to
define their autecology (Tiley 2010; Kay 1985; Macix 1989; Mitich 1998; Downs
and Cavers 2002; Klinkhamer and de Jong 1993) dsawehysiologic aspects of
invasion and competition (Powell 2011; Lalonde &uitberg 1994; Ziska 2002).
The majority of this work has been done in agrorosystems.

McDowell (2002) and McDowell and Turner (2002) peted the
photosynthetic and reproductive capabilities of feubusspecies, one of which was
R. ursinusa PNWhnative. Gas exchange rates, as defined byré€§ponse curves,
were higher and reproductive effort greater fortthe introducedRubusspecies when
compared to the two natives. These results pravadeasis for comparison, but the
observational study design and other methodologidf#rences make it difficult to
extend these results to a regenerating forest.

The underlying mechanisms of the ephemeral invadianacteristics of
Senecio sylvaticusas first studied by West and Chilcote (1968)hédstudies have
sought to describe this species based on genétitnation (Koniuszek and Verkleij
1982; Kumler 1969), soil nutrient usage and allmra(van Andel and Vera 1977; van
Andel and Jager 1981), as well as interspecificptition (Halpern et al 1997).
While photosynthetic measurements have been pesbarithin the genuSenecio
(Fioretto and Alfani 1988), gas exchange ratesthageasonal analysis of growth in
the PNW for this species have not been found irsthentific literature.

Higher rates of gas exchange, greater use of watgeased water use
efficiency, larger amounts of viable seed, fasinghp as well as greater root mass and
nutrient acquisition may govern the competitivengfsspecies, but little of this
information is available for these PNW specieswdiiest. Differences in species,
study objectives, habitat, and regions limit theitgtto extrapolate results from
previous studies to CIAR, CIVU, RUUR, and SESY gimyvin a regenerating forest
in the Oregon Coast Range. The PNW has a prondwswemer drought period and
it is unknown how the seasonal physiology and dguakntal patterns of these

species are affected by declining soil water abditg. Of particular interest to forest
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ecologists as well as managers, is the link betvileenvater utilized by these species
and the competitive effects on forest growth. Dedsphysiology data could lead to a
greater understanding of the ecological signifieaocthese species as well as more
precise decision-making criteria for control measurlt is for these reasons that this
study was designed to 1) compare instantaneousunesasf gas exchange
(photosynthesis, transpiration, and water useieffy) across a growing season for
CIAR, CIVU, RUUR, SESY, species commonly found gsaciation with
regenerating forests in the PNW, 2) measure tlexia$bil water availability has on
gas exchange, 3) quantify biomass development aridipning, and 4) quantify

detectable soil moisture utilization among the fepecies.

4.2 Materialsand Methods
4.2.1 Brief Description of Selected Species

Cirsium arvenséCanada thistle) is an introduced forb specidsarth
America. This dioecious species can behave asm@umed biennial, or perennial and
spreads through wind disseminated seed as webdgetatively through networks of
underground root systems (Lalonde and Roitberg L984equires high light and
bare mineral soil for successful germination antyegowth (Tiley 2010) so from a
forestry perspective, it is often confined to dibd habitats with canopy gaps large
enough to provide these conditions (SchoonmakeiMaitee 1988).

Cirsium vulgare(bull thistle) is an introduced biennial forb. & plant spends
the first year developing a basal rosette of leaveba large taproot (Mitich 1998). In
the second year, the species bolts, flowers, angealuce over 18,000 wind
dispersed seed from a single plant (Michaux 198%ese seeds have large papas
enabling extended flight, but the majority fall it a few meters of the maternal
plant (Michaux 1989). In keeping with the bienrgabwth habit, the individual plant
dies upon the completion of flowering and seedetispl. Within regenerating forests,
the species tends to invade rapidly during theygardrs of establishment (Halpern

1989) then declines in abundance as time progréSsesonmaker and McKee 1988).
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Rubus ursinugtrailing blackberry) is a native vine/shrub sgsccapable of
existing in the lower light environment of a matfweest stand. It can, however, take
rapid advantage of openings in the overstory thinaexgensive growth (Dyrness 1973;
McDowell 2002). The plant reproduces vegetatitkhpugh the rooting of canes at
nodes along its length, but also produces edibi¢ dispersed by various faunal
species (McDowell and Turner 2002).

Senecio sylvaticusvoodland groundsel) is an introduced annual fdrbthe
PNW, this species is known for its ability to rdgidolonize reforestation sites (West
and Chilcote 1968; Dyrness 1973; Halpern et al.7ip@rsonal observation). This
often occurs in the year following disturbance (@ayvesting, burning, or chemical
control) and is accomplished by the large amountiofl dispersed seed enabling
long-distance travelS. sylvaticusequires high available nutrients (van Andel and
Vera 1977; West and Chilcote 1968) and light duthgvarious phases of
germination and growth which begin in the late-wimiHalpern et al. 1997). The
species is considered a ruderal with little caydoit extended competition beyond its

single year of growth.

4.2.2 Study Sites and Plant Selection

Boot, a site managed by Forest Capital Partners, a3 harvested in the
late-spring of 2007. Mechanized equipment was tséohd logs onto trucks near the
road. Harvest residues in these localized areas piked and burned in the winter of
2007/08. Vegetation management and seedling ptamiere delayed in the area
immediately surrounding the study site, giving tlaisd a fallow year where no
establishment activities occurred until SeptemI@€82 At this time, the same site
preparation chemicals applied according to treatr@exi the Delayed Planting study
(Chapter 2) were applied by backpack to the sudimgnarea on 3 September 2008.
A tank-mix of glyphosate at 3.77 L a.i./ha, metaudh methyl at 42 g a.i./ha,
imazapyr at 0.16 L a.i./ha, sulfometuron methyla8 g a.i./ha, and the adjuvant

Inducé at 0.58 L/ha (8 oz/ac) was broadcast applied usibgckpack sprayer (47
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L/ha or 5 gal/ac spray volume). Douglas-fir bacérb+1 seedlings were planted on
28 January 2009. A spring release comprised cditierne at 1.68 kg a.i./ha and 2,4-
D at 1.52 L a.i./ha was applied as a tank-mix oi\p&l 2009. Little vegetation was
observed in these areas through the 2009 seasibpregctpitation returned in the fall
of 2009, at which time, seeds began germinatings@real observation).

Hexazinone and 2,4 —D have half-lives of 90 anddys, respectively (Ahrens
et al. 1994). More than eleven months had elapstsleen the spring release
application and plant selection in late-March 20Tis period of time encompassed
nearly four half-lives (based on the longer-livéemical, hexazinone) that would
allow herbicidal influences to diminish (Ahrensatl994). In order to represent how
these four species grow in a regenerating forésttpwere selected from this area
north of the study site and above the road (AppeBili For each species of interest,
four general areas were found that had many indaliglants. The developmental
stages and selection criteria for the plant spegere as follows: SESY germinated
but not bolting, CIVU as a basal rosette and ndtirigy CIAR plants that were not
bolting, and RUUR with independent canes (i.e.rnoted at both ends) less than 1
meter in length. Burned areas associated witln gidss were avoided.

Twenty plants in each general area were markedpiitflags; eight were
randomly chosen and transplanted (n=128, 32 ptErdéach species x 4 species) while
the remaining twelve were left undisturbed in tieddf Transplanting procedures
involved digging up plants leaving as much intaxt around the root systems as
possible. Soil from the upper profile was usethasgrowing medium in 14 liter (3.7
gallon) plastic pots (Model #5, Nursery Supplies;.] McMinnville, OR). All study
plants of one species were transplanted in a soegteand taken to Oregon State
University in a covered truck. SESY, CIAR, RUURdaCIVU were collected on 2,
3, 5 and 12 April 2010, respectively. The potté&hfs were placed in a fenced
outdoor area to prevent ungulate browse, watere@@ded and monitored until the
beginning of the greenhouse portion of the stutiyansplant shock was minimal and

consisted of temporary leaf discoloration and/gslof turgor. Survival of these
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plants was 100% and they were vigorously growingnvimoved into the greenhouse
in late-May. All potted plants were hand-weedeeénsure competition free
conditions. Extending canes of RUUR were not pgeaito root at either site.
Throughout the course of the experiment, notes teken on the phenologic
development of the study plants at both the greesdnand field sites.

4.2.3 Greenhouse Setup and Conditions

A Cravd® greenhouse (Cravo Equipment Ltd., Brantford, Ooavith
retractable walls and roof was used for this expent. The greenhouse is situated on
an East/West line and was programmed to closeratamtures below 128 (55°F)
and/or if it began to rain. The walls never clodedng the experiment and the roof
only closed a few times during brief summer raiovgérs. Special benches were
constructed (see Appendix 4a for measured drawiogs)ow four pots of each
species in an experimental unit, the applicatiotwaf irrigation treatment regimes,
and four replicates or blocks (4 species x 4 pddrrgation x 4 replicates = 128).
This arrangement constituted a factorial complatelomized block design. Each
experimental unit was divided in half allowing tywositions (A and B) to be used for
plants that would be measured across the seasda tivbiother two positions (C and
D) were available for plants that would be randos#iected for monthly multi-leaf
gas exchange measurements and harvest (Appendix 4a)

Irrigation was supplied through a simple manifojdtem (Appendix 4a) using
3.8 L (1 GPH) pressure compensating drip emitter$oswater for either 5 minutes or
15 minutes for the droughty and well-watered treathregimes, respectively. A test
was run to assess the published flow rates of tipeethitters. Three emitters per
block were randomly chosen in both the well-wateaed droughty treatment regimes
(12 for each irrigation treatment regime). A graha beaker was placed under each
emitter to collect the water and a timer was seeither 5 or 15 minutes (Model
9001D, Dig Corporation, Vista, CA). Three triahsuwere conducted for each

irrigation regime to measure if the emitters pred®15 ml of water at 5 minutes and
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945 ml of water at 15 minutes, the amount that Ehbave been released according to
the published flow rate. The mean and standant efrthe droughty emitters set to
water for 5 minutes was 364 ml (19 ml) and the weltered emitters set to water for
15 minutes was 1033 ml (52 ml).

Plants were randomly assigned to the treatmentsrexved into the
greenhouse on 31 May 2010. Plants were equallgre@tuntil 7 June, at which time
irrigation treatment regimes began. Determiningmband how much irrigation water
to apply was done using a Hydrosense TDR probe 2@tbm prongs (Model # CS-
620 Spectrum Technologies, Plainsfield, IL) to nueasoil moisture one to three
times per week. This sensor was used to assessltiraetric soil water in each pot
and watering was applied as needed using this sdatm The droughty treatment
required a period of no additional water to dry dawe soil after the first gas
exchange survey then occasional additions of watgminute increments. The
objective of this treatment was to stress planthaut killing them. Well-watered
conditions were achieved through the addition aiewan 15 minute increments in an
attempt to maintain high levels of soil water aahility. Irrigation water was not
added within the 16 hour period before a gas exgphanrvey date.

A weather station less than 30 meters from thenjra@ese in an open location
provided on-site environmental data. A Hobo Mitatisn (Model# H21-002, Onset
Computer Corporation, Bourne, MA) was connected telative humidity/air
temperature gauge (Model # S-THA-M002), a tippingket rain gauge (Model # S-
RGA-M002), and a photosynthetically active radiatsensor (Model # S-WSA-
MO0O03). The microstation was programmed to takealljaueasurements.

4.2.4 Field Conditions

The twelve plants remaining on the Boot site cosgatithe field portion of the
study in a completely randomized design. Fences aenstructed around two of the
plants that occurred within a 2 m x 2 m square fgggendix 3). These fences were

built to prevent accidental crushing of plants tvatld be studied for the length of
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the growing season. Four 152 cm (5 foot) piecd®\WE (polyvinyl chloride) pipe
were used as the corner posts and bamboo was lastiezse pipes to form cross bars
15 cm (6 inches) from the ground and 5 to 10 crmftbe top. Orange plastic fencing
1.2 m (4 foot) snow fence (Model #191049, TenaxpBaation, Baltimore, MD) was
fixed to the corner posts and horizontal cross watts zip ties. A crude gate was
made on one side of each square fence. Four @iadnés that occurred immediately
outside these fences were randomly chosen for ryomthlti-leaf gas exchange
measurements and harvest.

Site environmental characteristics were monitorte8lomt study with similar
weather station equipment used at the greenhddsethly vegetation surveys using
a 1 meter radius sampling frame were conductedensach fenced plot. Percent
cover by species was visually estimated at eaclegutate. Data management was in
keeping with the methods outlined in Appendix dtchicock and Cronquist (1973)
served as the basis of nomenclature and identdicatith Pojar and McKinnon

(2003) serving as a supplementary aid.

4.2.5 Gas Exchange Measurements

Gas exchange measurements were assessed usingldepbl-COR 6400
infra-red gas analyzer (LI-COR Biosciences, Ling®iE) with a red/blue LED light
source (Model # 6400-02B). Instantaneous carbsimméation rate (net
photosynthesis: pmol GOn? s%), transpiration rate (mmol48 m? s*), and water
use efficiency (umol COM? s* - mmol HO m? s*) were measured. Measurements
were taken between the hours of 0800 and 1230Fosv rate of the system was set
at 400 umol 3. Light intensity within the leaf cuvette was 8etl500 umol i s*.
This saturating intensity was determined from thetpsynthetically active radiation
(PAR) sensor (Model # S-LIA-M003, Onset Computerfg@oation, Bourne, MA) at
Boot that had recorded values from June to Septe(@667 to 2009) during the
morning hours in excess of 1500 pmof 8t. Incoming air into the LI-COR was
scrubbed of ambient G@nd injected at 400 pmol mbby the CQ mixer (Model #
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6400-01). Relative humidity and temperature wdlened to vary (i.e. desiccant was
bypassed and the temperature regulation featurise &400 were not used). Black
foam gaskets were used on the leaf chamber. For mimrmation on these settings
and methods, please refer to the LI-COR manualC@QR 2004).

Infrared gas analyzer outputs were checked agaiksbwn amount of C§)
pure nitrogen (i.e. C&free air), and a dew point generator to betteuenaccurate
outputs (measures of zero and span fop @@l water vapor). Minor adjustments of
less than 2 ppm Cand 1% HO were needed. System checks (matching) outlimed i
the manual were followed on a daily and hourly $#éisioughout each sampling date.

Prior to measuring with the LI-COR 6400, a matwiéd$un leaf was selected
near the middle of plants at the greenhouse afdidites. A small piece of yarn was
tied to the petiole of this leaf for identificatigmrposes. Due to the rapid growth
rates, this leaf did not remain in the middle @& gtant and in some cases died as the
season progressed. When a measurement leaf died; eaf was chosen (toward the
apical meristem) with the criteria that it was aune full-sun leaf. This was done on
a case by case basis for all study plants.

On each measurement date, a new set of random nsimbs used to
determine the order in which the blocks/replicatesild be sampled. All plants were
assessed biweekly from early-June to early-Septemtan alternating fashion
between the two sites. Seven sampling dates vebievaed for each site. At each
measurement, the leaf cuvette was clamped ontméasurement leaf such that 2 cm
of leaf extended beyond the internal edge of tlekefawith the central midrib running
down the long axis of the rectangular opening. @asurement was not recorded until
the coefficient of variation was below 1.5%. Thenerally meant that the leaf was
exposed to the conditions in the cuvette for 9020 seconds. Based on the
maximum time needed for a leaf to stabilize to tieveonditions, 128 single
measurements was the highest number that coulcade between 0800 to 1230 hrs.

Measured plant leaves may not have always filledcttamber due to small

size or deeply dissected lobes. The LI-COR 640€ pragrammed to assume each
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leaf completely filled the chamber (i.e. 6 Tof leaf area) when a measurement was
being made. This difference between reality ardnlachine’s assumption meant that
a correction needed to be made in order to congp@eies on an equal basis.
Without a correction, there was a possibility dfaclucing gas exchange differences
that may be due to sampling methodology rather #tamal species differences. A
photographic leaf correction procedure was develdpedjust photosynthetic and
transpiration rates. A 2 cm x 3 cm window wasinwd rectangular piece of 3.175
mm thick (1/8 inch) hardboard 1.5 cm from the uppgint corner (see Appendix 4b).
A second board was attached with fiber tape, simdla book binding. The front
surfaces of half the front board and all of thelkdagard were painted with flat white
paint to minimize reflected light. Flat black pawas used to make a 2 cm x 3 cm
rectangle 1 cm below the opening cut on the fraatr®d. Lastly, a mark on the back
board 2 cm below the edge of the opening in thetfooard serving as a line-up aid.
This photoboard was then gently clamped onto aitetife same orientation
that the photosynthetic measurements were takdnthgt LI-COR 6400. Only the
portion of the leaf which was positioned within thevette at the time of measurement
was visible in the cutout window of the photoboahddividual pictures were taken
with a Canon PowerShot A610 camera (Canon U.S@&, lrake Success, NY). The
camera’s flash was used (set at +1/3) for all pestio minimize shadows and each
plant was identified with a dry erase marker ondpposite half of the front board.
Image J (version 1.45), an image analysis prograaenavailable by the National
Institute of Health (NIH 2004), was used to cour@ humber of pixels associated with
the leaf within the window and the black paintectaegle. A correction factor was
developed by dividing the number of pixels assedatith the measured section of
leaf by the pixels associated with the black rafeeerectangle. All photosynthetic
and transpiration rates were divided by the coiwadiactor associated with each leaf.
This step increased the gas exchange rates teuwakthat would have been observed
had the cuvette been completely full at the timenefisurement. All photosynthetic

and transpiration rates presented in this papez baen corrected in this manner.
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It is acknowledged that leaf surface area may oiecthree dimensions as a
result of wavy leaf margins, pubescence, and senfagghness. Techniques to handle
this additional level of complexity have not beenrid. In fact, only one study has
been located that utilized a similar techniqueaptare the two-dimensional leaf area
within the LI-COR 6400 leaf cuvette. Hill et a2006) used a spare chamber gasket
to outline the leaf section of knapweed and otleeo@curing grass species held in a
LI-COR 6400 cuvette. A photograph and image prsiogssoftware were used to
determine leaf area (Hill et al. 2006). Some ali& methods used by researchers
include scanned images of entire leaves (Brock@aldn 2005) or tracing plant parts
onto paper that was scanned in a leaf area me#derf@t al. 1993). More commonly,
correction methods are not presented or discussguitd plants that have leaves
which may not completely fill a leaf cuvette (Aktet al. 2010; Gulias et al. 2003;
Hollinger 1987).

4.2.6 Multi-leaf Gas Exchange and Biomass Paniiig

Once per month in June, July, August, and Septemerplants per species
and irrigation treatment (greenhouse, n=16) orplaet per replicate of each species
(field, n=16) were randomly selected for multi-lggfs exchange measurements.
Plants specified for this purpose occurred in pmsst C and D at the greenhouse and
outside the fences in the field. In early Junéoraal pieces of yarn were tied to the
petioles of expanded full-sun leaves that occuretatively equidistant along the stem
of all plants (Figure 4.1). Marked leaves begatmthe lowest and extended to the
highest leaf that could be measured with the cawattthe LI-COR 6400. Gas
exchange measurements were made following the guoee outlined above with the
exception that they occurred on multiple leavegach of these randomly selected
plants. At minimum, this meant that three measer@swere taken per plant. As the
plants grew, new mature leaves were marked with ganerally keeping to the
distances set in early June. The same photographiections were used to adjust gas

exchange rates that were observed when the leafteuwas not completely filled.
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Figure 4.1: Example CIAR (left) and RUUR (rightapts measured for multi-leaf gas
exchange on 8 July 2010 at the greenhouse. Sotid/awere the initial leaves
identified in June and those with dotted arrowsenstded prior to this sampling date.
Photosynthetic rates (net assimilation) by positiaie been included
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Following gas exchange measurements, plants wieea ta laboratory
facilities for detailed biomass measurements (féhts were dug up and brought
back in a cooler with ice). Marked leaves measiwedas exchange were cut from
the stem and placed adaxial (upper) surface dowan\disioneef OneTouch scanner
(Model 9420 USB, Visioneer Inc., Pleasanton, CAt thad a plastic transparency
sheet on the scanner bed. This sheet had twoxX6=om flat black reference squares
painted in opposite corners. A sheet of 100 lltunelpaper (Strathmore Artist
Papers, Neenah, WI) was placed on top of the leaves hadg¢anner lid closed with
modest pressure while an image was taken (two $eaive time). One-sided leaf area
was then determined with the Image J software ysiagedures outlined above with
one additional step, the ratio of leaf pixels tierence square pixels was multiplied by
25 cnf (the area of the painted black squares) to praviddeaf area. These leaves
were then placed in labeled envelopes to be driddthe remaining plant parts. The
rest of the plants were dissected into the varmoagphologic components;
inflorescence (including the peduncle, fruits, andkeds), leaves, stems, and roots.
Roots were gently washed free of soil. These nmggiic components were placed in
separate paper bags, dried &tG615LF) for 48 hours, and weighed. Specific leaf
area was calculated as the one-sided leaf ared @ivided by the dry weight (grams).

4.2.7 Soil Moisture

The same Hydrosense TDR probe used to determigation schedules was
used to assess volumetric soil water on the seatasdhat photosynthesis was
measured at both the greenhouse and field sitei$w&ter was assessed vertically 5
to 10 cm from the point of contact between the fpéand soil. This sensor requires
data to be compared with known soil moisture mesaments in order to provide
calibrated values specific to soil conditions. Teehbration procedures specific to
the greenhouse and field were used.

For the greenhouse, three additional pots werentptfl from excavation

locations across the Boot study area on each datehte four plant species were
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transplanted (a total of 12 pots). The same tlanspg procedures were used to pack
soil into the 14 liter (3.7 gallon) pots with oneception, no plants were added. These
pots were strictly for the purposes of developirdataset that could be used for
calibrating soil moisture values observed in theeghouse plants. These calibration
pots were labeled and brought back to a greenhatu@eegon State University.

Simple water diffusers were constructed out of £ 1.10 kg (2 Ib 7 0z) plastic
coffee containers that had four 2 mm holes dridlgdidistant around the bottom. One
diffuser was placed on top of each pot and 1 L aewwas added two or three times
daily for a period of two weeks. The infiltratiof 1 L of water was slowed to a

period of 15 to 20 minutes aiding in the thorougttimg of the soil contained in each
pot.

Pot capacity, analogous to field capacity, wasaessary benchmark for
accurate calibration equations. An overnight ves$ conducted on 18-19 May 2010
after the two week wetting period. One clean empdyL (2 gallon) pot was placed
upside down in each of 12 5-gallon plastic buckdise calibration pots were then
placed on top of this clean pot and again, 1 L afevwas added to the diffuser at
1700 hrs on 18 May 2010. At 0800 hrs on 19 Mag \itater that collected inside the
5-gallon paint bucket was poured into a graduayéidder. Each was found to be
near pot capacity as between 950 and 1000 m| cfrwagre measured.

Following this test, the TDR probe was used to &@keil moisture
measurement between 5 and 10 cm from the centbegdot (a similar location as to
where the measurements were taken in the pottedsplacach pot was then weighed.
These TDR and weight measurements were conductad approximate weekly
basis from 19 May to 7 and 10 September (16 meamnedates) at which time the
soil was removed from the pot, placed in labelegnihum pans, dried at 86
(150°F) for 48 hours, and reweighed. After subtractimgweight of the pot, the
known weight of dry soil allowed the calculationgrBivimetric water, bulk density
(from earlier measurements of the volume of sodach pot), and volumetric water

content at each measurement date (Brady and WWe#)20
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Field calibration was done using eight randomlgsid locations that
coincided with half of the plots and one of thenpéaoccurring outside the fences at
Boot. A small hole was excavated to expose acadrtace. The Hydrosense TDR
probe was used to take a vertical measurementlahscsture 10 to 15 cm back from
the cut-face of the small hole. A soil core waantlaken horizontally centered at 10
cm depth using an AMS core sampler with removalgleves and a slide hammer
(AMS Inc., American Falls, ID). Soil cores werbddded, placed in a resealable plastic
bag, and brought back to laboratory facilities eegon State University. Soil was
then removed from the sleeve, weighed, dried fona@@s at 58C (122F), and
reweighed. Volumetric soil water was calculatemhgishe data from these cores.
This process was repeated at each of the severisgrdates in 2010. While field
capacity could not be directly tested under theselitions, it is assumed to be close
to this value due to the 141 mm of precipitatiocereed by the site from 15 May to
15 June 2010 (data provided by the weather stagtwork outlined in Chapter 2).

4.3 Statistical Analysis
4.3.1 Season-long Gas Exchange Measurements

SAS version 9.1 (SAS Institute, Cary, NC) was usedll analysis. Sites
were analyzed separately with the greenhouse h®arexperimental units in a
factorial randomized complete block design andfifld having 16 experimental units
in a complete randomized design. Analyses werducted on the means calculated
by date for each measurement parameter utiliziaguio season-long measurement
plants occurring in each experimental unit. Atdgheenhouse, these were the plants in
positions A and B while in the field it was the tplants growing inside the
constructed fences. The PROC MIXED function in Si#&s used for analysis of gas
exchange data using procedures outlined in Ligiedll. (1996). A first order
autoregressive [AR(1)] covariance structure wasl usenodel the increased
correlation in error terms between observationsardn time (Littell, et al. 1996).

Assumptions of normality, linearity, and constaatiance were examined on the
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residuals and no transformations of the data weyaired. Unless otherwise noted, a
significance level 06=0.05 was used for all analysis.

Repeated measures ANOVA was used to test for thetefof species (four
species), irrigation (two levels), and date (sedates) on the photosynthetic and
transpiration rates as well as water use efficiaatdye greenhouse. A split plot in
time design was used to partition the sums of sguand incorporate two error terms,
one associated with the basic factorial structfithe study and a second associated
with the sub-plot factor of time. Species, irrigat and date were treated as fixed
effects in the model while blocks were random. iAleractions among fixed effects
(three first order and one second order) were dedun the models for each
measurement parameter. The field site had tvatrirent levels, species and date,
both fixed effects. Replicates in the field werated as random and again a split plot
in time design was used to assess species basswea@rror term while time and time
X species were based on a second. See Appendixtief ANOVA tables, expected
mean squares, and the autoregressive structurés 8satistical references included
Federer (1955), Hicks (1964), Steele and Torri®&Q)l9Anderson and McLean (1974)

as well as Clewer and Scarisbrick (2001).

4.3.2 Multi-leaf Gas Exchange and Biomass Paniiig

Monthly means of multi-leaf photosynthetic and spination rates were
calculated by site, irrigation level (greenhousk/prspecies, and position on the
plant. Specific leaf area means by study siteiaightion treatment are presented.
Biomass partitioning data was computed by dividimgweight of the plant part (e.g.
inflorescence) by the total plant weight. Leaf syxaction included the weight of
leaves used to calculate specific leaf area. Me#tise biomass partitioning data
were calculated for a site, species, and irrigateel (greenhouse) providing the
basis for graphical analysis. The sample sizengrsarvey date was restricted to 16
(four plants per species per month) due to the atnoitime required to conduct the
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monthly multi-leaf gas exchange as well as thetechnumber of plants that could be
destructively harvested.

Monthly vegetation survey results were used toutate summed cover values
(i.e. summation of cover values for all speciesfjuas well as divide the dataset into
six growth habit components following proceduretined in Appendix 2.
Environmental variables temperature, humidity, phdtosynthetically active
radiation (PAR) are presented by site and the tuwen gas exchange measurements
began and ended providing the range of weatheactaistics observed during the
sampling period (0800 to 1300). Daily maximum amdimum values also are
shown. The greenhouse PAR sensor drifted duriegdars of service and was
incapable of recording values over 915 pmdi s during 2010. The data from the
sensor appeared to portray relative differenceectly such that a cloudy day had
lower PAR values when compared to a sunny day. ®REGG was used to compare
the greenhouse PAR readings (independent) witfigltePAR readings (dependent)
across the 24 measurements (one per hour) thatredaan nine common
measurement dates from 22 June to 3 SeptemberbeBtditting equation was PAR
=34.095 + (2.962 * GH) — (0.0010 * GHwhere PAR is the calibrated
photosynthetically active radiation and GH is tiheegnhouse value. The equation had

an R of 0.9244 and was used to calibrate all greenhBés® sensor readings.

4.3.3 Soil Moisture

Simple linear regression procedures were usedrtgpace the Hydrosense
TDR soil moisture values (independent) with the smisture values (dependent)
provided by the calibration pots (greenhouse) arldcsres (field) using the PROC
REG function in SAS. A quadratic term was includethe model similar to results
presented by Czarnomski et al. (2005) and manufacsunstructions. Figure 4.2
presents a scatter plot of the data by studythigeresulting calibration equations, and
adjusted Rfor each. The site specific linear regressiora¢iqns explained 95% of

the variation in the greenhouse and 86% of theatian in the field. All Hydrosense
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TDR soil moisture values taken on measurement d#tes then calibrated using the
equations specific to a site. For the purposesnoplicity, these calibrated volumetric
soil moisture values will be referred to as soilishare throughout the paper.

Mean soil moisture values were calculated by expental unit for each
sample date. These means were then summed doeossven sampling dates
independently by site to form a cumulative soil staie value. This method
(cumulative soil moisture value) was chosen agatron water had been added as
needed throughout the season to achieve the vdreatment regimes (greenhouse)
making “date” unrepresentative of any seasonateffé similar challenge occurred
with the field data. While date and species cdddonsidered treatment levels in a
repeated measures analysis, these plants werengyawa complex vegetation
community where the seasonal weather had the paltemthange from year to year.
The factorial design at the greenhouse enabletkgtimg of irrigation and species
effects as well as the interaction of the two tresit levels. In the field, these
cumulative soil moisture values were analyzed esnaplete randomized design.
Assumptions of normality, linearity, and constaatiance were assessed on the

residuals and no transformations were required.

4.4 Results

Summary: A significant date by species interactibhoth sites indicated that
photosynthetic rates peaked at species specifetdeear the end of June and early
July then decreased differently as the season pssgd. Transpiration remained
relatively consistent across the season despitexser declining below 0.25
H,O/nT soil in the drought treatment (greenhouse) anthinfield. All study species
maintained high water use efficiency rates untiédduly when it decreased bel&w
pumol CQ - mmol HO ™ for the remainder of the season. Irrigation traants
employed at the greenhouse were effective at agatatistically different soil water
conditions but had little impact on gas exchangesa Multi-leaf gas exchange

measurements as well as biomass partitioning dataahstrated how these species
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mature and shunt resources to actively growingugss During the initiation of
flowering through seed dispersal, the highest tatégas exchange tended to occur at
the top of CIAR, CIVU, and SESY. RUUR had mucle mamsistent rates of gas
exchange along the extending canes which grew tipée meters. Specific leaf area
was highest during June and declined for all speeai® lower leaves senesced. Plants
included in the study showed various physiologit mrphologic mechanisms used
to adjust to seasonal development and resourcdadibiy in order to produce

tissues that would perpetuate the species. ltneapossible to detect a difference

among the species use of soil water.

4.4.1 Gas Exchange (Objectives 1 and 2)

Photosynthetic rates were significantly affectechbyinteraction between
species and date at both the greenhouse and itiesd($able 4.1). This indicated that
species reached different maximum rates of carlmxide assimilation early in the
growing season and as time progressed, decreaddtesgnt rates (Figures 4.3 and
4.4). At an alpha of 0.05, the two levels of iatign employed at the greenhouse did
not have an effect on photosynthetic rates of fleeigs tested. CIAR was capable of
photosynthesizing at 31 pmol G&7? s* (greenhouse) and 27 umol €@? s*

(field) in the later part of June coinciding witietbolt phase of growth. As
inflorescence was determined through flowering seed dispersal, photosynthetic
rate steadily decreased until stabilizing at apjmnately 15 pmol C@m? s*and 10
pumol CQ m? st in the greenhouse and field, respectively. CIVasw
photosynthesizing at 20 and 21 umol Q¥ s*through the end of June at the
greenhouse and field, respectively. It then desmedelow 10 pmol CON? stin
late-July at the greenhouse and the end of Augusiei field. Flowering for this
species did not begin until late-July with seegbdisal occurring in the later half of
August. SESY reached a photosynthetic peak ofi242& pmol COmM™? s in early-
July at the greenhouse and field, respectivelypnFhis point on, leaf photosynthetic



Table 4.1 Repeated measures ANOVA tables presgmtipe Il effects for photosynthetic and transpna rates as well as
water use efficiency by site. Asterisk indicatigmgicance ai=0.05 level.
Num Den Num Den
Effect DF DF F Value Pr>F Effect DF DF F Value Pr>F
o |lrrigation 1 21 3.14 0.0908 © Irrigation 1 21 0.28 0.6042
@ 3 |Species 3 21 46.19 <0.0001 2 é Species 3 21 13.20 <0.000
K g Irr*Spp 3 21 055 0.6568 S |< | In*spp 3 21 218  0.1207
g | g |Date 6 144 182.97 <0.0001 S | 8| Date 6 144 38.36  <0.000
2 | 5 |irr*Date 6 144 0.53  0.7858 b |5 | irDate 6 144 112  0.3514
€ Spp*Date 18 144 13.62 <0.0001 3 Spp*Date 18 144 0.97  0.493
2 Irr*Spp*Date 18 144 0.29  0.9981 g Irr*Spp*Date 18 144 0.39 g»na
o =
oy Num  Den g Num  Den
- |Effect DF DF F Value Pr>F < |Effect DF DF F Value Pr>F
E Species 3 9 2.75 0.1048 E Species 3 9 8.27 0.005
Date 6 72 2256 <0.0001 Date 6 72 74.80 <0.0001
Species*Date 18 72 2.62 0.0020 Species*Date 18 72 4.88 0€0LO*
Num Den
Effect DF DF F Value Pr>F
o |lrrigation 1 21 3.70 0.0681
o §Species 3 21 2850 <0.0001
S | < |Ir*Spp 3 21 0.85  0.4813
* | ¢ |pate 6 144 6.89 <0.0001
2 | & [Ir*Date 6 144 057  0.7565
g Spp*Date 18 144 7.23  <0.0001
@ Irr*Spp*Date 18 144 0.23 0.9996
©
= Num Den
= Effect DF DF F Value Pr>F
@ |Species 3 9 0.94 0.4606
“ |pate 6 72 13.06 <0.0001
Species*Date 18 72 3.23 0.0002
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rates decreased as the plants flowered, dispeesel] and began to senesce by the end
of August in the field or early-September at theegthouse. RUUR maintained more
consistent rates of photosynthesis across the s@agbranged from a high of 16 and
17 pmol CQ m? s'at the greenhouse and field (respectively) in Jatee/early-July

to below 10 pmol COM? s*in early-September.

A significant species by date interaction was &smd for the transpiration
rates observed at the greenhouse and field sisddg®.1). Similar to the
photosynthetic rate, this interaction indicated thase species transpired water
differently across the growing season (Figuressthé 4.6). The two levels of
irrigation did not result in different transpiratioates at an alpha of 0.05. Itis
noteworthy that plants in the field on 13 July 200l reduced transpiration rates
when compared to the remainder of the season ositea CIAR transpired water at
rates from 3.7 to 5.5 mmolB m? s* in the greenhouse and from 1.2 to 4.8 mmol
H,0 m? s' in the field. CIVU had transpiration rates thetnained consistent between
2.9 and 4.3 mmol $ m? s in the greenhouse. In the field, a peak of 4.1ofrth0
m? s* was observed on 28 June. The lowest transpiragi@nat 1.3 mmol 0 m? s*
was found on 13 June and rates near 2.5 m@hif s* in late-August and early-
September. SESY had the highest transpiratiorofatee four species included in the
study. In late-June (field) and early-July (gremumde), transpiration rates of 5.7 mmol
H,0 m? s* in the well-watered greenhouse setting and irfithe were observed.

After these peak rates, SESY decreased transpiratitl reaching nearly zero as the
plants senesced. Much like the photosynthetic thgetranspiration rates of RUUR
were low and consistent across the season whenareth{p the other species.
RUUR transpiration rates for both irrigation treatmts ranged between 1.4 and 3.0
mmol H0 m? s. RUUR plants in the field had higher transpimtiates (compared
to the greenhouse) with a peak of 3.6 mmg i” s*in late-June and low of 2.0
mmol H,0 m? s* on 13 July and 9 September.

Water use efficiency (WUE) was significantly diféet among the species and

dates at the greenhouse (Table 4.1). Irrigatigelldid not affect WUE and none of
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the interactions were significant at the greenhousea brief explanation, WUE is a
calculated ratio of carbon dioxide fixed to watestlat the time of measurement. For
example, a WUE of 6 indicated that for every sixmimoles of carbon dioxide that
was assimilated, one millimole of water was reldgper square meter per second).
This value indicates the ability of a species gutate the gas exchange process. In
the greenhouse, all four species maintained higHeE until 22 July after which
time, efficiency rates declined to species spet#fiels (Figure 4.7). CIAR was above
5.7 umol C@ - mmol KO ™ until 22 July after which time it decreased to grol
CO, - mmol O . CIVU maintained WUE between 7.0 and 5.0 pmobC@mol
H,O ™ up to 22 July then decreased below 2.2 umoj Gémol H,O ™ for the
remainder of the season. SESY showed a relatogigistent decline in WUE across
the season beginning at 6.5 pmol . C@mol HO *and ending near zero on 2
September. RUUR growing under the drought treatmegzime had minor
improvements in WUE in the first half of the grogiseason. WUE increased to 8.8
pmol CQ - mmol HO *in this treatment while those in the well-wateceddition
remained closer to 6.0 pmol GOommol HO ™. From 31 July to the end of the
season, RUUR in both irrigation treatments had Wiglew 4.3 pmol C@- mmol
H,O ™.

WUE in the field was significantly affected by amearaction between species
and date (Table 4.1). The low transpiration rateserved on 13 July had a
pronounced effect on the WUE observed (Figure 4(8).this date, WUE of 17.4 and
14.0 umol CQ- mmol HO * were observed for CIAR and CIVU, respectively.
SESY and RUUR were not as dramatically affectett WUE of 9.0 and 8.3 pumol
CO, - mmol O ™, respectively. With the exception of the 13 Jidye, the overall
trajectory of season-long WUE for the study speshesved similar trends in the field
when compared to those from the greenhouse. ChRalpeak WUE of 8.0 umol
CO, - mmol B0 ™ and declined to approximately 2.7 pmol £@mol HO * at the
end of August. WUE of CIVU was nearly 5.2 pmol £@mol HO * until 12

August then decreased to 2.2 pmol,C@mol HO ™ on the last measurement date.
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SESY showed a consistent decline in WUE from 4.9p@0, - mmol KO ™ in mid-
June to zero on 24 August when the plants wererettbad or had no leaves to
measure. In the relatively undisturbed conditiohthe field, WUE of RUUR
remained between 4.9 and 3.5 umoLC@&mol KO * the entire season.

4.4.2 Multi-leaf Gas Exchange and Biomass Panitig (Objective 3)

At both sites, CIAR, CIVU, and SESY in June hadtpkgnthetic and
transpiration rates that were relatively similamfr leaf to leaf on an individual plant
(Figures 4.9, 4.10, 4.11). This time frame coiedidvith the bolt stage where shoot
growth predominated and flowering had not yet begahotosynthetic rates of CIAR
ranged from 16 to 24 umol G@? s*, CIVU from 11 to 20 pmol COmM? s*, and
SESY from 12 to 24 umol GOn? s*. Transpiration rates showed similar consistent
trends with values ranging from 2.8 and 3.5 mmgDth? s* for CIAR and 1.9 to 3.2
mmol O m? s* for CIVU. SESY transpiration rates were vertigalbnsistent but,
depending on site and hence sampling date, the ratged from 1.5 to 4.6 mmol
H,O m?s™. In June, growth activity for RUUR was primarilyilding new leaves
(Figure 4.12). Photosynthetic and transpiratidegavere highest on leaves close to
the root system and decreased as measurementtakenealong the cane toward the
apical meristem. Photosynthetic rates ranged ft8rdown to 7 pmol COm? s*
with transpiration rates between 2.8 and 2.0 mm@) i* s* for this species.

For CIAR, CIVU, and SESY, July was marked by inflecence determination
and/or flowering (Figure 4.9, 4.10, and 4.11). Tighest photosynthetic and
transpiration rates observed in the study werenduhis month and tended to increase
with increasing height of measured leaves. Altelyssaid, the lower leaves on these
plants, those present in the spring and early-sumnere often at reduced gas
exchange rates and, in many cases, were begirmsgnesce at this point in the
season. In the field, SESY was observed to hawepkinthesis rates that differed
between the top and bottom of the plant in excé48 mol CQ m? st in the

greenhouse and 23 pmol €@ s in the field. Among the live leaves for this
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species, transpiration rates were between 2.0 #hah&ol HO m? s* during this

time. Upper leaves of CIAR had photosyntheticgdbat went as high as 26 pmol
CO, m? st in the greenhouse and 35 pmol 467 s' in the field. Photosynthetic
rates on leaves near the ground were lower by @ ms1 10 and 20 pmol G@n? s™.
Transpiration rates ranged vertically as much 4sdnearly 6.6 mmol b0 m? st in
the greenhouse and from 1.0 to 2.4 mmgDhi” s'in the field. On some CIVU
plants, the lowest leaves measured in June werkideauly, while those higher on the
plant could be photosynthesizing at rates sepatates much as 10 pmol G&? s

! Among the live leaves on CIVU in July, transfia rates were separated by less
than 2.1 mmol KO m? s?, but reached a peak rate of 7.2 mmgDHn? s in the
well-watered greenhouse setting. RUUR leaves stdsehe root system with high
photosynthetic rates in June were found to havetg@hotosynthetic rates when
compared to those occurring farther along the ekigncanes (Figure 4.12).
Photosynthetic rates reached a peak near the nofithe cane at 9 or 18 umol €O
m? s* (greenhouse and field, respectively) and decre@mseard the actively growing
tip. Transpiration rates for RUUR were as low dsrmol HO m? s* for leaves
closest to the root system, but remained more stardibetween 0.9 and 1.8 mmol
H,O m? s*along the remainder of the cane.

Seed dispersal and lower leaf senescence was cofiomitre herbaceous
species in August. RUUR, the native perenniahendtudy, continued to rapidly
extend canes through this month. Again photosyiathed transpiration rates tended
to be the highest at the uppermost leaves meatur€lAR and CIVU (Figure 4.9
and 4.10). At both sites, SESY plants were dissatimg seed and portions of the
plants were dying. Measurements occurred on tedlst (greenhouse) and 16
August (field) and at this point in the seasongesly in the field, only a few upper
leaves were alive which were found to have negatsgmilation rates (i.e. they were
respiring CQ). RUUR showed similar trends in gas exchangebasmwed the month
prior with low rates of photosynthesis and trarejoan on leaves near ground-line,
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consistent rates along the cane, and site depemibeeases or decreases as
measurements progressed toward the apical meristem.

While some of the lower leaves of CIAR and CIVU welead in the month of
September, these plants were still actively excimgngarbon dioxide and water in the
upper leaves. The majority of SESY plants weraldsathis time in the growing
season and only a small number of measurable leawesned (Figure 4.11). RUUR
continued to extend canes and while those spraengekemay have died or been at a
reduced capacity, relatively consistent gas exohaatps were observed along the
length of the canes which grew over 3 meters duhegstudy period (Figure 4.12).

Specific leaf area (SLA) is a common measure okff@t a species places on
the production and/or maintenance of photosynttea. Lower numbers indicate a
larger investment in photosynthetic area with thenge in the ratio of one-sided
surface area to leaf weight. The results presdantédble 4.2 show that all species
regardless of site or irrigation treatment hadhigilest SLA early in the season then
progressively decreased until the final harveSeaptember. In June during the bolt
phase of growth, SESY had the highest SLA betw@&?nahd 207 cf- grant.

RUUR had a SLA of 141 to 157 émgrant and the two thistle species had the
lowest SLA observed with CIVU between 120 and 1@ cgrant and CIAR
between 90 to 106 ¢m gran. Despite the declining SLA across the season, the
order of decreasing SLA from SESY > RUUR > CIVU AR was still present at the
harvests occurring in August and September.

Biomass partitioning data presented in Figure dldr@onstrate the various
tissue investment strategies utilized by these $pecies. Inflorescence mass fraction
included all flowering parts and/or seed/fruit puodd. CIAR placed between 0.11
and 0.19 of the overall biomass effort toward irdkrence while CIVU invested 0.16
to 0.24. SESY placed the most effort of the fqaees into the production of
flowering parts with up to 0.38 of the mass fractin the greenhouse and 0.19 in the
field. Flowers were not harvested for RUUR as fhi@gcess occurred prior to the

beginning of this study. Fruit, however, was otiiéel on a few plants in July and
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Table 4.2 Mean specific leaf area fcngj') by growing condition and month.
Standard errors are calculated by the number sEkesampled per irrigation level
(greenhouse) and date (field) over replicationsl sEands for greenhouse and is
followed by the irrigation level.

Site - condition June SH July SE Aug. SE Sept. SE
g § GH - Droughty 1059 6.4 87.7 56 797 716 70.1 3.7
g % GH - Well-watered 104.0 5.4 85.3 616 96.8 q.3 91.5 .4
Field 89.8 3.8 86.0 3.1 74.3 2.1 66.2 43
Site - condition June SH July SE Aug. SE Sept. SE
g % GH - Droughty 127.0 9.1 90.9 5.p 101.2 67 78.8 10.6
g g GH - Well-watered 120.5 9. 84.7 6J0 77.2 4.6 71.6 B.9
Field 120.2 55 108.0 5% 95.2 3p 78.6 3.0
o @ Site - condition June SH July SE Aug. SE Sept. SE
o 5
§ .% GH - Droughty 183.1 8.9 231.8 12|8 1623 15 135.2
% % GH - Well-watered 207.0 146 200.9 19.7 177.9 3.9 1540 7109.
Field 205.0 10.2 147.2 9.1 111.7 5[5
g Site - condition June SH July SE Aug. SE Sept. SE
2 IGH - Droughty 1418 14p 1330 134 1256 g1 1117 B3
é GH - Well-watered 157.1 164 168.5 1.8 119.0 5.9 114.7 5.2
D:f, Field 140.6 4.8 134.6 53 126.6 52 113.6 15
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leaf, shoot, and root mass fraction and month.r ptants of each species were
sampled for a given month (n=16 total). At theegiteouse, these four plants were
divided into the two irrigation treatments so thaty two plants per species and

irrigation level were sampled. Biomass fractiorswalculated as the oven dry weight
of the component divided by the total oven dry \keigf the plant.
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September resulting in a maximimum observed infloeace mass fraction of 0.17.
Leaf mass fraction was generally highest for CI&R/U, and SESY during June and
remained a relatively consistent investment for RJUAfter this time, CIAR leaf
mass fraction was observed to be between 0.18Mahd CIVU ranged from 0.22 to
0.36. SESY had up to 0.21 of its mass in leavemguune, but decreased to below
0.12 from July to September. RUUR, on the othedhanaintained a more consistent
leaf mass fraction at 0.21 to 0.39 across the seaso

Shoot mass fraction constituted a higher proporibtie biomass for all four
species. As the season progressed, the threecketsaspecies showed an overall
increase in shoot mass fraction while RUUR incrdaswil July then either remained
stable or decreased. In June, CIAR had the higlhessirved root mass fraction at over
0.50 in the greenhouse and while this decreaseslation to the other aspects of
growth, it represents a consistent input of phattdsate as the rates stabilized at an
average of 0.38 in the greenhouse and 0.17 inelte fAcross the season, SESY and
CIVU placed a decreasing effort into the biomassoot systems declining below
0.22 and 0.28, respectively. The root systemsldiflR were observed to be of high
importance to the species as biomass remainedateaage 0.31 of the mass fraction

across the measurement period.

4.4.3 Soil Moisture (Objective 4)

The irrigation levels employed at the greenhousalted in different soll
moisture conditions between the two treatments|€T4l3). No differences in the soil
moisture utilization by the four study species waetected at either study site. Soill
water stayed above 0.32,0/m® soil across the measurement dates in the well-
watered treatment (Figure 4.14). Limiting the diddi of water according to the
droughty treatment allowed soil water to decreasdev 0.25 mi H,0/m® soil in the
initial two week period between the first and setareasurement dates. It was
maintained at this low level for the remainderttd experiment reaching the lowest
value of 0.18 MH,0/m® soil on 18 August. Soil moisture in the field waarked by
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Table 4.3 ANOVA results of the cumulative analysisoil moisture by study site.
Asterisk indicates significant treatment effectstfee irrigation applied in the

greenhouse ai=0.05.

Source DF Type lll SS Mean Sq F Value Pr>F

o Block 3 0.1591 0.0530 221 0.1167
=}
@ Irrigation (lrr) 1 4.7236 4.7236 197.04 <0.0001]|*
o |Greenhouse
= Species (Spp) 3 0.0422 0.0141 0.59 0.630(
A Irr*Spp 3 0.0892 0.0297 1.24 0.3202

Field Species 3 0.0439 0.0146 1.00 0.4253
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Figure 4.14 Mean soil moisture by date and irf@atreatment in the greenhouse
(upper panel) and in the field (lower panel).
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a steady depletion across the sample dates. #&heas presumed to be near field
capacity at the first measurement date when a \a&fl0e40 ni H,0/m® soil was
recorded. From 15 June to 9 September, 18 mmeofptation was received by the
site with 14 mm of this amount occurring from 30giigt to 9 September. Soill
moisture during this droughty period gradually dirshed below 0.25 #H,0/m® soil
near the end of July and reached the lowest obdealee of 0.21 rhH,0/m® soil on
24 August. Rain events occurring in late-August aarly-September began
replenishing soil moisture as shown by the incréase24 ni H,0/m® soil.

4.4.4 Vegetation Community Development and Weather

Vegetation survey results indicated one year diéebicide use on the site,
summed cover climbed from 55% on 7 May to 90% odul2 (Figure 4.15). On the
12 July survey, 60% of the cover in this vegetatommunity was composed of 43
herbaceous forb species. On 23 August, summed deeeeased to 58%. This was
mainly due to a 27 percentage point decrease ialithadance of forbs which had
declined to 33%. Overall vine/shrub speciRalfusspp.) were the second most
abundant growth habit and increased in abundance $rto 13% as the season
progressed. Smaller numbers of fern, graminoidjtshand tree species were found
on the site. Individually these growth habits wieies than 8% of the observed cover.

Figure 4.16 presents the temperature, relative ditynand photosynthetically
active radiation observed on each measurement ttadecated by the grey arrows,
temperature and light level tended to increasendutie sampling period while
relative humidity tended to decline. Daily minimsiand maximums bracketed the
environmental conditions under which the gas exghaneasurements were made.
Conducting scheduled season-long measurementsarilase the likelihood that
weather patterns will affect a study spanning aghmonth time period. This was
especially apparent with the results from the fahdl3 July. A malfunction with the
LI-COR 6400 IRGA was highly unlikely due to the swstency of the data before and

after this point as well as the calibrations armsteys checks regularly employed. Itis
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and field sites for each gas exchange measurera@nt Grey arrows indicate the direction of chaingsach environmental
parameter from 0800 to 1300 hrs. The four monshaiypling dates associated with multi-leaf gas exgband harvest are
denoted with stars. Refer to methods sectionhercalibration used to adjust greenhouse PAR semdoes.
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suspected that cool overnight conditions and loapevative demand may have
enabled C@assimilation to proceed unhindered, minimizeddpamtion rates, and
led to the high WUE observed on this date. Ovértnagr temperatures decreased to
5°C at 0500 hrs and began rising after this pointhizry 10C at 0800 hrs and 18 at
noon. Relative humidity decreased from 86% to 4k#ing the same time period.
Cloudy conditions prevailed through the morninglswn by the low difference
between PAR measured at 0800 and 1300 hrs onakis\dPD at the start of
sampling was 0.17 Kpa and increased to 1.11 Kplzeae¢nd of the measurement
period. The clouds broke shortly after the measerdgs were finished and the
maximum PAR recorded was over 2200 um&i g If comparisons in future studies
are to be made over shorter periods of time, thesks of weather phenomenon will
be important to consider.

4.5 Discussion
4.5.1 Gas Exchange, Community Growth, and thedd¥éater

The gas exchange rates (Objective 1) showed agsti®to the perceived
development of the vegetation community and arditsietime these plants have been
studied across a season in a regenerating PNW.forbs highest rates of gas
exchange were recorded in June and early Julypneadf year marked by active
vegetative growth which coincided with a rise iuaflance of the developing plant
community. When compared to published rates oegabange (Larcher 2003), these
photosynthetic and transpiration rates appear tbloge-average for herbaceous
species. However, Nkurunziza et al. (2010) replopteotosynthetic rates @f.
arvenseas high as 30 umol G@n? s* at a saturating light intensity (1500 pmol £O
m?s?) in a glasshouse in Denmark. McDowell (2002) enésd photosynthetic
capacity ofR. ursinuscan be as high as 15 pmol £@2 s* by studying assimilation
rates in relation to varying amounts of internalfIEQ, concentration (A/Ci curves)
growing in three PNW Coast Range locations. Forahd Alfani (1988) studied 14

plants in the genuSeneciaendemic to areas on or near the African contif@os one
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native to California) and found that certain spediad the ability to use both C3 and
CAM photosynthetic pathwaysS. sylvaticusvas not studied and gas exchange
measurements were not made in a manner that weuldréctly comparable to the
current study (Fioretto and Alfani 1988). Futuesearch results will be needed to
confirm the high photosynthetic rates of CIVU arlSY, species whose gas
exchange characteristics have not been reporta iliterature.

The well-watered treatment at the greenhouse demaded that diminishing
soil water was not the primary reason for the decin photosynthetic activity as the
season progressed beyond mid-July (Objective 8jl. water was above 31% in this
treatment, a level that was greater than what Wwasreed under field conditions.
Despite this amount of soil water availability, eoof the species in this treatment
maintained high rates of photosynthesis acrosseaheon. lIrrigation treatments had
little impact on gas exchange rates and it is pneglithat the difference between well-
watered and droughty conditions was not enouglote er arrest this process. It is
proposed that other physiologic cues such as denedatal state, changes in the
internal balances of plant hormones, seed productiod/or environmental conditions
such as diminishing light levels and temperaturetflations could be responsible for
this reduction in photosynthetic capacity (Fraset Bidwell 1974; Harrington et al.
1994; Leakey et al. 2004; Larcher 2003).

Morning transpiration rates remained at relativapsistent levels despite
diminishing soil water availability and appear ueated by the droughty conditions
observed in this study. SESY was the exceptidhitotrend, predominantly due to
rapid flower production and senescence uniqueisoatimual species. The induced
drought at the greenhouse was more extreme thaolibarved in the field as soil
water declined faster and stayed in this drieediat nearly one additional month.
The lack of decrease in transpiration rates adtesseason coupled with the declining
photosynthetic activity, resulted in WUESs that éased from the end of July to early-
September.



154

It has been shown that transpiration rates do ecéssarily decrease until
certain species specific thresholds are reachettoCGossypium hirsutupn
maintained high rates of transpiration two daye gt intense drying cycle, where as
the related weed velvetlealjutilon theophrasjishowed immediate reductions to
transpiration when exposed to the same conditiBagi¢rson 1988). Sorghum
(Sorghum bicolorwas to be capable of maintaining high ratesarigpiration until
soil water decreased below 40% of the plant avialalater fraction (Nable et al.
1999). Sugarcan&accharunspp.), on the other hand, decreased transpirédimh
growth) almost immediately as the fraction of plamilable water declined from
100%. Lecoeur and Sinclair (1996) showed that adim@d transpiration rates of field
pea Pisum sativumwere unchanged until soil water decreased bel@t 6f the
fraction of water available to the plants.

The methods used to study these species are imptotaonsider when
discussing gas exchange rates. A combinationasfoselong study plants and multi-
leaf gas exchange measurements were requiredandeeihe goal of studying the
developmental processes at work in these early-speaies with the need to account
for leaf senescence patterns and the variabilday¢hn occur within a plant.
Measurement leaves associated with season-long gladts (those in positions A
and B or within the fences) had to be moved toathg mature full sun leaf.
Continuing to statically measure lower leaves tirate senescing would provide an
unrepresentative view of the gas exchange capabibif an otherwise healthy plant.
The measurements presented in this paper areftthiues plant level. Studies often use
a single mature full sun leaf for short-term highstailed photosynthetic
measurements (e.g. Brock and Galen 2005) or resttitti-leaf gas exchange
measurements for the purposes of season-long atdysee species (Ow et al. 2010;
Weng et al. 2005; Misson et al 2006; Limousin e2G10; Xu and Baldocchi 2003;
Wilson et al 2000).

Gas exchange measurements taken on multiple Ipaoesied a more

complete understanding of plant-level physiologechanisms used to adapt to



155

seasonal development changes and drought (Objeétivafter the vertically
consistent gas exchange rates during the bolt pRd8&, CIVU, and SESY began
shunting photosynthetic activity to the upper meaves. Kisaki et al. (1973) found
that the highest rates of photosynthetic activitiw® month old tobacco plants
increased with increasing height and reached a gelglaf 25 and 27 (counting
upward from the first dicot leaves). Rawson (195tHied sunflower development
reporting that gas exchange measurements wereshighine upper leaves of the
plant in support of the determinant inflorescenC#AR, CIVU, and SESY also have
determinant inflorescence and it is possible thatg@synthetic activity shunted
toward the upper leaves supported this reproduetificet similar to results presented
by Kisaki et al. (1973) and Rawson (1979).

The declining SLA across the season and senesoétmser leaves may
indicate a morphologic mechanism utilized by thgsecies to support flowering.
Taking into account the sampling methods useddé#ueease in SLA revealed that
these species placed relatively little effort ietrly season leaves when compared to
those higher on the plant (Feng et al. 2008; BaanthGoldstein 1999). These lower
leaves with high SLA enable rapid carbon fixatigrgwth, and an increased ability to
begin the process of invading new habitats (BaarmdhGoldstein 1999; Gulias et al
2003; McDowell 2002). These high rates of gas arge on lower leaves did not last
suggesting that their importance was served iagively short period of time. In the
presence of seasonal development and decliningvatdr, lower leaves may have
been sacrificed in favor of those higher on thepleith a lower SLA that could
continue to support the flowering event.

Gas exchange activity shunted higher on a plantefisas decreased
photosynthetic area enable plants to balance dewelotal needs and resource
availability (Gordon et al. 1999; Hill and Germi@005; Kisaki et al. 1973; Parsons et
al. 1981). When lower leaves Bhaseolus vulgarifhe common bean) were cut, a
9% increase in net photosynthetic rate of the remgiupper leaves was found
(Meidner 1970). Meidner (1970) postulated thisgion photosynthesis was partly



156

due to an increase in the proportion of cytokinmte remaining leaves. Hill and
Germino (2005) demonstrated that as drought pedsiSentaurea maculosa
(knapweed) began redirecting photosynthetic agtivdm basal rosette leaves early in
the season toward smaller cauline leaves on tine atel finally to the photosynthetic
stem tissues. Allred et al. (2010) reported deslim SLA in the presence of drought
for two plants Ambrosia psilostachygorb) andAndropogon gerardi{grass), native
to tall grass prairies in North Americ®teridium aquilinumandCalluna vulgaris
growing in a controlled setting in the United Kirogd were found to reduce shoot
growth and hence lower transpirational demand enpitesence of drought (Gordon et
al. 1999). During a two year drought in Califordiaring the mid-1970’s,
Arctostaphylos viscidaacrificed up to 90% of the branch area in ordenéintain the
long-term survival of a plant (Parsons et al. 1981)

Further support of this concept of shunting physiat activity has been
reported foiSenecio sylvaticushich utilizes a fibrous root system to capture th
majority of nutrient resouces necessary for anguadth early in the season. These
resources are then redistributed to leaves anar@sitence through the course of
development (van Andel and Vera 1977; van AndelJager 1981; Antos and
Halpern 1997). While nutrient content of the bieamaomponents were not measured
in the current study, the biomass partitioning ddt&8ESY and CIVU support this
concept with the consistent decline in root maastion and overall increase in
emphasis placed on above-ground growth.

At later dates in the season, it was observediligdieaves and occasionally
tops of the plants were dead and the only remailiwegissues were stems. Gas
exchange of the stems was not measured in thentgiredy, but each of these species
may have the ability to photosynthesize from tlisue. Stems, carpels, and even
flowers can support a portion of the assimilatieguired for plant growth (Aschan
and Pfanz 2003; Bazzaz et al 1979; Fioretto andm\lf988; Galen et al 1993,; Hill
and Germino 2005; Nilsen et al. 1993). Futureaeseinto the capacity of stems for

the four study species may be required to quatitgycontribution of this plant part to
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the overall carbon budget of these plants. Rebkeailtalso need to be conducted
across years and other species to confirm thessagdbgic and morphologic trends
within these study species occurring in young PNwveédts.

While it was possible to detect trends in soil s on the sites, the
Hydrosense TDR probe was not capable of detecfiagiss differences in soil water
usage (Objective 4). Soil water in horizons nbardurface have been shown to dry to
low levels in the presence of certain plant spettiasposess different abilities to
exploit this resource (Gordon et al. 1999; Hilaet2006). By taking measurements
vertically, the sensor averaged the soil moistwes the length of the probe, in this
case 20 cm. This provided a quantification of swiisture in the upper soil
horizon(s), but did not necessarily characterizeghtire volume of soil exploited by
the plants or how this may change with depth (BatesHall 1982). Irrigation water
at the greenhouse was supplied by one centraltédadrip emitter and this
application method could have reduced the abilithe Hydrosense TDR sensor to
detect species differences. The vegetation contmgrowing with the study plants
in the field made it difficult to detect which planwere utilizing soil water. A
different study design, no irrigation, and sensadings taken horizontally could all
be used in future studies to understand if indigldypecies use of soil water can be

detected.

4.5.2 Tissues Perpetuating a Species

The physiologic and morphologic results presemettiis study illustrate
different strategies used by these species to peodarennating tissues or those plant
parts that will survive and perpetuate the spegtesper and Ogden 1970). SESY
invested the largest portion of its resources heoproduction of seed, similar to
species that avoid drought (Bell et al 1979). Bekl. (1979) found investment in
roots declined as reproductive effort increasednduthe winter and early spring for
eight annual species growing in the Mojave Desdlrspecies that produced seed

prior to the extreme summer drought period. Initamdto the primary determinant
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flowering event, SESY flowered in smaller secondarghes from peduncles that
extended out of leaf axils (personal observatiohsimilar observation was made by
Harper and Ogden (1970) who studi&ehecio vulgariand found that the species
invested about 21% of the net energy budget toweaghroduction of seed. It was
proposed that these secondary flowering eventditatesl a rejuvenating system
allowing a plant to grow and reproduce followingrdae.

CIVU is a biennial and spends the first year imsette stage storing
carbohydrates in its tap root (Michaux 1989). Ha second season, CIVU withdraws
carbohydrates from this taproot as well as a largeunt of site resources (Randall
and Rejmanek 1993) in the initial stages of boltiegf production, and flowering.
The perennating tissue of this plant is the seeddagidual plants die upon the
completion of flowering. These second-season naggiic traits of CIVU were
illustrated with the presented biomass partitiordatp. CIAR placed a lower effort
into floral production (when compared to CIVU) amdonsistent investment in roots.
Both of these tissues will perpetuate CIAR in fetgrowing season(s). The
consistently lower amount of root mass fraction@bAR observed in the field was
primarily due to the digging methods and difficuitytracting the root mass when
compared to the ease of the process with a polaed. p

RUUR plants invested in both above and belowgraynoavth. When
compared to the length of the canes, gas exchargsurements varied little from the
point of contact with the ground toward the apioa&ristem. Biomass partitioning
data presented here contrast slightly with thosgiged by McDowell and Turner
(2002) who reported that the biennial canes spleadhitial year elongating and the
second year flowering and producing fruit. Whethe&ras through seed germination
or resprouting following herbicidal degradation, BR plants included in this study
had canes less than 1 meter in length, indicatiagthey had indeed grown in 2009.
In keeping with McDowell and Turner (2002), the @ps flowered in 2010. This
effort (including fruit production) was small, hovwer, as the plants spent the majority

of the study period growing vegetatively. It wasgible that the act of digging, root
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disturbance, response to the vegetation managewegintes, or perhaps flowering
may have triggered a change in the internal horinmadance stimulating vegetative
growth in 2010 (Kramer and Kozlowski 1979). Areattate and perhaps simpler
explanation for the lack of sexual reproduction rhaythat the highly palatable fruit
of RUUR was eaten by wildlife between sampling pesi

4.5.3 Competition, Physiology, and Silvicultur&@rBpectives

In the early stages of forest stand developmeasedhour study species utilize
the discussed physiologic and morphologic mechamitsnaccess site resources and
compete with planted tree seedlings. Photosymthatés and biomass partitioning
data demonstrate the ability to fix carbon, gromd aroduce perennating tissues
according to unique species patterns. High traaspn rates and low water use
efficiencies during a time of year with low soil i®aavailability indicated that certain
plants continued utilizing this resource after ¢éisgsential developmental processes
were finished. When these developmental and wesepatterns are compared to
those of conifer trees, a physiologic basis for hbgse plants compete for resources
during the early period of forest establishment lbalemonstrated.

These four plant species did not show the sam@nsgto declining water
availability as those found by other researcheredmifer species. Havranek and
Benecke (1978) reported that transpiration of Swise Pinus cebradeclined
immediately when exposed to drying soils. In thespnce of drying soils, Douglas-
fir (Pseudotsuga menzigsitanspiration rates were immediately reduced
(Lopushinsky and Klock 1974). Photosynthetic rdoe€ouglas-fir remained
unchanged so long as xylem water potential waseahapecies specific threshold of
-1.0 MPa (Brix 1979). Once this xylem water poigrthreshold is breached,
assimilation rates and morphologic developmentafidgdas-fir seedlings can be
negatively impacted (Brix 1979; Dinger and Rose®O01Ihe four study species, on
the other hand, were either able to avoid droutyhss by completing their lifespan

within a time of year when resources were relagypgéntiful (SESY), modestly adjust
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water use efficiency in the early-season (RUUR}pterate drought by shunting
resources to actively growing tissues (CIAR, CNddd RUUR). Regardless of the
strategy, each of these study species utilizedrwdateng the season and may
contribute to the inhibition (Connell and Slayt&7Y) of the crop species.

These data illustrate, from a uniquely physiolqueespective, a fundamental
reason why vegetation management regimes are dppltandem using both pre- and
post-planting applications of herbicides during ¢laely year(s) of forest
establishment. Species like RUUR are often coletldby the application of a fall site
preparation using chemicals sprayed prior to phandis time must elapse allowing
herbicidal activity to degrade and Douglas-fir #ée grow unhindered. The
application of a spring release following a fategpreparation is designed to maintain
low amounts of competitive cover by reducing hedwoars species that germinated in
the late-winter and early-spring. CIAR, CIVU, aBESY are examples of common
species targeted through the application of tivécsiltural treatment.

Given the data from this study, a priority ranksygtem of competitive ability
may be desired to aid in the judicious use of tmeganes and their chemical
components. The challenge with this approachasttie outcome of the ranking
system would depend greatly on the parameter us#teariteria. As an example, if
this competitive ranking was based on the maximat® of photosynthesis, it would
be CIAR > SESY > CIVU > RUUR. If the basis for cpamison was changed to a
calculation of transpiration based on leaf areasscthe season, the order would shift
to RUUR > CIAR > CIVU > SESY (calculation not shownThus, a ranking system
with any real field applicability would require sispecific abundance data and
research that includes resource thresholds thasg¢spieed to survive and grow.

Economic and ecologic efficiencies that may refolh the integration of
physiologic data into silvicultural prescriptiondlvdepend greatly on the composition
of the vegetation community. Logically, if high aonts of CIAR invade a site, the
high photosynthetic rate, rapid growth, investmargprouting root tissues, as well as

continued transpiration despite drying soil cormhis would make it a priority for
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targeted control. CIVU has been shown to be monepetitive with ponderosa pine
(Pinus ponderosain the second year of its lifespan when compéaodtie first

(Randall and Rejmanek 1993). The transpiratiogsrabserved in this study in
conjuction with this work by Randall and Rejman&R43) indicate that it may be
possible to delay treating a site until the spohthe second year, if this species was
present in large amounts. RUUR may invade a sigetd its presence prior to harvest
and is best targeted with an initial fall site @egiion. SESY has an erratic, intense,
and ephemeral invasion strategy but, if the abuocelaras high (e.g. over 20%) in the
late-winter or early-spring, controlling this spegimay be necessary to avoid the high

use of soil resources in the spring and early-summe

4.6 Conclusionsand Management I mplications

Two study sites, carefully controlled conditionsrglardized measurements,
and some new techniques enabled data to be callactess a season on plants that
have been previously unreported in forest regelneréiterature. Detailed physiologic
information on gas exchange as well as biomasgipaihg has shown how these
species grow during a season and in a region mdmnkedporominent summer droughty
period. While the study plants are only four spe@mong a complex assemblage of
plants, their behavior in the current study illagdéd fundamental physiology of gas
exchange and how resource availability affectesl phocess. The selected species
represent subtle differences in what managemestpptions may be used to
minimize negative effects on planted tree seedlings

Moores et al. (2007) asserted that information $eclon the goal of
increasing management efficiencies are needed itttanraa strong forest industry in
the PNW. The authors noted that there has beewerall decrease in the number of
regional studies designed to achieve this objedtibe last 20 years. Continued
work using designed ecophysiologic studies sudhiasone will be needed to provide
better understanding of the fundamental mechantdraempetition across different

yearly weather patterns, plant species, and sitdsei PNW. It is from this detailed
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level of understanding that best management pexctidll continue to be refined
enabling the targeted control of species accouritingoth the economic and ecologic

aspects of efficacy (Zimdahl 1988).
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CHAPTER 5.0

SYNTHESISOF DISSERTATION

Harvesting a forest creates a disturbance thatatreatly alters light
conditions, water availability, and scarifies sadaoil promoting the development of
early-seral vegetation according to secondary sistgeal trends. When a new stand
of rapidly growing trees is a desired outcome, v&yen management regimes are
often employed to interrupt these successionalgases and favor crop trees. Land
harvested in the late-spring and summer presamiggae challenge. Harvesting
operations may finish at nearly the same time ¢haly establishment activities would
normally begin making common management strateggem out of phase with the
vegetation community. A land manager may chooskelay forest establishment
introducing a fallow year in the hopes of improvingg-term forest growth. A side
by side study was conducted to compare six poleesaonses to this situation. After
statistically adjusting for the initial size of siegs planted across two years, trees
planted following a fallow year were smaller thhnge planted immediately after
harvest. While seedlings were found to be groveintihe same rate in height and
diameter, size differences three years from hainesgtated that each growth year was
important. Sulfometuron methyl added to a fak giteparation tank-mix did not have
a negative affect on seedling growth. Delayingasiblishment of the next stand
simply lengthened the amount of time associatel thi¢ early stage of forest
development unless weather patterns and site dkastics combined to thwart
reforestation efforts.

Equally important to the tree growth is understagdhe tradeoffs associated
with the vegetation community’s response to silitioal regimes. Fall site
preparations in conjunction with spring releasattreents during the first year reduced
cover below 10% irrespective of the year appliédding sulfometuron methyl to the

fall site preparation tank-mix did not statistigaleduce competition in the year
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following application when compared to a similaaiment regime without the
chemical. In the year(s) following treatment, laous plants were quick to
colonize. Woody/semi-woody plants were slower,diaadily increasing in
abundance. Applying only a spring release treatmmay minimize the number of
treatments, but it did little to control the deyaioent of woody/semi-woody plant
species. Depending on physical stature and proximicrop trees, these plants could
become a hindrance in future years due to conticoatpetitive interference.

Collecting spatially explicit graphical data on mi@ommunity development
was made possible through the use of ground-basedreapping procedures and
pixilated vegetation survey maps of experimentat pbnditions. Stem mapping
procedures were used to develop relative positidata during a time of forest growth
with unhindered line-of-site. Tree data can therupdated for the life of the stand
and visual images of conditions presented throbglStand Visualization System
developed by the USDA Forest Service. Utilizingttees of the experimental units
themselves, coarse whole-plot vegetation surveys a@nducted and compared to
more traditional survey methods. Results showeldse fit between the two methods
of presenting forest plant communities and graptiase in Sigmapl8tclearly
showed plant community dynamics. Future avenuethie research could include
aspects of forest planning and carbon modellingtiglbanalysis at various scales, as
well as the study of community ecology and sit@uese use.

Of great importance to the continued understandfrtge dynamic principles
involved in the management of early-seral enviromiiés detailed physiologic
information on weedy plant species. The effeatavhpetition for limited site
resources has been well-quantified for forest $peies, but little regionally relevant
work has been done to define the seasonal physiabgommon competitive species.
Investigating autecologic strategies from the pectipe of season-long gas exchange
as well as biomass development aided in the uradedistg of howCirsium arvensg
Cirsium vulgare Rubus ursinusandSenecio sylvaticusuccessfully colonize

disturbed forest sites in a region marked by a @uoeed summer drought period.
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Species achieved various peaks in,@8similation rates prior to mid-July, but
decreased differently as seasonal developmentgsegd. Transpiration rates
declined for SESY after the annual species floweavbkile the remaining species
showed more consistent rates across the seasoiteddrgughty conditions. The
combination of multi-leaf gas exchange and biontgs®lopment data show that
these species have physiologic and morphologidiabito shunt activity to plant
parts that will perpetuate the species even irptesence of diminishing soil water.
Overall, these results demonstrated a physiologgtsifor competition as well as a
rationale for applying vegetation management regime

The studies contained in this dissertation havelsolo expand the current
state of silvicultural knowledge by characterizspgecific competitive mechanisms
during early forest establishment. Developed maglas well as the results produced
from these studies assist with the descriptiomefdomplex interactions that occur
among species within PNW forests. Evaluating toffideassociated with silvicultural
decisions has provided practical decision suppaistthat account for both treatment
efficacy and the need to minimize environmentatso#lternate methods of
guantifying and presenting forest plant communitvis spatially explicit data opens
new avenues of ecologic research. Describinguhddmental physiology used by

certain plants to colonize open conditions in PNdAé§ts has just begun.
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Appendix 2 — Instructions and code for vegetatiatadnanagement

Summary: In order to compare vegetation commuitibich have a variety of
species present, it becomes necessary to have maofidummy” dataset.
Vegetation survey data is used to create a comipedies list unique to a site. A
“dummy” dataset is created that inserts this spedist into each subplot. The real
cover values for each plant species are then iesgiart a separate process. Plants not
found in the vegetation survey are given zeros $ep 12). This “dummy” dataset is
created using Microsoft Excel and Access then nakewgth the actual vegetation
survey in SAS. This “dummy” dataset can be updageslurveys are done over
successive years. There may be other techniqueésiftg this kind of work, but I am
unaware of a single publication describing htmdo this process or wtoertain
components are important.

Credit for the initial framework of this processd@gs to my good friends Michelle
Buonopane (USDA Forest Service, botanist) and lasa& (former VMRC Research
Assistant). Over the years, | have continued tdkwiagth this process and develop
additional approaches to analyze vegetation comti@mi The original instructions

fit on one piece of paper and may have been forege In 2008, Michelle asked me
to write down what | remembered and send it to.h&he detailed instructions that
follow are designed to walk the reader throughphecess.

Step 1: Conduct the vegetation survey. It is saseelearn and use the four letter
species codes common to USDA protocols. Thetistletters indicate the genus
while the second two represent the species. Fample,Cirsiumwulgareis CIVU.

Step 2: Enter the data into an Excel spreadstigesure the data is in columns with
unique names in the first row. Access and SASireglata to be organized this way.

Block Plot Subplot Species Cover

1 2 3 TOTAL 85
1 2 3 Civu 35
1 2 3 RUUR 20 ...etc.

Note: Itis important to have clean data. Thisamseonly data is in the columns and
there are no extras (see Step 5). Calculationstas in other columns need to be in a
different worksheet or file. The best techniqutiactually delete the columns to the
right of your data and below (if anything was adtiedny other cells) so that there is
nothing and never was anything in these columres 8 6 below). Neither program
“sees” comments in cells so this is an acceptablgta write notes. Also, if a
comment column is used, do not put spaces witleglla Certain programs like
Access and SAS can have difficulties importing ¢hiesds of data.
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Step 3: Open Microsoft Access and create a nevnbfilclicking on the “create a new
file” link then “blank database” (both of these arethe right portion of the screen).
Name and save the database as prompted. Aftgudimg there is no real way to
“save” the work you do in Access. The programeisup to do it automatically so any
time a database is imported, it will save the cleanghen the program is closed.

Step 4: A small window (the main dialogue box)lwpen up that has Tables,
Queries, Forms, etc. down the left-hand side. Rifjbk on the “Tables” button and
select “Import...” This opens up a secondary scaEsigned to help identify the file
to be imported. The default is to accept Accdss 0 change the “Files of type:” at
the bottom to “.xlIs.” Use the browse feature tiesithe file and click “Import.”

Step 5: A secondary screen will come up titledgtmt Spreadsheet Wizard.”
1. Select the appropriate Excel worksheet, cliektat the bottom of the screen.

2. It will then ask if the first row contains cotm headings (which it should) so
check this box if it is not already checked. Hikh

3. The next screen allows certain “fields” (aké&uomns) to be skipped. This is
where in Step 2, adding extra information can adthecolumns. The program
recognizes columns that have or once had datak @hd skip them, if needed.
When finished, click next.

4. It will now ask if it should “add a primary kéyClick no then next.

5. Name the file in a simple logical manner. Example, if the survey was done
in July 2008 at Boot, one idea would be BTjuly@ick “Finish” and the
program will say it has finished importing file >Click ok.

At this point, the only window open should be thaimdialogue box. Double click

on the imported file name and it should pop upvelhg the data to be seen. If it looks
good, proceed with step 6 below. If something wemring, highlight the file name
(left click once) then right-click on it and selédelete.” Start over with the Import
wizard (Step 4 above).

Step 6. A query allows the creation of a new dataem existing data imported into
Access. Two datasets will be made using this fanct plot list and a species list.
The plot list creates unique address labels foln @agetation survey. For example,
the block number would be analogous to the stébé (@ treatment) would be the
city, and the vegetation subplot is the streetesklr So if | have four blocks, six
treatment plots in each block, and four subplotsaoh treatment plot, | should have
96 different “addresses.”
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Make a plot list

1.

Left-click on queries (just below Tables on the-ledind side of the dialogue
box), left click on New (at the top of the mainldigue box), and a small
dialogue box pops up. “Design View” should be Higjted and hit “ok.”

. Two dialogue boxes open simultaneously “Query’hia back and “Show

Table” in front. “Show table” is asking what dag#(s) should be used (at this
point there should be only one but there will beena the future). In the
“Show table” window double click the file name (@ghlight and click add).
This will open a list of column headings inside @eery window. Click
“close” in the “Show table” window. The Query wimd will now be active.
Double click each of the features in the “addréegiut them in sequential
order on the lower half of the query window. Thigght be “Block” then

“Plot” then “Trt” then “Subplot.” If attributes we named differently or a
different experimental design was used, followdlddress analogy.

On the main toolbar of Access there is a black aiggmbol ). Clicking this
button creates a “sum” that tells Access each addssto remain unique.
Click the sigma (if it is not clicked, it will progle the entire dataset).

Click the “Query” tab on the top toolbar and scawn to “Make Table
Query...” A new dialogue box pops up and asks ferrtame of the new table.
Name it something simple like “plot_list” and hit.oNote: by default, the box
should say ‘current database’ which is correct).

The last step to make a plot list is to click thd exclamation point which is
the “run” button telling Access to run the quergtjdesigned. It is located to
the left of the sigma on the upper tool bar. Thregpam will explain the
number of rows about to be pasted into the nevetaBhsic math is a good
check of this number (e.g. 4 blocks x 6 treatmgmtssubplots = 96 rows).

To avoid confusion, it is best to close the quenydesw. Doing so will bring up a
message that says, “Do you want to save changbs tesign of query
‘Queryl’?” Click no and go ahead and close it.efitelick on the Tables button
(left-hand side) and open the new dataset youexndatmake sure it looks right
(this is one method that can be used to spot ahtg errors).

Make a species list

1.

Open a new query (query, new, design view) and lgatllck the vegetation
survey you imported in the secondary dialogue ltoshuld go away leaving
only the larger query dialogue box active).

Double click ONLY “species” and hit the sigm®) (symbol. Again, this is
telling Access you want each species to remainumidso up to the “Query”
tab and scroll down to “Make Table Query...” Namgspiecies” and click ok.
Click the red exclamation point, close the quend ok at the table.

This is where checking datasets for errors becaasg. Look down this
species list and make sure each species coderectoFor example, there is
no species with the code RUUr2. It is probably@ographical error for
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RUUR. Normally you can spot errors quickly withstkomparison. When
found (notice it is not an “if” as typographicalers are common), open the
original dataset in Excel and search for that Sjpegiistake (In Excel: on the
top toolbar click the Edit tab, scroll down to “Hin.”, type in the WRONG
species code (e.g. RUUr2), click find. It is a dadea to look at the original
paper datasheets and make sure a typo is realpoabefore anything is
changed. Correct all of the errors in the Exdel Bave, and close it.

If any corrections were made to the Excel versibtne vegetation survey, the
survey and species list in Access will need to ddetéd (perhaps even the plot list
if this had a mistake as well). Delete the incarreersions in Access and re-
import the corrected vegetation survey. Then reaibhk necessary datasets
following the procedures above. Check over the newions of these datasets
and if needed, repeat the editing process (it alam $everal cycles to hammer out
mistakes). Think of it as an iterative process tlevelops patienc&

Note: It is not necessary to close Access whilaruleg datasets in Excel.

Step 7. Export the species list from Access aSxael spreadsheet (name it

species.xls). To do this, right click on the “sjgst database (the species list) and
scroll down to “export...” Change the “Save as tyfethe latest version of Excel,
select a place to save it, and name it. Hit “EXpamnd open up the file using Excel.

Note: This is when more information on each spgecan be added. It creates the
foundation for the depth of dummy datasets. Make\tersions of this form on
two separate Excel worksheets and name them “déegaitl “dummy.” The first,
“details,” is used as a reference that includethallspecies names spelled out,
family, diagnostic characteristics, etc. The secddummy,” is the one that will
be used in Access to create the dummy dataset.célddns of information that
will be helpful (to both if this is preferred buefthitely the second one “dummy”
that will be used in Access). It will have the sips codes plus information like
“Habit” (F=forb, Fe=fern, etc) or “Duration” (A=ammal, B=biennial, etc). Look
this information up carefully and consider what i@snd during the vegetation
survey. Insert all the information required inistohct columns.

Step 8. Copy the entire dataset (all the colunimsformation in the worksheet made
for Access) and paste it below the same numbamafstthat the experiment has
replicates. If there are four replicates (i.e ckk) on the site, there will be four
repeats of this data. Add a new column to thedkthis data and type “Block” into
the first cell (do not type in the quotes). In tiedl below “Block,” type a 1 and drag it
down to the end of the first species list. At Bieginning of the second repeat of the
species list type in a number 2 and drag it dowtitiécbottom of this species list.
Repeat until all of your replicates of the spedigshave an associated block number.
If all is well, save this Excel spreadsheet andelib.
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Step 9. Back in Access, import the species.xlas#dtwith all the plant information
that was just created (remember: Tables, impod faltlow the wizard). Name this
dataset something like “spp_detail” so it is knaWat this is the one with all the extra
information. Open the file and make sure it isrect.

Step 10. The right data is now in Access thatlmnsed to make a dummy dataset.

1.
2.

Go to Queries, new, design view, click ok.

Double click on “plot_listfirst then double click on “spp_detail.” Close the
“show table” window. The query dialogue box witw have two windows on
the left side of the upper half. The firstthe plot list and the secorglthe
detailed species list.

Carefully follow these next steps:

3.

4.

In the plot_list box, double clicklock thenplot thentreatment thensubplot
(in that order and from that box ongdapt as needed for the study design).
From the spp_detail box, double cligkecies then each heading corresponding
to the additional information (it may look sometiike origin, duration,
habit). DO NOT CLICK BLOCK FROM THIS BOX!

Left click and holdblock in the “plot_list” and drag it over to th&obk in the
“spp_detail.” Do not worry if it is not lined upepectly, just drag block
FROM the “plot_list” TO the “spp_detail.” When theft click is released, a
small line will appear as a link between the twadm

Place the cursor over that line and right clickgisensitive so be precise).
Select join properties. This brings up the “Joiogerties” dialogue box. It
should say left table “plot_list”, right table “spgetail”, and that the left and
right column names are both “block.” Select #2 hitabk. As | understand it,
this is telling Access that the information fronopllist is to be joined with
that from spp_detail using block as the common el@rbetween the two. A
small arrow head will appear on the line after $#8alected showing that
indeed, the two boxes are linked.

Go up to Query on the top tool bar, scroll dowitake Table Query..., and
name the query something like “Dummy08.” Hit ok.

Do a little math beforditting the red exclamation point. As an examile,
there are 96 addresses and 102 species in thesfistithere should be 9792
lines in the new “dummy” dataset that will be cezht Go up to the red
exclamation point and click it (do NOT hit the sigffirst, that is only for the
creation of a plot and species lists). A box wdp up that says, “you are
about to paste 9792 row(s) into a new table” i iBicorrect, click ok. If not,
figure out what is wrong and correct the problewrgmally this means going
back through the steps above).

Go ahead and close the query.




204

Step 11. Export the dummy dataset as an Exceldfitedesignated folder with a
unique name. Close Access, take a deep breatlsnaitel Few people know how to
do this and you are now one of them.

Occasionally data will be taken on a study siterdhie course of many years. The
species found at the beginning of the experimehinwt necessarily be there in
the years that follow. Other species will showagghe time progresses. It may
be desirable to make one all-inclusive specieddisthat site. The easiest way to
do this is to take the corrected vegetation surgtesversions that have been
checked using the Access “species” database) drttigm into ONE Excel
spreadsheet. For example, the vegetation survayatl®oot would start with
Sept07 and pasted immediately under it would bg08uthen July09, etc. Add a
column to the left and put in the appropriate dateeach survey. In an effort to
be clear, this means columns will look like this:

Date Block Plot Subplot Species Cover
Sept07 1 2 1 Total 85
July08 1 2 1 Total 100 ...etc.

Save this file as something like “Boot_vegsurvelxis’ and import the file into
Access. Then follow the above procedures to craabeéal species list. This all-
inclusive species list will provide the total numieé unique species on that site. This
is another great way to catch data entry errors.

Step 12. Open a SAS workbook. | have includecttue that used to work with all
of this vegetation data. This is by no means egtinael but it may serve as a
foundation that can help get analysis started.

Importing Data

There are many ways to import data. | prefer othe import wizard in SAS due to
the size of these files. Every once and a whik& 8oes not like Excel files so try
saving them with a “.prn” extension and import thesmng the “Infile” code below. It
is important to remember that the “input” statemanist specify which columns need
to be included. SAS assumes everything is nundogaswill not import columns if it
is not told which have letters using a dollar sigry. Trt is a letter so it is Trt $). |
print almost every step in the process. Turnaffi®y preceding each proc print with
an asterisk.

Dat a BT_July08;

infile 'C:\VMRC\Dinger Thesis\PhD Dissertation\Chapter 02
Delayed\Data\July08_veg_survey.prn' firstobs  =2;
input BIk Plt Trt $ Species $ Cover; run;

*proc print data=BT_July08; run; quit;
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The code that follows is developed using the Imp¥ditard (File, Import, and follow
the instructions). | save this code in a sepdi&teopen it, copy the code, and paste it
into my SAS window. Import both the vegetationv&ay and the dummy dataset.

options nodate linesize= 75 formdlim= ' ;
PRCC | MPORT OUF WORK.BT_July08
DATAFILE= "C:\VMRC\Delayed Planting Study\Boot\
Vegetation Surveys\03_BT_Veg_Survey July 2008.xls
DBMSEXCEL REPLACE
SHEET= "July08%" ;
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES; RUN;
proc print data=BT_July08; run; quit;

PRCC | MPORT OUFE WORK.dummy08
DATAFILE= "C:\VMRC\Delayed Planting Study\Boot\
Vegetation Surveys\BT_dummy08.xIs"
DBMSEXCEL REPLACE

SHEET= "BT_dummy08";
GETNAMES=YES;
MIXED=NO;
SCANTEXT=YES;
USEDATE=YES;
SCANTIME=YES; RUN;
proc print data=dummy08; run; quit;

Sorting Data
Prior to merging data, a sort is required. Datspreadsheets is not always in an order

that is logical to the computer software so sorbaged on the “by” category allows
SAS to put everything in numerical and alphabeticder. IMPORTANT: the two
files that are to be merged must be sorted indhgesorder!

proc sort data =BT_July08;

by block plot trt subplot species;
proc sort data =Dummy08;

by block plot trt subplot species;

Merging Data
The first line (data) is a step telling SAS the eaoha new file that is being created.

The merge statement names which files that areggoiibe joined while the “by”
statement tells SAS how they will be merged. Tégetation survey has all of the
data while the dummy is a rigid framework that aiocomparison across different
plant communities. The “if then” statement isitejl SAS to enter a zero everywhere
there is no data. When a species that was inuhery dataset does not show up in
the vegetation survey, SAS automatically entersraod then changes it to a zero (due
to this code).
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dat a BT_July08_merge;
merge BT_July08 DummyQ8;
by block plot trt subplot species;
if cover= . then cover= 0; run;
proc print data=BT_July08_merge; run; quit;

Creating Summed Cover

As a part of vegetation survey protocols, the VM&W@ays takes total cover out of
100%. Plant community development often leads/arlapping vegetation making
“summed cover” a more representative measure afadhenunity especially after
several years of development. Summed cover islgithp cover associated with each
species found in a subplot added together. Itecaeed 100%.

This first code is telling SAS “for each subplatnt all the species cover values
added together but exclude total, stump, and lo@aiting the vegetation surveys,
data is often collected on a stumps or logs thead tg a significant portion of a
subplot. For the purposes of developing “summegicbthese components of the
site are not included. Note: the SAS code for ‘@gual to” looks like A= ‘TOTAL'.

proc sort data =BT_July08 merge;
by block plot trt subplot;

proc neans data =BT_July08 merge noprint
by block plot trt subplot;

title ‘July08 sum cover'

var cover;

where (species "= "TOTAL' ) and (species "= 'STUMP")
and (species "= 'LOGS");

output  out =July08_sum_cover sum=sum n=n;

proc print data=July08_sum_cover; run; quit;

The next step is to sort the sum cover file that yuat created and ask SAS to provide
a mean for the experimental unit. In this case$S $Aproviding the mean of the four
subplots (made in the step above) associated wath experimental unit on the site
(there will be 24 numbers in this case).

proc sort data =July08 sum_cover;

by block trt;
proc neans data =July08 sum_cover noprint

by block trt;

var sum;

output  out =July08_avg_sumcover mean=mean stderr =se n=n;
proc print data =July08 avg sumcover; run; quit;

Creating a dataset based on a specific criteria

One interesting aspect of analyzing summed couatsthe number can be regrouped
into various categories depending on the needsegprtoject. In other words, the parts
add up to the whole. The next example demonsthatesinformation included on

plant habit (forb, fern, graminoid, shrub, treeyore/shrub) can be used to understand
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how the treatments have influenced plant commudetselopment based on these
categories. Note: this code is designed to mdiguee. If analysis is to include a
randomized complete block design, the code wouddirte include “block” in the by
statement.

proc sort data =BT_July08_merge;

by trt species habit;
proc neans data =BT _July08 merge noprint ;

by trt species habit;

var cover;

output out =BT_July08 hab mean=mean stderr =se n=n;
proc print data =BT_July08 hab; run; quit;

Based on the six growth habits, the code is crgatimean cover for each species that
could haveoccurred in each treatment (n=16, 4 subplotstredtment plots for this
example). The second part is summing these meaniespcover values based on the
six growth habits. This is done by the “where’tstaent and the sum=sum code in
the output line.

proc sort data =BT_July08_hab;

by trt habit;
proc neans data =BT _July0O8 hab  noprint

by trt habit;

var mean;

where habit=" 'F' or habit= 'G' or habit= 'Fe' or habit= 'VIS'  or
habit= 'S' or habit= 'S/T"  or habit= T

output out =BT_July08 h sum=sum stderr =se n=n;

proc print data =BT July0O8 h; run; quit;

The most abundant species

Sometimes it is valuable to be able to find wha&tcegs are the most abundant in a
particular treatment regime or across the sitee fifst portion of code creates a mean
cover for each species that is strictly diagnasticature. Then when this dataset is
printed, the code is specifying “only print specidsere the mean is greater than 2 and
NOT total, stump, or logs.” This is an iterative@pess. Start with a mean greater
than 1 and see how big the listis. Increase timeb®r until you get a satisfactory
number of species. For example, many people vii@ttop ten” while others just

want the top three. Write these species codes down

proc sort data =march_merge;
by trt species;
proc neans data =march_merge noprint
by trt species;
var cover;
output out =march_top_spp mean=mean stderr =stderr n=n;
proc print data =march_top_spp;
where mean> 2 and (species"= ‘Total' ) and (species"= 'stump’ ) and
(species™= ‘'logs' );
run; quit;



Now that the top species are known, it is possibleome up with means for these
plant species. The following code creates thatmixeged on the species found
through the process above. The codes are writtgnaotes. Here are some helpful
suggestions: Boolean logic is important so paynétia to the difference between
‘and’ and ‘or’, SAS is not case sensitive BUT, ahsething is put in single quotes

(e.g. ‘Total’), SAS is extremely case sensitive.

proc sort data =BT_July08_merge;
by trt species;

proc neans data =BT _July08 merge noprint ;
by trt species;
var cover;
where species= 'SARA' orspecies=  'POMU' or species= 'RUUR' or
species= 'SESY' orspecies= 'PREM' or species=  'CIVU'
(species®"= 'Total' ) and (species™= 'STUMP' ) and
(species®= 'LOGS');
output  out =July08_top_spp mean=mean stderr =stderr n=n;
proc print data =July08 top_spp; run; quit;

| hope this tutorial and explanation help.
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Appendix 3 — Aerial photographs of Boot provided®gogle Earth.

Note: The overall study site (above) and the 2 2nx pens constructed to protect the
season-long weeds (below) are plainly visible.



Appendix 4a - Bench construction plans

BB w1l =
Cinder blocks

Locations of season-long study plants (positiorend B) -
and those available for monthly harvest (C and D) Racks associated with ™
Blocks 3 and 4 have been
removed to illustrate the
underhying structure of
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Continues
to next

In-line shut off valve
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T- junction )
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system via hose

T-junction hose
connector

54"
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Appendix 4b - Photo board plans

Note: The hardboard used in the constructionigfittstrument had a coating which
allowed dry erase markers to be used. Upper Im&get A was simply left unpainted
while all other parts were coated with the flat #®tpaint to minimize light reflection
from the camera flash. Part B was the 2 cm x etout necessary for the segment
of leaf to be viewed which was measured with tHeédri6400. Part C corresponds
with the 2 cm x 3 cm flat black painted area usgthle Image J software as the
“known” area. Part D was simply where part B lingswith the back board. A line
was drawn 2 cm below this area to aid in the coeisisapture of the same segment of
leaf that was measured with the Licor 6400. Laskg two boards were joined using
fiber tape (duct tape) to form a book-style bindivigich allowed easy pivoting.

Lower Panel This picture was used by Image J software tessskeaf area. Hand
written code indicates a kind of address uniguiwleaf. The plant was located in
Block 1 Plot 2, Cirsium vulgare, position D, andsaanew leaf (selected because the
lower leaf had died).



Appendix 5 — Chapter 4 analytic approach. Repeateasures ANOVA tables with expected mean squareseh as the
covariance structure used for analysis.

Model
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