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Red Dog Enterprises is a Manitoba company investigating the cultivation and extraction of nutraceutical products from red osier 
dogwood (Cornus sericea). This species contains a variety of biochemical products that have potential benefits as antioxidants 
used to fight against cancer and neurodegenerative diseases, and provides natural alternatives to antibiotics commonly used in 
the livestock industry. The objectives of this research were to identify and develop effective methods of propagation from either 
seeds or cuttings and to identify sites meeting a selection of criteria, both of which are considered crucial for successful com-
mercial cultivation. Following recommendations of a previous pilot project, trials were conducted using various pre-treatment 
methods to improve germination success. In addition, propagation trials using both soft and hardwood cuttings were con-
ducted. Based on an analysis of favourable soil conditions identified at naturally occurring stands, habitat requirements outlined 
in the literature, and a selection of socioeconomic criteria developed in consultation with Red Dog Enterprises, a GIS model 
was developed to identify suitable sites. The results of the germination and propagation studies indicated that commercial 
production from seeds is not likely a viable alternative due to low germination success. Propagation trials revealed that cuttings 
collected in the fall, when sugar content is high, are particularly susceptible to rot. The GIS model identified numerous suitable 
sites for commercial production within the pilot study area that met all established criteria and provides an effective and flexible 
tool that can be modified to alter the variables used to define the criteria or add additional criteria as needed. Future research 
will investigate propagation through the collection of cuttings selected at specific times of the year and the application of the 
site suitability model to other study areas. 
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Figure 1 
Characteristic white berries and opposite leaves of red osier dog-
wood (Polk 2013)

Through secondary metabolism, plants produce a wide variety 
of biochemical products, some of which have been found to 
have therapeutic potential in human and animal nutrition, health, 
and disease (Farnsworth and Morris 1976; Chevalier 1996; Dan-
iel 2006). The genus Cornus, commonly known as dogwood, 
is promising in this respect. It is widely distributed in eastern 
Asia and across North America and ethnobotanical reports have 
indicated that several Cornus species are effective for the treat-
ment of human and animal illness and disease (Densmore 1974; 
Turner et al. 1990). However, several technological and eco-
nomic hurdles are typically faced by entrepreneurs who wish to 
isolate and commercially market the active compounds of such 
therapeutic plants. In the case of red osier dogwood (Cornus 
sericea), especially problematic issues are the development of 
effective methods of commercial propagation and the identifica-
tion of sites meeting ideal physical and socioeconomic criteria 
for producing marketable quantities.

Red Dog Enterprises Ltd. (RDE) is a company based in Swan 
River, Manitoba, Canada investigating the cultivation and ex-
traction of nutraceutical products from red osier dogwood. The 
company has conducted unpublished field trials demonstrating 
the effectiveness of these products for a variety of ailments in-
cluding gout and hypertension in humans, as well as the ability 
to fight infection, reduce inflammation, and promote growth in 
livestock. RDE is currently working with faculty at the Univer-
sity of Manitoba Richardson Centre for Functional Foods and 
Nutraceuticals (RCFFN) to develop methods that will optimize 
the extraction and production of these products. Concurrent with 
this initiative, a pilot project was conducted in 2013 at Brandon 
University investigating germination techniques that would op-
timize propagation and commercial production. The long-term 
goals of RDE and RCFFN are to develop a viable nutraceutical 
industry based on the cultivation of red osier dogwood that will 
focus on the use of marginal rural lands, provide an innovative 
and ecologically friendly alternative to existing commercial ag-
riculture, and increase the diversity and resilience of the rural 
economy. 

The objectives of this project were (1) to identify suitable 
sites for the cultivation and harvesting of red osier dogwood 
based on a suite of site suitability criteria established in consul-
tation with RDE, and (2) to pursue recommendations proposed 
by a previous germination pilot project (Polk 2013) to identify 
and develop best practices for commercial cultivation.

Background

Red osier dogwood typically grows in thickets 2 to 3 m high with 
characteristic white flowers and white berries that appear in late 
summer and develop a blue tint late in the fall (Figure 1). The 
thicket structure of red osier dogwood commonly provides shel-
ter for small animals and as a result it has been widely employed 
in wetland restoration projects (Gleason and Cronquist 1991; 
Stevens and Dozier 2002). The red osier variety of dogwood has 

opposite leaves and branches (Figure 1) and white pith. While 
younger branches are green, mature branches may vary in colour 
from purple to brown or red depending on the amount of direct 
sunlight they receive. Identified by its Latin name, Cornus seri-
cea, red osier dogwood is found across Canada (Figure 2) and 
prefers wet, open habitats, where it will tolerate flooding and up 
to 75% shade.

Red osier dogwood contains quercetin, gallic acid, ellagic 
acid, and tyrosol (Tanaka et al. 2003; Mulabagal and Tsay 2004; 
Krishnaiah et al. 2007; Isaak et al. 2013). These antioxidants 
possess the unique ability to neutralize oxidative stress associ-
ated with obesity, diabetes, and inflammation (He and Giusti 
2010; Powlowska et al. 2010; Isaak et al. 2013) and may also 
help fight against cancer (Krishnaiah et al. 2007; Tanaka et al. 
2003), and cardiovascular disease (He and Giusti 2010; Pow-

Introduction

Figure 2 
North American distribution of red osier dogwood (Little 1977)
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lowska et al. 2010). In one study, Sordillo and Aitken (2009) 
suggested that these compounds also have the potential to re-
duce antibiotic use in livestock, provided that a supplement can 
be manufactured. They argue that since oxidative stress is a sig-
nificant problem for cattle in situations such as extreme heat, an-
tioxidants combined with micronutrients may provide a means 
of reducing the need for antibiotics. Along similar lines, Isaak 
et al. (2013) suggest that since plant phenolics are beneficial to 
improving general health, red osier dogwood could be given as 
a dietary supplement to livestock. Krishnaiah et al. (2007) also 
argued that natural antioxidants derived from plants should be 
considered safer for human consumption than synthetic antioxi-
dants, as the latter often have associated side effects.

Based on these potential nutraceutical properties and the 
success of their informal field trials, RDE requested assistance 
from the Brandon University Outreach Program in identifying 
an efficient method of propagating red osier dogwood in western 
Manitoba. An initial pilot project was designed and conducted 
by Zachary Polk and William N.H. Paton. Their findings are the 
basis of the research presented here. Polk (2013) evaluated dif-
ferent methods of breaking seed dormancy as a means of in-
creasing germination success. A blender was used to separate the 
pulp from the berries and procure seeds. Various pre-treatments 
were applied in an attempt to break seed dormancy, includ-
ing sulfur powder, water soaking, and scarification of the seed 
coating through treatment with concentrated hydrochloric acid 
(HCl) for different lengths of time.

The results of Polk (2013) study indicated that seed viability 
was not significantly improved through any of the methods used 
to break seed dormancy. The scarification treatment resulted in 
many rotted seeds with only a single seed of all those treated 
found to be in the initial stages of germination. Overall, only 
28–38% of the remaining seeds tested had the potential to ger-
minate. It was concluded that the blender method used to sepa-
rate the pulp from the seeds negatively affected seed viability 
and that further research be conducted using an alternative tech-
nique such as soil screens to separate the pulp from the seeds. 
It was also suggested that since many other factors may affect 
seed viability, further research should consider other methods of 
propagation, such as cuttings and layering techniques, as they 
may be more effective means of cultivation.

In addition to evaluating propagation methods, the pilot 
project (Polk 2013) sampled and tested soil properties at 25 nat-
urally-occurring stands of red osier dogwood across southwest-
ern Manitoba (Figure 3) to evaluate whether any commonalities 
existed between them. The results of the soil surveys (Table 1) 
suggested that naturally occurring sites in southwestern Mani-
toba share a number of common soil conditions including high 
sand content, neutral to alkaline soils, and low organic content. 
Consequently, it was recommended that potential cultivation 
sites take these criteria into consideration. 

Figure 3 
Location of naturally occurring sites tested by Polk (2013)
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Table 1 
Soil characteristics of red osier dogwood sites in southwestern 
Manitoba tested by Polk (2013)

 
Germination and propagation study
Based on the results of the pilot project, a second phase of 
the seed germination and propagation study was conducted to 
further evaluate germination success with improved seed pre-
treatment techniques. In addition, this study assessed methods of 
propagation through the use of semi-hardwood cuttings. Among 
the parameters assessed for the successful propagation of cut-
tings were the appropriate type and concentrations of rooting 
powders and requirements for bottom heating and misting. Suc-
cessful propagation was determined through a count of roots 
forming along the stems of the cuttings, often referred to as ad-
ventitious root formation (Hartmann et al. 2011).

Seed germination
According to Hartmann et al. (2011), the seeds of ripened, white 
fruit have the highest germination success. Approximately 250 
g of white fruit were collected from a stand of red osier dog-
wood in Brandon, Manitoba on 30 September 2014. The fruit 
remained in cold storage for two weeks, facilitating the removal 
of pulp from the seeds using a 4 mm sieve and water rinses. 
Floating seeds, which accounted for approximately 5% of seeds 
collected, were considered unviable and discarded (Dehgan and 
Yuen 1983; Meerow 2004). The remaining seeds were dried and 
stored in a dark location to prevent early germination (Kilpatrick 

2015). Based on an examination of the seeds after pulp removal, 
this method appeared to be less damaging to the seeds than the 
blender used in the Polk (2013) pilot study.

During the initial trial 300 seeds underwent three different 
treatments before planting. The first 100 seeds were stored in a 
cold room at approximately 4˚C. Commonly known as stratifi-
cation, this technique is a cold treatment used to replicate win-
ter conditions found in temperate climates and is used to break 
seed dormancy (Hartmann et al. 2011). The next 100 seeds were 
soaked in distilled water for two minutes then placed in an incu-
bator at 20˚C. This treatment was meant to act as a control group 
to compare with the stratified and acid treatments. The final 100 
seeds were soaked in concentrated hydrochloric acid for two 
minutes then given the same incubation treatment. This treat-
ment was suggested by Polk (2013) and is meant to mimic the 
effect of stomach acids on the seed coating as it passes through 
the gut of a bird. This is a technique commonly used to break 
dormancy of hard-coated seeds and also removes harmful bacte-
ria (Yildiztugay and Kucukoduk 2012).

In January 2015, the pre-treated seeds were planted in moist 
vermiculite and loosely covered with plastic lids to maintain 
moisture, following a method recommended by Kilpatrick 
(2015). Adequate moisture levels were maintained through 
monitoring with a standard soil moisture meter while seed vi-
ability was assessed by examining an open seed to view the em-
bryo with a dissecting microscope (Meerow 2004; Sawma and 
Mohler 2002). 

Cuttings
As reported by Hartmann et al. (2011), in situations where the 
dormancy of seeds are so difficult to break that it hinders germi-
nation success, cuttings may be a less expensive and more effec-
tive method of propagation. Furthermore, based on the limited 
success of the pre-treatments used in the pilot study, Polk (2013) 
suggested that the use of cuttings be considered. Consequently, 
in addition to the seed germination treatments already described, 
two cuttings trials were also conducted. 

Hardwood cuttings (n=120), consisting of the previous sea-
son’s growth were taken in April 2015 and semi-hardwood cut-
tings (n=150), consisting of the current season’s growth were 
collected in November 2015 using methods described by Hart-
mann et al. (2011). The semi-hardwood cuttings collected had 
new buds while the hardwood cuttings were collected from old-
er parts of the tree. The hardwood cuttings were cut at both ends, 
with the top cut on an angle to differentiate between top and bot-
tom. The prepared cuttings were wrapped in moist paper towel 
and plastic wrap then placed in cold storage (Kilpatrick 2015).

A commonly used growth medium consisting of equal parts 
soaked and drained sand and peat moss was prepared and placed 
in large covered trays to maintain moisture and humidity (Coo-
per 1935; Hartmann et al. 2011; Kilpatrick 2015). Heating mats 
set at approximately 18–21°C were placed under the trays to 
encourage root growth (Cooper 1935; Hartmann et al. 2011; 
Kilpatrick 2015). Slow release fertilizer (14N-14P-14K) was 
added to the medium in the recommended amount according 
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to the product’s instructions. Since stored carbohydrates would 
reduce rooting ability, the buds and the bottom ends of all the 
cuttings were removed (Hartmann et al. 2011). Rooting powder 
was applied to the base of cuttings before planting and excess 
powder was tapped off. Since cuttings have different hormone 
requirements for root growth (Cooper 1935; Kilpatrick 2015), 
Stim Root No. 1 and No. 3 were mixed for semi-hardwoods to 
a concentration of 1000–3000 ppm while No. 3 was used for 
hardwoods at 2500–5000 ppm (Hartmann et al. 2011). Trays 
were stored in the dark until leaves appeared and then moved 
to the greenhouse. The cuttings were monitored for root growth 
by removing cuttings from the medium three times a week and 
observing the presence of root formation.

Early results of this trial showed a lack of root formation and 
the development of black rot that was likely caused by soil com-
paction and the time of year the cuttings were collected. Conse-
quently, a second trial was performed using the same process as 
described above but with cuttings collected earlier in the grow-
ing season that were placed in jars rather than trays. This method 
reduced soil compaction and allowed potential root formation to 
be viewed without having to remove the cuttings from the sand-
peat moss growth medium. The jars were stored in a greenhouse 
and covered with plastic wrap to maintain moisture and bottom 
heat was applied to promote root growth (Cooper 1935; 1938). 
Both trials were monitored daily to maintain moisture using a 
standard moisture meter to maintain soil within the moist range.

Results of germination and propagation study

No germination was observed in any of the seeds planted in the 
stratification, control, or acid pre-treatment seed germination tri-
als. Consequently, a second germination trial was performed to 
determine if a longer duration of soaking in acid was required to 
induce germination. This time, 80 seeds were soaked in concen-
trated HCl for four minutes. However, this treatment resulted in 
germination of only one seed out of the 80 planted.

In four of the 120 hardwood cuttings root growth was evi-
dent during cold storage. Leaves also emerged from all other 
cuttings when moved to the greenhouse, but subsequently dried 
out and died as no roots had formed to sustain their growth. The 
second trial which used cuttings collected earlier in the season 
yielded similar results with fungi growing on the erect stems. 
The seasonal timing when cuttings are collected was suggested 
as a possible cause as elevated sugar content at certain times of 
the year may increase susceptibility to black rot (Svendsen and 
AAFC 2016).

Seeds are typically the most cost effective means of plant 
propagation. Kilpatrick (2015) has recommended that as few as 
five seeds need to be planted, following a float/sink viability test, 
to ensure one successful seed germination under field conditions 
for most horticultural species. Consequently, given the very low 
rate of germination success, these trials would suggest that seed 
propagation may not be a viable approach for the mass produc-
tion of red osier dogwood. These results are similar to the pilot 

study conducted by Polk (2013) and reaffirm the difficulties of 
commercial propagation using seeds.

Since red osier dogwood seeds have thick, hard seed coats 
(Hartmann et al. 2011; Macphail Woods 2016) it is believed 
that up three years of dormancy are necessary for germina-
tion to occur under natural conditions (Kilpatrick 2015). In na-
ture, germination success is likely improved as the seeds pass 
through the gut of birds or herbivores, softening the seed coat 
through a process less severe than the HCl treatments tested in 
this study (Traveset et al. 2001). Hard coated seeds that are col-
lected for propagation typically require scarification and strong 
acid pre-treatments, followed by stratification to mimic natural 
processes for successful germination in the greenhouse to occur 
(Hartmann et al. 2011). However, since red osier dogwood is 
a double-embryo seed with one mature and one immature em-
bryo, the scarification and strong acid pre-treatments with HCl 
likely exposed the immature embryo to the external aqueous 
environment, promoting fungal rot. In the future this could be 
confirmed by examining seed embryos treated in this manner 
prior to planting. 

Based on the recommendations of the pilot project (Polk 
2013) trials conducted in this study used cuttings taken in early 
fall, however, this experiment failed to produce viable plants due 
to the development of black fungal rot. This was an unexpected 
result, since previous research on another species of dogwood 
(Cornus mas L.) had demonstrated successful propagation us-
ing softwood and semi-hardwood cuttings taken in early August 
(Ivanicka and Cvopa 1977). It is believed that the poor results 
obtained here may be due to the fact that dogwood is high in 
soluble sugars during the mid-August to late-December period, 
making it particularly susceptible to rot.

Svendsen and AAFC (2016) confirmed that cuttings taken 
between mid-August and December will not root until chilled 
to between 0–7°C. However, dormant hardwood cuttings col-
lected from September to October and planted directly in the 
ground will root the following spring. Therefore, semi-hard-
wood and hardwood cuttings should be taken during the grow-
ing season before early to mid-August. Further, Svendsen and 
AAFC (2016) found that cuttings taken from January through 
to budbreak in March and April should root under greenhouse 
conditions. This suggests that winter hardening may cause the 
sugars to polymerize, greatly reducing the potential for rot. Fur-
ther, he recommends that cuttings should be 20–30 cm in length 
and pencil-thick at the base. Cuttings used in this project were 
typically shorter.

Site suitability analysis

Despite the abundance of red osier dogwood throughout south-
western Manitoba, a number of site suitability criteria were con-
sidered in order to identify potential sites that would maximize 
yield and profitability as well as utilize marginal agricultural 
lands. In consultation with RDE, a variety of physical, cultural 
and socioeconomic criteria were developed with an aim to lo-
cate areas best suited to cost-effective cultivation and transpor-
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tation of raw product. It was determined that general categories 
for consideration should include soil conditions, climate, current 
and potential land use and value, site accessibility, and proxim-
ity to a potential labour force. The general criteria also provided 
an excellent starting point from which a suite of specific site 
suitability criteria were developed, as described below.

A common approach for performing multiple criteria site 
suitability analyses (MCSSA) is to represent each criterion 
in map form and combine the individual component maps to 
evaluate and determine suitable sites (Malczewski 2004). A geo-
graphic information system (GIS) is ideally suited to addressing 
exactly this type of problem and was therefore used to identify 
suitable sites for the propagation and cultivation of red osier 
dogwood. While the ultimate goal was to identify sites across 
southwestern Manitoba, an initial pilot study area was selected 
so that a workflow and subsequent model could be perfected on 
a study area of a more manageable size. The resulting model 
could then be applied to the overall project study area or any 
other area in the future. In addition, criteria within the model, 
such as buffer distances or acceptable land capability classes, 
were set as parameters within the model so that a user can adjust 
these criteria to suite their specific analysis.

The pilot study area covered the rural municipalities of 
Cornwallis, Langford, Whitehead, North Cypress, South Cy-
press, and Oakland (Figure 4). The initial suite of general criteria 
developed with RDE were narrowed down to a set of eight spe-
cific, quantifiable criteria based on physical and socioeconomic 
variables and for which geospatial data layers were available 
through the Manitoba Lands Initiative website (Table 2). Suit-

able values for each of the soil criteria were based on character-
istics at naturally occurring sites within southwestern Manitoba 
as described by Polk (2013) and possessing habitat characteris-
tics reported by Little (1977). Socioeconomic criteria and other 
habitat criteria, such as protected status and suitable land cover 
type, were determined by RDE. Criteria used to evaluate acces-
sibility or proximity to a labour force were likewise determined 
by RDE, although these criteria were set as parameters in the 
model, so can be easily adjusted.

Typically, criteria used in MCSSA are evaluated in one of 
two ways. The binary model produces a map depicting suitable 
versus unsuitable sites, while the index model produces a map 
in which the rank ordered suitability of sites is identified (Chang 
2015). The type of data available for each component map and 
its role in determining suitability typically determines which of 
these two models is selected. For example, if soil salinity is a 
key factor determining site suitability and the habitat character-
istics of the phenomenon in question are such that a finite cut-
off or limiting value is a logical selection, then a binary model 
identifying sites as either suitable or unsuitable is most likely 
appropriate. Alternatively, if the phenomenon is able to tolerate 
a range of soil salinity, and no limiting value exists, then a range 
of rank ordered suitability or index values may be developed. 

Initially, attempts were made to evaluate the criteria using 
the index model to determine rank ordered levels of suitability 
based on soil drainage, texture, salinity, pH, agricultural capa-
bility class, and land cover type. However, this approach was 
abandoned when no previous research describing these specific 
habitat criteria could be identified. Consequently, there was no 
objective way to effectively evaluate and assign index values to 
various levels or amounts of acceptable soil salinity criteria or a 
range of other criteria. As a result, the binary model of analysis 
was employed because the finite limiting conditions for each of 
the criteria was either previously determined through the Polk 
(2013) study, or was well documented in the existing literature 
(Little 1977). Sites that met all of the criteria outlined in Table 
2 were considered suitable, while sites that failed to meet even 
one criterion were considered unsuitable. Put in simple terms, 
the “one strike and you’re out” form of the binary model is often 
employed when an unsuitable instance of any one criterion has 
been determined to eliminated a candidate site from consider-
ation. 

Constructing the model
The advantages of developing a binary model in a GIS are that 
parameters and variables can be easily adjusted and that the 
model can be executed multiple times as criteria change, new 
decision rules are considered, or criteria are added (Chang 
2015). In addition, the model can be shared and executed as a 
tool in ArcGIS, effectively encapsulating the workflow and the 
expert knowledge of the model’s development team within a us-
er-friendly interface (Chang 2015). An end user would then in-
put the geospatial data layers for their own study area, adjust the 
parameters, set variables, and run the model. When executed as 
a tool within ArcGIS the model follows the prescribed workflow 

Table 2 
Selected physical and socioeconomic criteria (Province of 
Manitoba 2016)
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Figure 4 
Location of project and pilot study areas within Manitoba
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of the development team, selects sites meeting the criteria, and 
creates a new output geospatial data layer depicting polygons 
representing suitable sites. 

Figure 5 depicts the workflow that was developed in the Arc-
GIS ver. 10.3 Model Builder application. In this figure, the input 
geospatial data layers representing each criterion are depicted 
by blue ovals, analytical operations by orange rectangles, tem-
porary output data layers by green ovals, and parameters set by 
the user by cyan ovals. 

In the following description of the workflow depicted in 
Figure 5, words describing ArcGIS functions (i.e., the names of 
tools and operations) are italicized. First, the populated places, 
roads, and land cover data layers (Figure 5a) were clipped to the 
pilot study area. Next, multiple land cover data layers covering 
the study area were merged (Figure 5b) and the resulting output 
layer dissolved (Figure 5b) by land cover type to remove the 
remnant township boundaries. Likewise, the soil data layer was 
merged (Figure 5b) and then dissolved (Figure 5b) to remove the 
rural municipality boundaries. The protected areas layer and the 
study area layer were combined using the union map overlay op-
eration (Figure 5c). Protected areas were then selected and delet-
ed using the select by attributes function (Figure 5c). The buffer 
tool (Figure 5d) was applied to the roads and populated places 
layers to create buffer zones of 1.6 km and 20 km respectively. 
The two output buffer layers were then dissolved (Figure 5d) to 
remove internal boundaries between buffer polygons. The appli-
cation of the intersect map overlay tool (Figure 5e) combined all 
of the component layers and their associated attribute tables into 
one output layer to which further analysis could be applied. A 
new field was added to the attribute table (Figure 5f) into which 
values (i.e., suitable or unsuitable) were calculated. A selection 

by attribute query was performed using the calculate field tool 
(Figure 5g) to select out suitable versus unsuitable values. A py-
thon script was used to perform this selection. If the selection 
met the criteria, the value was calculated as suitable. If the selec-
tion did not meet the criteria, the value was populated as unsuit-
able. The output layer was then dissolved (Figure 5h) based on 
final suitability. Last, the geometry attribute tool (Figure 5i) was 
applied in order to select sites with an area greater than or equal 
to 16 ha. (40 ac.). The final output layer represented all suitable 
sites found within the pilot study area.

Results of site suitability analysis

Figure 6 illustrates the suitable sites identified for the pilot study 
area based on the results of the model as described above. The 
model identified 321 suitable sites within the pilot study area 
that satisfied all criteria. The majority of suitable sites occur 
along or adjacent to riparian habitats because they meet the es-
tablished soils criteria and are typically of marginal agricultural 
capability. Other suitable areas were identified in ephemeral 
wetlands, such as the Douglas-Griswold marsh, and on margin-
al agricultural lands. An overwhelming proportion of the pilot 
study area was deemed unsuitable because it either did not meet 
the socioeconomic criteria, or was excluded since it was already 
productive agricultural land. The largest site covered an area of 
902 ha. (2255 ac.), the average site size was 92 ha. (230 ac.), 
and the total area of suitable sites was 29,596 ha. (73,990 ac.) or 
6.5% of the total pilot study area.

Figure 5 
Schematic illustrating the model created within Model Builder
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Conclusions
 

While the seed germination and cuttings trials conducted were 
unsuccessful, valuable lessons regarding pulp removal, the ef-
fectiveness of pre-treatment trials involving cold treatment by 
stratification, acid treatment, and best practices for collection 
and preparation of cuttings are described. Consequently, this 
research has contributed to the potential development of a vi-
able nutraceutical industry using products derived from red 
osier dogwood by eliminating these specific pre-treatment and 
cuttings methods as viable propagation methods and providing 
informed recommendations for further research. In particular, 
commercial production from seeds appears unlikely and cut-
tings collected between mid-August and January are particular-
ly susceptible to rot. Fortunately, new information suggests that 
cuttings collected prior to mid-August, or past seasons growth 
collected after January to just before bud break, so that winter 

hardening has reduced the sugar content, may be more success-
ful and warrants further research.

This research has also resulted in the development of an ef-
fective model that can be used to identify suitable locations for 
commercial production. This model has the advantage that it can 
be modified to either alter the parameters or variables used for 
existing criteria, such as the proximity to roads or minimum site 
size, or to add additional criteria in the future as required. The 
model can then be applied to any selected study area provided 
that the input data layers are available. The next steps in this 
regard will be to apply the model to the larger project study area.
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