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Abstract

Liner production is a key segment in the nursedusiry. Due to a lack of
specific of quality standards by governing industrganizations as well as a lack of
general consensus among growers of perceiveddumedity, a conjoint analysis study
was developed to determine buyer and grower predesefor nursery liner product
features during point-of-purchase decisions. Thdystised a visual survey using six
variables (first order lateral roots (FOLR), pricegion of production, and height, canopy
density and caliper uniformity) with varying leveleldinga 3 x 3 x3x2x 2 x 2
factorial design. Surveys were administered atetshdws and events around the
southeastern United States. Results indicatedathagh FOLR, a uniform canopy density
and height were most important to purchasing dessof nursery liner buyers, while
liner price and region of production were found twobe important. From the
experimental model, utility values for each prodieetture were derived and can be
inserted into an equation to determine a hypothaktjoality rating. Growers can use this
formula to determine hypothetical quality ratings their products and serve as a
marketing tool for growers.

To determine if the production of premium qualibers is economically feasible
and help aid growers to take advantage of nichemppities we investigated production
costs of growing ornamental nursery liners in a BSWant Hardiness Zone 6b to 7a
nursery. We used three contemporary nursery liregyzction systems: a field-
groundbed system, a polyhouse-covered groundbéeda anlyhouse covered container

system. We estimated capital requirements, fixestiscand variable costs for each



system. We also compared production costs of aldeas plant, a broadleaf evergreen,
and a needle leaf evergreen to allow inferenceatahe widest variety of nursery liner

crops.
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Chapter 1

Literature Review

Introduction

Liner production is a key economic segment of thesery industry. Although
production methods have changed with time, the egtiscand goals have not. Liner
production starts when a seed, rooted cuttingseu¢ culture plantlet is planted in a
ground bed or pot. These plants will usually beagrdéor one year, in which the primary
emphasis is placed on promoting the root systeredi®eys will typically be undercut
once they have emerged to promote lateral root thir¢@arber et al., 1999). Seedlings
will be lifted in the spring and graded, and eitkeld or transplanted into the field to be
grown further. Liners can also be grown in plugsrar containers, for example, a 1
gallon container (3.78L) or 4" (798 &rose pot. Container-grown liners are a growing
trend in today’s nursery industry, especially im@onerized finished tree operations
(personal conversation with Gene Griffith, Wilkemddill Nursery, 01/04/2007).

The next stage of ornamental tree production isifvproduction. During this
stage, liners will be placed in very tightly spaceds to promote stem height. Typically,
plants are grown for one year and then cut offiatrbot collar. Multiple shoots emerge
from the cut and the straightest shoot is chosdrstaked for best quality. After a second
year of growth, the whip is lifted and sold or satanted to the field for final production.
During whip production, plants may be undercutitbia root growth, but the primary

emphasis is development of a straight stem (Gaatoalr, 1999). At this point in the



production process, the plant will either be sald/ar transplanted into a field for
“finished” tree production.

The definition of a liner is often misundersto@mhe grower may consider a
three-foot tall tree whip a liner, while anotheoger will consider it to be a small
seedling. An explanation for this confusion istttveo of the three stages of the
production process are combined. Some southeasegsavill tend to grow a seedling to
the whip status and sell the “whip” as a liner §o#ral conversation with Mark Halcomb,
University of Tennessee Extension, 8/16/2006). Thisfusing language has possibly led
to lost market opportunities for Southeastern dr8wers (personal conversation with
Gene Griffith, Wilkerson Mill Nursery, 1/04/2007ince liner sales are often focused on
root systems, it is possible that a majority of@ner's emphasis might be on the roots.
We are interested in quality parameters of the sgstem, as well as other characteristics
that buyers assess when making purchasing deci€ihsr characteristics of liners may
relate to market demands. Many nursery industrelsitend to want a more uniform
product, whether their focus is on caliper, heightcanopy uniformity. Liner
characteristics are all relatively controllablenfra grower’s perspective. Caliper and
canopy uniformity can be influenced by bed plantiegsity, or the number of stems
grown per square meter. Height is typically conéalin the nursery, not necessarily for
uniformity, but mainly for shipping issues, as weslto promote root growth (personal
conversation with Mark Halcomb, University of Tessee Extension, 10/16/2007).

For the purpose of this study, we define a linea asedling, rooted cutting, or
tissue culture plantlet that has been grown foedr either in a seedbed or in a pot, then

used for nursery planting stock (Garber et al. 9)98he primary focus of this study



emphasizes the liner production phase and parasnateuality perceived by growers. In
today’s competitive nursery industry, a grower nfust ways to increase quality
standards of the end product. If the nursery stwdlker is of poor quality, it increases
the chance that finished plants will also be paglidy. Liner quality plays a role in out-
planting survivability.

A majority of tree liners are produced on the wesst. There has been some
debate about whether a liner grown in the southemadt compete with a liner grown in
the Pacific Northwest. A commonly stated belief aggrowers is that high quality
liners come only from specific areas of the countrigh key regions including the
pacific northwest (primarily Oregon), lower southatates (primarily Florida), and
northern Midwest states such as Michigan and Qteospnal conversation with Don
Shadow, Shadow Nurseries, 02/16/2007).

Currently there are no actual quality standartisise/n by the American Nursery
and Landscape Association (ANLA). Current ANLA stards only govern minimum
caliper requirements of flowering and shade treers (Table 1-1, see end of chapter
appendix). Due to the lack of well-defined industrigle standards for liners, various
regions of the country have different perceptiohguality.

Perception of quality is a multidimensional cortic&arious aspects and different
methodologies have been introduced to the induStany liner growers and buyers
seem to have their own methodologies for asseslsenguality of nursery stock. Seedling

guality can be assessed using either physiologrcadorphological approaches.



Physiological Measurements of Transplant Success

Physiological evaluations of hardwoods usually ag#i seedling vigor. The
objective is to predict seedling survivability whemecific physiological stresses are
imposed. There are several common methods of asggds/siological quality.
Physiological quality tests have included root giopotential (RGP), root-electrolyte
leakage (REL), shoot water potential (WP), and rooisture content (RMC) (Wilson
and Jacobs, 2006).

Physiological measurements are often time consuarmadgexpensive, which is
primarily the reason these are often performedrdetstely on a proportion of seedlings
grown for the forestry and paper industries or &deed crops (Wilson and Jacobs,
2006). A much more rapid and non-destructive methodld be more logical for nursery
growers primarily producing an ornamental crop. Megaments that examine the
morphological characteristics focus on visible eleggristics that can be rapidly

identified by trained employees.

Morphological Assessments of Quality

Most nursery grading practices rely on rapid agsesss of plant morphological
characteristics. Like physiological attribute measoents, morphological measurements
are usually linked to field survivability and ovérseedling health (Kormanik et al.,
1998; Clark et al., 2000; Wilson and Jacobs, 200@&asurements such as these are
rather subjective and standard parameters haveeeot widely accepted by the industry.
Grading criterion usually differ depending on thiewger, and on the plant species being

produced. Some growers may simply set grading atasdased on height and root
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length of the seedlings, choosing the largest althg smaller seedlings (Clark et al.,
2000), believing the larger the seedling has atgrednance of survivability. Most of the

visual grading done in the liner industry is a waisgrade of the root system itself.

First Order Lateral Roots

One major morphological plant characteristic attrélal with transplant success is
number and size of first order lateral roots (FOL®t)side roots arising from a taproot
that are greater than 1 mm in diameter 30 mm béhewoot collar (Kormanik et al.,
1998; Clark et al., 2000). First order lateral soptovide the structural framework of the
root system as well as sites for root initiationd avater and nutrient uptake for the plant
(Dey and Parker, 1997). Although FOLR counts atearmmeasure of root density they
have been shown to be a good indicator for rodesysjuality, field survivability, and
predict seedling performance (Schultz and Thomp$886; Kormanik et al., 1998;
Jacobs et al., 2005). Many growers would benadihfthe FOLR evaluation method
because it is quick, relatively easy, and non-desire to the stock (Jacobs et al., 2005).
Measurements of FOLR allow a grower to have a giaive assessment of the root
system, which may be more important in studiesubpfpdanting success (Kormanik et al.,
1998).

Cultural practices such as bed density and undergunay influence FOLR.
Liner bed planting density can influence productdribrous roots, quantity of FOLR
and overall root density. A grower must be ablgrtmwv enough liners to cover
production costs, but problems can develop if ther$ are grown too close together.

Crowding seedlings does not allow for adequate dewtlopment, which could affect

5



root quality (Schultz and Thompson, 1996; Jacolad.e006; Cicek et al., 2007).
Northern red oak and black walnut seedlings produsere number of FOLR and
fibrous roots when grown at 64 stems péwhen compared to those grown at 128 stems
per nf, even when compared to non-undercut treatmentai(&cand Thompson, 1996;
Jacobs et al., 2006; Cicek et al., 2007). Howabhernumber of FOLR was significantly
greater when seedlings were grown at 32 stems peByrsimply lowering bed planting
densities, a grower can significantly improve rdensity, fibrous root production, and
number of FOLR (Schultz and Thompson, 1996). Unaérng does not just generate
FOLR; however, it can stimulate fine root produntiespecially when depth of cut is
considered. When the tap root of English d@kroburL.) was cut 18 cm below the root
collar, production of fine roots declined compavéth fine roots on liners cut 33 cm
below the root collar (Harmer and Walder, 1994;#zhand Thompson, 1996). Since
shoots grow at expense of roots, it is conceiviidéundercutting would have an
adverse effect on plant shoots. Undercutting segslireduced root to shoot dry weight
ratio and reduced height of sessile d@kpetraeaMattusch.) Liebl., compared to non-
undercut control seedlings (Andersen, 2004).

Though FOLR can be used to predict first year daitjing success, it is just one
considerable characteristic. Assessments of FOldRackeristics do not provide a grower
any additional information about the canopy or hgigor does it tell anything about the
caliper development of the plant. Grading crité@&ed on root characters are relatively
easy to evaluate in 1+0 bareroot seedlings. Iptbduction of container grown liners,
evaluations of the root systems are limited, ardrtiot architecture is not visible.

Fibrous roots may be present in plug liners bmusianeously, girdling of the roots may

6



be occurring. In containerized liner productionteyss other visible characteristics must
be taken into account. Growers may grade plugdibased on height uniformity while
simultaneously checking for presence of diseases@pal conversation with Jeremy
Depey, Spring Meadow Nursery, 01/04/2007). Mostvgns tend to check for good roots
on the outside of the root ball and compare tHatmation to the relative height of the

plant (personal conversation with Stacy Moore, @ggdv Liners, 02/16/2007).

Root Collar Diameter

Root collar diameter (RCD) is another morphologioaasurement used to
predict field survival. Root collar diameter cas@be an indicator of a quality product.
Root collar diameter has been linked to long-teetfdfsurvival and stem development.
There were positive correlations between RCD andAF@ northern red oak when

comparing “premium” and “good” liner grades (Clatkal., 2000).

Caliper Uniformity

A majority of growers advertise using caliper arod RCD. While RCD is an
important measure of quality in liner stock, wedisaliper because many growers will
identify with caliper more readily than RCD. Thouife ANLA does give some general
guidelines on what caliper measurements are addeptaany growers have expressed
concerns with caliper uniformity (personal convémsawith Jeremy Depey, Spring
Meadow Nursery, 01/04/2007). A possible explanaisaihat caliper measurements will
vary among species and could vary with the needseofjrower. With a wide diversity of

needs from buyers the industry is becoming morenamigk responsive to the demands of
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the final consumers (homeowners, landscaperspetgving a relatively uniform plant

crop to sell.

Region of Production

A nursery’s reputation is often key to identifyiggality characteristics of a
product with its consumer. The nursery industrthie United States is regionalized and
each region tends to be known for a particularmque growing method or crop. A
majority of liners bought in the southeastern Uai®. purchased from the Pacific
Northwest. Growers are now assuming that if theewyrliner stock is produced in the
Pacific Northwest then the stock should be of tgghlity. This perception can be
partially attributed to the region’s mild wet cliteeand sandy loam soils in which liners
are grown, particularly for Oregon (personal cosaéion with Trudie Hayes, Hayes
Nursery Enterprises, 02/16/2007), which also allfavsa shorter production period than

Tennessee growers.

Multi-functional liners

Southeastern growers are able to compete by adaptimarket trends. One trend
is production of container-grown liners. The onsgpdebate about the merits of plug
liners versus groundbed grown liners has raisedrakissues. Initial equipment costs are
not as high for container and plug-grown linerd, fmeduction time to sale lengths are
increased. An advantage of container-grown linethat these plants can be harvested
and shipped independent of unfavorable weatheritons. Container-grown liners also
fill a niche as being multifunctional customer apis. Although container-grown liners

have their place in the industry, these plants Isawee limitations. For example, if plants
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are kept in the containers too long, roots willdree pot-bound and could potentially
damage the plant. Another limitation is there is aroeffective method to evaluate the
root system. If these pot-bound liners are solghpd and transplanted to the field, roots
have potential to girdle the liner causing injupytihie plant.

A multifunctional liner could be used for containkeld, or other production
types. Most Tennessee liners are grown in groums-ae whips and are not
multifunctional; meaning the stock usually meets teistomer needs. Multi-functional
liners are plants that can be marketed to a vaoktystomers. For example, a liner
grown in a plug tray can be marketed to a variétyustomers including mail-order
nurseries, retail nurseries that do not have a gmaaunt of production space, and field
nurseries. A mail-order nursery could not use whipsause the height of the product

would make it difficult to ship.

Perceived Quality

From a grower’s perspective, perceived liner qualitaracteristics can be
somewhat vague. People often say one thing andaber when making point-of-
purchase decisions. The grower’s true perceptiomhait makes a high quality liner is the
main focus of this study. Quality perception toravger might entail packaging, the root
system, stem uniformity, etc. In a majority of cagarice might dictate the decision-
making. However, some growers might be willing &y pnore for a higher quality liner
even if the low quality product is of the same $pe@and significantly lower in price.
Because of quality perception some southeastemgggoare already willing to pay the

shipping costs for west coast liners to be abkedieertise that their starter material comes
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from the west coast (personal conversation withdieriHayes, Hayes Nursery

Enterprises, 02/16/2007).

Conjoint Analysis

Liner quality is a multi-dimensional concept (PaJrR@02; Wirth et al., 2007).
Several attributes come together to make up theahw®nceptual view of quality. We
know that FOLR number, height, caliper, and candgysity (mostly in evergreen and
plug liners, but can be considered branching indietis species) seem to be the most
prevalent. Other characteristics such as regigraduction may also have an influence
during the point-of-purchase.

Conjoint analysis, sometimes called tradeoff ang)Jym more generally choice
experiments is a statistical method in which aoesent’s preference for a product are
broken down to determine the respondent’s infeatddy function for each attribute of
an item and the relative importance of each atteilod an item (Wally et al., 1999;
Palma, 2002; Wirth et al., 2007). Conjoint analysibased on the assumption that people
make purchase decisions based on multiple variables allows respondents to choose
an item (make a purchase) by forcing them to medaetoffs of one or more
characteristics for others. If a respondent wergrtgly rank the characteristics from
least desirable to most desirable based on onadiesistic alone, the data will reveal
nothing of how different characteristics interactfry, 1996). By forcing respondents to
consider purchase preferences based simultanemushultiple attributes, we can
determine the relative importance of each charatiepf a product and the trade-offs

for others features. The test procedure may bekang of most preferred to least
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preferred, but the difference is that as the redponplaces characteristics in rankings,
more and more difficult decisions must be madehigyrespondent by trading off
different characteristics for others (Wally et 4899).

Conjoint analysis, unlike focus and market resegrohips, allows the study to be
less biased (Mason et al., 2008). The most comymndf conjoint model is a factorial
design. Studies are usually conducted throughemgurveys with written descriptions
of the product features. Survey respondents arallysasked to rate the products on a
numeric scale (Palma, 2002; Wirth et al., 2007 njGimt models then estimate utility
values for each product attribute selected in thdys
Conjoint studies also include products that arerrefl to as holdouts. Holdouts are used
in conjoint studies to examine the effectivenesthefmodel’s ability to predict the utility
value of a product by comparing the model’'s presictalues with actual survey
respondent’s average. (Palma, 2002; Wirth et @072 For example, a 1999 study
examining the consumer preferences for GeranRaafgoniumsp.) characteristics used
a blue flower color geranium as one of the holgootucts (Behe et al., 1999). While
blue flower color in geraniums does not exist ia tharketplace and researchers
predicted that it would do well as a “new” produessults showed that respondents did

not prefer a blue flowered geranium (Behe et &99).

Economics of Perceived Quality
Liner Production costs:
The Tennessee nursery industry of today has veryifer producers as defined

by this project. Accordingly, there may be an oppoity for a new grower, or even a
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current grower to enter this segment of the ingudthere is a need and opportunity for
high quality liners produced in the southeast,art pecause shipping costs for
transporting liners from the west coast to the Iseast are high (personal conversation
with Don Shadow, Shadow Nurseries, 02/16/2007).

One of the major concerns of a nursery’s transitoolner production is the
initial investment costs, as well as operating €dést the business. In 1983, an economic
study investigated three types of production syst@anrooted cuttings: 1) outdoor
propagation beds, 2) Quonset poly houses, andtB)dmdy house and outdoor beds
(Dickerson et al., 1983). The study examined costsrred during rooted cutting
production. Formulae for computing costs were dgwedl to help growers make sound

financial decisions.

Capital costs:

Whether building a new operation or expandingastig nursery operation,
significant capital investments are required. Thagethree primary cost categories to be
considered when determining the amount of capéated: land, buildings, and
equipment. Land costs usually represent a sigmifipartion of the initial cost. The land
area required for liner production is not as laageneeded for a full-scale “finished” tree
and shrub nursery. However, actual acreage costt ithe only land cost; to consider.
Land improvements such as grading, graveling adsppond construction, etc., can also
be costly. Both of these costs usually vary dependn the region of the country.

Another benefit of owning the land is that it appages in value over time.

12



Thebuildingsline item in the capital requirements includeddings and
structures built and used for the nursery operaBanlding costs vary by type of
production system used, as well as the specificabip@al needs. While equipment costs
are a significant expense to liner producers, grewéen save money by purchasing

used equipment.

Fixed Costs:

Fixed costs are costs that do not vary with thelle¥ production (Badenhop,
1985). Fixed costs usually include: depreciatiaterest, rent, taxes, insurance and
general overhead. Depreciation is considered aaresqy but it is not technically “paid”,
unless a business is sold (Badenhop, 1985; Scarlorand Zimmerer, 2006). There are
several methodologies for calculating depreciatiosts. Most common are straight-line,
sum-of-the-years digits, and double declining begai\ nursery owner should consult
their accountant or tax preparer to determine whietthod is appropriate. Interest is
simply any interest that is accumulated from loamtstanding, of which rates can vary.
Taxes usually vary from state to state, and a mp®&ner should consult with a tax
preparer or accountant to determine all taxes aesl that might be applicable in their
area. General overhead includes items such as veorkmompensation insurance,
utilities, unemployment insurance premiums, etc.

Even though these costs are considered fixed,daeyncrease or decrease as the
number of production unit changes. In other wotifds grower produces more plants,
fixed costs are distributed over a wider rangeaddilsle product, thus decreasing the

individual costs attributed to each plant. In 19B&denhop compared incurred fixed

13



costs between a large and small nursery. A smatleny was defined as 16.2 hectares
(40 acres) of growing space with 4 hectares (18Q@f production facilities. A large
nursery was defined as 34.4 hectares (85 acregpwofing space with 6.1 hectares (15
acres) of production facilities (Badenhop, 198%yeFjroups of woody ornamentals were
examined: Euonymug(onymuspp.), Juniperslniperusspp), Forsythia Forsythia

spp), Maple Acerspp), and Dogwood@ornusspp).

Variable Costs:

Variable costs are the most prevalent, and oftest mecognizable expenses
considered when estimating production costs. Urfl#ed costs, variable costs such as
chemical applications, irrigation, harvesting, gthlange with the production needs of the
firm (Scarborough and Zimmerer, 2006). A major jorof the firm’s variable costs
usually deal with labor expenses. Because of tiye lempact of variable costs on a
firm’s profit margin, variable costs should be amdhe first line items to be inspected
when trying to cut costs. Variable costs fluctudpending upon the production system
being utilized, as well as what cultural practi¢ges. pesticide application, top growth
trimming, bed planting density, etc.) the nursetiliaes. Every time a cultural practice or
other step of production is performed on a crop,dbst of production is incurred by that
crop. For example, if a nursery were to experiemdeought, such as the one of the
summer of 2007, more frequent irrigation would kbeded just to keep the crop alive.
Even if the nursery is operating on well wateruimed costs include the gas or electricity
used to pump the water from the well and can hasigraficant impact on the overall

operating expenses. Heat and drought also indine ptoblems like reduced plant
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growth, susceptibility to pathogens, and insect&¥hen a nursery sprays a pesticide,
the total cost to perform that operation includhe tlepreciation on the equipment used,
the fuel to get to the field and perform the tdbkk, chemical itself, the cost(s) of the
water to mix with the chemical, as well as the fatmst for the applicator (Hall et al.,
1987; Hinson et al., 2007). To be successful anéitpble, a grower must take into

account exactly what it costs to produce a crop.
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Table 1-1: Minimum Caliper, Height, and Root Lengths for Demds and Coniferous
Evergreen Tree Seedlings

Min. Caliper " Min. Height Min. Root Length
mm (in) mm (in) mm (in)

Deciduous Seedlings

1.6 (1/16) 76 (3) 101 (4)
2.4 (3/32) 76 (3) 127 (5)
3.2 (1/8) 152 (6) 152 (6)
4.8 (3/16) 304 (12) 203 (8)
6.4 (1/4) 457 (18) 254 (10)
9.5 (3/8) 609 (24) 304 (12)
Coniferous Evergreen Seedlings

1.6 (1/16) 152 (6) NS

2.4 (1/8) 228 (9) NS

3.2 (3/16) 304 (12) NS

“Table adapted from American Standards for NursevgkSby American Nursery and
Landscape Association (ANLA)

¥ Caliper shall be taken at the ground-line justvahtiie root collar (ANLA)

* Root lengthNS= not-specified.
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Chapter 2

Quality Assessment and Purchasing Decisions of Nung Liner Buyers:

A Conjoint Analysis
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Abstract

Liner production is an important segment of thesety industry. Many different
parameters can be used to describe liner qualig.tb a lack of specific quality
standards by governing industry organizations agereral consensus of perceived liner
guality, a conjoint analysis study was developeddtermine nursery liner buyer
preferences for product features during point-afepase decisions. A visual survey was
developed using six attributes (number of firstesridteral roots (FOLR), price,
production region, height, canopy density and ealimiformity) with varying attribute
levels yielding a 3 x 3 x 3 x 2 x 2 x 2 factoria@sign, and was administered at
tradeshows and events around the southeasternR&s8lts indicated that high FOLR
was the most important attribute during buyer pasiig decisions, along with height
and canopy density uniformity. Price and regiopmiduction were found not to be
critically important to purchasing decisions. Fridm experimental model, utility values
were calculated for each feature level. From tivedges, growers will be able to estimate
product ratings for various nursery liner produdtsis tool will be able to aid growers in
emphasizing characteristics that buyers evaluaieglpurchasing decisions, as well as

the development of marketing strategies for sowgtieea U.S. markets.
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Chapter 2

Quality Assessment and Purchasing Decisions of Nung/ Liner Buyers:

A Conjoint Analysis

Introduction

Liner production is a key economic segment of thsery industry. Although
production methods have changed over time, thergeoencepts and goals have not.
Liner production starts when a seed, rooted cutbngissue culture plantlet is planted in
a ground bed or pot, and grown for one year, irctvitihe primary emphasis is placed on
promoting the root system. These plants will bel swid/or transplanted as either field or
container stock to become a finished product. Al wiost products, nursery liner buyers
are in constant pursuit of high quality liners farsery stock. The term “quality liner” is
not necessarily defined by growers, but rather rilesd with many different parameters.
For the purpose of this study we define a linea asedling, rooted cutting, or tissue
cultured plantlet that has been grown for one wgéther in a seedbed or in a pot, and then
used for nursery planting stock (Garber et al.9)99

Growers often use morphological characteristiograding criteria for liner stock
due to previous research linking these charadiesitt field survivability and vigor.
Morphological characteristics are easily identifeed! require minimal time and
employee training to be adequately assessed. Sarpghological characters include: the
number of first order lateral roots (FOLR) or rogteater than 1mm in diameter that are
30mm below the root collar (Kormanik et al., 1998t collar diameter (RCD), caliper
measurements, height, etc. While many differentpinological characteristics can be
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indicators of “quality”, buyer preference and péved quality is of most importance
(Clark et al., 2000).

Perception of quality has been recently appliggrémuction regions, especially
the Pacific Northwest region of the United Stafidsgese quality perceptions also seem to
vary among liner buyers. Due to lack of previousesrch on perceived liner quality, we
surveyed various growers and asked their opiniautidyhat constitutes a “quality”
liner. Some growers simply evaluate the overalle@pance, checking only for signs of
disease or insect damage (personal conversatibn@viGriffith, Wilkerson Mill
Nurseries, 1/04/2007), while others stated thdumity was very important (personal
conversation with D. Shadow, Shadow Nurseries,/2(00%). Many different
characteristics seem to impact overall buyer per@ep of nursery liner quality during
purchasing decisions.

To better assess nursery liner buyer perceptiogsiaity and purchasing
decisions, we adapted a survey technique that altoultiple product attributes and
attribute levels to be analyzed simultaneously, fances liner buyers to trade-off certain
liner characteristics for others. Conjoint analys@metimes called tradeoff analysis, is a
statistical method in which a respondent’s prefeesrfor different product choice
options are broken down to determine the resposderfierred utility function and
relative importance of each attribute of a prod@atrry, 1996; Walley et al., 1999; Wirth
et al., 2007). Unlike focus and market researchuggpconjoint analysis techniques, most
often conducted through written surveys, allow ssdo be less biased (Mason et al.,
2008). After ranking each product with varying iftites, conjoint statistical analyses

produce utility values for each product attributereby allowing researchers to make
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inferences about effects of interactions of attelston respondent product rating (Curry,
1996; Wirth et al., 2007). In conjoint studies,dmit products are also used to measure
predictability of the experimental model by compgrthe model’s predicted utility
values with the actual survey respondent’s avefBghe et al., 1999; Palma, 2002;
Wirth et al., 2007).

Though we can describe what attributes constitdiigla quality liner, we are
more interested in which attributes liner buyersggawhen assessing bareroot nursery
liner stock. Based on a review of the literaturd arfiormal phone interviews with retalil
and wholesale nursery liner buyers, we identifigckey attributes that influence buyer
preferences for liners: price, region of producticot appearance (FOLR number) and
uniformity of liner height, canopy density, andipal. By using conjoint analysis, we
will be able to more accurately determine the redaitmportance that buyers place on
nursery liner product attributes when evaluatingsaty liner stock and making point-of-

purchase decisions.

Materials and Methods

Most conjoint studies utilize a written survey tat@n data. Surveys usually
contain only descriptions of the products beinget@svith respondents rating each profile
on a numeric scale. Our study utilized a visuatsywith sets of images that portrayed
nursery liner products with different product ditrie combinations. By conducting the
survey in this manner, we were able to more closetyic nursery liner buyer point-of-
purchase decision processes. Product images cedtai#0 Nuttall oakQuercus nuttallii

Palmer) bareroot liners, which were chosen bectgeroot and shoot appearance

24



during dormancy are representative of a wide wapéplant species. Variables were
defined as the quality parameters (features) ifledtboth from informal grower surveys
and the literature: FOLR number, price, region mfdoction and caliper, canopy density,
and height uniformity (Table 2-1, see end of chappendix).

The combination of these attributes and their retbype feature levels yields a 2 x
2 x 2 x 3 x 3 x 3 factorial model. Conjoint Desigiseftware was used to generate a
fractional factorial design (Bretton-Clark, 198®Which provided an orthogonal subset of
16 feature levels needed to generate digital imafase liner product attribute
combinations (Table 2-2 and Figure 2-1). To obthanursery liner product images, we
used Nuttall oak liners from a local nursery (Tess®® Forestry Nursery). Liners were
first divided into short, medium, and tall heighbgps; then subdivided with height
grades into 3 FOLR grades: low =4 or 5 FOLR, m@ler 7 FOLR, and high =8 or 9
FOLR after previous studies (Kormanik et al., 1993 ce segregated these liner pools
were used to select combinations of either multipéenched or un-branched specimens
or either thin = 1- 3 mm in diameter or thick =B mm stem caliper at about 1 cm above
the root collar. Products were photographed usidigjigal camera mounted about one
meter above the table. As needed images were élitjially altered using Adobe
Photoshop to emphasize variations in product ckeniatics based on criteria for product
profiles as prescribed by the Conjoint Designet&arfe output (Table 2-2 and Figure 2-
1).

In addition to the 16 nursery liner products, thesey also includes two
“holdout” products. The first holdout product (HO&as constructed as the hypothesized

“ideal” product feature combination: a high FOLRuab (8 or 9 roots), uniformity among

25



the height, canopy density and caliper among tiexdiin the bundle, grown in the
southeastern U.S. region, and with a mid-rangeemfa $1.60 per liner. The second
holdout product (HO2) has a low FOLR count (4 @06ts), no uniformity of height,
canopy density and caliper among the liners irbtlnedle, grown in a unspecified U.S.
region, and with a high price of a $1.90 per lifleable 2-2 and Figure 2-1).

Surveys were administered to liner buyers and grewethe 2007 Southern
Nursery Association Trade Show, the Tennessee Gneestry Field Day, and Smoky
Mountain Nursery Tour and at the 2008 Mid-Statestigigltural Exposition.
Respondents first provided demographic informatsuth as primary operating location
of the business; whether respondents grow, busglbliners; approximately how many
acres they have in total production, and approx@gathat percentage of that acerage is
used for liner production; the company’s grossssaled what percentage of those gross
sales are obtained from liner sales; the respoisdgender and years of experience in the
green industry, as well as the number of suppfrers whom liners are purchased; and
the types of liner stock preferred by the respotsl&om the choices of: bareroot,
cellpack (plug grown), 3” (414 cihair root prune container, 4” (798 &mose or band
container, 1 gallon (3.78 L) air root prune congajror a 1 gallon (3.78 L) trade-standard
container (Appendix 2-A).

To obtain self-stated preferences that buyers sgprefor each of our variables,
respondents were asked to rank each variable rfirouber, region of production, price,
and height canopy and caliper uniformity) on a-sedted Likert scale, where “1” is not
very important through “5” being very important, @hmaking their nursery liner

purchasing decisions. For the visual portion ofghevey, respondents rated each of the
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18 nursery liner product images, which depictedalde characteristics as dictated by the
Conjoint Designer model (Table 2-2 and Figure 2d$)ng a 1 to 10 Likert scale where
“1” signified low personal preference and “10” higarsonal preference for the different
liner product feature combinations.

Data were analyzed using Time Series Processor)@&Pometric modeling
software (TSP International, Palo Alto, CA). Effecbding was used and dummy
variables were created such that tifetase level in the model to -1 instead of 0, which
allowed us to constrain the level of each featarseum to 0 (Palma, 2002).

The preference utility model for the conjoint arsidycan be expressed as follows:

Liner rating = f (FOLR number, height uniformityalgoer uniformity, uniformity of

canopy density, region of production, price peetiand other) [1]

Where:

Rating = preference rating given to hypotheticabety liner stock

FOLR number = the number of roots greater than Imdiam.: low FOLR =4 or 5,

mid FOLR = 6 or 7, or high FOLR =8 or 9.

Region of production = region of the country whigmers were produced: Southeastern

U.S., Northwestern U.S., or unspecified U.S. region

Price per liner = cost per plant of the nursergiibundle: Low price = $1.30 per plant,

midrange price = $1.60 per plant, or high pricel=9% per plant.
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Liner height uniformity = average height of thergkin the liner bundle is relatively the

same: uniform, not uniform

Liner caliper uniformity = average caliper of tHamts in the liner bundle is relatively

the same: uniform, not uniform.

Liner canopy density uniformity = average canopydy of the plants in the liner

bundle is relatively the same: uniform, not uniform

Other = other relevant demographic variables exgokit influence consumer preference
including whether the respondent grows, buy osgslint liners, annual gross sales,
volume of annual liner purchases, type of linecktpreferred, gender and years of green

industry career experience

Within the conjoint model, the intercei0) represents the mean preference
rating, and coefficients of dummy variables caltediefor each liner attribute (e.§1
throughf38) measure the deviation from the mean rating (Ra@02)Precision of the
conjoint model can be further enhanced by integgatither important variables that
influence preference and key demographic charatiesiidentified with liner consumers,
including respondent’s production, purchasing aaldssexperience with nursery liners,
as well as the volume of liner purchased annuatiyme of annual sales, gender, and
years of experience the respondent has in the gndestry. When these variables are
pooled to becomp9 ‘Consumer Demographics’ and included in a moditenjoint

preference model, the equation is expressed as:
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Liner Rating =0 + f1FOLR2 +52FOLR3 +p3Height +p4Caliper +5Canopy
Density +p6SEUS Region #7NWUS Region $#8Price+ f9Consumer

Demographics + Vi [2]

Where \f = the error term.

We used a two-limit Tobit model to account for thencation residuals of the
rating scale and to eliminate bias from estimabognded ratings from an ordinary least
squares (OLS) model (Palma, 2002). Our rating sestigblished lower and upper limits
of 1 to 10. The two-limit Tobit model estimatestpaorth values and allows any values
lower than one to automatically be tallied as avtach is the lower tail censoring value
(Palma, 2002). Values greater than 10 are courstdd §Palma, 2002). Parameters of the
two-limit Tobit regression model are obtained bynpuiting the Maximum Likelihood
Estimates (MLE) (Palma, 2002). The log likelihood the censored regression model

can be expressed as follows (Greene, 1990):

InL=2Xy o —% 1n(2n) + In o2 + —"ﬁ_ixm] + Zyi=o [1 — J[%)]

(3]

Results
Respondent Demographics

Respondents returned a total of 248 completed gsifvem all venues for a total
of 3,968 observations that were used to conduatahgint experiment. Consistent with
the locations where surveys were conducted, suegyondents were mostly from
southern states. Respondents were primarily mé&lb)and more than half of all

respondents had greater than 12 years experiettice green industry. Of respondents
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who answered related questions, about 85% had éitheght, sold, or grew nursery
liners with about half of the respondents repogerthasing 5,000 or more liners per
year (Table 2-3). Approximately half of respondehtst answered the question reported
that they produced liners on 20 or more acresh{8)lof land, which corresponded to
about 6% of the total production operation (datestown). For ease of analysis, acreage
devoted to liner production, percentage of totalkpiction area available, and range data
on liner purchase quantities were classified imaategories (Table 2-3). Relatively few
suppliers provided the liners purchased by respatisdeho averaged just 2 to 4 sources
for their nursery liner stock needs (Table 2-3)Iflearespondents reported making less
than $250,000 per year, while about 39% workedifors earning in excess of $1
million, of which only a relatively small proportiovas attributed to sales of liner stock,
with less than 20% of respondents reporting progaat earnings of greater than 25%
attributed to liners. Only about 4% reported tat@hual sales volume resulted from
nursery liner stock sales (Table 2-3).
Self-Stated Attribute Importance Ratings

Mean attribute scores revealed FOLR to be the mgstrtant consideration
when making purchasing decisions (4.22), with limeight uniformity being the second
most important (3.87). As identified by the respemd, price per liner ranked third in
importance of making purchasing decisions (3.86)p8&singly, region of production

was stated as least important to decisions aboert fiurchasing (3.03) (Figures 2-2).
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Estimated Conjoint Preference Model

The conjoint preference model was estimated usitvgp-limit Tobit model.
Independent variables were the nursery liner atted and other variables that influence
preference for liners such as whether the respdrgiew, bought, or sold liner stock;
their volume of sales, volume of stock purchaseuatiyr respondent gender; and years
of experience the respondent has in the greentirydd$ie model separates and estimates
the contribution of each variable to the respondereference rating for each of the
products (Wirth et al., 2007). Within the modék intercept term (30 = 6.86) represents
the mean preference rating combined among all resgas for all variables. Parameter
estimates for tested variables and other data tegpbly respondents that were expected
to influence consumer preferences for nursery lateck were used to calculate the
‘Consumer Demographics’ value (39 = -0.92) (TaBl&s 2-5, and 2-6). Our estimated
model yielded a log-likelihood of -2331.7.

The model assumes values for the dependant va(atgerence rating) in a
scale of 1-10 (Wirth et al., 2007). Three key lia#ribute conditions, including high
FOLR (t=17.2P <0.0001), height uniformity & 4.5,P < 0.0001), and canopy density
uniformity (t= 6.4,P < 0.0001), significantly influenced buyer hypothatipurchasing
decisions (Table 2-4). Consistent with previougagsh, all levels of parameter estimates
for price, including the lowest price or $1.30 ptant received negative valuation (-0.13)
(Table 2-6), and decreased linearly with rising@iiTable 2-4) (Wirth et al., 2007).
Regardless, within our model, the price attributerbt affect buyer decisions regarding

hypothetical liner purchases (t = -OB:= 0.42) (Table 2-4). A non-significant coefficient
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is an indication that the parameter had no effadhe preference rating (Wirth et al.,
2007). As with price, neither region of productiprs 0.24 to -0.48P = 0.81 to 0.63) nor
caliper uniformity (t = -1.26P = 0.21), nor mid FOLR grade (t = -1.69= 0.92)
influenced buyer preference for nursery liner featavels (Table 2-4).

Using the model parameter estimates, quality ratimgre derived for each
nursery liner product (Table 2-7), and were coesistith mean preference ratings given
by respondents (Figure 2-3). The nursery liner pebavith overall highest estimated
preference among respondents is a liner with alR@bR number, a uniform height,
uniform canopy density, a uniform caliper, fromwarspecified U.S. region, and with the
lowest price. When consumer demographics are iedutthe summed utility value for
this product is: 30 6.86 + 1.49 + 0.25 + 0.07 $0t3.02 — 0.28 — 0.92 = 7.84 (Table 2-
6 and 2-7). The rest of the variables were estichatéheir mean values and represent
values characteristic of a typical liner buyer.iRgs of holdout products were
statistically compared to actual product ratingdemonstrate the model’s validity
(Wirth et al., 2007). The actual mean rating fa tinst holdout product (HO1) was 7.26
(x 0.19) versus the model’s estimated rating ofl.7.8he mean rating for the second
holdout product (HO2) was 3.43 (£ 0.22) versusdasiEmated rating of 3.86 (Table 2-7
and Figure 2-3). Thus, the model appears to hawd gredictive reliability.

Relative Importance of Attributes

Relative importance weights of attributes, expgdsas percentages, are another
method of analyzing conjoint results (Wirth et aD07). Relative importance weights are
calculated by first summing the minimum and maximuiitity values for each attribute

to determine a range for each of the six attribuAdssix attribute ranges are then
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summed together. The relative importance weiglanodttribute is the percentage of its
range to the total sum of all six attribute randg@ssults of the attribute importance
weight calculations were consistent with other lissuom the study. First order lateral
root number was the most important feature andresgsonsible for 65.4 percent of
buyer’s purchasing decisions. Canopy density anghbeniformity were important
features at 16.15% and 11.29%, respectively. Regfipmoduction and price were not

important to purchasing decisions at 1.52% and?%,44spectively (Table 2-8).

Discussion

Results from both the self-stated importance gatisnd the visual survey portion
was consistent with the FOLR feature being the nmpbrtant product attribute buyers
assess when making nursery liner purchasing desisithe observation that high FOLR
counts are important as a grading criterion is isb@st with previous research. In
previous studies, FOLR number has been a reliablging criterion (Clark et al., 2000)
and is a reliable indicator of out-planting suca@¥sompson and Schultz, 1995;
Kormanik et al., 1998; Clark et al., 2000; Dumroesal., 2005; Jacobs et al., 2005;
Wilson and Jacobs, 2006).

From preliminary surveys, we identified productfanmity as an important
characteristic to liner buyers. In the direct-répdrimportance ratings, liner height
uniformity was the second highest preferred prodeeture. Though it ranked third in
relative importance to the purchasing decisionrduthe conjoint analysis, liner height
uniformity still seemed to play an important rakeuyer preference. The same was true

of uniform canopy density. A possible explanationliner canopy density uniformity
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being more important during buyer purchasing denssithan liner height uniformity is
the belief about future growth of the plant. Iditisanching structure might trigger a
perception in the buyers mind that the crop wowaldeha good, uniform branching
structure during the finishing stage of productidtile later branching would be
controlled through pruning, initial branch stru&dorms the base architecture of the
plant. If branch structure of the crop has an di/araformity, a potential buyer might
anticipate good canopy architecture in the finistigb with less pruning effort.

Surprisingly, caliper uniformity was not very inmpent to buyer purchasing
decisions. A possible explanation could be the ogkth which the survey was given.
Though photographs displayed visual characterisfitse products, respective feature
levels were also printed on the product image. Bliengh liner caliper uniformity or
non-uniformity were clearly stated, it might haveeh difficult for respondents to
visualize differences in caliper size among théyped liner products. Future survey
efforts might benefit from hands-on examinationsarfefully selected live plant
material. Respondents would then be able to gaififgeehces in caliper more accurately
and be able to make more discriminatory decisions.

Contrary to pre-study hypotheses, production regias relatively unimportant to
buyer purchasing decisions. Both the southeastetriPacific Northwest U.S. regions
yielded a negative impact on buyer utility. We mptet that an unspecified region of
production might be more acceptable to a nurseer Ibuyer due to pre-conceived
notions about certain U.S. regions. For exampla bbiyer is evaluating a liner bundle
from the Pacific Northwest, that buyer might matke assumption that incurred shipping

costs would be too high to positively influence buyer to make the purchase.
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Respondent preference ratings indicate that praceimportant to nursery liner
buyers when making purchasing decisions. Results fronjoint analysis however,
indicate that the price range used contributed3uio to the buyer’s overall hypothetical
purchasing decisions. This contradiction may béyaxplained by the similarity
between our hypothetical price ranges and thoseuenered by nursery liner buyers.
While the midlevel price of $1.60 per liner was sistent with 2006 nursery catalog
listings for many 1-0 Nuttall oal. nuttallii Palmer) liner species, our high and low
values were set at just 15% above and below cordeanypcosts. If the low and high
price were set to extreme differences, price parlmight have been perceived to be of
greater importance to purchasing decisions. Oderant demographic variables, for
example whether or not a respondent grows, bugslty liners as well as years of
experience in the green industry, are expectedflieence consumer preferences for
nursery plant liners. We can increase the exptepgtower of simulation analysis
models by including key demographic variables ilcdations of an aggregate average
for typical consumers in a surveyed regiff)( In turn, calculated utility values for each
product more accurately predict potential prodeceatance in different markets.

Growers will be able to take immediate advantadgé@results of this study.
Because we have adequate predictability with owtehaursery liner growers can
compare nursery liner buyer utilities, and evaluhgsr field-dug liners to estimate buyer
acceptance ratings for their products. A growertbasmply examine the analysis of the
holdout products to know that a product with a HgDLR count, overall product
uniformity of liner height and canopy density, ancelatively low to midrange price per

plant for the species will be desirable to nurdergr buyers. Also, because we did not
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specify the plant species during the survey, tigyubf this model should apply across
several deciduous tree species, which can be yskael growers to judge a variety of
different crops. Buyer utility is calculated by &uiglthe sum of selected liner product
attribute utility values to the model interceptddhe aggregate average for the
demographic mean values, which describes the mday walue (Wirth et al., 2007).
The premium first choice product would be the piduth the highest utility, a liner
with a high FOLR number, a uniform canopy densitg aeight, from an unspecified
region, and a low price. Sub-grades could thendberchined based on buyer utilities of
sub-premium products. By allowing growers to esshldbaseline parameters for grading
purposes, they will also be able to modify produttand grading techniques, such as
undercutting or altering bed planting densitiesdifipson and Schultz, 1995; Kormanik
et al., 1999; Clark et al., 2000; Dumroese et28l05; Jacobs et al., 2005; Wilson and

Jacobs, 2006) that emphasize desirable productrésat
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Table 2-1: Parameters of 1+0 bare-root liner attribute levedsally tested using
conjoint survey analyses to quantify relative intpoce of each character to hypothetical
point-of-purchase acceptance by respondents (a®fs{).

Attribute Attribute level

First Order Lateral Roots (FOLR)

(FOLR = side rootg 1mm diam) 4 or 5 roots
6 or 7 roots
8 or 9 roots
Liner height uniformity Non-uniform Height

Uniform Height

Liner caliper uniformity Non-uniform Caliper
Uniform Caliper

Liner canopy density uniformity Non-uniform Canopegnsity
Uniform Canopy Density

Region of production Southeastern U.S.
Northwestern U.S.
Non-specified U.S.

Price per liner Low = $1.30 per liner
Mid = $1.60 per liner
High = $1.90 per liner
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Table 2-2.Conjoint analysis visual survey nursery liner pratdprofiles rated by respondents.

Product First Order Liner height Liner caliper Line r canopy Price per U.S. Region of Position
Lateral Root uniformity uniformity density uniform ity liner production in display
Number (FOLR)

1 4 to 5 roots Mixed Mixed Mixed $1.30 Unspasif 10
2 4 to 5 roots Mixed Mixed Uniform $1.30 Nonthstern 5
3 4 to 5 roots Mixed Uniform Mixed $1.60 Northuas 11
4 4 to 5 roots Mixed Uniform Uniform $1.60 Soudistern 1
5 4 to 5 roots Uniform Mixed Mixed $1.90 Northuas 4
6 4 to 5 roots Uniform Mixed Uniform $1.90 Soudistern 3
7 4 to 5 roots Uniform Uniform Mixed $1.30 Unsifisd 17
8 4 to 5 roots Uniform Uniform Uniform $1.30 Nbvtestern 2
9 6 to 7 roots Mixed Mixed Uniform $1.30 Northuwes 6
10 6 to 7 roots Mixed Uniform Uniform $1.90 Unsjied 8
11 6 to 7 roots Uniform Mixed Uniform $1.60 Nortestern 13
12 6 to 7 roots Uniform Uniform Mixed $1.30 Soudktern 15
13 8 to 9 roots Mixed Mixed Mixed $1.30 Southeaste 9
14 8 to 9 roots Mixed Uniform Mixed $1.90 Northues 16
15 8 to 9 roots Uniform Mixed Uniform $1.60 Unsjiied 12
16 8 to 9 roots Uniform Uniform Uniform $1.30 Noviestern 7
HO 1 8 to 9 roots Uniform Uniform Uniform $1.60 o&heastern 14

HO 2 4 to 5 roots Mixed Mixed Mixed $1.30 Unspiied 18




Table 2-3.Demographic information provided by survey respartsle

ltem: Number of respondents (%)

State of operation:

Alabama 13 (5.6)
Arkansas 1 (0.4
Florida 18 (7.8)
Georgia 25 (10.8)
lllinois 2 (0.9
Indiana 14 (6.1)
Kentucky 40 (17.3)
Michigan 4 (1.7)
Mississippi 6 (2.6)
North Carolina 8 (3.5
Ohio 3 (1.3
Oklahoma 1 (0.4
Oregon 1 (0.4
South Carolina 10 (4.3
Tennessee 79 (34.2)
Texas 4 (1.7)
Virginia 1 (0.4
Whole East Coast 1 (0.4
Respondent gender:
Male 130 (76.0)
Female 41 (24.0)

Whether respondent grows/buys/sells lineesfpondents could check more than]one

Grow liners (n=324 responses) 126 (56.0)
Buy liners (n=324 responses) 126  (56.0)
Sell liners (n=225 responses) 46  (20.0)
Do not grow, buy, or sell liners (n=203 responses) 31 (15.0)

Total number of acres of operation:

No acres 33  (22.9)
0.01t0 0.5 24  (15.3)
0.51t0 5.0 48 (33.3)
5.1to0 25 15 (10.4)
25.1to 100 17 (11.9)
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> 100 acres

Percentage of production acreage dedicated topiretuction:

None

1 to 10% of production acreage
11 to 25% of production acreage
26 to 50% of production acreage
51 to 75% of production acreage
76 to 100% of production acreage

Total number of liners purchased by respondenyear:

0 to 100 liners

101 to 1,000 liners

1,001 to 5,000 liners
5,001 to 25,000 liners
25,001 to 100,000 liners
100,001 te> 1 million liners

Number of suppliers from whom respondents purchases:

Do not buy liners

1 to 5 suppliers

6 to 10 suppliers
11 to 25 suppliers
> 26 suppliers

Total gross sales for respondents’ firm

< $50,000 per year

$50,001 to $100,000 per year
$100,001 to $250,000 per year
$250,001 to $500,000 per year
$500,001 to $750,000 per year
$750,001 to $ 1 million per year
Over $ 1 million per year

Over $ 3 million per year

Sales proportion not stated
1 to 10% of sales
11 to 25% of sales

10

37
57
20
18
3
14

10

26
38
31
16
8

3
87
29
13

3

37
19
22
19
11
10
34
40

Percentage of total sales obtained by respondimtsfrom liner sales:

80
55
16

(6.9)

(24.8)
(38.3)
(13.4)
(12.1)

(2.0)
(9.4)

(7.8)

(20.2)
(30.0)
(24.0)
(12.4)

(6.2)

2.2)
(64.4)
(22.0)
(9.6)
2.2)

(19.3)

(9.9)
(11.4)
(9.9)
(5.7)

(5.2)

(17.7)

(20.8)

(42.5)
(29.3)
(8.5)
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26 to 50% of sales 15 (8.0)
51 to 75% of sales 8 (4.3)
76 to 99% of sales 6 (3.2)
100 % of sales 8 4.3)

Number of years of green industry experience hglcebpondents:

No years of experience 3 (2.6)

< 1to 5 years of experience 27 (23.5)
6 to 10 years of experience 23  (20.0)
11 to 25 years of experience 43 (37.4)
> 26 years of experience 19 (16.5)

Type of Stock preferred by survey respondergsgondents could check more thanjone

Bareroot

Preferred 108 (50.7)

Not listed as a preference 105 (49.3)
Cell pack (plug grown)

Preferred 99 (46.5)

Not listed as a preference 114 (53.5)
3" (414 cm) air root prune container

Preferred 42  (19.7)

Not listed as a preference 171  (80.3)
4” rose (798 crf) (band pot) container

Preferred 20 (9.4)

Not listed as a preference 193 (90.6)
1 gal (3.78L) air root prune container

Preferred 35 (16.4)

Not listed as a preference 178 (83.6)
1 gal (3.78L) trade standard container

Preferred 69 (67.6)

Not listed as a preference 144 (32.4)

44



Table 2-4.Parameter estimates of nursery liner product peefe ratings

Variable Coefficient ~Standard error t-value P-value
Intercept
0 6.865 0.40 17.19 <0.0001
Nursery liner attributes
Low FOLR -1.347
Mid FOLR -0.144 0.09 -1.69 0.092
High FOLR 1.492 0.09 17.39 <0.0001
Uniform height 0.245 0.05 4.47 <0.0001
Mixed height -0.245
Uniform caliper -0.069 0.05 -1.26 0.209
Mixed caliper 0.069
Uniform canopy density 0.350 0.05 6.40< 0.0001
Mixed canopy density -0.350
Northwest U.S. region -0.017 0.07 0.24 0.814
Southeast U.S. region -0.041 0.09 -0.48 0.630
Unspecified U.S. region 0.024
Price -0.176 0.22 -0.80 0.423
Consumer demographic attributes
Grew plant liners -0.365 0.12 -3.01 0.003
Bought plant liners -0.162 0.14 -1.19 0.232
Sold plant liners 0.081 0.14 0.57 0.567
Annual liner purchase volume 0.023 0.04 0.59 .558
Annual liner sales -0.036 0.02 -1.58 0.115
Preference for bare-root liners -0.015 0.13 0.110.911
Gender -0.330 0.14 -2.34 0.019
Green industry experience (years) -0.018 0.01 -3.110.002
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Table 2-5.Respondent means, parameter estimates and cattuldity of demographic
variables

Variable Respondent mean Parameter Calculated
estimate utility
Grew plant liners 0.635 -0.365 -0.231
Bought plant liners 0.676 -0.162 -0.110
Sold plant liners 0.243 0.081 0.020
Annual liner purchase volume 2.%70 0.023 0.051
Annual liner sales 4.0¥4 -0.036 -0.145
Preference for bare-root liners 0.662 -0.015 -0.010
Gender 0.757 -0.330 -0.250
Green industry experience (years) 15.104 -0.018 264D.
£9 ‘Consumer Demographics’ >=-0.919

Z Value represents ranked mean from total annuel parchase volumes where 16-to 100
liners’ and 6 = 100,001 to + 1 million liners’ purchased per year

¥ Value represents ranked mean from total gross salees of firms where 1 <‘$50,000 per
year'and 8 = Over $ 3 million per year’
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Table 2-6.Utility of nursery stock feature levels as desatilby survey respondents.

Feature Feature level Utility
FOLR number Low FOLR (4 or 5) -1.35
Mid FOLR (6 or 7) -0.14
High FOLR (8 or 9) 1.49
Height uniformity Uniform 0.25
Non-uniform -0.25
Caliper uniformity Uniform -0.07
Non-uniform 0.07
Canopy density uniformity Uniform 0.35
Non-uniform -0.35
Region of production Pacific Northwest U.S. -0.02
Southeast U.S. -0.04
Unspecified U.S. 0.02
Price (per liner) $1.30 per liner -0.23
$1.60 per liner -0.28
$1.90 per liner -0.33
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Table 2-7.Estimated ratings for nursery liner products paslfrom nursery liner product feature attributeelautility values

[Ratings were ranked in order of highest to lowestbmparison purposgs

Product FOLR Liner Liner Liner Region of Liner Inte rcept Consumer Estimated
(image) number  height caliper canopy production pice demographics rating
uniformity  uniformity  uniformity

15 (12) 1.49 0.25 0.07 0.35 0.02 -0.28 6.86 -0.92 7.84
16 (7) 1.49 0.25 -0.07 0.35 0.02 -0.23 6.86 0.92 7.75
13 (9) 1.49 -0.25 0.07 -0.35 -0.04 -0.23 6.86 0.92 6.63
14 (16) 1.49 -0.25 -0.07 -0.35 -0.04 -0.23 6.86 -0.92 6.49
11 (13) -0.14 0.25 0.07 0.35 0.02 -0.28 6.86 0.92 6.21
9 (6) -0.14 -0.25 0.07 0.35 0.02 -0.23 6.86 0.92 5.76
10 (8) -0.14 -0.25 -0.07 0.35 0.02 -0.33 6.86 .920 5.52
12 (15) -0.14 0.25 -0.07 -0.35 -0.04 -0.23 6.86 0.92 5.36
8 (2) -1.35 0.25 -0.07 0.35 0.02 -0.23 6.86 0.92 4.88

6 (3) -1.35 0.25 0.07 0.35 -0.04 -0.33 6.86 -0.92 4.86

2 (5) -1.35 -0.25 0.07 0.35 0.02 -0.23 6.86 0.92 4.52

5 (4) -1.35 0.25 0.07 -0.35 0.02 -0.33 6.86 0.92 4.22
7(17) -1.35 0.25 -0.07 -0.35 0.02 -0.23 6.86 -0.92 4.18
1(10) -1.35 -0.25 0.07 -0.35 0.02 -0.33 6.86 -0.92 3.72

4 (1) -1.35 -0.25 0.07 -0.35 -0.04 -0.28 6.86 0.92 3.71
3(11) -1.35 -0.25 -0.07 -0.35 0.02 -0.28 6.86 -0.92 3.63
HO1 (14) 1.49 0.25 -0.07 0.35 -0.04 -0.28 66.8 -0.92 7.64
HO2 (18) -1.35 -0.25 -0.07 0.35 -0.04 -0.28 6.86 -0.92 4.27
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Table 2-8.Relative importance of nursery liner attributegffecting consumer

acceptance

Feature Utility range Relative importance (%)
FOLR number 2.84 65.43

Canopy density uniformity 0.70 16.15

Height uniformity 0.49 11.29

Caliper uniformity 0.14 3.17

Price 0.11 2.44

Region of production 0.07 1.52
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Figure 2-1.Scaled down representation of the visual survegamyrliner product images rated by respondents.
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Appendix 2-A

"gf’l;mt University of Tennessee
?{ Sciences Department of Plant Sciences
Liner Production Research Project

For your assessment, we've defined nursery liner stock as:

Liner: a 1-year-old seedling or rooted cutting

1.) In which state is your company’s primary operation located?

2). Do you GROW, BUY, or SELL liners?

3.) About how many acres does your business have jn total production? Ac.
3b.) What acreage (or percent of total) is in liner production? Ac. OR (__ %)
4.) Does your company buy nursery liner stock? Yes No

If ‘YES', above:

4b). About how many liners does your company buy each year?

4c). From about how many suppliers does your company buy liners?

5.) About what percent of your company’s annual sales volume would you guess is

made from liner sales?
0% _ 1-10% __ 11-25% _ 26-50% _ 51-75% __75-99% __ 100%

6.) Please estimate the annual gross sales for your company:

__ < $50,000 __$50,001 - $100,000 __$100,001 - $250,000 __ $250,001 - $500,000
__$500,001 - $750,000 __$750,001 - $1 Million —_+ $1 Million __ +$3 Million

7.) What type of nursery stock liner(s) would YOU prefer to purchase? (check all that apply)
___ bareroot ___ 3" air-root pruning pot __ 1 gal. air-root pruning pot
__ cell pack (plug grown) __ _4"roseorband pot __ 1 gal. standard container

8.) In YOUR opinion, how important are the following characteristics to decisions about
buying high-quality liners.

Very unimportant Very important
___ Height uniformity 1 2 3 4 5
___ Canopy uniformity 1 2 3 4 5
____Root number 1 2 3 4 5
__ Where liners were grown 1 2 3 4 5
___ Price 1 2 3 4 5
___ Caliper uniformity 1 2 3 4 5
____ Other: 1 2 3 4 5
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Liners in Bundles

EXAMPLE A

Bundle 1
Bundle 2
Bundle 3
Bundle 4
Bundle 5
Bundle 6
Bundle 7
Bundle 8
Bundle 9
Bundle 10
Bundle 11
Bundle 12
Bundie 13
Bundle 14
Bundle 15
Bundle 16
Bundle 17
Bundle 18

Rating
Low Average High
1 2 3 4 5 6 @ 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7 8 9 10
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Chapter 3

Estimated Costs of Growing Three Species of Nurseiyiner Stock in USDA Plant

Hardiness Zone 6b to7a
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Abstract

To compete in today’s nursery industry, a growestibe able to take advantage
of niche opportunities. In this study, we investegproduction costs of growing
ornamental nursery liners in a USDA Plant Hardirgsse 6b to 7a ornamental plant
nursery. We examined three contemporary nurseey pnoduction systems: a field-
groundbed system, a polyhouse covered groundbéehsyand a polyhouse covered
container system. We estimated capital requiremérésl costs and variable costs for
each system. We also compared production costsdeciduous plant, a broadleaf
evergreen, and a needleleaf evergreen to alloweinées about the widest variety of

nursery liner crops.
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Chapter 3

Estimated Costs of Growing Three Species of Nurseiyiner Stock in USDA Plant

Hardiness Zone 6b to7a

Introduction

Tennessee nursery growers may gain a competitivenéage if they can
economically produce, rather than outsource, thweir nursery liner stock plants. In part,
these advantages accrue if growers can achiewer lgetttrol over plant quality,
convenience, and customer savings on high shipgmats of liners purchased from extra-
regional producers or markets (personal convensatith Mark Halcomb, University of
Tennessee Extension, 10/16/2007). Some percentagesite grown liners may also be
sold for profit. Growing liners on site may als@gent new market opportunities for
nursery growers. To compete with larger produceggower must be able to take
advantage of niche opportunities, for example, petidn and marketing of a premium
quality liner. Marketability is not the only questi that a grower must consider. Other
factors include initial investment costs of stagtannew business, or costs associated with
adapting or expanding a previous one.

In 1983, Dickerson, Badenhop and Day investigdtedcbsts for production of
liners of three common nursery crop liners fromtedocuttings (Dickerson et al., 1983).
While formulae developed in the study remain bemafto the industry, the actual costs
generated by the formulae as well as the produstystems described, are no longer
current with today’s industry trends. There is athto update and modify these formulae

to not only estimate current production costs,tbwtlso make them available for growers
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to utilize quickly and effectively. These formuleeuld be adapted to a spreadsheet
program so growers can adapt cost figures to gaircular production situation.

The production of a premium quality southeastararldepends on factors
including economic feasibility, methodology for greing high quality stock, and ability
to compete with west coast and high volume linedpcers. A premium quality liner
grown in the southeast could potentially be venfigable for a new producer or existing
grower considering expansion, particularly if reeldishipping costs for regional growers
yield additional incentives for attracting new amsers to the firm. The objectives of this
study were to determine production cost estimaie8rfer growing systems by

comparing three contemporary growing systems.

Materials and Methods

The model nursery was set on 10-acres (4 ha) Walacre (0.16 ha) set aside for
facilities and the other 8.5 acres (3.4 ha) usegfoduction, which would probably be
considered a medium to large nursery liner prodacbiperation. Our baseline nursery
employs ten people including 4 salaried employaesanager, an assistant manager, a
propagator and a secretary, plus 6 hourly workiezdetter represent variability that
might occur between different methodologies ofdipeduction, we used three
production systems within the nursery: a field-grdloed system, a polyhouse covered
groundbed system, and a polyhouse covered contsystam. Production areas within
each system were established using a 2,000 (2003 ft? block (186 nif). Each of the
three systems was also compared among key spgcassessing the costs of three

different plants: the deciduous tree species replené\cer rubrumL.), the broadleaf
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evergreen species Foster holljex X attenuataAshe. ‘Fosteri’), and giant (or western)

arborvitae Thuja plicataD. Don‘Green Giant’), a needle leaf evergreen species.

Growing system descriptions:

Within the 20’ X 100’ field-groundbed system areett 567 ft (5.67’ x 100") (53
m?) growing areas, with a 1.5’ (0.3 thwide path between each growing area, yielding
an actual growing area of 1,701 (158 m?) (Figures 3-1 and 3-2 at end of chapter
appendices).

The polyhouse covered groundbed system is a 2@ wvlid0’ long growing block
covered by a cold-frame polyhouse. The block ii 8pb two 693 (7’ x 99") ff (64 m?)
areas by a5’ (1.5 m) wide path. A 0.5’ (0.15 miféustrip extends around the perimeter
of the growing area to provide adequate light fer plants. The two 69364 m?)
growing areas yield a total growing area of 1,386129 m?) (Figures 3-3 and 3-4).

The polyhouse covered container system is a 206 wi@0’ long growing block
covered by a cold-frame polyhouse. The block ii 8pb two 693 (7’ x 99") ff (64 m?)
areas by a5’ (1.5 m) wide path. A 0.5’ (0.15 miféaustrip extends around the perimeter
of the growing area to provide adequate light fer plants. The two 69364 mi?)

growing areas yield a total growing area of 1,386129 m?) (Figures 3-5 and 3-6).

Determination of capital requirements:
Capital inputs (including costs of land, improvenrtse buildings, equipment) for
each growing system were determined by using thewuaer price index (CPI) (United

Stated Department of Labor: Beaureau of Labor Siedi <http://bls.gov>) to deflate
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older cost estimates to current day costs to addoumflation. Equipment costs were

determined using the CP!I adjustments and a modifighi method (Table 3-1).

Determination of fixed costs:

Fixed costs are expenses that do not vary withetred of production. Fixed costs
usually include: depreciation, interest, rent, nasice, taxes, and general overhead.
Depreciation is a non-cash cost that is determiogdulaically by using the straight-line
method based on salvage value of mechanical equipmemteihop, 1985). General
overhead and rent were estimated using the CRljtstacosts in 1980, to current cost
estimates. Insurance and taxes were assessedity 28kpercent of the original cost of
the item. Interest expenses were estimated bydatéh of the average value based on
initial cost and salvage valigBadenhop, 1985). Once the total fixed costs were
determined, the cost was divided by 8.5 acresh&)4370,260 f; 34,398 rf) to
determine the cost per square foot. We were altaltulate the cost per growing area
by multiplying the cost per square foot by the atAmount of growing space available
in the production system. The total amount of ficedts per growing area was then

divided by the number of plants capable of beirafpced in the growing aréa

! Delphi method is accomplished by taking an averfghe costs of line items and comparing them to
actual numbers generated by firms.
2 Straight-line depreciation = origiicost — salvage value
useful life (in years)
® Interest calculated by ((initial + salvage vall®)x 0.07)
* Depending on the bed planting density.
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Determination of variable costs:

Variable costs for production inputs (e.g., cheahand fertilizer applications,
planting, harvesting etc.) were computed using difieal Delphi method. Variable costs
were determined for one growing area per systenyeger. While the actual actions
performed differed among growing systems and bgt@pecies, costs were grouped in
this same general manner (e.g., preparation ofiggparea/medium, planting and
rooting, chemical applications, misting and irriggt overwintering, root pruning,
harvesting, and storage). Costs were calculatexhannual basis for one 20’ x 100’
growing area for each of the three systems (addptedHall et al., 1987; and Hinson et
al., 2007).

Typical payroll costs were approximated after assg wage and salary survey
data and U.S. census data (American NurserymehFabrt 2001-2008). The hourly
wage rate was also adjusted to account for futbamges in U.S. wage rates. All payroll
withholdings and taxes were determined by usingsraf the U.S. Internal Revenue
Service. Federal Insurance Contribution Act (FIG#&es were determined by
multiplying employee gross pay by 6.2%. Medicaretawere determined by
multiplying employee gross pay by 1.45%. Federabme taxes were determined by
multiplying employee gross pay by 14% (<http://w\aal.gov>).

Nursery equipment operating costs were dividedtimtee categories: fuel driven
equipment, non-powered equipment, and electriqityeth equipment. The fuel driven
equipment operating cost per hour was determineshibyming together the fuel cost per
hour, the lubrication cost per hour, and the |gbmintenance) cost per hour. The fuel

cost per hour is determined by taking the curreat price per gallon and multiplying it
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by the maximum power take off (PTO) horsepoweihefmachine, and then multiplying
by a factor of 0.044 for diesel engines or 0.06gasoline engines. The lubrication cost
was determined by taking the fuel cost per hourrantiplying it by 0.15. The labor cost
was determined by multiplying the hourly labor wagte by 1.1 to account for
equipment travel and setup. These figures wereghemmed to give the total equipment
operating cost per hour for fuel driven equipmé&mfuipment cost per hour was then
multiplied by the number of hours of annual usddtermine total annual operating cost.
Non-powered equipment operating costs per hourdetesrmined by taking the
new cost of the equipment and dividing it by thedurct of the number of hours of
annual use and the number of years of usefulHi€glipment cost per hour was then
multiplied by the number of hours of annual usddtermine total annual operating cost.
Electricity-driven equipment operating cost per ihwas determined by taking
the number of kilowatt hours the equipment usedhbycost per kilowatt hour. Kilowatt
hours were determined by taking the horse powénetquipment and multiplying it by
0.746 kilowatt3. Equipment cost per hour was then multiplied yriamber of hours of

annual use to determine total annual operating cost

Total cost determination:
Total annual production costs were determineduoyrsing together the total
annual fixed costs per growing area and the totatial variable costs. After determining

the total annual cost per 20’ X 100’ growing arbat figure was then divided by the

® 1 hour of electricity = 0.746 kilowatts
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number of actual useable square feet in the grosystem to achieve the cost per square

foot.

Cost per plant determination:

To determine the total cost per plant, the totak per square foot was divided by
the number of plants per square foot as specifyetthd planting density. The polyhouse
covered container system is different. To achiéeecbst per plant in this system, we
summed the total annual production cost of the grgwrea and divided it by the total

number of plants that could be grown within the eitsd1,386 ff (129 ni?) area.

Results and Discussion
Capital requirements

Initial land investment costs for each of the éhgeowing systems were just over
$375,000 and comprised approximately 42% of tha fovestment costs. Buildings and
facilities cost between 26 and 30 percent of tlhestment for all growing systems. The
polyhouse covered groundbed system required thé capgal for buildings and
facilities ($286,840.34), followed by a differenckless than $2,000 by the field-
groundbed system ($284,710.50). In all, the figlobgdbed system was the most costly
to establish with a total cost exceeding $900,@ikts of the polyhouse covered
groundbed and container of both above $870,00@dfedted by only about $5,000
(Figure 3-7, Tables 3-2, 3-3, 3-4). However, thearece between the polyhouse covered
groundbed and container system is somewhat offsebimbined costs of the media

mixer, hopper, and flat filler for the containessym.
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Capital investments would vary if nurseries thaglwio expand their current
operations were to explore other sources of revanuestment costs would also be
different for growers purchasing used equipmemnuésery owner, or investor should
consider consulting with their tax preparer or actant to ascertain what potential tax

credits or penalties may be incurred from purclgssed equipment.

Fixed costs:

Total annual depreciation expenses for each afhitee growing systems were
more than $50,000 and made up about 15% of theataial fixed costs. Though
depreciation is a non-cash expense, it is stibgezed as a line item expense
(Scarborough and Zimmerer, 2006, Badenhop, 198§u(& 3-8, Tables 3-5, 3-6, 3-7,
and 3-8). Both the field-groundbed and the polylkat®vered groundbed systems had
the highest depreciation cost due to the quantitithe initial cost of the equipment and
facilities. Most common methods include straighelidouble-declining balance or sum-
of-the-years digits. Different states usually reguifferent methodologies for
determining depreciation costs and offer optiomsafbich method is acceptable, based
on the item. Growers should consult a tax preparran accountant to determine what
method of depreciation is acceptable.

Total interest expenses for each of the three ippwystems cost exceeded
$30,000 and comprised around 10% of the total drfixgal costs. Interest expense in
this study was calculated by adapting formulae fayavious research by adjusting the

interest rate formula input to a concurrent leBadenhop, 1985) (Figure 3-8, Tables 3-
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5, 3-6, 3-7, and 3-8). Most interest rates willwdepending on economic conditions,
market of the business, and other economic factors.

Insurance and tax expenses for each of the thoeeig systems only comprised
about 5% of the total annual fixed costs. Bothgblhouse covered groundbed and
container system had insurance and tax expensgsoat $17,000, while the field-
groundbed system was the most expensive at justdki8,000 (Figure 3-8, Tables 3-5,
3-6, 3-7, and 3-8). While this line item in thedfwas computed by adapted formulae
(Badenhop, 1985), more likely the scenario wouldlifferent. Different states maintain
different tax codes and insurance policies vargdayppany. The insurance line item in
this study is primarily concerning insurance cogeran buildings and equipment.
Insurance coverage policies vary by company andg®would have many options of
coverage from which to choose.

General overhead comprised the largest percentagend 69%) of the total
annual fixed costs for each of the three growirgjays, totaling $236,027.78 (Figure 3-
8, Tables 3-5, 3-6, 3-7, and 3-8), due in large et general overhead includes a
number of line items such as administrative paiities, advertising, etc. General
overhead would also include any additional insuegomaicies and benefits packages.

To allocate total annual fixed costs to the actinalving areas, totals for each
system were divided into amount of square feetraupction (8.5 acres, or 370,260, ft
or 3.4 ha, 34,398 1) yielding fixed costs per square foot. Fixed quest square foot was
then multiplied by square footage within a growirga, 1,701 ft(158 m? for the field-
groundbed system, and 1,386(ft29 n®) for both the polyhouse covered groundbed and

container system, to obtain total fixed cost pemgng area. The field-groundbed system
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had the highest fixed cost per growing area, $1,abdle the cost per growing area for
the polyhouse covered groundbed and containerragsteas more than $1,200 but

differed by only about $30.00 (Figure 3-8, Tablés, 3-6, 3-7, and 3-8).

Payroll costs:

Payroll costs did not vary among the respectiwevgrg systems. Total monthly
payroll cost (including withholdings and taxes) &brof the nursery’s employees was
$27,277.65 or $327,331.79 annually. Our base haualye pay was set at $8.50 per
hour, which was actually lower than the Tennessieefse Effect Wage Rate (AEWR)
of $9.15(< http://foreignlaborcert.doleta.gov/adseecfm>), which must be paid if
employing workers on H2A and H2B Visas. The totalithy labor cost, including all
taxes and withholdings paid by the nursery was%@elr hour (Table 3-9). It should be
noted that wage rates do vary by region, and friate $0 state. Though data from the
American Nurserymen Wage 2000 - 2007 surveys wsed,ut may not necessarily be
representative of the wages and salaries beingtpadployees in certain regions of the
country. The hourly wage of $8.50 per hour was ehds account for future adjustments
in hourly rate increases to account for inflatiddditionally, we used the same hourly
wage rate for all of the hourly employees. In dasogwe were able to keep the labor rate
constant when calculating equipment operating crstisother variable costs. This would
not be the case in a real business setting sinoemvoften pay different hourly wage
rates to employees.

Total monthly FICA costs for all employees werel®2.06. The total monthly

Medicare taxes were $734.84, and the total momtickyme tax withholdings were
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$3,547.49. Total monthly withholdings and taxesen&r,424.39. When determining
Medicare and FICA withholdings, the employer is aoly responsible for the percentage
that is withheld from the employee, but also resgae for matching that figure. For
example, in all three growing systems the total thigrgross pay for one hourly worker
is $1,360. The amount withheld from the employefisck for FICA and Medicare
would be $84.32, and $19.72 respectively, totafihg4.04. The employer has to match
that $104.04, making the total cost of those twihlaoldings $208.08, for FICA and
Medicare, but is not responsible for matching #eefal income tax. These payroll costs
do not include any state income taxes or withhgslirCurrently, the state of Tennessee
does not have an income tax, except on dividendsraerest, but other states do. State
income taxes will need to be considered by growassyell as any other withholdings

that may be applicable to their state.

Equipment operating costs:

Total annual fuel-driven equipment costs for tieédfgroundbed system had the
highest expense at $66,253.43. Fuel-driven equipousts for the polyhouse covered
groundbed and container systems did not differ(la1$56,184.26) (Tables 3-10, 3-11,
3-12, and 3-13). Current fuel prices, gasoline @diegel, are fluctuating drastically. Our
costs are based on a fuel price set in May of 2QC8.59 for regular unleaded gasoline
and $4.09 for diesel.

The field-groundbed and polyhouse covered groundlgstéms incurred more
than $3,000 in total non-powered equipment opegatosts, and differed slightly by

$400. The polyhouse-covered container totaledgbstit $2,700 (Tables 3-10, 3-11, 3-
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12, and 3-13). Differences occurred due to the arthoflequipment needed for each
system. Both the field-groundbed and polyhouse r@ml/groundbed contained items in
this category that would not be necessary in timtatioer system, such as a fertilizer
spreader, u-blade, etc.

Both the field-groundbed and polyhouse coverediggbed systems had the same
electric-powered equipment operating costs, exogebi,000 (Tables 3-10, 3-11, 3-12,
and 3-13). The polyhouse covered container systasitiie most expensive with a cost
of $6,400, due to the media mixer, hopper, andpitaffiller (Tables 3-10, 3-11, 3-12,
and 3-13). With fluctuating energy prices, busin@ssers must be able to take note of
equipment operating costs. Electric-powered equiproests in this study were
calculated using an average kilowatt hour costHersoutheastern United States.
(<http://www.eia.doe.gov/neic/brochure/electricgtigctricity.html>).

In all, the field-groundbed system had the higla@stual equipment operating
costs at more than $74,000 (Tables 3-10, 3-11,, 3@ 3-13). Slightly less than $1,000
differentiated polyhouse-covered groundbed andainet systems at $64,780.72 and

$65,348.22, respectively (Tables 3-10, 3-11, 3ahz, 3-13).

Total variable costs:

To evaluate costs over a wide variety of cropsselected representative species
for production in each of the three production syst: a deciduous plant (red maple), a
broadleaf evergreen plant (Foster holly), and allecleaf evergreen plant (giant
arborvitae). While fixed costs for each growingteys were the same for each species,

variable costs differed based on crop needs, ptmgutechniques, etc. Variable costs
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were evaluated on an annual basis for growers pingwvithin a 2,000 ft (186 m?)
area.

In the field-groundbed system the red maple sgdtel the least expensive total
annual variable costs at almost $14,000 (FigureaBeDTable 3-14). The Foster holly and
arborvitae had total variable costs exceeding $#Bahd differed by less than $100
(Figure 3-9 and Table 3-14). Principal differenbeswveen systems included
stratification, rooting, and planting. The red neaplas propagated by seed and
stratification costs were determined for roughly tand half weeks of stratification.
Foster holly and arborvitae were propagated byragsgtfrom established stock blocks.
The cost of rooting was determined by groupinghtbemone cost and labor necessary to
treat 20,000 cuttings for both the Foster holly arabrvitae. Planting costs were similar
for the Foster holly and arborvitae, but differed the red maple. Chemical application
costs for the red maple and Foster holly were aimidut differed from the arborvitae
only in the type of pesticide treatment. While sagne fungicide (Subdue MAXX) was
used for general application on all crops, thedtisele was different. Merit was used for
both the maple and Foster, and Avid was used athorvitae species. Applications
were calculated based on chemical rates, cropaarudint of square feet to which the
chemical was applied (1,70% for 158 nif).

Red maple was the least costly crop for the palgkaovered groundbed system
at almost $13,000, while the Foster holly and aribae costs were greater than $18,000
and differed by a margin of less than $100 (Fig#8and Table 3-15). Differences in
individual variable cost line items were similarthe field-groundbed system. Costs of

rooting and sticking made up the largest differereewell as chemical applications.
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Applications in the field-groundbed system wereelasn 1,701 ft(158 ni®) of actual
growing area, while both polyhouse-covered systepmdications were based on 1,386
ft? (129 m?) within a 2,000 ft (186 m?) block.

Trends in overall variable costs were consistatit the polyhouse covered
container system as well. Red maple was the leasiyat just over $18,000 and Foster
holly and arborvitae costs exceeded $21,000 arered by less than $100 (Figure 3-9
and Table 3-16). There were differences in theviddial variable cost line items. Media
preparation was the same for all three crops acidded the initial cost of substrate,
fertilizers, fire ant treatments, labor, and opeatost of the mixer. Planting of red
maple was done by hand similar to other growingesys. Planting and sticking for the
Foster holly and arborvitae cuttings also incluttezlcost of rooting (similar formula to
previous growing systems) as well as the labor mested to stick the cuttings.
Chemical application trends were also similargimts of marginal differences, between
growing systems on average. Application cost ofitlsecticide Avid to arborvitae was

on average $40 more than for red maple and Fostigr (fFigure 3-9 and Table 3-16).

Total production costs:

Trends in total annual production costs were simidavariable cost trends. Red
maple was least expensive to produce at around®@®25Foster holly and arborvitae cost
about $30,000 and differed by less $100 (Figur® 2¢id Tables 3-14, 3-17). Similar
trends were found in the polyhouse covered grouhdlgstem. Red maple was the least
costly to produce at just above $14,000. Fostdy lamld arborvitae costs both exceeded

$19,000, but differed by less than $100 (Figuré®3dd Tables 3-15, 3-17). In the
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polyhouse covered container system total costdbhraple was over $19,000 and Foster
holly and arborvitae cost over $22,000, yet diffebgy a margin of about $70 (Figure 3-

10 and Tables 3-16, 3-17).

Cost per plant:

Planting density is important for the productadrfirst order lateral roots
(FOLR), which was found to be important in the dyadurvey (Chapter 2). In 1996,
Schultz and Thompson found that by growing seedlamy 32 stems perf3.2 stems
per ff) rather than 128 stems peFrl2.8 stems per;, the number of FOLR produced
was doubled. To compare cost per plant, we comgared bed planting densities: 12.8,
6.4, and 3.2 stems pef {128, 64, and 32 stems pef{Schultz and Thompson, 1996)
to a typical commercial nursery liner bed plantitemsity of about 36 stems peft (860
stems per ). Trends have shown that lowering bed densitipe#fly result in higher
guality root structure and development (Schultz @8hdmpson, 1996). Cost per plant
was dependent on the planting density for botHigté-groundbed system, and the
polyhouse covered groundbed. A potential downsid#etreasing bed density is the
corresponding decrease in the number of salabfegl&here was a linear relationship
between bed planting density and cost per plantiwias consistent throughout the
results, and showed that for every decrease irplaading density there is a
corresponding increase in the cost per plant.

At the typical commercial planting density of 36ras per ft (360 stems per 1),
red maple had the least cost per plant for botHigh&-groundbed and the polyhouse

covered groundbed system at $0.25 and $0.28, rdgglgcFoster holly and arborvitae
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cost more per plant to produce but did not diffenf each other at $0.49 per liner for the
field-groundbed and $0.38 per liner for the polys®govered groundbed (Table 3-18).
The highest planting density offers the most salg@itdnts per growing area (over 61,000
for the field-groundbed, and over 49,000 for thé/pouse covered groundbed), but
plants may not have room to develop adequate robttacture.

A planting density of 12.8 stems peT [t28 stems per 1) yielded a $0.60
difference per plant between red maple versus Fbostly and arborvitae (Table 3-21)
for both the field and polyhouse covered groundbetems. Similar trends were seen for
the two systems at densities of 6.4 and 3.2 stem&’(64 and 32 stems perin(Table
3-18). With each decrease in bed planting dentigre was also a decrease in the
number of salable plants causing an increase indbkeper plant (Table 3-18). For
example, changing the bed planting density fronst@éns per ft2 (360 stems per m-2) to
12.8 stems per ft2 (128 stems per m-2) resultedreduction of salable plants by almost
50% and almost a $0.50 cost per plant increasessalbplant types.

The polyhouse covered container was not depermtabéd planting density. Cost
per plant was determined based on plants growi (98 cn?) rose (band) pots. Similar
to the other growing systems, red maple was thst @sstly, $1.50 per plant (Table 3-
21). There was no difference in the cost per glanEoster holly and arborvitae, at $1.72
each (Table 3-18).

When examining production costs by species withefield-groundbed system,
the Foster holly and giant arborvitae were moseasjre to grow, most likely due to the
amount of equipment required for the field-grouraibgstem. However, red maple in the

polyhouse covered container system was the mosinsiye of the three crops. Despite
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the actual cost per growing area, costs were higinéhe red maple in the polyhouse
covered container system. While this study usedld-§roundbed type growing system
that mimicked the type of field systems used inRheific northwest, not all growers are
alike. Some growers use railroad ties to line pgapian beds in order to build up their
own soil mix and to reduce the amount of equipnmex@ded (personal conversation with
Dr. Charles Hall, Texas A&M University, and persboanversation Mark Halcomb,
University of Tennessee Extension) (Table 3-18st€associated with the polyhouse
covered groundbed differed from the field-groundbgstem, primarily as a result of the
amount of actual growing space available to proguaets. Equipment for the
polyhouse-covered groundbed and the field-groundieze similar, but the amount of
space lost from the 5ft (1.5 m) aisle and the bidgtaps on the sides of the growing area
reduced the actual amount of growing space availaiihin the 2,000 ft(186 m?)
block. Overall, red maple was least costly whemarang the variable costs. The
polyhouse covered groundbed system was the lepshsive of all three growing
systems and species for red maple in terms ofblar@osts, for Foster holly and giant
arborvitae in the polyhouse covered groundbed anthmer, relatively the same (Figure
3-10 and Table 3-17). It should be noted that ¢kiengh these systems are different,
growers have adapted them to meet different ne€ddese separate growing systems
have independent advantages.

The field-groundbed system, despite needing maugetent, has the easiest
facilities to set-up. Field-groundbed systems alsmw for the greatest number of plants

to be produced per square foot, so that costsoafyation can be distributed over a larger
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number of salable products. The disadvantage dig¢ltegroundbed system is that if
fields are too wet from rainfall, harvesting candaiicult to nearly impossible.

The polyhouse covered groundbed offers advantageaisto the field-
groundbed system, with added overwintering prodedtieneath a polyhouse cover. The
major disadvantage of this system is reductiorctna production space. For highest
efficiency, the center aisle must be large enowglirctors and other equipment to pass
through the house. Reduced growing space limitatimeber of plants that can be
produced. Both the polyhouse covered groundbedtenfield-groundbed system are
also dependent on bed planting density. Bed plgrdensity can have a dramatic effect
on the price per plant and the company’s profitgmar

The polyhouse covered container system is not saggsdependant on bed
density, but rather dependant on the size and sfydentainer in which plants are being
grown. Cost variation is also dependant on whetmegrower stacks containers “pot
tight” and for how long during the production cyclk is conceivable that a grower will
probably not use one particular growing system.yTheght use one or the other based
on needs of the crop and in which system the cesfopns best. It is likely that a grower
will use two or more systems simultaneously.

When considering the overall costs of each syséegnpwer must also consider
changes in crop physiology that occur within eadtesm. The polyhouse-covered
groundbed offers the benefits of a groundbed enunent to allow for adequate root
development, but also a controlled environmenpfatentially more rapid growth. In
theory a grower would be able to turnover a “1 yeawp in less time than in a crop

grown in a field-groundbed system. Also, in thisdst we only assume that one crop is
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planted, grown and harvested. A more practicalatenespecially when the initial crop
is seed-propagated, cuttings would be taken frarctbp to produce more plants and

therefore more salable crops within a one year grgwycle.

Conclusions

Though the field-groundbed system was the mostresipe in total capital
requirements, it is also one of the easiest systerastablish. The field-groundbed also
offers the greatest flexibility in terms of growidgnsities and amount of usable square
feet. Whichever growing system nursery owners chpibey will have to be mindful of
not just variable costs, but also the incurreddigests. Choosing a bed planting density
will also be important to a grower when planningdurction schedules. Though a lower
bed density offers fewer plants, the possible t@fflef a higher quality product for a
slightly higher production and sales costs mighpalatable to a buyer who focuses on
value and quality of their purchases. Growers algb have to take advantage of unique
marketing methods to be able to sell their plahts @mpetitive price, especially if
plants must be priced higher to reflect both gmeateduction costs and availability

fewer liners per area.
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Table 3-1.Sources of data input for cost calculations forseuy liner production (Items that were taken fraerature were
adjusted using Southeastern United States Condarioer Index (SEUS CPI).

ltem

Description

Sources

Land
Unimproved land

Land improvements

Buildings
Office and Restrooms

Storage Cooler

Machine Storage Shop

Packing & Shipping Facility

Polyhouse Structure
Equipment

Large Tractor

Small Tractor

ATV

Trailers

Water System
Irrigation System

Backpack Sprayers

Pickup Truck

grading, tilling, graveling, gon

20" X 40’

40’ X 50" X 20’
40’ X 100

50' X 75’

20’ X 100’

50hp tractor

< 50hp tractor

Utility Vehicle

6’ X 12

Well and Pump
Complete (other than misting)

3 gal

Y ton

Taylor et al. 1990

Taylor et al. 1986 “Calculating bottom line formal container nursery”
Taylor et al. 1986 “Calculating field nursery cdsts

Taylor et al. 1990

Taylor et al. 1986 “Calculating bottom line formal container nursery”
Taylor et al. 1986 “Calculating field nursery cdsts

Taylor et al. 1986 “Costs of establishing and ofiegefield nurseries...”
Taylor et al. 1986 “Calculating bottom line formal container nursery”
Hall et al. 1987

BARR inc.<http://www.barrinc.com>

Taylor et al. 1986 “Costs of establishing and ofiegefield nurseries...”
Hall et al. 1987

Taylor et al. 1986 “Calculating field nursery cdsts

Taylor et al. 1990

Coartney et al. 1988

Taylor et al. 1990

International Greenhouse Supply httpuiv.igcusa.com

<www.johndeere.com> (JD4120)
Case IH D45 www.Case.com
Tyler Brothers Farm Equip.
<www.johndeere.com> (JD3520)
Case |H DX40 <http://www.Case.com>
Tyler Brothers Farm Equip.
Kawasaki Mule<http://www.Kawasaki.com>
JD Gator HPX <http://www.johndeere.com>
<www.cubcadet.com>
John Smiths & Sons inc.
Ellis Products
Nursery Carts Mobile Serv. & Repair
Taylor et al. 1990
yldaet al. 1990
Taylor et al. 1986 “Calculating bottom line formal container nursery”
Taylor et al. 1986 “Calculating field nursery cdsts
Tennessee Farmers Cooperative
A.M. Leonard 2007 Catalog
Gempler's Supply 2007 Fall Master Catalog
Chevy Silverado 1500 <http:// www.cheverolet.com>
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Table 3-1(continued)

Item Description Sources
Pickup truck(cont) Ford F-150 <http://www.ford.com>
Toyota Tundra <http://www.toyota.com>
Hand Tools Miscellaneous Taylor et al. 1986 “Costs of establishing and ofieggfield nurseries...”
Taylor et al. 1986 “Calculating bottom line fosmall container nursery”
Mist System Complete misting Taylor et al. 1990

Tank Sprayer

Boom kit

Skid Loader

Undercutter-bed
Fertilizer spreader
Bed Shaper / Tiller

Rotary Mower

U Blade

Pot / Flat Filler
Media Mixer

Conveyor

General Overhead

Utilities

General Repairs & Maintenance

Licensing and bonds

25 gal tank

7 nozzle (100" boom)

forklift (46hp)

50" lift tines
500# capacity broadcast spread
machine driven (70” wide)

5’ tractor mounted

lifting blade

Flat Filler with Hopper
4 yrd cu capacity

Feed from mixer to hopper

telephone, gas, electric etc.

buildings and grsund

Taylor et al. 1986 “Calculating bottom line fosmall container nursery”
Taylor et al. 1986 “Costs of establishing and ofiegefield nurseries...”
Gempler’s Supply 2007 Fall Master Catalog
FIMCO Industries <http://www.fimcoindustries.com/>
Northern Tool <http://www.northerntool.com>
Gempler's Supply 20l Master Catalog
FIMCO Industries <http://www.fimcoindustries.com/>
Bobcat Equip. <http://www.bobcat.com>
Northern Tool <http://www.northerntool.com>
Knox Rental and Sales, Knoxville TN
Taylor et al. 1986 “Calculating field nursery cdsts
Taylor et al. 1986 “Costs of establishing and ofiegefield nurseries...”
<http://www.tractorsupply.com>
Ritchie Tractors
Rezgn Tillovator (RT 700) <http://www.agrisupply.cem
Pro HD bed shaper, Buckeye Tractors <http://wwwitawo.com>
Johndeere MX 5 rotary mower <http://www.johndeesene
Bushhog RZ60R , Bishop Tractor and Equipment Ltd.
Landpride RCR 18, <http://www.landpride.com>
Taylor et al. 1986 “Costs of establishing and ofpegefield nurseries.”.
Taylor et al. 1986 “Calculating field nursery cdsts
Diversified Products Marketing inc. httmibw.diversifiedmktg.com
Pack Mafacturing inc.
Classic 2000, Gleason Equipment http://www.gleagoipenent.com
Pack Manufacturing inc.
Classic 2000, Gleason Equipment http://www.gleagoipement.com
Pack Manufaoguinc.
Classic 2000, Gleason Equipment http://www.gleagoipenent.com

Badenh®g5L
Taylor et al. 1986 “Calculating field nursery cdsts

Taylor et al. 1986 “Calculating bottom line fosmall container nursery”

Badenhop 1985
Taylor et al. 1986 “Calculating field nursery cdsts

Taylor et al. 1986 “Calculating bottom line fosmall container nursery”

Badenhop 1985
Taylor et al. 1986 “Calculating field nursery cdsts
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Table 3-1continued.

Item Description Sources

Taylor et al. 1986 “Calculating bottom line fosmall container nursery”

Advertising and Printing Badenhop 1985
Taylor et al. 1986 “Calculating field nursery cdsts
Taylor et al. 1986 “Calculating bottom line fosmall container nursery”
Travel and Professional Fees Taylor et al. 1990
Taylor et al. 1986 “Costs of establishing and ofiegefield nurseries...”
Taylor et al. 1986 “Calculating field nursery cdsts
Administrative & Management Calculated from combined salaried employees
Miscellaneous Badenhop 1985
Taylor et al. 1986 “Calculating field nursery cdsts
Taylor et al. 1986 “Calculating bottom line fosmall container nursery”
Production Inputs

Pre plant herbicide Paraquat (2.5 gal) Knoxseed and Greenhouse Supply
Tennessee Farmers Cooperative
Post-emergent herbicide 41% glyphosate (2.5 gal) .M. Aeonard 2007 Catalog
Tennessee Farmers Cooperative
Fungicide Subdue MAXX American Horticultural Supply
Tennessee Farmers Cooperative
Insecticide Merit 4 (4lb bottle) Hummert Interratal Supply 2006/2007 Catalog
Knoxseed and Greenhouse Supply
Avid (1 quart) Hummert International Supply 2006/2007 Catalog
BFG Supply <http://www.bfgsupply.com>
Fire-ant Control Talstar (1qrt) Hummert International Supply 2006/2007 Catalog
BFG Supply <http://www.bfgsupply.com>
Rooting Hormone Dip-N-Grow (1602z) A.M. Leonard Z00atalog
Fertilizer 15-15-15 bulk Tennessee Farmers Cooperative
Slow release fertilizer 14-14-14 Osmocote with id{€0Ib bag) Tennessee Farmers Cooperative
Hummert International Supply 2006/2007 Catalog
Seed Red Maple <http://www.seedsandsuch.com>
Lawyer Nursery Seed Price Catalog 2007/2008
Polyplastic Overwintering plastic (8’ X 100’ roll) A.M. Leonard 2008 catalog
BWI Companies <http://www.bwicompanies.com>
Overwintering plastic supports concrete wire (6100’ roll) Home Depot www.homedepot.com
Growing Medium Promix PG (2.8 Cu ft) Hummert Imational Supply 2006/2007 catalog

The Greenhouse Mega Store http://www.greenhousestegacom
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Table 3-2.Capital Requirements for a 10-acre (4 ha) linesery using a field-groundbed type growing system.

ltem Description Unit Useful Life (yrs) Price per Lhit Quantity Total
Land
Unimproved land acre $8,942.00 10 $892120.
Land improvements grading, graveling, pond acre 20 $286,665.67 1 $286,665.67
Total $376,085.67
Buildings
Office and Restrooms 20' X 40’ sq ft 20 3% 800 $43,048.00
Cooler 40" X 50" X 20’ each 20 $53,845.00 1 3§H15.00
Machine Storage Shop 40’ X 100’ sq ft 10 27187 4000 $110,680.00
Packing & Shipping Facility50’ X 75’ sq ft 10 $20.57 3750 $77,137.50
Total $284,710.50
Equipment
Large tractor 50 hp tractor each 10 $23,423.67 1 $23,423.67
Small Tractor < 50 hp tractor each 10 $21,448.33 2 $42,896.66
ATV Utility Vehicle each 10 $9,486.33 1 $8(433
Trailers 6'X 12 each 10 $1,881.67 2 $338
Irrigation System Complete (other than misting)  steyn 20 $49,889.13 1 $49,889.13
Backpack Sprayers 3 gallon capacity each 10 $93.31 3 $279.93
Pickup Truck ¥ ton each 10 $26,942.67 1 $26632.
Hand Tools Miscellaneous sets 5 $7,959.00 1 $7,959.00
Misting System Compete system 10 $1,518.34 1 $1,518.34
Tank Sprayer 25 gallon tank each 10 $310.33 1 $310.33
Boom Kit 7 nozzle (100" boom) each 10 $281.2 1 $221.25
Skid Loader Forklift (46 hp) each 10 $22,520.00 1 $22,520.00
Undercutter-bed 50" blade lift tines each 7 $528.00 2 $1,056.00
Fertilizer Spreader 500# capacity broadcast each 7 $540.00 1 $540.00
Bed Shaper/Tiller machine driven (70" wide) each 7 $3,105.00 1 $3,105.00
Rotary Mower 5’ tractor mounted each 10 $1,803. 1 $1,303.00
Water Delivery System Well and Pump system 20 ,EBR41 1 $43,781.41
U Blade lifting blade each 5 $712.67 2 ,485.34

Total

Grand Total

$240,421.40

$901,217.57
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Table 3-3.Capital requirements for a 10-acre (4 ha) linesaty using a polyhouse covered groundbed growistgsy.

ltem Description Unit Useful Life (yrs) Price per Unit Quantity Total

Land
Unimproved land acre $8,942.00 10 $89020.
Land improvements grading, graveling, pond acre 20 $286,665.67 1 $286,665.67

Total $376,085.67

Buildings
Office and Restrooms 20' X 40’ sq ft 20 5381 800 $43,048.00
Cooler 40" X 50" X 20° each 20 $53,845.00 1 3§H15.00
Machine Storage Shop 40’ X 100’ sq ft 10 $27.67 4000 $110,680.00
Polyhouse Structures 20’ X 100’ each 10 $2329. 1 $2,129.84
Packing & Shipping Facility 50’ X 75’ sq ft 10 $20.57 3750 $77,137.50

Total $286,840.34

Equipment
Small Tractor < 50 hp tractor each 10 $21,448.33 2 $42,896.66
ATV Utility Vehicle each 10 $9,486.33 1 ,886.33
Trailers 6' X 12 each 10 $1,881.67 2 %3.34
Irrigation System Complete (other than misting)stegn 20 $49,889.13 1 $49,889.13
Backpack Sprayers 3 gallon capacity each 10 $93.31 3 $279.93
Pickup Truck % ton each 10 $26,942.67 1 $2Z660
Hand Tools Miscellaneous sets 5 $7,959.00 1 $7,959.00
Misting System Compete system 10 $1,518.34 1 $1,518.34
Tank Sprayer 25 gallon tank each 10 $310.33 1 $310.33
Boom Kit 7 nozzle (100" boom) each 10 $281.2 1 $221.25
Skid Loader Forklift (46 hp) each 10 $22,520.00 1 $22,520.00
Undercutter-bed 50" blade lift tines each 7 $528.00 1 $528.00
Fertilizer Spreader 500# capacity broadcast each 7 $540.00 1 $540.00
Bed Shaper/Tiller machine driven (70" wide) each 7 $3,105.00 1 $3,105.00
Rotary Mower 5’ tractor mounted each 10 $1,803. 1 $1,303.00
Water Delivery System Well and Pump system 20 ,BmR41 1 $43,781.41
U Blade lifting blade each 5 $712.67 $712.67

Total

Grand Total

$215,757.06

$878,683.07
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Table 3-4.Capital Requirements for a 10-acre (4 ha) linesety using a polyhouse covered container type grpsystem.

Iltem Description Unit Useful Life (yrs) Price per Unit Quantity Total
Land
Unimproved land acre $8,942.00 10 $89,420.00
Land improvements grading, graveling, pond acre 20 $286,665.67 1 $286,665.67
Total $376,085.67
Buildings
Office and Restrooms 20" X 40’ sq ft 20 3§51 800 $43,048.00
Machine Storage Shop 40’ X 100’ sq ft 10 27%7 4000 $110,680.00
Polyhouse Structures 20’ X 100’ each 10 $2829. 1 $2,129.84
Packing & Shipping Facility 50' X 75’ sq ft 10 $20.57 3750 $77,137.50
Total $232,995.34
Equipment
Small Tractor < 50 hp tractor each 10 $21,448.33 2 $42,896.66
ATV Utility Vehicle each 10 $9,486.33 1 486.33
Trailers 6’ X 12 each 10 $1,881.67 2 EBB4
Irrigation System Complete (other than misting) steyn 20 $49,889.13 1 $49,889.13
Backpack Sprayers 3 gallon capacity each 10 $93.31 3 $279.93
Pickup Truck Y ton each 10 $26,942.67 1 $26642
Hand Tools Miscellaneous sets 5 $7,959.00 1 $7,959.00
Misting System Compete system 10 $1,518.34 1 $1,518.34
Tank Sprayer 25 gallon tank each 10 $310.33 1 $310.33
Boom Kit 7 nozzle (100" boom) each 10 $28B1.2 1 $221.25
Skid Loader Forklift (46 hp) each 10 $22,520.00 1 $22,520.00
Rotary Mower 5’ tractor mounted each 10 $1,803. 1 $1,303.00
Water Delivery System Well and Pump system 20 ,BBmA41 1 $43,781.41
Pot/Flat Filler Flat filler with conveyor each 15 $24,412.50 1 $24,412.50
Hopper 4 cubic yard capacity each 15 $21,925.00 1 $21,925.00
Media Mixer 3 cubic yard capacity each 15 $8,30 1 $6,798.50
Total $264,007.39
Grand Total $873,088.40
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Table 3-5.Comparison of the cost pef &nd cost per growing area of three liner growiysiems

Growing System

Total Fixed Cost

Actual Growing Spae

Cost per sq ft

Cost per Growing Area*

Field Groundbed:

Land & Improvements $34,588.00 1701 sq ft $0.09 $158.90
Buildings $37,919.32 1701 sq ft $0.10 $174.20
Equipment $32,513.32 1701 sq ft $0.09 $149.37
General Overhead $236,027.78 1701 sq ft $0.64 ,088133
Total $341,048.42 1701 sq ft $0.92 $1,566.80
Polyhouse Covered Groundbed
Land & Improvements $34,588.00 1386tsq f $0.09 $129.47
Buildings $38,235.61 1386 sq ft $0.10 $143.13
Equipment $28,766.16 1386 sq ft $0.08 $107.68
General Overhead $236,027.78 1386 sq ft .64%0 $883.53
Total $337,617.54 1386 sq ft $0.91 $1,863
Polyhouse Covered Container
Land & Improvements $34,588.00 1386tsq f $0.09 $129.47
Buildings $32,662.65 1386 sq ft $0.09 $122.27
Equipment $34,112.15 1386 sq ft $0.09 $127.69
General Overhead $236,027.78 1386 sq ft .6250 $855.52
Total $329,908.47 1386 sq ft $0.91 $1,262.

% Cost per sq ft was computed by taking the tot@dicost / by the number of total sq ft in the Boy{8.5 acres * 43560 sq ft).
" Cost per growing area was computed by taking ¢isé per sq ft multiplied by the amount of actuawjng space in the system
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Table 3-6.Annual fixed costs of a 10-acre (4 ha) liner nwysesing the field-groundbed type growing system.

Item Salvage Valu¢  Depreciation Interest Insurance & Taxes Total
tamnd
Unimproved land $3,129.70 $1,788.40 4,9%$8.10
Land Improvements $28,666.57 $12,899.96 RELEB $5,733.31 $29,669.90
$34,588.00
Buildings
Office and Restrooms $4,304.80 $1,937.16 $1,657.35 $860.96 $4,455.47
Cooler $5,384.50 $2,423.03 $2,073.03 $1976 $5,572.96
Machine Storage Shop $11,068.00 $9,961.20 $4,261.18 $2,213.60 $16,435.98
Packing and Shipping Facility $7,713.75 6,9%82.38 $2,969.79 $1,542.75 $11,454.92
$37,919.32
Equipment
Large Tractor $2,342.37 $2,108.13 $901.81 $4B8 $3,478.41
Small Tractor $4,289.67 $3,860.70 $1,651.52 B57. $6,370.15
ATV $948.63 $853.77 $365.22 8%H13 $1,408.72
Trailers $376.33 $338.70 $144.89 $75.27 $558.86
Irrigation System $4,988.91 $2,245.01 ,980.73 $997.78 $5,163.52
Backpack Sprayer $27.99 $25.19 $10.78 $5.60 $41.57
Pickup truck $2,694.27 $2,424.84 $1,037.29 538, $4,000.99
Hand Tools $795.90 $1,432.62 $306.42 %518 $1,898.22
Mist System $151.83 $136.65 $58.46 $30.37 $225.47
Tank Sprayer $31.03 $27.93 $11.95 $6.21 $46.08
Boom Kit $22.13 $19.91 $8.52 $4.43 $32.86
Skid Loader $2,252.00 $2,026.80 $867.02 $460 $3,344.22
Undercutter-bed $105.60 $135.77 $40.66 $21.12 $197.55
Fertilizer Spreader $54.00 $69.43 $20.79 $10.80 $101.02
Bed Shaper/Tiller $310.50 $399.21 $119.54 $62.10 $580.86
Rotary Mower $130.30 $117.27 $50.17 $26.06 $193.50
Water Delivery System $4,378.14 $1,970.16 $1,685.58 $875.63 $4,531.38
U Blade $142.53 $256.56 $54.88 $28.51 $339.94
Total $32,513.32
Total Depreciation, Insurance, Taxes, and Interest $105,020.64
General Overhead
Utilities $11,628.00
General Repairs and Maintenance $10,268.00
Licenses and bonds $4,362.67
Advertising and printing $2,511.67
Travel and Professional Fees $3,379.00
Unemployment Insurance Premiums $2,450.00
Workmen's Compensation Insurance $36,452.00
Administrative and Management $162,498.11
Miscellaneous $2,478.33

$236,027.78
TOTAL ANNUAL FIXED COSTS:  $341,048.42

“ Assumed as 10% of the initial investment costv&se value was only used to calculate depreciagiod was not used tot calculate

total annual fixed costs
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Table 3-7.Annual fixed costs of a 10-acre (4 ha) liner nwysesing the polyhouse covered groundbed type grpwystem.

Item: Salvage Value®  Depreciation  Interest Insurance & Taxes Total
Land
Unimproved land $3,129.70 $1,788.40 $2,920
Land Improvements $28,666.57 $12,899.96 ,086L63 $5,733.31 $29,669.90
$34,588.00
Buildings
Office and Restrooms $4,304.80 $1,937.16 $1,657.35 $860.96 $4,455.47
Cooler $5,384.50 $2,423.03 $2,073.03 $1,076.90 $5,572.96
Machine Storage Shop $11,068.0 $9,961.20 $4,261.18 $2,213.60 $16,435.98
Polyhouse Structures $212.98 $191.69 $82.00 $42.00 $316.28
Packing and Shipping Facility $7,713.75 983,38 $2,969.79 $1,542.75 $11,454.92
$38,235.61
Equipment
Small Tractor $4,289.67 $3,860.70 $1,651.52 $857.93 $6,370.15
Trailers $376.33 $338.70 $144.89 5.87 $558.86
Backpack Sprayers $27.99 $25.19 $10.78 $5.60 $41.57
Tank Sprayer $31.03 $27.93 $11.95 $6.21 $46.08
Boom Kit $22.13 $19.91 $8.52 $4.43 $32.86
Pickup truck $2,694.27 $2,424.84 $1,037.29 $538.85 $4,000.99
Irrigation System $4,988.91 $2,245.01 ,980.73 $997.78 $5,163.52
Bed Shaper/Tiller $310.50 $399.21 $119.54 $62.10 $580.86
Hand Tools $795.90 $1,432.62 $306.42 $189. $1,898.22
Mist System $151.83 $136.65 $58.46 30.87 $225.47
Skid loader $2,252.00 $2,026.80 $867.02 $450.4 $3,344.22
ATV $948.63 $853.77 $365.22 $189 $1,408.72
Fertilizer Spreader $54.00 $69.43 $20.79 $10.80 $101.02
Undercutter-bed $52.80 $67.89 $20.33 $14.25 $98.77
U Blade $71.27 $128.28 $27.44 $14.25 $169.97
Water Delivery System $4,378.14 $1,970.16 $1,685.58 $875.63 $4,531.38
Rotary Mower $130.30 $117.27 $50.17 .686 $193.50
$28,766.16
Total Depreciation, Insurance, Taxes, and Interest $101,589.16
General Overhead
Utilities $11,628.00
General Repairs and Maintenance $10,268.00
Licenses and bonds $4,362.67
Advertising and printing $2,511.67
Travel and Professional Fees $3,379.00
Unemployment Insurance Premiums $2,450.00
Workmen’s Compensation Insurance $36,452.00
Administrative and Management $162,498.11
Miscellaneous $2,478.33
$236,027.78
TOTAL ANNUAL FIXED COSTS $337,617.54

A. Assumed as 10% of the initial investment coalv&ge value was only used to calculate depreciatind was not used tot calculate total annuatifo@sts
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Table 3-8.Annual fixed costs of a 10-acre (4 ha) liner nuysesing the polyhouse covered container type grgwystem.

Item: Salvage Value® Depreciation Interest Insurance & Taxes Total
Land
Unimproved land $3,129.70 $1,788.40 $4,918.10
Land Improvements $28,666.57 $12,899.96 11,836.63 $5,733.31 $29,669.90
$34,588.00
Buildings
Office and Restrooms $4,304.80 $1,937.16 $1,657.35 $860.96 $4,455.47
Machine Storage Shop $11,068.00 $9,961.20 $4,261.18 $2,213.60 $16,435.98
Polyhouse Structures $212.98 $191.69 $82.00 $42.00 $316.28
Packing and Shipping Facility $7,713.75 ,98@.38 $2,969.79 $1,542.75 $11,454.92
$32,662.65
Equipment
Small Tractor $4,289.67 $3,860.70 $1,63 $857.93 $6,370.15
Trailers $376.33 $338.70 $144.89 5.87 $558.86
Backpack Sprayers $27.99 $25.19 $10.78 $5.60 $41.57
Tank Sprayer $31.03 $27.93 $11.95 $6.21 $46.08
Boom Kit $22.13 $19.91 $8.52 $4.43 $32.86
Pickup truck $2,694.27 $2,424.84 $1,087.2 $538.85 $4,000.99
Irrigation System $4,988.91 $2,245.01 930,73 $997.78 $5,163.52
Hand Tools $795.90 $1,432.62 $306.42 $159.18 $1,898.22
Mist System $151.83 $136.65 8.6 $30.37 $225.47
Skid loader $2,252.00 $2,026.80 $867.02 $450.40 $3,344.22
ATV $948.63 $853.77 $365.22 $189.7 $1,408.72
Water Delivery System $4,378.14 $1,970.16 $1,685.58 $875.63 $4,531.38
Rotary Mower $130.30 $117.27 5047 $26.06 $193.50
Pot/Flat Filler $2,441.25 $1,464.75 3988 $488.25 $2,892.88
Hopper $2,192.50 $1,315.50 $844.11 $438.50 $2,598.11
Media Mixer $679.85 $407.91 $z81L $135.97 $805.62
$34,112.15
Total Depreciation, Insurance, Taxes, and Interds $101,362.80
General Overhead
Utilities $11,628.00
General Repairs and Maintenance $10,268.00
Licenses and bonds $4,362.67
Advertising and printing $2,511.67
Travel and Professional Fees $3,379.00
Unemployment Insurance Premiums $2,450.00
Workmen's Compensation Insurance $36,452.00
Administrative and Management $162.498.11
Miscellaneous $2,478.33
$236,027.78
TOTAL ANNUAL FIXED COSTS: $329,908.47

“ Assumed as 10% of the initial investment costv&g value was only used to calculate depreciatiod,was not used to calculate total
annual fixed costs.
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Table 3-9.Annual payroll and withholding costs of a 10-a@tda) liner nursery with four salaried employeed six hourly

workers?,
Position Gross Pay Gross Pay FICA Medicare Incom@&ax Total Monthly Total Annual
(Hourly) (Monthly) Payroll Costs Payroll Costs
Manager Salary $5,200 $644.80 $150.80 $728.00 $1BB9 $67,173.60
Assistant Mgr Salary $4,800 $595.20 $139.20 $672.00 $5,167.20 $62,006.40
Propagator Salary $4,600 $570.40 $133.40 $644.00 4,95%.90 $59,422.80
Admin Assist. Salary $2,579 $319.82 $74.80 $361.0 $2,776.51 $33,318.11
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Worker $8.50 $1,360 $168.64 $39.44 $190.40 $10464 $17,568.48
Total $25,339.20 ,$82.06 $734.84 $3,547.49 7,%27.65 $327,331.79

* The above payroll costs were used for all thresemy liner stock growing system
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Table 3-10.Annual equipment operating costs of a 10-acre J4iher nursery using the field-groundbed type grayv

system.
Item: Expected Life Annual Use Fuel Cost per bt Labor Cost ” Lubrication Cost" Total Cost per hr Total Annual Cost:
(years) (hours) (travel & maintenance)

Fuel Driven"
Large Tractor 10 400 $9.00 $10.07 $1.35 $20.41 $8,165.19
Small Tractor 10 600 $6.84 $10.07 $1.03 $17.93 $10,757.72
ATV 10 250 $2.15 $10.07 $0.32 $12.54 $3.,33
Pickup Truck 10 540 $42.00 $10.07 $6.30 $58.37 $31,519.59
Skid Loader 10 550 $11.29 $10.07 $1.69 $23.05 12,675.81

Non-Power
Trailers 10 520 NA NA $0.07 $0.07 $36.40
Irrigation System 20 3000 NA NA NA $0.83 $2,494.46
Backpack Sprayer 10 60 NA NA NA $0.16 $9.33
Tank Sprayer 10 150 NA NA NA $0.21 $3&1.0
Boom Kit 10 150 NA NA NA $0.15 $22.13
Undercutter-bed 7 250 NA NA NA $0.30 R3]
Fertilizer Spreader 7 200 NA NA NA $0.39 $77.14
Bed Shaper/Tiller 7 250 NA NA NA $1.77 $49B
U Blade 5 350 NA NA NA $0.41 $142.53
Mist System 10 500 NA NA NA $0.30 $151.83

Electricity Driven Kilowatt hr (KwH) Cost per KwH
Water Delivery System 20 506 14.90 $0.0689 $1.03 $3,593.14
Cooler 20 3000 5.60 $69 $0.39 $1,157.52

$74,487.94

Total Annual Equipment Operating Costs

% Fuel cost per hour = maximum PTO horsepower Xerurfuel cost per gallon X 0.06 (gasoline) or Fast per hour = maximum PTO
horsepower X current cost of fuel per gallon 0.(diésel)
" Labor (travel and maintenance) = hourly rate X 1.1

% Lubrication cost = 0.15 X fuel cost per hour
W-*Note: Diesel fuel price per gallon as of 5-5-26084.09 and gasoline price per gallon as of 58828 $3.59
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Table 3-11.Annual equipment operating costs for a 10-acreafdiher nursery using the polyhouse covered grbaddype
growing system.

Item: Expected Life Annual Use: Fuel Cost per hf Labor Cost" Lubrication Cost * Total Cost per hr Total Annual Cost
(years) (hours) (travel & maintenance)
Fuel Driven®
Small Tractor 10 600 $6.84 $10.07 $1.03 $17.93 10,867.72
ATV 10 250 $2.15 $10.07 $0.32 $12.54 $3,135.59
Pickup Truck 10 540 $42.00 $10.07 $6.30 $58.37 $31,519.11
Skid Loader 10 550 $8.28 $10.07 $1.24 $19.59 $10,771.84
Non-Power
Trailers 10 520 NA NA $0.07 $0.07 $36.40
Irrigation System 20 3000 NA NA NA $0.83 $4446
Backpack Sprayer 10 60 NA NA NA $0.16 $9.33
Tank Sprayer 10 150 NA NA NA $0.21 $3L.0
Boom Kit 10 150 NA NA NA $0.15 $22.13
Undercutter-bed 7 250 NA NA NA $0.30 L)
Fertilizer Spreader 7 200 NA NA NA $0.39 $77.14
Bed Shaper/Tiller 7 250 NA NA NA $1.77 $487
U Blade 5 350 NA NA NA $0.41 $142.53
Mist System 10 500 NA NA NA $0.30 $151.83
Electricity Driven Kilowatt hr (KwH) Cost per KwH
Water Delivery System 20 3500 14.90 $0.0689 $1.03 $3,593.14
Cooler 20 3000 5.60 $0.0689 $0.39 $1,157.52
Total Annual Equipment Operating Costs $64,780.72

% Fuel cost per hour = maximum PTO horsepower Xemrfuel cost per gallon X 0.06 (gasoline) or Feast per hour =
maximum PTO horsepower X current cost of fuel dlog 0.044 (diesel)

¥ Labor (travel and maintenance) = hourly rate X 1.1

* Lubrication cost = 0.15 X fuel cost per hour

* Note: Diesel fuel price per gallon as of 5-5-26084.09 and gasoline price per gallon as of 5-5820$3.59
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Table 3-12.Annual equipment operating costs for a 10-acrealdiher nursery using the polyhouse covered costdype
growing system

Item Expected Life Annual Use Fuel Cost pefnr # Labor Cost’ Lubrication Cost* Total Cost per hr Totahnnual Cost
(years) (hours) raftel and maintenance)
Fuel Driven
Small Tractor 10 600 $6.84 $10.07 $1.03 $17.93 $10,757.72
ATV 10 250 $2.15 $10.07 $0.32 $12.54 $3,39
Pickup Truck 10 540 $42.00 $10.07 $6.30 $58.37 $31,519.11
Skid Loader 10 550 $8.28 $10.07 $1.24 $19.59 $10,771.84
Non-Power
Trailers 10 520 NA NA $0.07 $0.07 $36.40
Irrigation System 20 3000 NA NA NA $0.83 $24446
Backpack Sprayer 10 60 NA NA NA $0.47 788
Tank Sprayer 10 150 NA NA NA $0.21 $31.0
Boom Kit 10 150 NA NA NA $0.15 $22.13
Mist System 10 500 NA NA NA $0.30 $151.83
Electricity Driven Kilowatt hr (KwH) Cost per KwH
Water Delivery System 20 3500 14.90 $0.0689 $1.03 $3,593.14
Pot / Flat Filler 15 2800 5.97 $0.0689 $0.41 $1,151.73
Hopper 15 2800 1.12 $0.0689 $0.08 6.
Media Mixer 15 2800 7.46 $0.0689 $0.51 439,18
Total Annual Equipment Operating Costs $65,348.22

“Fuel cost per hour = maximum PTO horsepower X atiffieel cost per gallon X 0.06 (gasoline) or Fusstgper hour = maximum PTO
horsepower X current cost of fuel per gallon 0.(diésel)

" Labor (travel and maintenance) = hourly rate X 1.1

* Lubrication cost = 0.15 X fuel cost per hour

" *Note: Diesel fuel price per gallon as of 5-5-26084.09 and gasoline price per gallon as of 53828 $3.59
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Table 3-13.Summary and comparison of equipment operating adstsee 10-acre (4 ha) nursery liner growing syst

Growing System

Fuel Driven Equipment

Non-Power Eqypment Electricity Driven Equipment Total:
Field Groundbed
Total Operating Cost per hr $132.30 $4.58 $1.41 $138.29
Total Annual Operating Cost $66,253.43 $3,483.86 $4,750.66 $74,487.95
Percent of total 88.95% 4.68% 6.38% 100%
Polyhouse Covered Groundbed
Total Operating Cost per hr $108.42 $6.57 $1.41 $116.40
Total Annual Operating Cost $56,184.26 $3,845.80 $4,750.66 $64,780.72
Percent of total 86.73% 5.94% 7.33% 100%
Polyhouse Covered Container
Total Operating Cost per hr $108.43 $2.03 $2.03 112$19
Total Annual Operating Cost $56,184.26 $2,763.84 6,4@0.12 $65,348.22
Percent of total 85.98% 4.23% 9.79% 100%
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Table 3-14.Summary of the total annual production costs dd-adre (4 ha) liner
nursery using the field-groundbed type growingeiystor one 20’ X 100’ growing area

with 1,701 ft (158 m?) of actual growing space.

Item: Red Maple Foster Holly Giant Arborvitae
Fixed Costs:
Total annual cost $341,048.42 $341,048.42 $3414@48
Fixed cost per sq ft $0.92 $0.92 $0.92
Total cost per growing area $1,566.80 $1680 $1,566.80
Variable Costé"
Pre-plant herbicide application $33.44 $33.44 4383
Tillage $62.68 $62.68 $62.68
Fertilizer Application $25.24 $25.24 $25.24
Stratification $416.96 -- -
Cost of rooting - $12,233.95 P13.95
Planting / Sticking $13.73 $2,611.99 $2,601.
Post-emergent herbicide application $914.29 $®|4.2 $914.29
Insecticide application $249.33 $249.33 $289.43
Fungicide application $317.46 $317.46 $317.46
Misting $1,178.44 $1,178.44 $1178.44
Irrigation $8,654.12 $8,654.12 $8,654.12
Overwintering $661.70 $661.70 $661.70
Undercutting $82.14 $82.14 $82.14
Harvesting $109.71 $109.71 $109.71
Cooler Storage $1,216.08 $1,216.08 ®BLoBl
Total variable cost $13,935.31 $28,350.57 $248).67
Total production cost per growing area: $15,502.11 $29,917.37 $30,007.47

% Derived from Delphi method, CPI, and formulaic hets. Adapted from Hinson et al. 2007

and Hall et al. 1987
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Table 3-15.Summary of the total annual production costs dd-adre (4 ha) liner
nursery using the polyhouse covered groundbeddyp&ing system for one 20’ X 100’
growing area with 1,386%(129 m?) of actual growing space.

Item: Red Maple Foster Holly Giant Arborvitae
Fixed Costs:
Total annual cost $337,617.54 $337,617.54 833754
Fixed cost per sq ft $0.91 $0.91 $0.91
Total cost per growing area $1,263.81 $1,236.81 $1,26.81
Variable Cost$:
Pre-plant herbicide application $33.39 $33.39 $33.
Tillage $57.71 $57.71 $57.51
Fertilizer Application $24.31 $24.31 $24.31
Stratification $368.43 -- -
Planting / Sticking $36.60 $1,879.97 $1,929.97
Cost of Rooting -- $3,727.34 $3,727.34
Post-emergent herbicide application $914.29 $34.2 $914.29
Insecticide application $249.33 $249.33 $289.43
Fungicide Application $306.88 $306.88 $306.88
Misting $767.80 $767.80 $767.80
Irrigation $8,654.12 $8,654.12 $8,654.12
Undercutting $82.14 $82.14 $82.14
Harvesting $109.71 $109.71 $109.71
Cooler Storage $1,205.70 $1,205.70 $1,205.70
Total variable cost $12,810.41 $18,012.70 $18,1812
Total production cost per growing area:  $14,074.22 $19,276.50 $19.366.61

Z Derived from Delphi method, CPI, and formulaic heats. Adapted from Hinson et al. 2007

and Hall et al. 1987
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Table 3-16.Summary of the total annual production costs dd-adre (4 ha) liner
nursery using the polyhouse covered container gypeing system for one 20’ X 100’
growing area with 1,386%t(129 ni®) of actual growing space.

Item: Red Maple Foster Holly Giant Arborvitae
Fixed Costs:
Total annual cost $337,390.57 $337,390.57 BRRI57
Fixed cost per sq ft $0.91 $0.91 $0.91
Total cost per growing area $1,262.96 $1,262.96 $62.96
Variable Costs:
Media Preparation $5,997.13 $5,997.13 $5,997.13
Filling Containers $808.49 $808.49 $799.38
Planting / Sticking $220.40 $3,151.53 $3,189.03
Post Emergent herbicide application $914.29 $M4.2 $914.29
Insecticide application $249.33 $249.33 $289.43
Fungicide application $306.88 $306.88 $306.88
Misting $1,178.44 $1,178.44 $1,178.44
Irrigation $8,654.12 $8,654.12 $8,654.12
Harvesting $286.13 $286.13 $286.13
Total variable cost $18,615.21 $21,546.34 $21,64.
Total production cost per growing area: $19,878.17 $22,809.30 $22,877.80

Z Derived from Delphi method, CPI, and formulaic hezts. Adapted from Hinson et al. 2007

and Hall et al. 1987
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Table 3-17.Summary of production costs for all three lineswing systems. All
growing systems were assumed to be on a separaterda @4 ha) liner nursery.
(Italicized figures denote differences)

Growing System Red Maple Foster Holly Giant Arborviae
Field Groundbed
Total annual fixed cost $341,048.42 $341,048.42 41§R8.42
Fixed cost per sqft $0.92 $0.92 $0.92
Fixed cost per growing aréa $1,566.80 $1,566.80 $1,566.80
Total variable cost $13,935.31 $28,350.57 $28,440.67
Total cost per growing area $15,502.11 $29,917.37 $30,007.47
Polyhouse Covered Groundb&d
Total annual fixed cost $337,617.54 $337,617.54 $337,617.54
Fixed cost per sq ft $0.91 $0.91 $0.91
Fixed cost per growing area $1,263.81 $1,263.81 ,268181
Total variable cost $12,810.41 $18,012.70 $18,102.80
Total cost per growing area $14,074.22 $19,276.51 $19,366.61
Polyhouse Covered Contairter
Total annual fixed cost $337,390.57 $337,390.57 $337,390.57
Fixed cost per sq ft $0.91 $0.91 $0.91
Fixed cost per growing area $1,262.96 $1,262.96 ,26R196
Total variable cost $18,615.21 $21,546.34 $21,614.84
Total cost per growing area $19,878.17 $22,809.30 $22,877.80

% Total growing area within the 2,006 (186 nt’) block is 1,701 ft(158 n¥)

" Total fixed cost per sq ft is computed by taking total annual fixed cost and dividing it by the
number of acres in production converted infq8t5 acres X 43,560%te.g. $333,566.31 /
(8.5 acres*43,560% = $0.9009

% Fixed cost per growing area = fixed cost per $thie number actual sq ft within the
particular growing system (Field groundbed contdifi@1 sq ft and both polyhouse covered
groundbed and container has 1,386129 m?) within the 2,000 ftor 186 n, block).

"- Total growing area within the 2,006 {186 n) block is 1,3861 ft(129 nY)

V- Total growing area within the 2,006 (186 m?) block is 1,3861 ft(129 n?)
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Table 3-18.Summary of the cost per plant of three differentitfe (4 ha) nursery liner growing systems.

Growing System Cost per plant Number  Cost per plant Number Cosper plant Number Cost per plant  Number
Plant Type @36persf ofplants @ 12.8persf ofplants @ 6.4persf ofplants @ 3.2persf  of plants
Field Groundbed
Maple $0.2532 61,236 $0.71 21,772 $1.42 10,886 .8552 5,443
Foster $0.4886 61,236 $1.37 21,772 $2.75 10,886 .50$5 5,443
Arborvitae $0.4900 61,236 $1.38 21,772 $2.76 1®,88 $5.51 5,443
Polyhouse Covered Groundbed
Maple $0.2821 49,890 $0.79 17,740 $1.59 8,870 3.1 4,435
Foster $0.3863 49,890 $1.09 17,740 $2.17 8,870 35%4. 4,435
Arborvitae $0.3881 49,890 $1.09 17,740 $2.18 8,870 $4.37 4,435
Polyhouse Covered Container
Maple $1.4984 28,067 $1.4984 28,067 $1.4984 28,067 $1.4984 28,067
Foster $1.7194 28,067 $1.7194 28,067 $1.7194 28,06 $1.7194 28,067
Arborvitae $1.7245 28,067 $1.7245 28,067 $1.7245 8,0&7 $1.7245 28,067

%~ Typical commercial nursery liner planting densitypproximately 360 stems pefm
" Equal to 128 stems perngSchultz and Thompson 1996)
* Equal to 64 stems pernfSchultz and Thompson 1996)

W- Equal to 32 stems pern{Schultz and Thompson 1996)

V-1701 £ (158 n¥) of growing space within 2,000*{t186n°) block
Y- 1386 ft (129 n¥) of growing space within 2,000°#¢186n") block
71386 £ (129 n¥) of growing space within 2,000/ {t186m?) block
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Figure 3-1. Fild-oundbed stem (phto courtes of Dr. GdsaHall)

100 ft length

5.67 ft width 567 total sq ft
1.5ft
Total Usable Growing Space = 1701 sq ft 567 total sq ft
15ft

567 total sq ft

Figure 3-2. Arial view of field-groundbed growing system withi701 ff (158 m?) of
growing space with a 2,007 {186 m?) growing block.



Figure 3-3.Polyhouse covered groundbed system (photo couofeBy. Charles Hall)

99 ft length

5 ft wide x|/100 ft long path

£02 -~
T35 54 it

Total Usable Growing Space = 1386 sq ft

5 ft buffer strip

Figure 3-4.Arial view of polyhouse covered groundbed systertin k386 ft (129 m?)
of growing space with a 2,000 {186 m?) growing block.
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| 7 ft width |

sable Growing Space = 1386 sq ft

LN

N\

5 ft buffer strip
Figure 3-6. Arial view of polyhouse covered container systeithvi,386 f£ (129 m?) of
growing space with a 2,000 {186 m?) growing block.
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$400,000
$350,000
$300,000
$250,000
$200,000
$150,000
$100,000
$50,000
S-

Field Groundbed Polyhouse Covered Polyhouse Covered
Groundbed Container

¥ Land
® Buildings

“ Equipment

Figure 3-7.Comparison of the land, buildings, and equipmenpttabrequirements for three nursery liner growsygtems
situated on 10 acres (4 ha) (1.5 acres, 0.6 hass# for buildings and facilities).
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$150,000
$100,000 ® Field Groundbed
$50,000 -
S- - ® Polyhouse Covered
;&\o(\.' &é, +®°3 Q:bb.' Groundbed
L& 2 Q@{Q ¥ Polyhouse Covered
Q@Q‘ d&’bo @\O Container
& N
\(\9\’ C

Figure 3-8. Comparison of the depreciation, interest, insugaara taxes, and general overhead costs for thraere (4 ha)
nursery liner growing systems.
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$30,000
$25,000
$20,000

M Field Groundbed
$15,000

M Polyhouse Covered
$10,000 - Groundbed

" Polyhouse Covered

$5,000 - Container
S
Red Maple Foster Holly Giant
Arborvitae

Figure 3-9. Comparison of the total variable costs for thre@eatre (4 ha) nursery liner
growing systems with three species of plant mdteria

$35,000
$30,000
$25,000
B Field Groundbed
$20,000
M Polyhouse Covered
»15,000 Groundbed
$10,000 m Polyhouse Covered
Container
$5,000
s-
Red Maple Foster Holly ~ Giant Arborvitae

Figure 3-10.Comparison of total annual production costs foe¢htO-acre (4 ha) nursery
liner growing systems with three species.
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Chapter 4

Summary and Conclusions

Introduction

When examining liner quality and production throdmgisic economics, we must
consider supply and demand functions. Evaluatiosupply and demand is beneficial to
developing business models for a new liner opeanaticexpansion of an existing nursery.
In the quality assessment survey, we examinedtguadaracteristics that liner buyers
focus on during point-of-purchase, or the demadd sf the economic equation. In the
nursery liner production cost estimation study,examined the supply side of the
economic equation by providing production costgestes with a comparison of three

nursery liner growing systems.

Nursery Liner Product Quality Survey

A market survey was developed and conducted tert@sc liner buyer
perceptions of premium quality when making purchgslecisions. We tested six
variables: first order lateral root (FOLR) numb@gion of production, price, and
uniformity of height, canopy density, and calipgurveys were conducted at nursery
trade shows, and respondents were asked to prgeiteral information as well as
specific quality preference characteristics mad&nduypurchasing decisions. Conjoint
analysis techniques were used in the evaluatiadhi®survey. Principles of conjoint
analysis are based on assumptions that buyerdaisadtility of a product based on

utility of each individual product attribute (Gaagi2002).
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Results from the self-stated importance ratingaaded with what we predicted.
First order lateral root number was found to berttost important characteristic to
nursery liner buyer purchasing decisions, followgdrice per liner and height
uniformity. Yet, results from the visual surveyrualy contradicted the self-stated
importance ratings. While FOLR and uniformity ofdte and canopy density were the
most important liner attributes affecting buyerghasing decisions, region of production
and price per liner were relatively unimportant. émspecified U.S. region was
preferred, which may be explained due to precomcknotions about liners grown in
Pacific Northwest and southeast U.S. regions. kamgple, a grower deciding on
purchasing liners from the Pacific Northwest migkpect high value and quality to the
crop, but have negative perceptions about antiethahipping costs associated with

purchases from that region.

By using the conjoint model to calculate nursemgtiattribute utility values,
growers can predict buyer utility and valuatiorddferent attribute compositions.
Growers will be able to evaluate and estimate myrgger quality by assessing their
crop’s attributes, and summing the respectivetytidalues and the intercept to determine
an estimated quality rating for their crop. Estim@iquality ratings can allow growers to
establish various grades of their nursery linedpads and emphasize those

characteristics in marketing strategies.

Indeed, nursery liner growers should have no prolddapting their production

systems and techniques to help emphasize and peadasirable product features. The
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characteristics that were identified through this/ey as important to buyer purchasing

decisions can, in part, be controlled culturallyiibgr growers.

Most morphological characteristics are influencgabltural practices such as
bed planting density and undercutting. Undercuttisgs a machine-driven blade to
prune seedling roots. In a study using northerroeddQuercus rubra L).and black
walnut Juglans nigral.), undercut seedlings had more FOLR than non-toutie
seedlings (Schultz and Thompson, 1996). Underauttoes not just generate FOLR; it
also provides stimulation for fine root producti@specially when depth of cut is
considered. When the taproot of English d@kroburL.) was cut 18 cm below the root
collar, production of fine roots declined compavéth fine roots on liners with taproots
cut 33 cm below the root collar (Harmer and Wald®84). With respect to the plant
canopy, since shoots grow at the expense of ridagsgonceivable that undercutting
would have an adverse affect on plant shoots.d €éendercutting seedlings reduced root
to shoot dry weight and reduced height of sessile(@. petraed compared to non-

undercut control seedlings (Schultz and Thomps8861Andersen, 2004).

Liner bed planting density (sowing density) ha® dleen shown to impact not
only the production of fibrous roots, but also thelity of FOLR and overall root density
(Schultz and Thompson, 1996; Tomlinson et al.; 1996ek et al., 2007). A grower
using a lower bed density could in theory, impreeedling quality. Northern red oak and
black walnut seedlings produced more number of F@h&fibrous roots when grown at
64 stems per ihwhen compared to those grown at 128 stems ffeerren when

compared to the non-undercut treatments (SchuttzTaempson, 1996). The number of
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FOLR was significantly greater, however, when segdlwere grown at 32 stems per m
2. Lower bed density has also increased plant heigth root collar diameter in northern

red oak as well as coniferous seedlings (Tomliretoal., 1996).

While crowding seedlings at a high planting denkdg been shown to have a
negative impact on seedling quality (Schultz andrjpson, 1996; Cicek et al., 2007), a
grower still has to produce an adequate numbeeedIsgs to be profitable. Growing
liners at a lower bed density also requires mand kcreage for production, which incurs
more cost per plant than for liners being growa hitgher density and using less acreage.
The positive side of this relationship is that eifemgrower has fewer seedlings to
distribute production costs over, the grower cailidrge a premium price for the crops

premium quality.

The quality survey had some limitations. We pritlgaeceived responses from
southeast growers. Future quality surveys suchesetshould be conducted in each
major nursery production region, Pacific Northwestrkets, west coast markets, as well
as New England markets. Conducting surveys in eatie major markets would yield a
larger sample size, and growers would be able kerrderences about other potential
markets other than the southeast. Other limitatiociside variables within the study.
Price per liner was determined using representaties for Nuttall oak@. nuttallii P.)
in nursery catalogs. Variances among the three peiels were only + $0.30, thus were
relatively close to one another. Future studieshinigclude levels of price with more
“shock value”, meaning that the price per linerale might be set at $0.50 intervals or

more. Results in the importance of price per liegourchasing decisions are likely to
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have been different if the price levels were sefraater intervals. Uniformity of caliper
among liners was also not found to be very impatiabuyer purchasing decisions in
the survey, which contradicted pre-study informaleys and phone calls. Actual
differences in liner caliper were difficult to deso in the photographs. For this reason,
variances in liner characteristics were state@xm form within each image. Future
studies might include an interactive survey witke Iplants. Although actual completion
time would be extended, respondents would be allbetter assess variances in nursery
liner characteristics. Future studies might alsedmeducted solely on plug liners. Our
study looked at bareroot liners, but a comparisetwben desirable characteristics for
both plug and bareroot liners could be potentiaéineficial to nursery liner stock
growers.

Production Cost Estimation Study

To examine the supply side of the economic egnatdanodel was examined to
ascertain production cost estimates of three commuesery liner products. On a 10-acre
(4 ha) model nursery, we evaluated three diffepeatiuction systems within a 2,008 ft
(186 m?) growing area utilizing a field-groundbed systenpolyhouse covered
groundbed system, and a polyhouse-covered contsystgm. Within these systems were
three representative nursery liner products incgaded maple (a deciduous species),
Foster holly (broadleaf evergreen), and giant asikee (needle leaf evergreen). Capital
requirements, fixed, and variable costs were detetnusing a modified Delphi method
and the Southeastern United States Consumer Rdes (SEUS CPI). All costs in this

study were assumed as a new business venture.
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The field-groundbed system required the largesiwarhof start-up capital
totaling over $900,000. The polyhouse covered gibed and container systems totaled
$875,000 and differed only slightly. The field-grmllbed system had more capital
requirements due to initial investment costs andwarhof equipment needed. Results of
total production cost estimations indicated thagteoholly and giant arborvitae cost
more to produce than red maple in all three pradocystems. In all, the field-
groundbed system was the most expensive to opartgems of total production costs

for Foster holly and arborvitae.

When examining cost per plant at a typical comna¢rairsery liner growing
density, the red maple in the field groundbed héwheer cost per plant than Foster holly
and arborvitae. A similar trend held true for tlidyppouse covered groundbed, however,
the cost per plant for all plant types was lowantithe field-groundbed system due to
differences in the amount of growing spac® {ft the two systems, the number of salable
plants able to be produced, and the amount of testgy distributed over that number of
plants. There was a linear relationship betweehmersplant and bed planting density.

As densities of plantings in beds were loweredréhg the number of salable plants)
there was a corresponding increase in cost pet.Bad planting density is important for

the production FOLR, which was found to be impdriarthe quality survey.

Root formation on liners grown using the polyhoasgered container system are
not dependant on bed density. Four inch (798 caose (band) containers were used in
this system, and the trend of the maple beingdhastlexpensive compared to the Foster

holly and arborvitae, were similar to the compadledsities in the other two systems.
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Changes in cost per plant and number of salablggpia the growing space are expected

to change with type and size of container beinkigetl by growers.

In the production cost study, we made the assumatimew land, buildings, and
equipment, as well as the operation itself, wasva purchase consequently revealing
higher production costs. A more likely scenarithigt new business owners or business
desiring expansion would choose to purchase usaigregnt and might possibly even
rent the land acreage. Future studies should ieabydions for substituting new
equipment for used, and possibly a scenario whneréand is rented. Comparisons could

then be made between the two different scenarios.

Marketing

We have seen from the quality survey that a mgjofirespondents claimed only
to use between 2 to 3 liner suppliers. To compétie hrger, already established liner
production facilities, newcomers who wish to gravdaell good liners will have to
employ unique marketing strategies in order toleisiaa niche market for their
products. Growers could use the knowledge thathyasers of nursery liner stock are
tending to focus on product uniformity as well &3LR characteristics, and emphasize

those characteristics when developing their mangetian.
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