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Abstract 

This thesis includes two projects: investigating the transaction channel choices by U.S. 

nurseries and national trade among U.S. nurseries. Alternative transaction channels 

including trade show, telephone, in-person, mail, and internet sales contribute to the 

growth of nursery crops in the United States. However, literature about the choice of 

transaction channels on nursery crops over time is sparse. In our study, we investigated 

the impacts of nurseries’ business characteristics, product characteristics, locations, and 

promotional activities on the sales through different transaction channels. Based on the 

national survey data of 2003 and 2008, we used Tobit models to investigate the main 

factors that affect the sales of plants through five transaction channels: trade show, 

telephone, in-person, mail and internet. We found that the firms’ choice of different 

channels changed over time; plant type affected the channel choice and different 

promotional activities also affected the choice of different channels. 

Based on national survey data of years 1998, 2003 and 2008, we used augmented 

gravity models to investigate the main factors affecting the trade value for both large and 

small nurseries. We found that the impact of distance on trade value was different 

between large nurseries and small nurseries; the impact of distance on nursery trade has 

been decreasing over time; and the impact of distance on nursery trade differs across 

regions. Additionally, nursery trade value was affected by plant types the nurseries 

carried and other business characteristics. 
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Chapter 1. Introduction 

In the United States, nursery and greenhouse industry has become an important agricultural 

sector. Based on Economic Research Service of U.S. Department of Agriculture (2007), the U.S. 

nursery and greenhouse crops generated $16.9 billion in sales in 2006 which have increased by 

around 18% since 2000. A large part of the nursery and greenhouse sector is the production of 

nursery crops which generally includes ornamental plants and trees with woody stems such as 

deciduous shade and flowering trees, vines and ground covers, Christmas trees, and foliage. 

According to a survey conducted by National Agricultural Statistics Service in 17 U.S. States, 

growers of nursery crops in these surveyed states gained $4.65 billion in the gross wholesale value 

in 2006, which was a 17% raise from 2003. 

The Trade Flows and Marketing Practices within the United States Nursery Industry Survey 

have been conducted by the S-1021 Multi-State research committee five times at 5-year intervals 

since 1988. Brooker et al. (2000; 2005) reported a series of bulletins using the survey data. They 

provided overall description of nursery industries and presented the basic statistics for each survey 

question. Some other studies have investigated the regional differences in the U.S. nursery industry. 

Hodges, et al. (2008) examined whether production practices and technology uses differ across 

regions. Behe, et al. (2008) explored whether marketing practices differ across regions. Both studies 

used the data from the 2004 survey. Regional differences were found in varieties of nursery media 

rooting systems, types of irrigation water application, levels of computerization (Hodges et al., 

2008). There were regional differences for the sales management, selling practices, pricing and 

advertising (Behe et al., 2008). Andrade and Hinson (2009) studied choices of nursery market 
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channels including garden centers, landscapers, mass merchandisers, and re-wholesalers. They 

found that grower size and business characteristics affected their choice of these four channels. 

The main body of this thesis is based on two projects. Chapter 2 corresponds to the project 

“Investigating the Choice of Transaction Channels by U.S. Nurseries”. Sales through different 

transaction channels were collected in the survey. A transaction channel is the physical mechanism 

that seller and buyer use to make a mutual decision whether a trade will happen and at what price 

(Hinson et al., 1995). In the 1989, 1993 and 1999 surveys, sales were collected for four transaction 

channels: trade show, telephone, in-person, and mail. Hinson, Turner and Brooker (1995) have used 

the 1989 survey data to study the nursery industries’ choice of various types of transaction channels 

among U.S. wholesale nurseries. Their study explored the factors that influenced the sales through 

four transaction methods. Internet transaction method was not included because the survey was 

conducted prior to the internet being available for general use. For the most recent surveys in year 

and 2004 year 2009, the internet channel was included as an alternative transaction channel.  

The trade show channel is a traditional transaction method that exhibits real products to 

customers. Trade shows are important in marketing. In the USA, more than 100,000 firms displayed 

at 11,000 business trade shows (Herbig et al., 1998). Trade shows are a major vehicle for producers 

to show off their product lines to wholesalers and retailers and it can stimulate product orders. 

Trade shows are a useful method for firms to communicate with existing and potential consumers 

(Rice and Almossawi, 2002; Smith et al., 2004). However, the costs to exhibit in trade shows is 

high, which limits growers’ participation in trade shows and the sale values of trade shows (Inc, 

2009; Herbig et al., 1998). Telephone is a very common transaction channel in which customers 

order products through the telephone directly from producers. Telephone sales are one of the easiest 

and most convenient modes, but there are perceived risks (Cox and Rich, 1964). Customers may 
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prefer to purchase low-risk and familiar goods through telephone orders. In-person sales need to 

involve both buyers and sellers in person. In-person sales give customers a chance to see the 

products and get detailed product and seller information. For the nursery industry, telephone and in-

person are the most popular channels, accounting for 46% and 44% of total sales, respectively 

(Brooker et al., 2005). Mail order is another alternative transaction channel in which buyers order 

through mail catalogs. Mail order catalogs and telephone order are both convenient (Korte, 1977; 

Spence et al., 1970; Reynolds, 1974), but compared to telephone orders, no direct communications 

between sellers and buyers exist in mail orders, so mail orders are more passive than telephone 

orders (Hinson, 1995). With the development of the internet, more and more transactions have been 

completed over the internet. Internet sale, also called “e-commerce”, is convenient since it is 

available 24 hours a day and 7 days a week. With the technological advances, e-commerce has 

generated much revenue in many industries. The sales of e-commerce have increased to $2,385 

billion in 2006 from $995 billion in 1999 (U.S. Bureau of the Census, 2006). Internet sales are user-

friendly and personalized. However, transaction security is a problem for internet sales (Bhatnagar 

et al., 2000). This may prevent some customers from using it. For the nursery industry, fewer sales 

are through mail and internet channels than other transaction channels, accounting for 3.8% and 

1.9% of total sales, respectively (Brooker et al., 2005). 

 A variety of productions, advertising promotions, and business characteristics could 

potentially influence nursery producers’ use of transaction methods. All nurseries have similar 

plants, but the proportions of the types of products available differ (Hampton, 2001). Alternative 

advertising activities can be used to promote the products for nurseries. Different allocations on 

advertising activities can affect the percentage of sales through different transaction channels. 
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Nursery characteristics, such as age, location, percentage of negotiated sales, and proportion of 

wholesale versus retail, can potentially affect the sales value through different transaction channels. 

Our study differs from Hinson et al. (1995) study in several ways: 1) the nursery industry has 

been changing in recent years due to the increased international competition. Therefore, we updated 

Hinson et al. (1995) study with the most recent survey data (2004 survey and 2009 survey instead of 

1989 survey data) to investigate nurseries’ choice of different transaction channels in a more current 

business environment; 2) we included one increasingly important transaction channel, internet 

channel, into our study; 3) we introduced a longitudinal component into our study to investigate 

how the choice of transaction channels changed over time; 4) we explored how plant type, 

promotional activity, and computerization among other variables affected nurseries’ choice of 

different transaction channels; 5) we investigated the factors that lead to the difference in sales 

through alternative transaction channels between large nurseries and small nurseries. The objective 

of this project is to explore the major factors that affect the sales through different channels and 

how these major factors affect the sales value via different channels. Finding out what factors affect 

the sales values for each transaction channel can help growers in making future marketing decisions 

on choices of transaction channels according to their own business and product characteristics and 

what kind of promotional activities would be effective in increasing sales through different 

channels. These finding can also help growers decide how to allocate their expenditures on different 

advertising promotions.  

Chapter 3 corresponds to another project “Investigating Factors Affecting the U.S. National 

Nursery Trade”. Few studies have been conducted that investigate the factors that affect the flow of 

products in nursery crop trade. The gravity model has been widely used for agricultural trade-

related studies. Zahniser et al. (2002) explored the impact of regionalism on U.S. agricultural 
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exports using a gravity model. Grant and Lambert (2008) investigated the effects of regional trade 

agreements on members’ agricultural trade. Both studies found that the gravity model performed 

well on estimating agricultural trade. Koo et al. (1994) used the gravity model for a single 

agricultural commodity. They found that distances had a significant effect on trade flows of meat. 

As another type of agricultural product, we hypothesize that factors such as distance and state GDP 

would also the trade of nursery crops. As the name implies, the idea of the gravity model actually 

stems from Newton’s law for gravitational force between two objects. The gravitational force is 

inversely proportional to the distance between two objects and directly proportional to the masses of 

objects. In the basic gravity model of trade, the trade flow corresponds to the gravitational force; 

and the market sizes, which are often measured by gross domestic product (GDP), income or 

population, are used to measure masses. Trade flows are expected to be inversely proportional to 

the distance between two regions and directly proportional to the market sizes. Anderson (1979) 

developed theoretical justifications for the gravity model. He stated that the gravity model was 

developed on the basis of constant elasticity of substitution. He assumed that preferences for traded 

goods are identical across countries and are homothetic and goods are considered differentiated by 

place of origin. Recently, Deardorff (1998) extended the assumption to all goods. For our study, we 

assumed preferences for nursery plants are identical across states and nursery plants are 

differentiated by state of origin. 

The gravity model can be augmented with other variables that are related with trade flows. 

When Tinbergen (1962) first introduced the gravity model to predict international trade flows, the 

key variables in the model included distance, a measure of market size for both exporting and 

importing countries, dummy variables for trade agreements, and a dummy variable as a common 

border in the gravity model. Pöyhönen (1963) used the square root of GDP to represent market size 
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in the gravity model. Population and per capita income were used by other researchers to measure 

market size (Linnemann, 1966; Koo and Karamera, 1991; Carrillo and Li, 2002). An augmented 

gravity model not only includes variables that measure distances and market sizes but also other 

variables such as exchange rates, income differences, and dummy variables for infrastructure, 

common language, or adjacency (Deardorff, 1998; Bougheas et al., 1999; Inmaculada and Felicitas, 

2003).  

One of the most important factors that affect trade flows is the actual distance between two 

regions. A distance variable is used to capture the influence of transportation costs (both freight cost 

and time cost) which is one of important parts of trade cost (Anderson and van Wincoop, 2004). 

Generally, trade increases as transportation cost decreases. Baier and Bergstrand (2001) showed that 

approximately 8-9% of the trade flow growth could be explained by transportation cost reduction. 

The distance between two regions is often measured by air routes (Frankel, 1997) or by sea routes 

(Bikker, 1987). Most empirical studies show that distance between two regions negatively affects 

the trade (Leamer and Levinsohn, 1995; Egger, 2002). The distance between two regions does not 

change over time. However, transportation costs often change over time. The impact of distance on 

trade is expected to diminish in magnitude over time because of developments in transportation and 

storage technology. Several studies have confirmed this hypothesis (Frankel, 1997; Bikker, 1987; 

Brun et al., 2005). A measure of market size is another factor included in gravity models. Generally, 

variables such as GDP, population, or income are used to measure the market size. Studies have 

shown that market size affects trade in a positive way: the larger the market size, the larger the trade 

volume (Llano et al., 2010). 

Most nurseries have both intraregional trade and interregional trade, with the vast majority 

of nursery crops produced in U.S. being sold to the domestic market. Brooker et al. (2005) reported 
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that less than 10% of U.S. nurseries exported to foreign countries, with those exports representing 

less than 2% of total annual firm sales in 2003. Due to the lack of exports of nursery crops, we 

focus on the domestic nursery trade within the U.S. for this study. Previous studies showed that 

interregional trade tends to grow faster than intraregional and international trade (Munroe and 

Hewings, 1998; Hitomi et al., 2000). Interregional trade has been studied through various 

methodologies to estimate the effect of distance, transportation connectivity, and industry 

characteristics on commodity flows. Gravity models, Neuronal networks, and input-output models 

are among the well-known methods (Llano et al., 2010, Nijkamp et al., 2004, Hitomi et al., 2000). 

Llano et al. (2010) used the gravity model to study Spanish interregional trade. More importantly, 

they showed that the gravity model was a valid method to study interregional trade. Their gravity 

model estimation indicated that a 1% increase in the distance between two regions could cause a 1% 

decrease in the total bilateral trade in Spain. Similar to Llano et al. (2010), we used the gravity 

model to explore the major factors affecting domestic interstate nursery trade. 

Nursery trade flows are influenced by firm size. Velástegui Andrade and Hinson (2009) 

explored the impact of business characteristics on market channel by firm size. Their study showed 

that firm size affected the channel choice and differences exist between large and small nurseries. 

We expect factors that affect trade flow would differ between large nurseries. Therefore, we model 

large nurseries and small nurseries separately. To our knowledge, this is the first study to utilize the 

gravity model methodology to examine the U.S. domestic nursery trade. In addition, we extended 

the traditional gravity model specification with augmented variables associated with selected 

business characteristics. The following business characteristics are included: nursery location, years 

in business, contracted sales, market channel, percentage of sales to repeat customers, negotiated 

sales, and the level of exports. All of the major product types aforementioned were also included in 
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the model. Another objective is to explore whether these variables affect the domestic trade 

conducted by large and small nurseries in different manners. Specifically, we tested the following 

hypotheses: (1) the impact of distance on large nurseries is smaller than it is on small nurseries; (2) 

the impact of distance on trade declines over time; (3) market sizes of the states where both buyers 

and sellers are located have positive impacts on the domestic nursery trade; and (4) other business 

characteristics affect the domestic nursery trade. 
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Chapter 2. Investigating the Choice of Transaction Channels by 

U.S. Nurseries 

2.1 Material and Methods 

The data used in this study was collected in 2004 and 2009 through both mail-in surveys and 

internet surveys. The 2004 survey was collected through mail and sent to 44 U.S. states and 2,485 

nurseries responded to the survey. The 2009 the survey was sent to 50 U.S. states through both the 

mail and internet, and 3,044 nurseries responded to the survey. In our study, we dropped some 

inconsistent observations from the data set if the following criteria are satisfied: 

1. The percentage of sales through different transaction channels was missing or inconsistent; 

2. Information about the year in which the firm was established was missing; 

3. Information about the home state was missing; 

4. The percentage of plant categories was missing or inconsistent; 

5. Expenditure for advertising was not reported; 

6. The percentage of expenditures on different advertising categories was missing or 

inconsistent; 

7. Information about gross sales was missing; 

8. Gross sales were equal to or less than $10,000, based on the USDA definition for 

commercial production (Andrade and Hinson, 2009). 

After imposing these conditions, the number of observations was trimmed down to 2,695.  

Nurseries with different sizes differ in many business practices (Andrade and Hinson, 2009). 

Nurseries’ size can be measured by their gross sales. In the surveys, participants were asked to write 

down their gross sales or choose from 11 categories of sales ranges. For those nurseries who chose 
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from the 11 categories, we used the midpoints of the corresponding categories to approximate the 

gross sales. We used $500,000 as the cut-off value to separate large and small nurseries (Andrade 

and Hinson, 2009). With this separation, there were 982 large nurseries and 1,713 small nurseries. 

The average annual gross sales for large nurseries were nearly $4 million, while the average annual 

gross sales for small nurseries were only $0.1 million. 

In our study, we explored how the nurseries’ characteristics affected the sales through different 

transaction channels for both large and small nurseries. We considered five transaction channels: 

trade show, telephone, in-person, mail, and internet. We used Tobit models to analyze the relations 

between nurseries characteristics and the sales through each of the transaction channels. 

The Tobit model used an underlying latent variable to express the observed dependent variable 

(Wooldridge, 2002). We named Y* as a vector of the latent sale percentage through a transaction 

channel. We can get Y* as a function of a vector of independent variables X by 

 (1)               )σNormal(0,~ε ε;XβY 2* +=     

where β is the estimated coefficients, ε is the error terms. We represented the observed sales 

percentage as  

)        2      (          )         100,(Ymin) and Y, Y0( maxY ** ==    

The analysis was conducted using Stata 10 (College Station, Texas). The independent variables 

included plant groups, regions, advertising categories, and other variables associated with nurseries’ 

business characteristics. The details of the variables are shown in Table 1.  

2.2 Results and Discussion 

The summary statistics of the sample are shown in Table 1. Based on sale-weighted 

proportion, for large nurseries, telephone channel had the highest percentage of sales (53%), 

followed by the in-person channel (37%). For the small nurseries, the in-person channel had the 
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highest percentage of sales (59%), followed by the telephone channel (31%). The sales through 

trade show, mail, and internet channels accounted for relatively smaller portions. The proportion for 

each of these three channels was less than 5% for both large and small nurseries.  

Sixteen kinds of plants were reported as a percentage of total sales in the surveys. Following 

Andrade and Hinson (2009), we grouped these seventeen kinds of plants into five categories based 

on the product characteristics: trees/shrubs, bedding plants, vines, foliage, and all other. We used 

the “other” plants category as the base for our estimation. According to the sale-weighted 

proportion, trees/shrubs had the largest proportion of the sales followed by bedding plants and 

vines, while foliage accounted for the smallest proportion of sales for both large and small 

nurseries. We classified the regions as Northeast, Midwest, South, and West, which is similar to the 

U.S. census region classification. In our estimation, we used South as the base for estimation. 

Participants were evenly distributed across the Northeast, Midwest and West, but more of them 

were from South. 

Around 4% of total sales were spent on advertising for both large and small nurseries. Table 1 

shows the sale-weighted percentages spending on nine kinds of advertising activities. “Other” 

advertising category was used as the base for estimation. Catalogs, trade shows, web sites, and 

yellow pages were the major advertising activities. Large nurseries used catalog advertising the 

most (21%), followed by trade shows advertising (20%), web sites advertising (11%) and yellow 

page advertising (11%). However, small nurseries used yellow page advertising (15%) and catalog 

advertising (15%) the most, followed by web sites advertising (13%), and trade shows advertising 

(9%). Radio/TV, billboards, gardening publications, trade journals and newsletters were also used 

by both large and small nurseries. 
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Contract sales were defined as products sold before being planted, which is enforced by a 

contract. Around 16% of total annual gross sales were from contract sales for large nurseries, while 

only 9% for small nurseries. To find how the choice of different channels changed over time, we 

introduced a dummy variable time, which equals one if the observations were from the 2009 survey 

and zero if the observations were from the 2004 survey. About 49% of the observations used in this 

analysis were from the 2009 survey. The firm’s age was the year that the survey was conducted 

subtracted from the year the firm was established. The average firm age was 33 years old for large 

nurseries and 22 years old for small nurseries. On average, around six computer functions were 

used to aid management in large nurseries, while three computer functions were used in small 

nurseries. About 83% of total gross sales were from repeat customers for large nurseries and 73% 

for small nurseries. For large nurseries, around 37% published discount information for large-

volume purchases; and for small nurseries, about 21% published discount information. About 34% 

of total annual sales were negotiated for large nurseries and 22% for small nurseries; nearly 83% of 

total annual sales were wholesale for large nurseries and 60% for small nurseries. Large nurseries 

had 4% gross sales from exports, while for small nurseries only 1% gross sales were from exports.  

The estimation results of Tobit models are shown in Table 2. Ten separate models were run for 

each transaction channel for both large and small nurseries. In this section we focus on the 

discussion of how different variables affect the choice of each transaction channel, how different 

variables affect the choice of channels made by large and small nurseries, and how our results differ 

from those in Hinson et al.’s (1995) study.  

Trade shows (TS) Channel. As shown in Table 2, for large nurseries, these who sold more 

tree/shrubs were the more likely to use TS; for small nurseries, these who sold more tree/shrubs, 

vines or foliage were less likely to use TS. There was no regional difference among large nurseries 
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for sales through TS. Compared with small nurseries in South, small nurseries in Northeast were 

less likely to sell through TS. 

Among the advertising categories, the coefficients of catalogs, trade journals, and trade show 

advertising were positive and significant for both large and small nurseries. This indicates that 

compared with the “other” advertising category these three kinds of advertising activities can 

significantly increase the percentage of sales through the TS channel. Websites and garden 

publication advertising activities can also increase the percentage of sales through the TS channel 

for small nurseries. As expected, the trade show advertising activities had the largest positive effect 

on the percentage of sales through the TS channel.  

The percentage of sales through TS in 2008 was significantly less than that in 2003 for large 

nurseries, but there was no significant time difference for small nurseries. Some other variables in 

the model also had significant impacts on the percentage of sales through TS. For both large and 

small nurseries, the higher the sales to repeat customers, the lower the percentage of sales through 

TS. More expenditure on advertising increased the percentage of sales through TS for both large 

and small nurseries. For large nurseries, these who sold more products to wholesalers, used fewer 

contracts, exported more, had higher computerization levels, or offered discount information were 

more likely to sell through TS. For larger nurseries, these who had stayed in the business for a 

longer time were more likely to sell through TS compared with younger firms. For small nurseries, 

those firms who sold their products through negotiation were more likely to sell through TS. Small 

nurseries with higher gross sales had higher percentage of sales through TS.  

Telephone (TEL) channel. Among the plant groups, trees/shrubs, vines and bedding plants had 

significant negative coefficients for both large and small nurseries. This indicates that nurseries who 

sold more trees/shrubs, vines and bedding plants were less likely to use TEL. In addition, for small 
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nurseries, the coefficient of foliage was significant and positive indicating small nurseries who sold 

more foliage were more likely to use TEL. Among advertising activities, for large nurseries only 

yellow page advertising had a significant positive impact on the sales through TEL compared with 

other media advertising. For small nurseries, yellow pages, garden publication, catalogs, trade 

journal and trade show advertising had significant positive impacts on the percentage of sales 

through TEL. As expected, the yellow pages activity had the largest positive effect on the 

percentage of sales through TEL for both large and small nurseries.  

TEL channel was less likely to be used in 2008 by large and small nurseries, but the 

coefficients were not significant. For both large and small nurseries, the higher the sales to repeat 

customers, the higher the percentage of sales through TEL. For both large and small nurseries, these 

who sold more products to wholesalers and used fewer contracts were more likely to sell through 

TEL. For small nurseries, these who offered discount information and stayed in the business for a 

longer time were more likely to sell through TEL. For large nurseries, younger firms were more 

likely to use TEL than old firms. Small nurseries with higher gross sales had higher percentage of 

sales through TEL.  

In-person (IP) channel. For large nurseries, these who sold more tree/shrubs, vines or bedding 

plants were more likely to sell through IP; for small nurseries, these who sold more tree/shrubs or 

bedding plants were more likely to use IP. Among advertising activities, the coefficients of 

radio/TV were significant and positive for large nurseries. Advertising activities on radio/TV could 

increase the IP sales compared with other advertising activities for large nurseries. For both large 

and small nurseries, website, catalog and trade show advertising activities had significantly negative 

coefficients for IP. For small nurseries, yellow pages, garden publications, and trade journals had 

significantly negative coefficients for IP. These types of advertising activities have negative impacts 
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on the percentage of sales through the IP channel since they lead buyers to purchase through other 

channels.  

For large nurseries, the percentage of sales through IP in 2008 was significantly higher than 

that in 2003 for large nurseries; for small nurseries, the percentages of sales through IP were not 

significantly different between 2008 and 2003. For both large and small nurseries, these who sold 

fewer products to wholesalers, had lower computerization levels, or offered discount information 

were less likely to sell through IP. For small nurseries, these who exported less, had stayed in the 

business for a longer time were less likely to sell through IP. 

 Mail channel. For large nurseries, there is no significant difference among plant groups in 

terms of the percentage of sales through mail; for small nurseries, these who sold more tree/shrubs, 

bedding plants or foliage were less likely to use mail. Among regions, for small nurseries, the 

coefficient for West was positive and significant. This indicates that small firms located in West 

were more likely to sell through mail channel. Among the advertising activities, for both large and 

small nurseries, website and catalog advertising activities can increase the percentage of sales 

through mail. For large nurseries, yellow page and radio/TV activities had significant and negative 

impact on the percentage of sales through the mail channel. For small nurseries, garden 

publications, trade journals, and trade show activities had significant and positive impact on the 

percentage of sales through mail channel. For large nurseries, website advertising activity had the 

largest positive effect on percentage of sales through mail; for small nurseries, catalog advertising 

activity was the most effective to increase the percentage of sales through mail. 

For both small and large nurseries, the percentage of sales through mail in 2008 was 

significantly lower than that in 2003. For both large and small nurseries, these who used more 

contracts, had fewer sales through negotiation, offered discount information, or had stayed in the 
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business for a longer time were more likely to use mail channel. For large nurseries, these who 

exported more were more likely to use mail channel. For small nurseries, these who sold more 

products to retailers or had higher computerization levels were more likely to sell through mail 

channel.  

Internet (IT) channel. For large nurseries, these who sold more tree/shrubs or bedding plants 

were less likely to use IT; for small nurseries, these who sold more tree/shrubs were less likely to 

use IT. Among the regions, only the coefficient for West was significant and negative for small 

nurseries. This indicates that small firms in West were less likely to use IT compared with small 

firms in South. As expected, website advertising activities had the largest positive impacts on the 

use of IT for both large and small nurseries. Trade journal advertising also had a positive impact on 

the use of IT for both large and small nurseries. For small nurseries, radio/TV, catalog, and trade 

show advertisements had a positive impact on the percentage of sales through IT, while newsletter 

advertising had a negative impact.  

Internet channel was more likely to be used in 2008 by both large and small nurseries 

compared with year 2003, but the coefficients were not significant. For both large and small 

nurseries, these who had fewer sales to repeat customers, sold fewer products through negotiation, 

offered discount information, or had higher computerization levels were more likely to use IT. For 

large nurseries, these who had more expenditure on advertising or stayed in the business for a 

longer time were more likely to sell through IT. For small nurseries, these who had more sales to 

wholesalers or exported more were more likely to use IT. 

Relationships between channels. The percentage of sales through different channels differed 

among different crop groups. For large nurseries, the sales through TS and IP channels increased 

when a firm sold more tree/shrubs; the sales through IP channels increased when sales of vines or 
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bedding plants increased. For small nurseries, the sales through IP increased when sales of bedding 

plants increased; the sales through TEL increased when sales of foliage increased. These results are 

reasonable. Trees/shrubs are large-sized and more expensive. For large-sized and expensive 

products, buyers prefer to see products in person to validate product quality before making 

purchasing decisions. Vines and bedding plants are colorful and visually appealing plants (Andrade 

and Hinson, 2009). There exists some risk in buying them without seeing them in person. We only 

observed a few regional differences for small nurseries. Sales through TS channels Northeast were 

less than in South due to more trade shows taking place in the south. Small nurseries in West were 

more likely to use Mail channel but less likely to use internet channel compared with small 

nurseries in South.  

Different advertising activities affected the percentages of sales through different channels. 

Website advertising often provides non-local stores’ information and online catalogs which make 

mail and internet ordering good transaction choices. As expected, when expenditures on website 

advertising increased, sales through mail and internet channels increased for both large and small 

nurseries. Trade show information can be found on nursery websites which can attract buyers to the 

trade shows. Therefore, website advertising was expected to increase sales through trade shows. 

Yellow page promotions give contact information but not visual representations as those seen in 

catalogs that can make ordering over the telephone easier. For both large and small nurseries, the 

sales through TEL channel increased when yellow page advertising activities increased. Radio/TV 

promotions often provide more information about local stores which can motivate customers to visit 

local stores. For large nurseries, the sales through IP channel increased when Radio/TV advertising 

activities increased. For small nurseries, the sales of TS, TEL and mail channels increased when 

gardening publication promotions increased. For large nurseries, sales through TS and mail 
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channels increased when catalog advertising activities increased and sales through TS and IT 

channels increased when trade journal advertising activities increased. For small nurseries, sales 

through TS, TEL, mail and IT channels increased when catalog or trade journal advertising 

activities increased. Trade show promotions gather a concentrated group of sellers and potential 

buyers for a short time and showcase the available products (Smith et al., 2004). This can stimulate 

customer interests, which leads to the possible selling through telephone, mail and internet channels 

following the event. For small nurseries, trade shows advertising could increase the sales for all 

channels except in-person. 

The sales through different channels have been changing over time. For large nurseries, sales 

through TS significantly decreased over time, but sales through IP increased over time. For both 

large and small nurseries, sales through mail significantly decreased over time. For both large and 

small nurseries, sales through IT increased over time while sales through TEL decreased, even if the 

estimated coefficients were not statistically significant.  

For both large and small nurseries, these who sold more products to repeat customer were 

more likely to sell through the TEL channel, but less likely to use TS and IT channels. Repeated 

customers have built long term relationships with the seller and they know the quality of the 

products; therefore, they do not need to attend trade shows to make purchases. Instead, they are 

more likely to make purchases by telephone. Both small and large nurseries that had more 

negotiated sales were less likely to use mail and internet channels because negotiated sales need 

more aggressive channels that allow directly communication. Exported goods are generally shipped 

long distances, which makes mail and internet a better channel choice. For large nurseries, these 

who exported more were more likely to sell through TS and mail; for small nurseries, these who 
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exported more were more likely to sell through IT. Attending trade shows is expensive, so some 

small nurseries with less gross sales may not afford participating in a trade show.  

We included some similar variables in our models as the study conducted by Hinson et al. 

(1995). These variables were firms’ age, gross sales, percentage sales to retail (wholesale), and 

locations. We had some findings that are similar to Hinson et al. (1995) and we also had some 

findings that are different from Hinson et al. (1995) as we used more updated data, we separated the 

analysis for large and small nurseries and internet channel was included in our study. Hinson et al. 

(1995) showed that old firms had a higher percentage of sales through TEL and mail while younger 

firms had a higher percentage of sales through IP.  We had similar findings for small nurseries, but 

different findings for large nurseries. In our study, for large nurseries, these who had a longer 

history were more likely to sell through TS, mail and IT; for small nurseries, these who had a longer 

history were more likely to sell through mail and IT. Hinson et al. (1995) found the higher the gross 

sales the higher the percentage of sales through TS and IP, while the higher the gross sales the 

lower the percentage of sales through TEL. In contrast, in our study, for large nurseries, the gross 

sales did not significant affect the sales through different channels; while for small nurseries, the 

higher the gross sales the higher the percentage of sales through TS and TEL. Hinson et al. (1995) 

found the higher the sales to retail the lower the percentage of sales through TS and TEL, while the 

higher the sales to retail the higher the percentage of sales through IP. Similar results were found for 

large nurseries in our study, but for small nurseries our findings differed from their study. In our 

study, for large nurseries, these who sold more products to wholesalers were more likely to sell 

through TS and TEL, but less likely to sell though IP. For small nurseries, these who had more sales 

to wholesalers were more likely to sell through TEL and less likely to sell though IP, mail and IT. 

Compared with Hinson et al. (1995), fewer regional differences were observed in our study. This 
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indicates that regional differences among the choices of different transaction channels have declined 

in recent years.  
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Table 2.1. Description of variables in the multivariable Tobit model (n=2,695) 

Variable Description Large 
nurseries 
(n=982) 

Small 
Nurseries 
(n=1713) 

Dependent variables  Mean S. D. Mean S. D. 
Trade shows  Percentage from trade show sales 

(%) 3.63 6.83 2.77 9.29 
Telephone  Percentage from telephone sales 

(%) 52.94 34.75 35.98 35.76 
In-person Percentage from in-person sales 

(%)  37.35 34.64 54.00 38.83 
Mail  Percentage from mail sales (%)  3.24 10.49 3.50 13.37 
Internet  Percentage from internet sales 

(%) 2.79 8.37 3.67 12.98 
Plant groupsa       
Trees/shrubs Percentage of sales for each of 

four plant groups (%) 
43.26 42.01 51.65 44.08 

Vines 14.00 23.81 10.97 23.61 
Bedding plants 15.79 28.89 15.10 30.40 
Foliage 4.71 17.21 3.70 16.53 
Regionsb  
Northeast Dummy variables---Firm in CT, 

DE, ME, MA, MD, NH, NJ, NY, 
PA, RI, VT (%)  0.16 0.37 0.21 0.41 

Midwest Dummy variables---Firm in IL, 
IN, IA, KS, MI, MN, MO, NE, 
ND, OH, SD, WI (%) 0.14 0.35 0.20 0.40 

West Dummy variables---Firm in AK, 
CA, CO, HI, ID, MT, NV, OR, 
UT, WA, WY (%) 0.21 0.41 0.16 0.37 

Advertising categoriesc  
Advertising  Percentage of total sales on 

advertising (%) 4.05 7.22 4.45 7.88 
Website  Percentage of advertising 

activities (%) (“other” were used 
as the base in the model) 
 
 

10.83 14.50 13.37 26.15 
Yellowpage  10.53 19.20 15.48 29.36 
Radio/tv  5.56 12.07 4.90 15.91 
Billboard  0.45 3.85 1.69 10.68 
Garden  
Publication 5.47 16.72 5.26 16.70 
Catalog 20.73 29.55 15.27 28.80 
Trade journal 5.09 14.48 7.86 22.68 
Newsletter  3.20 11.03 7.23 20.44 
Trade-shows 20.27 30.14 9.01 21.62 
Other variables: business characteristics 
Contract sales Percentage of total sales on 

contract (%) 15.73 28.45 9.37 22.59 
Time 
(1 if yes, 0 if no) 

Dummy -- survey was conducted 
in 2009 0.46 0.50 0.46 0.50 

Age Year the survey conducted 
subtract year the firm established 32.57 22.35 22.11 18.27 
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Variable Description Large 
nurseries 
(n=982) 

Small 
Nurseries 
(n=1713) 

(unit: years old) 
Computerization level Computer function number of the 

firm using to assist management 5.50 2.58 2.98 2.37 

Repeat customers Percentage of sales done with 
repeat customers (%) 83.05 17.11 72.65 24.55 

Discount information 
(1 if yes, 0 if no) 

Dummy variable---Publish 
discount information for large-
volume purchase 0.37 0.48 0.21 0.41 

Negotiated sales Percentage of negotiated sales(%) 34.13 35.37 21.77 31.04 
Wholesale Percentage of wholesale (%) 83.29 31.00 60.35 42.23 
Exports Percentage of exports (%) 3.97 16.81 0.76 5.95 
Gross sales Unit ($100,000) 39.44 73.58 1.66 1.11 
a “other plant groups” were considered as base in the model 
b “South” were considered as base in the model 
c “other advertising categories ” were considered as base in the model 
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Table 2.2 Results from Tobit Models for Large and Small Nurseries 
 
 Trade show Telephone In-person Mail Internet 
 Large Small Large Small Large Small Large Small Large Small 
 Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Plant Group: 

Trees/shrubs 
0.034* 
(0.018) 

-0.118*** 
(0.040) 

-0.186*** 
(0.034) 

-0.086*** 
(0.032) 

0.199*** 
(0.036) 

0.170*** 
(0.037) 

-0.018 
(0.055) 

-0.198*** 
(0.054) 

-0.066** 
(0.026) 

-0.065* 
(0.039) 

Vines 
-0.016 
(0.029) 

-0.165** 
(0.066) 

-0.214*** 
(0.055) 

-0.081* 
(0.049) 

0.247*** 
(0.059) 

0.084 
(0.054) 

0.078 
(0.081) 

-0.026 
(0.071) 

-0.030 
(0.043) 

0.018 
(0.055) 

Bedding 
plants 

-0.039 
(0.029) 

-0.053 
(0.056) 

-0.121** 
(0.050) 

-0.089** 
(0.043) 

0.163*** 
(0.053) 

0.179*** 
(0.049) 

-0.126 
(0.086) 

-0.211*** 
(0.072) 

-0.073* 
(0.040) 

-0.081 
(0.055) 

Foliage 
-0.009 
(0.031) 

-0.260 ** 
(0.119) 

0.082 
(0.059) 

0.124* 
(0.075) 

-0.056 
(0.064) 

-0.079 
(0.087) 

-0.185 
(0.115) 

-0.363* 
(0.209) 

-0.060 
(0.048) 

-0.096 
(0.122) 

Regions: 

Northeast 
-2.039 
(1.712) 

-9.951** 
(4.445) 

-4.774 
(3.230) 

-2.598 
(2.971) 

4.485 
(3.420) 

4.858 
(3.366) 

1.377 
(4.942) 

5.649 
(5.165) 

-0.565 
(2.553) 

-3.391 
(3.837) 

Midwest  
-1.988 
(1.809) 

3.544 
(4.041) 

1.449 
(3.392) 

-1.196 
(3.108) 

0.159 
(3.593) 

2.158 
(3.521) 

-0.162 
(5.376) 

8.386 
(5.316) 

-3.332 
(2.863) 

-5.039 
(4.026) 

West  
-2.193 
(1.579) 

0.659 
(3.906) 

-2.074 
(2.867) 

-2.298 
(3.101) 

1.553 
(3.051) 

3.226 
(3.504) 

0.105 
(4.846) 

10.338** 
(4.986) 

1.968 
(2.250) 

-7.137* 
(3.803) 

Advertising Promotions: 

Website  
0.041 

(0.042) 
0.120* 
(0.062) 

-0.075 
(0.070) 

0.044 
(0.049) 

-0.127* 
(0.075) 

-0.395*** 
(0.054) 

0.293 *** 
(0.106) 

0.273*** 
(0.077) 

0.335*** 
(0.051) 

0.612*** 
(0.052) 

Yellowpage  
0.009 

(0.037) 
-0.098 
(0.070) 

0.115** 
(0.056) 

0.217*** 
(0.041) 

0.013 
(0.059) 

-0.138*** 
(0.047) 

-0.376*** 
(0.119) 

-0.144 
(0.094) 

-0.061 
(0.055) 

-0.004 
(0.063) 

Radio/TV 
0.073 

(0.053) 
-0.051 
(0.127) 

-0.057 
(0.084) 

0.011 
(0.082) 

0.177** 
(0.088) 

0.059 
(0.092) 

-0.301* 
(0.159) 

0.150 
(0.133) 

0.016 
(0.071) 

0.170* 
(0.099) 

Billboard  
0.173 

(0.145) 
-0.285 
(0.300) 

-0.253 
(0.251) 

-0.047 
(0.118) 

0.327 
(0.263) 

0.145 
(0.135) 

-0.409 
(0.688) 

-0.236 
(0.312) 

-0.215 
(0.395) 

0.104 
(0.148) 

Garden  
publication 

0.053 
(0.048) 

0.323*** 
(0.088) 

-0.072 
(0.084) 

0.165** 
(0.077) 

0.040 
(0.089) 

-0.323*** 
(0.087) 

0.094 
(0.130) 

0.398*** 
(0.121) 

0.106 
(0.067) 

0.147 
(0.097) 
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 Trade show Telephone In-person Mail Internet 
 Large Small Large Small Large Small Large Small Large Small 
 Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 

Catalog 
0.101 *** 

(0.028) 
0.168*** 
(0.058) 

0.060 
(0.047) 

0.162*** 
(0.041) 

-0.082* 
(0.049) 

-0.340*** 
(0.047) 

0.124* 
(0.074) 

0.563*** 
(0.069) 

0.057 
(0.041) 

0.230*** 
(0.056) 

Trade journal 
0.143*** 
(0.031) 

0.177*** 
(0.065) 

0.058 
(0.054) 

0.141*** 
(0.050) 

-0.088 
(0.058) 

-0.193*** 
(0.057) 

0.003 
(0.091) 

0.208 ** 
(0.095) 

0.084* 
(0.046) 

0.136** 
(0.069) 

Newsletter  
0.028 

(0.046) 
0.010 

(0.072) 
0.053 

(0.077) 
0.048 

(0.049) 
0.039 

(0.082) 
-0.007 
(0.055) 

-0.097 
(0.131) 

-0.011 
(0.092) 

0.046 
(0.064) 

-0.162* 
(0.083) 

Trade show 
0.238*** 
(0.027) 

0.771*** 
(0.063) 

0.065 
(0.046) 

0.096* 
(0.053) 

-0.107** 
(0.049) 

-0.416*** 
(0.061) 

-0.101 
(0.081) 

0.255*** 
(0.092) 

0.044 
(0.040) 

0.190*** 
(0.068) 

Other variables: 

Time  
-2.043* 
(1.170) 

3.648 
(2.859) 

-1.794 
(2.227) 

-2.159 
(2.176) 

4.861** 
(2.368) 

3.054 
(2.465) 

-16.127*** 
(3.806) 

-6.483* 
(3.713) 

1.821 
(1.770) 

2.724 
(2.753) 

Repeat  
customers 

-0.061* 
(0.034) 

-0.125** 
(0.062) 

0.121** 
(0.061) 

0.107 ** 
(0.046) 

-0.053 
(0.065) 

0.039 
(0.052) 

-0.137 
(0.101) 

0.012 
(0.082) 

-0.092* 
(0.049) 

-0.330*** 
(0.057) 

Wholesales  
0.055** 
(0.024) 

-0.047 
(0.046) 

0.423*** 
(0.040) 

0.529*** 
(0.032) 

-0.391*** 
(0.042) 

-0.421*** 
(0.037) 

-0.080 
(0.064) 

-0.255*** 
(0.058) 

0.031 
(0.033) 

-0.090** 
(0.042) 

Contract sales 
-0.045* 
(0.025) 

-0.089 
(0.067) 

-0.119*** 
(0.045) 

-0.088* 
(0.046) 

0.064 
(0.048) 

0.016 
(0.052) 

0.142* 
(0.073) 

0.263*** 
(0.074) 

0.002 
(0.036) 

0.099* 
(0.059) 

Advertising 
0.241** 
(0.100) 

0.286** 
(0.142) 

-0.064 
(0.188) 

-0.209 
(0.134) 

-0.295 
(0.202) 

0.214 
(0.149) 

0.197 
(0.281) 

-0.008 
(0.217) 

0.370*** 
(0.133) 

0.045 
(0.137) 

Negotiated 
sales 

-0.003 
(0.019) 

0.096** 
(0.047) 

0.008 
(0.036) 

-0.008 
(0.035) 

0.056 
(0.038) 

0.047 
(0.040) 

-0.270*** 
(0.068) 

-0.166** 
(0.073) 

-0.056* 
(0.030) 

-0.092* 
(0.051) 

Discount 
3.095*** 
(1.155) 

4.526 
(3.211) 

2.614 
(2.236) 

7.483*** 
(2.603) 

-5.315** 
(2.380) 

-12.895*** 
(2.975) 

7.947** 
(3.628) 

15.510*** 
(4.190) 

3.823** 
(1.753) 

7.930** 
(3.092) 

Exports  
0.093* 
(0.052) 

0.192 
(0.177) 

-0.092 
(0.110) 

-0.319 
(0.200) 

-0.076 
(0.119) 

-0.623*** 
(0.202) 

0.298* 
(0.176) 

0.349 
(0.244) 

0.109 
(0.077) 

0.724*** 
(0.154) 

Computerization  
level 

0.804*** 
(0.252) 

0.496 
(0.620) 

0.461 
(0.457) 

0.590 
(0.475) 

-0.885* 
(0.485) 

-1.589*** 
(0.538) 

1.183 
(0.764) 

2.108*** 
(0.801) 

1.802*** 
(0.378) 

4.725*** 
(0.625) 

Age  
0.046* 
(0.025) 

0.073 
(0.081) 

-0.083* 
(0.049) 

0.193*** 
(0.060) 

-0.045 
(0.052) 

-0.286*** 
(0.069) 

0.353*** 
(0.076) 

0.388*** 
(0.096) 

0.110*** 
(0.038) 

-0.128 
(0.089) 
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 Trade show Telephone In-person Mail Internet 
 Large Small Large Small Large Small Large Small Large Small 
 Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 
Mean 

(Std. Err.) 

Gross sales 
-0.013 
(0.009) 

2.195* 
(1.307) 

0.000 
(0.015) 

1.935* 
(1.004) 

0.013 
(0.016) 

-1.711 
(1.149) 

-0.016 
(0.028) 

1.153 
(1.734) 

-0.004 
(0.012) 

0.316 
(1.318) 

Intercept 

-20.439 
*** 

(4.159) 

-43.796 
*** 

(6.896) 

20.341 
*** 

(6.910) 

-21.457 
*** 

(4.986) 

64.269 
*** 

(7.261) 

97.640 
*** 

(5.546) 

-24.094 
** 

(10.861) 

-64.413 
*** 

(9.307) 

-27.444 
*** 

(5.786) 

-32.044 
*** 

(6.341) 
****Significant at the 1% level; **significant at 5%; and *Significant at 10% levels
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Chapter 3. Investigating Factors Affecting the U.S. National 

Nursery Trade 

3.1 Material and Methods 

Data 
We used pooled cross-sectional survey data from three years to explore how distance, 

market size, and business characteristics affect the domestic trade in the nursery industry. The 

data used in this study was collected in 1999, 2004 and 2009 through mail-in surveys or internet 

surveys. Twenty-two states participated in the survey in 1999 and 1,718 nurseries (24% response 

rate) responded to the survey. Forty-four states participated in the survey in 2004 and 2,485 

nurseries (15.9% response rate) responded to the survey.  In 2009, the survey was sent to 

nurseries in all 50 U.S. states and 3,044 nurseries (18% response rate) completed the survey 

(Hall et al., 2011).  

We dropped selected observations from the data set if: 1) the destination was out of the U.S. 

since our focus was on the domestic nursery trade; 2) gross sales were equal to or less than 

$10,000, based on the USDA definition for commercial production (Velástegui Andrade and 

Hinson, 2009); 3) information about the year in which the firm was established was missing; 4) 

information about nursery’s home state was missing; or 5) the percentage breakdown among 

plant categories was missing. After imposing these conditions, the number of firms in the sample 

was trimmed to 5,140. The survey asked nursery producers to list the top five or six states 

(including their own state) that were destinations for their sales and indicate the percentage of 

sales to each of the five or six destination states. We used the sales to each destination as the 
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dependent variable. While many nurseries did not provide all five (or six) destinations, the total 

number of observations was 12,543. 

Model 

The impact of distance and business characteristics on trade flow was estimated 

separately for small nurseries and large nurseries, with nursery size measured by each nursery’s 

respective annual gross sales. Survey participants were asked to either write down their actual 

sales or choose from 11 sales ranges. For the observations that selected the sales ranges, the 

midpoints of each category were used to approximate the gross sales. Following Velástegui 

Andrade and Hinson (2009), we used $500,000 as the cut-off value to separate large and small 

nurseries, which resulted in 5,666 observations for large nurseries and 6,877 observations for 

small nurseries.  

Augmented gravity models were used to estimate how different factors affect the 

domestic trade of nursery crops. The augmented gravity model can be express as follows: 

ij6ij5ij4ij3j2i10ij DlnDlnDlnYlnYlnXln µ+⋅+⋅+⋅+β+β+β+β= WβRβtβ            (1)      

where Xij is the nursery trade value from state i to state j; Yi and Yj represent the market 

sizes of states i and j, respectively, usually evaluated by the state gross domestic production 

(GDP); Dij is the distance between the two states; t is a vector of the time dummy variable; R is a 

vector of the region dummy variable; and W is a vector of the dummy variables used to capture 

the nurseries characteristics, Table 1 presents the description and summary statistics of variables 

included in the gravity model. ; μ is the error term which follows a standard normal distribution.  

Ordinary least square (OLS) was used to estimate the gravity model. We selected variables in the 

model based on some model selection criterion such as AIC and BIC. R2 were used to measure 

how well the model fits the data. We tested whether the distance and market size significantly 
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affect the trade flow of nursery crops. We also tested whether the impact of distance changes 

over time and across different regions.  

The trade value between two states was reported as a percentage of firms’ gross sales and 

was converted to dollars of sales by multiplying the percentage with the firms’ gross sales. The 

real (adjusted for inflation) GDP by state were used in our study (U.S. Bureau of Economic 

Analysis). We defined the distance between the state where the buyer is located (hereafter 

referred to as “home state”) and the state where the seller is located (hereafter referred to as 

“destination state”) as the physical distance in miles between the capitals of the two states. We 

used SAS command –zipcitydistance- to estimate the distance between the two states. For the 

case that the home state was the same as the destination state, we use the radius of the state to 

approximate the distance.  

The interaction terms of the time dummy variable and distance were used in the model to 

estimate how the impact of distance on trade changes over time. The time dummy variable y2008 

(y2003) was defined as one when the trade data was from 2008 (2003), it was zero otherwise. 

The regions where the sellers are located may have potential impact on trade value. We classified 

the regions as Northeast, Midwest, South, and West, similar to the U.S. Census region 

classification. Interaction terms between distance and the regional dummy variables were also 

included in the model to explore differences caused by the impact of distance on trade across 

different regions.  

Plant type was also expected to affect the trade value. The dataset reported sixteen kinds 

of plants and following Velástegui Andrade and Hinson (2009), we grouped these sixteen kinds 

of plants into five categories based on the product characteristics: trees/shrubs, bedding plants, 

vines/groundcovers, foliage, and all other. The plant type that accounted for the highest 
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percentage of sales was treated as the major plant type. When two or more plant types had equal 

percentages of sales and all had the highest percentages, we set all of them as the major plant 

types.  

3.2 Results and Discussions 

Average sales by large nurseries were around 15 times that of small nurseries. Compared 

with small nurseries, large nurseries have a larger average distance between home state and 

destination state, indicating that large nurseries sold their products farther away from the home 

state relative to small nurseries. The home state GDP of large nurseries was significantly larger 

than the home state GDP of small nurseries. The destination state GDP of large nurseries was not 

significantly different from that of small nurseries. Over 40% of the observations were from the 

South, and the rest of them were evenly distributed across the Northeast, Midwest and West 

regions. The average age for small nurseries was 22 years in business and the average age for 

large nurseries was 34 years in business. The median age for small nurseries was 18 years and 

the median age for large nurseries was 27 years in business.   

Eighty-seven percent of large nurseries primarily sold through wholesale channels and 

60% of small nurseries mainly sold wholesale. Twenty-one percent of large nurseries exported 

some portion of their products outside U.S. and 46% of large nurseries had production contracts. 

For small nurseries, only 7% exported and 29% had contracts. Among large nurseries, 22% 

mainly sold their product through negotiation and 94% sold their product to repeat customers. 

Among small nurseries, 17% primarily sold their product through negotiations and 78% sold 

their products to repeat customers.  

Trees/shrubs were the major products for most nurseries. For both large and small 

nurseries, more than 55% had trees/shrubs as their major products.  Among small nurseries, 9% 
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had vines/groundcover as their major products, 14% had bedding plants as their major products, 

and 4% had foliage as their major products. Among large nurseries, 8% had vines/groundcover 

as their major products, 13% had bedding plants as their major products, and 8% had foliage as 

their major products. T test was used to compare the difference in the dependent and independent 

variables between large nurseries and small nurseries (as shown in the last column in Table 1). 

Most of these variables were significantly different at a 5% level between the two groups.  

We used ordinary least squares (OLS) regression to estimate the gravity models. The 

Hausman test was performed for two sets of gravity model coefficients for large nurseries and 

small nurseries. The p-value of Hausman test was less than 0.001. Therefore, we rejected the null 

hypothesis that the coefficients of the two models were the same and used two separate gravity 

models to explore how different factors affect the trade for large nurseries and small nurseries 

differently. Table 2 presents the results of these two gravity models. Wald tests were used to test 

the difference in the coefficients of the models for large nurseries and small nurseries. The last 

column in Table 2 gives the p-values of Wald tests. In the following section, we summarize the 

regression results of the gravity models and compare the results between small nurseries and 

large nurseries.  

From the estimation results, as shown in Table 2, it was evident that the trade value of 

nurseries decreased as the distance between home state and destination state increased. For small 

nurseries, the coefficient of distance was -1.038 which indicates that a 1% increase in the 

distance between home state and destination state caused about a 1% decrease in the trade value. 

For large nurseries, the coefficient of distance was -0.674 which indicates that a 1% increase in 

the distance between home state and destination state only led to around a 0.7% decrease in the 

trade value. The p-value of the Wald test for the difference between the coefficients of distance 
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for large and small nurseries was <0.001, which indicates the impact of distance on large 

nurseries was significantly smaller than that on small nurseries.  

Home state GDP and destination state GDP affected the trade value as well, and they 

affected large and small nurseries differently. For small nurseries, the coefficients of both home 

state GDP and destination state GDP were positive and significant. For small nurseries, a 1% 

increase in home state GDP was associated with around a 0.06% increase in the trade value; 

while a 1% increase in destination state GDP was associated with around a 0.31% increase in the 

trade value. For large nurseries, the coefficient of home state GDP was not significant and the 

coefficient of destination state GDP was positive and significant. A 1% increase in destination 

state GDP was associated with around a 0.49% increase in the trade value for large nurseries. 

Buyers in a state with higher GDP would generally have a higher degree of purchasing power. 

For both large and small nurseries, the destination state GDP’s effect on trade was larger than the 

home state GDP’s effect on trade. The destination state GDP’s effect on the trade value was 

smaller for small nurseries than that for large nurseries. These results indicate that trade is more 

sensitive to the GDP of destination states than that of the home state.  

As expected, the impact of distance on the trade value changed over time. For both large 

and small nurseries, the coefficients of both y2008*ln_distance and y2003*ln_distance were 

positive and significant. This indicates that distance had less impact on the trade value in 2008 

and 2003 than it did in 1998. The p-values of Wald tests for the difference between the 

coefficients of both y2008*ln_distance and y2003*ln_distance for large and small nurseries was 

<0.001, which indicates the impact the change of distance had on the trade value over time on 

large nurseries was significantly lower than that on small nurseries. For small nurseries, a 1% 

increase in distance was associated with a 0.90% (-1.038+0.138) decrease in the trade value in 
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2008 and a 1% increase in distance was associated with a 0.92% (-1.038+0.113) decrease in the 

trade value in 2003. The impact of the change of distance in 2008 was significantly higher than 

that in 2003 (p-value<0.001) for small nurseries. For large nurseries, a 1% increase in distance 

was associated with a 0.65% (-0.674+0.027) decrease in the trade value in 2008 and a 1% 

increase in distance was associated with a 0.64% (-0.674+0.038) decrease in the trade value in 

2003. The impact of the change of distance in 2008 was not significantly different from that in 

2003 (p-value=0.215) for large nurseries. Intuitively, the effect of distance on trade should be 

declining over time. With the development of transportation and storage technologies, it becomes 

easier to ship products farther away from the home state. Brun et al. (2005) used the gravity 

model to study the distance effect between 1962 and 1996. They found that high-income 

countries have gained more from the decreasing effect of distance on trade compared with low-

income countries. Our study of national nursery trade showed that distance had a larger effect on 

trade value for small nurseries than for large nurseries. However, small nurseries benefit more 

from transportation and technology development over time than larger nurseries. The difference 

in the impact of distance on the trade value between large and small nurseries was diminishing. 

However, over time, the impact of distance on the trade value was still higher for small nurseries 

(-0.90~-0.92) than that for large nurseries (-0.67~-0.68). 

The impact of distance in the trade value differed across regions as well. Compared with 

nurseries located in the South, the impact of distance on trade in the Northeast was larger, 

whereas the impact of distance on the trade in the Midwest and West was smaller. For small 

nurseries, a 1% increase in distance was associated with a 1.16% (-1.038-0.122) decrease in the 

trade value in the Northeast; a 1% increase in distance was associated with a 0.99% (-

1.038+0.053) decrease in the trade value in the Midwest; and a 1% increase in distance was 
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associated with a 0.98% (-1.038+0.060) decrease in the trade value in the West. For large 

nurseries, a 1% increase in distance was associated with a 0.78% (-0.674-0.102) decrease in the 

trade value in the Northeast; a 1% increase in distance was associated with a 0.65% (-

0.674+0.027) decrease in the trade value in the Midwest; and a 1% increase in distance was 

associated with a 0.58% (-0.674+0.096) decrease in the trade value in the West. For both large 

and small nurseries, distance had the largest effect on trade in the Northeast and distance had the 

smallest effect on trade in the West, where nursery firms are more accustomed to having to ship 

their products greater distances. For all regions, the impact of distance on the trade value was 

still higher for small nurseries (-0.98~-1.16) than that for large nurseries (-0.58~-0.78). 

Several dummy variables related to business characteristics also had significant effects on 

the trade value. The number of years in business had a significantly larger effect on the trade 

value for large nurseries than for small nurseries. As expected, older nurseries had a higher trade 

value than younger nurseries. The more established the firm, the larger the gross sales. The trade 

value of older small nurseries (which stayed in business for more than 27 years) was 9% 

(exp(0.083)-1) higher than that of younger small nurseries (which stayed in business for less than 

27 years) and the trade value of older large nurseries was 31% (exp(0.272)-1) higher than that of 

younger large nurseries. 

For small nurseries, the trade value of these nurseries mainly producing for the wholesale 

market channel was about 12% (exp(0.114)-1) higher than that of nurseries mainly making retail 

sales. In contrast, for large nurseries, the trade value of nurseries primarily selling wholesale 

products was about 16% (exp(-0.176)-1) lower than that of these nurseries mainly making retail 

sales. Compared with small nurseries, more large nurseries primarily sold wholesale. However, 

among small nurseries, those who primarily sold through wholesale channels had a higher trade 
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value. In contrast, among large nurseries, these who mainly sold through retail had a higher trade 

value. Retail selling requires more resources and expenses such as planting and selling 

simultaneously, the cost of owning or renting merchandising space, and higher labor costs. The 

trade value of large nurseries who exported products was about 9% (exp(0.088)-1) higher than 

that of these who did not export. Compared to small nurseries, more large nurseries exported 

more nursery products and had production contracts. Large nurseries typically have more 

resources and financial capacity to work with foreign businesses. The trade value of large 

nurseries who had contracts was about 9% (exp(0.086)-1) higher than that of those who did not 

have contracts. In many such cases, contract sales are made before products are even planted. 

However, in the nursery industry, contract sales have risks for both buyers and sellers since 

contracts commonly are verbal rather than written (Navajas, 2003). Large nurseries are less 

likely to default on contracts, so contracts with large nurseries are more desirable to buyers. 

Negotiation is an important trade process, with buyers and sellers coming together and 

discussing price, quantity and other terms of sale. Negotiations take time and increases 

transactions costs, but they may increase the success of the trade. Compared to small nurseries, 

more large nurseries sold primarily through negotiations. Our study showed that large nurseries 

who mainly sold their products through negotiations had higher trade value. The trade value of 

large nurseries who mainly sold their products through negotiations was about 33% (exp(0.284)-

1) higher than that of these who did not use negotiations as their primary means of selling their 

products. The trade value for small nurseries, who mainly sold their products to repeat 

customers, was about 14% (exp(0.134)-1) higher than that of those who did not primarily sell 

their products to repeat customers. 
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Our study also showed that nurseries with different major products had different levels of 

trade value. For small nurseries, who mainly sold vines/groundcovers, their trade value was 

about 19% lower than that of nurseries who mainly sold other products. In contrast, for large 

nurseries, the trade value of nurseries who primarily sold vines/groundcovers was about 25% 

higher than that of these nurseries who mainly sold other products. For both large and small 

nurseries, the trade value of nurseries who mainly sold bedding plants was about 26% higher 

than that of these nurseries who mainly sold other products. The trade value of small nurseries 

who mainly sold foliage was about 51% higher than that of nurseries who mainly sold other 

products. 
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Table 3.1. Description and summary statistics for variables 
 

Variable Description Small nurseries 
(n=6877) 

Large nurseries 
(n=5666) 

ANOVA 
Test 

  Mean S.D. Mean S.D. p-value 

Trade value Dollar value of sales to destination 
state ($1,000) 83.13 93.05 990.55 2823.73 0.00 

Distance  Physical distance between destination 
state and home state (miles) 319.08 474.92 396.04 486.05 0.00 

Hgdp  Log of home state GDP (millions of 
chained 2000 dollars) 359022 325796 415433 330406 0.00 

Dgdp  Log of destination state GDP 
(millions of chained 2000 dollars)  357530 319059 360968 316360 0.55 

Y2008 Dummy variable---1, if  the survey is 
conducted in 2009 0.35 0.48 0.31 0.46 0.00 

Y2003 Dummy variable---1, if  the survey is 
conducted in 2004 0.36 0.48 0.37 0.48 0.21 

Northeast 
Dummy variable---1,  if firm in CT, 
DE, ME, MA, NH, NJ, NY, PA, RI, 
VT  

0.20 0.40 0.18 0.38 0.00 

MidWest 
Dummy variable---1, if firm in IL, 
IN, IA, MI, MN, MO, NE, ND, OH, 
SD  

0.15 0.36 0.11 0.32 0.00 

West 
Dummy variable---1, if firm in CA, 
CO, HI, ID, MT, NV, OR, UT, WA, 
WY 

0.14 0.35 0.16 0.36 0.11 

Age Year the survey conducted subtract 
year the firm established 22.09 17.84 33.60 23.40 0.00 

dold Dummy variables ---1, if age is more 
than 27 years old 0.25 0.43 0.49 0.50 0.00 

Wholesale  Dummy variable --- 1, if percentage 
of wholesale is more than 50% 0.60 0.49 0.87 0.34 0.00 

Export  Dummy variable --- 1, if percentage 
of export is not 0. 0.07 0.26 0.21 0.41 0.00 

Contract  Dummy variable --- 1, if percentage 
of contract sales is not 0. 0.29 0.45 0.46 0.50 0.00 

Negotiation  Dummy variable --- 1, if percentage 
of negotiated sales is more than 50% 0.17 0.38 0.22 0.42 0.00 

Repeat  
Dummy variable --- 1, if percentage 
of sales to repeat consumer is more 
than 50% 

0.78 0.41 0.94 0.25 0.00 

Trees/shrubs 

Dummy variables --- 1, if the plant 
group is the major product. 

0.56 0.50 0.57 0.49 0.13 
Vines  0.09 0.29 0.08 0.27 0.00 
Bedding 
plants  0.14 0.35 0.13 0.33 0.02 

Foliage  0.04 0.20 0.08 0.27 0.00 
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Table 3.2. Results from the augmented gravity model 
 Small 

(n=6877) 
Large 

(n=5666) 
Wald  
Test 

 Coefficient Std. Err. Coefficient Std. Err. P-value 
Ln_distance -1.038*** 0.022 -0.674*** 0.026 0.000 
Ln_hgdp 0.056*** 0.020 -0.030 0.025 0.023 
Ln_dgdp 0.305*** 0.021 0.494*** 0.024 0.000 
Distance over time 
Y2008*ln_distanc 0.138*** 0.008 0.027*** 0.009 0.000 
Y2003*ln_distance 0.113*** 0.008 0.038*** 0.009 0.000 
Distance and region      
Northeast*ln_distance -0.122*** 0.009 -0.102*** 0.012 0.205 
MidWest*ln_distance 0.053*** 0.009 0.027** 0.012 0.099 
West*ln_distance 0.060*** 0.009 0.096*** 0.010 0.007 
Other variable 
Dold  0.083** 0.038 0.272*** 0.039 0.001 
Wholesale  0.114*** 0.038 -0.176*** 0.061 0.000 
Export  0.064 0.064 0.088* 0.051 0.777 
Contract  0.008 0.036 0.086** 0.041 0.160 
Negotiation -0.050 0.044 0.284*** 0.047 0.000 
Repeat  0.134*** 0.042 0.099 0.082 0.715 
Trees/shrubs 0.028 0.046 -0.054 0.060 0.282 
Vines -0.209*** 0.066 0.219** 0.086 0.000 
Bedding plants 0.231*** 0.060 0.228*** 0.075 0.976 
Foliage 0.413*** 0.087 -0.122 0.087 0.000 
Intercept 3.936*** 0.254 3.310*** 0.367 ---- 
Adjusted R-squared 0.289 0.181  

        ****Significant at the 1% level; **significant at 5%; and *Significant at 10% levels 



 

38 
 

Conclusion 

For the first study, we analyzed factors affecting the nursery sale values through five 

transaction channels. The data was from the 2004 and 2009 national nursery surveys 

which include nursery sale information through various transaction channels and their 

business characteristics. Tobit models were employed to analyze the relationships 

between sales through different transaction channels and other relevant factors.  

The estimation results show that sales through transaction channels have been 

changing over time and are affected by firm size, product type, advertising activities, and 

other business characteristics. Difference exists between small and large nurseries’ choice 

of transaction channels but similarities were also found. Fewer regional differences were 

observed than expected. For most nurseries, trees/shrubs are the major plant group. The 

share of tree/shrub sales had different effects on the trade show sales for large nurseries 

than for small nurseries; but it had similar effects on the sales through in-person channels 

for both large and small nurseries. The use of different transaction channels changes over 

time. Sales through in-person channel and internet channel increased over time. Sales 

through trade show channel, telephone channel and mail channel declined over time.   

Information about the impacts of different advertising activities on the percentage of 

sales through each transaction channel can help nurseries with selecting the most 

effective advertising activities. Using advertising medium properly is important in 

improving the sales of each transaction channel. For example, in order to increase the 

sales through trade show channels, both large and small nurseries need to put 
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advertisements in trade shows, catalogs and trade journals. Additionally, small nurseries 

can advertise on websites and in garden publications. Then, to increase the sales through 

the telephone channel, both types of firms could advertise through the yellow pages and 

small nurseries could advertise through more channels such as garden publications, 

catalogs, trade journals and trade shows. In order to increase the sales through the in-

person channel, large firms should increase their expenditure on radio/TV advertising. To 

increase the sales through the mail channel, both large and small firms should put 

advertisements in catalogs and on websites. In order to increase the sales through the 

internet channel, all firms should advertise through websites and trade journals; and small 

firms also could increase advertising on radio/TV, catalogs and trade shows. 

This study presents useful information related to five transaction channels use for 

both large nurseries and small nurseries. A better understanding of business 

characteristics’ impacts on the sales through various transaction channels is important for 

nurseries, which can guide them to make correct choice based on their profiles and use 

proper advertising activities to increase sales through each channel. 

The second study uses gravity models and provides econometric evidence about 

how distance, market size, and characteristics of nurseries affect the interregional trade of 

nursery crops in the United States. We extended the standard gravity model by including 

interaction terms of distance with time and distance with region, and some business 

characteristics. The augmented gravity models provide some evidence to support our 

main hypothesis that national nursery trade is impacted by distance, state GDP, size, and 

business characteristics. We were able to compare the difference between large and small 
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nurseries by conducting the Wald tests. Similarity and difference exists between large 

nurseries and small nurseries.  

Results of this study have important marketing implications for the nursery 

industry. The packing, storage, and shipping techniques for nursery have been improved 

over time. With these technical developments, it is becoming easier to ship nursery crops 

over longer distance. As expected, we found that the impact of distance on trade is 

decreasing over time, which indicates that nurseries have more potential to consider 

developing new markets in states that are further away. However, we found that distance 

still has a relatively larger impact on the trade of nursery crops compared with many 

other agricultural products. For example, a 1% increase in the distance caused a 0.22%-

0.34% decrease in the trade value of meat (Koo et al., 1994). Nursery crops are different 

from many other agricultural products. Nursery crops are alive and it is relatively more 

time and effort consuming to move living plant materials around. The proper care of 

living plants is extremely important during shipping processes. Growing condition is 

another factor that restricts some nursery crops to be sold only to close regions. This is 

because some nursery plants may only be suitable to grow in certain climate 

environments. Previous studies have shown firm size and firm growth are often 

negatively correlated (Evans, 1987). Small nurseries are more likely in their growth stage, 

while large nurseries are more likely in their mature stage. Therefore, small nurseries 

might have greater potential to expand their markets. Business characteristics may affect 

the trade flow. For example, to increase the trade value, small nurseries should target the 

wholesale market channel, while large nurseries should target retail channels.  
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There are some limitations in this study. About one third of the observations in the 

dataset were not included in the analysis due to missing values. Fortunately, the dataset is 

large enough for us conduct a robust analysis. The value of distance was approximated 

which might generate some bias in our results. Further studies with more accurate 

distance information can be used to validate our findings. 
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