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Abstract 
 
We elicited market intermediaries’ (i.e., shippers, packers, marketers) preferences for various 
fruit quality traits in apples, peaches, strawberries, and cherries in terms of ratings of importance, 
and identify factors significantly influencing these ratings. In general, results indicate that market 
intermediaries rate fruit quality traits associated with U.S. grade standards and consumer 
acceptability as most important. Information about preferred quality traits and factors influencing 
those preferences should increase the efficiency of developing improved fruit cultivars that 
appeal to the whole supply chain. Improved cultivars should enhance the ability of breeders, 
growers, and market intermediaries to supply high-quality fruit that better satisfy consumer 
demand. 
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Introduction 
 
The Rosaceae family includes fruits (apples, apricots, plums, cherries, peaches, pears, 
raspberries, strawberries), nuts (almonds), and ornamentals (roses). The Rosaceae family 
contributes to improved human health and well being. However, with the exception of 
strawberry, domestic consumption of some rosaceous fruits has stagnated or even decreased over 
the past decade. Between 2000 and 2012, annual per capita consumption of strawberries 
increased from 4.9 to 7.8 lbs., while peach consumption decreased from 5.3 to 3.9 lbs. and apple 
consumption slightly decreased from 17.6 to 16.1 lbs. (USDA-ERS 2014).  
 
This overall downward trend challenges the industry’s long-term sustainability (Iezzoni et al. 
2010). Overcoming these challenges requires efficient development and rapid adoption of new 
cultivars with improved fruit quality traits. Identifying traits with maximum value to the entire 
supply chain is a difficult task, as supply chain members have divergent views on the importance 
of different plant and fruit quality traits. For example, the trait of highest importance to growers 
could be disease resistance, while packers might be most concerned with avoiding storage 
disorders, and consumers might prefer the most flavorful fruits. Market-based information 
concerning the importance of different traits from the various participants along the supply chain 
is critical in understanding and reconciling these divergent viewpoints.  
 
This research is part of a project called RosBREED: Enabling Marker Assisted Breeding in 
Rosaceae. The goal of this project is to increase the efficiency of rosaceous breeding programs 
by applying DNA-based information to improve the probability of delivering successful 
cultivars. One objective of RosBREED is to study the marginal value and relative importance of 
targeted plant and fruit quality traits among growers, intermediaries, and consumers. 
 
The study reported on here specifically assesses the ratings of importance that market 
intermediaries assign to targeted fruit quality traits. Intermediaries—defined in this study to 
include shippers, packers, marketers, and processors—play an important role in the fruit supply 
chain. They contact growers to receive, clean, sort, and store fruit; impact buying and selling 
prices; and establish transactions with wholesalers and retailers (Spulber 1996). Through these 
activities, they add value to the fruit crops being handled. In 2008, market intermediaries 
accounted for added 26.1 cents of value for each retail food dollar expenditure, implying that for 
every dollar consumers paid for food at retail, 26.1 cents was to pay for packing, shipping, and 
processing (U.S. Department of Agriculture 2013).  
 
The objectives of this study are threefold. First, we assess how market intermediaries rate the 
relative importance of selected fruit quality traits for apples, peaches, strawberries, and cherries. 
Second, we estimate firm-related factors influencing these ratings. Third, we compare 
intermediaries’ ratings with preferences of breeders, growers and consumers. The results of this 
study provide useful information to market intermediaries for planning purposes, to breeders for 
setting priorities focusing on fruit quality traits of maximum importance to the supply chain, and 
to growers for making decisions about planting new cultivars. This study is related to the study 
conducted by Gallardo et al. (2014), in which willingness-to-pay (WTP) values for targeted fruit 
quality traits were elicited using discrete choice experiments from the same market 
intermediaries studied here. 
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Literature Review 
 
While studies have been conducted for some of the Rosaceae crops of interest in this research, 
very limited research has been done to elicit growers’ and market intermediaries’ preferences for 
fruit quality traits. Most preference studies for apple, peach, strawberry, and cherry fruit quality 
traits have been undertaken from the consumer perspective.  
 
Various studies of apple growers, market intermediaries, and consumers have shown various 
preferences for quality traits. Yue et al. (2013) found that U.S. fresh apple growers ranked fruit 
flavor as the most important fruit quality trait, followed by fruit crispness, firmness, shelf life at 
retail, and fruit juiciness, all relative to the importance of disease resistance. Gallardo et al. 
(2014) found that U.S. fresh apple market intermediaries were willing to pay price premiums to 
improve shelf life, external appearance, firmness, flavor, and crispness. Consumer preferences 
have been studied in considerable detail. Researchers have found that consumers value various 
apple traits such as crispness, size, color, sweetness, firmness, appearance, origin, and flavor or 
taste (Manalo 1990, Daillant- Spinnler et al. 1996, Jesionkowska et al. 2006, McCluskey et al. 
2007, Dinis et al. 2011, Yue and Tong 2011, McCluskey et al. 2013). 
 
For sweet cherries, Yue et al. (2014a) found that U.S. growers feel that fruit size, followed by 
flavor, firmness, freedom from pitting, and powdery mildew resistance are more important when 
compared to viral disease resistance. Gallardo et al. (2014) calculated that fresh sweet cherry 
market intermediaries were willing to pay a price premium for an increase in soluble solids 
content (SSC) -a measure for sweetness-, flavor, external color, size, and firmness. Studies of 
consumer preferences have identified taste, freshness, color, shape/size, sweetness, flavor, 
firmness, uniformity, glossiness, flavor intensity, acidity, and SSC:acid ratio as important quality 
traits (Miller et al. 1986, Guyer et al. 1993, Dever et al. 1996, Wermund et al. 2001, Crisosto et 
al. 2003, Hu 2007). Kappel et al. (1996) estimated that the optimal size for sweet cherries was 
29–30 mm diameter, minimum SSC was between 17–19%, and optimum acidity expressed in pH 
units was 3.8.  
 
U.S. fresh peach growers place a higher importance on traits such as fruit flavor and size when 
compared to disease resistance, whereas fruit skin color and shape are less important than disease 
resistance (Yue et al. 2014b). Park and Florkowski (2003) found that U.S. peach growers valued 
fruit taste, texture, pit characteristics (absence of split pit and pit that does not separate from the 
fruit), but absence of decay and bruising were the most important fruit traits when deciding 
cultivar selection. Gallardo et al. (2014) estimated that peach market intermediaries in California 
were willing to pay a price premium to increase SSC and firmness. Peach market intermediary 
operations not in California were willing to pay for improved size, firmness, SSC, and external 
color. Among consumers, various studies have determined that fruit quality traits, including 
freedom from defects, color, maturity, size, high SSC, acidity, astringency, and sweetness are 
positively correlated with fresh peach retail prices or consumers’ overall acceptance of fruit 
(Jordan et al. 1987, Parker et al. 1991, Ravaglia et al. 1996, Predieri 2006). 
 
U.S. strawberry growers rated fruit traits such as flavor, firmness, shelf life at retail, external 
color, and size and plant traits such as open plant canopy, extended harvest seasons higher than 
root rot resistance (Yue et al. 2014c). Gallardo et al. (2014) estimated that market intermediaries 
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in the U.S. were willing to pay price premiums to improve fruit flavor, firmness, and size. 
Among consumers, fruit flavor, sweetness, juiciness, freshness, taste, firmness, fruit color, and 
fruit size, and complex flavors have been identified as important strawberry traits (Ford et al. 
1996, Safley et al. 1999, Keutgen and Pawelzik 2007, Lado et al. 2010, Colquhoun et al. 2012). 
In general, studies indicate that growers’ and market intermediaries’ preferences for fruit quality 
traits are partially aligned with consumers’ preferences. Consumers in general prefer fruit with 
superior flavor (e.g., sweetness and acidity), texture (e.g., flesh firmness and crispness), and 
appearance (e.g., external color and size). To our knowledge, except for Gallardo et al. (2014), 
no other studies have investigated market intermediaries’ perspectives on the importance of fruit 
quality traits. Gallardo et al. (2014) estimate intermediaries’ willingness-to-pay for a subgroup of 
fruit quality traits by using a discrete choice experiment. The current study focuses on 
intermediaries’ ratings of importance of a larger set of attributes and does not focus solely on the 
values of attributes, although most respondents likely consider values of attributes as they rate 
their importance. This study also adds to the understanding at which market intermediaries share 
breeders’, growers’, and consumers’ preferences. This study only focuses on fresh market 
products –economically the most important portion of Rosaceae fruit crops. 
 
While Gallardo et al. (2014) estimates intermediaries’ willingness-to-pay for six fruit quality 
traits by using a discrete choice experiment, this study focuses on intermediaries’ ratings of 
importance (from 1=extremely unimportant to 7=extremely important) assigned to a larger (e.g., 
fifteen) set of fruit quality traits.  The inclusion of a large set of traits in the choice experiment 
would require a large number of choice scenarios, which could potentially lead to respondents’ 
fatigue and affect the response rate and the reliability of the responses (Carson et al. 1994, 
Hauser et al. 2004, Savage and Waldman 2008). This is not the case when eliciting ratings of 
importance, as the Likert scale enables the inclusion of a larger number of traits when 
respondents only consider one trait at a time. Also, this study illuminates on the differences 
obtained from two types of questions typically used to elicit preferences: ratings versus choice. 
When asked to rate importance, respondents do not associate cost with their preferences. This is 
reflected in the respondents’ tendency to assign a high importance to quality traits that perhaps 
would not be as important when preferences are associated with a cost. 
 
Methodology 
 
The data used in this study were collected through a series of crop specific surveys created in 
consultation with scientists and industry representatives for each crop to ensure the language 
used was easy for survey respondents to understand. A total of five versions of the survey were 
used and each version targeted one fruit and was sent to market intermediaries for that specific 
fruit. The five market intermediary groups included those for; (1) fresh apple, (2) fresh peach 
handled by intermediaries located in the state of California, (3) fresh peach handled by 
intermediaries not located in California, (4) fresh sweet cherries, and (5) fresh strawberries.  
 
The survey sample consists of shippers, packers, brokers, processors, and other market 
intermediaries for each crop. The sample was built using several information sources, including 
the Blue Book Online Services (a credit and marketing information agency serving the 
international wholesale produce industry), Washington State Tree Fruit Association, Cherry 
Marketing Institute, and Yakima Valley Growers’ and Shippers’ Association. A mixed mode 
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method (a combination of mail and internet survey, in which the market intermediary could 
select which way they wanted to respond to the survey) was used to distribute the survey. The 
mailing sequence (survey, reminder postcard, survey) took place from April to August 2011. The 
survey package included a cover letter, applicable letter of support (depending upon the fruit 
crop, a letter of support from industry representatives was included to encourage response), 
questionnaire, postage-paid return envelope, and a $4 pre-incentive. Of the total 720 surveys 
sent, 155 completed surveys were received (109 through the mail and 46 via the internet), 
representing an overall response rate of 22%. Table 1 lists the initial number of surveys sent, the 
number of completed responses received by mail and online, total and for each crop included in 
the study. 
 
Table 1. Marketing intermediaries’ survey: Initial sample sent, states represented, and response 
rate by crop. 
Fruit Initial sample States represented Number of responses 

Mail Online Total 
Fresh apple 146 WA, NY, CA, MI, PA, NC, VA, OH, 

OR  
27 12 39  

Fresh peach in 
California 

132 CA 15 12 27  

Fresh peach not in 
California 

161 NJ, PA, OR, SC, GA, CO, WA, FL, 
IL, MA, MI, NY, TX, AZ, AL 

30 6 36  

Fresh sweet cherry 97 WA, CA, OR, ID, UT 22 9 31  

Fresh strawberry 184 CA, FL, NC, OR, WA 15 7 22  

Total 720  109 46 155  

 
The survey requested that the respondent be the owner or manager of the market intermediary 
operation with final responsibility for making marketing management decisions. Each survey 
consisted of seven sections. Section one included questions about facility characteristics (e.g., 
year of establishment, number of employees, sales volume corresponding to a specific function, 
and fruit crops handled). Section two included questions about the importance of various fruit 
quality traits to the business. The list of traits was tailored to each fruit crop. To capture market 
intermediaries’ ratings for different traits we used a seven-point Likert scale (1=extremely 
unimportant, …, 7=extremely important). Section three included questions about the importance 
of plant traits to the business and the importance of supply chain members when rating fruit 
quality and plant traits. Section four included questions related to the availability of new fruit 
cultivars, including rating the importance of supply chain members when deciding to include a 
new fruit cultivar in the business portfolio. Sections five and six included questions about the 
operation’s relationship with customers and suppliers. Section seven included questions 
regarding the use of contracts, quality and product standards enforced by the market intermediary 
operation, volume of total sales in dollars, and the size of the operation. 
 
There were several survey questions that respondents failed to answer. The simplest way to 
handle would have been to discard incomplete information and just analyze the complete 
responses. However, this could lead to biased and inefficient estimations (Allison 2002). 
Therefore, we used multiple imputation to generate a set of plausible estimates for each missing 
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value. We followed the procedure in Enders (2010). First, when a variable has missing 
observations q times, q (for q >1) distinct values following a multivariate normal distribution and 
based on the existing observations are generated for the variable. Then, the q complete data sets 
are analyzed using a regression analysis. The analysis is performed q times, once for each filled-
in imputed data set thus we get q sets of results. Next, the results from the q complete data sets 
are combined to produce a final single set of parameter estimates. The potential pitfall of 
multiple imputation is that the probability distribution used to generate the missing values is at 
best only approximately true. However, previous research has demonstrated that the technique 
outperforms (the alternative of discarding incomplete information) in case of departures from the 
assumed distribution used in the imputation model (Rubin 1996). 
 
Empirical Specification 
 
Likert scales were used to measure the importance (ratings) that market intermediaries assigned 
to different fruit quality traits. Likert scales are widely used in marketing research given their 
simplicity to use and the reliability of the results (Likert 1932, Adams et al. 1965). Reliability of 
results is typically a function of the number of response categories (Cox 1980, Preston and 
Colman 2000), the inclusion of a neutral category (Guy and Norvell 1977, Garland 1991), 
cultural differences across respondents (Flaskerud 1988, Lee et al. 2002), experimental design 
(Churchill and Peter 1984), and statistical techniques (Clason and Dormody 1994) used to 
analyze scale-derived data. 
 
An ordered discrete choice regression (m) was used separately for each fruit crop, differentiated 
by geographic location.  In each fruit crop regression (m = fresh apple, sweet cherry, fresh peach 
in California, fresh peach not in California, and fresh strawberry), the dependent variable was a 
set of ordered discrete values using the seven-point Likert scale (1=very unimportant, …, 
7=extremely important) from the survey. These numbers have a natural ordering but no cardinal 
significance. That is, the number for the rating is meaningful in terms of the ordering of the 
outcomes, but the numeric differences are not meaningful. The dependent variable was a set of 
stacked ratings for all quality traits relevant to the fruit crop. Data were tabulated such that one 
fruit quality trait generated seven observations, each observation corresponding to the 7 points in 
the Likert scale.  
 
To analyze market intermediaries’ ratings for each fruit quality trait, we used a multivariate 
ordinal probit model (Greene and Hensher 2010): 
 

𝑦𝑦𝑖𝑖𝑖𝑖∗ =  𝛽𝛽𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖 +  𝜀𝜀𝑖𝑖𝑖𝑖,  
(1) 𝑦𝑦𝑖𝑖𝑖𝑖 =  𝑗𝑗𝑖𝑖 if and only if 𝜇𝜇𝑗𝑗𝑚𝑚−1 < 𝑦𝑦𝑖𝑖𝑖𝑖∗ ≤ 𝜇𝜇𝑗𝑗𝑚𝑚,, 

 𝑖𝑖 = 1, … , 𝐼𝐼, 𝑗𝑗𝑖𝑖 = 1, … , 𝐽𝐽𝑖𝑖 
 
where i is an index for observations; m is an index for equations in the system (m= fresh apple, 
sweet cherry, fresh peach in California, fresh peach not in California, and fresh strawberry); jm is 
an index for categories in equation m (jm = extremely unimportant, very unimportant, 
unimportant, neutral, important, very important, extremely important); Jm are the total number of 
categories in equation m (Jm=7); 𝑦𝑦𝑖𝑖𝑖𝑖∗  is an unobserved ordered-response or latent variable; 𝑦𝑦𝑖𝑖𝑖𝑖is 
an observed ordered-response variable (𝑦𝑦𝑖𝑖𝑖𝑖 = 1, … , 7); 𝜇𝜇𝑗𝑗𝑚𝑚−1 is the lower bound for discrete 
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level jm and 𝜇𝜇𝑗𝑗𝑚𝑚is the upper bound, 𝑥𝑥𝑖𝑖𝑖𝑖is a vector of independent variables, including fruit 
quality traits and firm-specific characteristics; 𝛽𝛽𝑖𝑖is a vector of the parameters to estimate; and 
𝜀𝜀𝑖𝑖𝑖𝑖 is the random error term, which is assumed to be distributed independent and identical across 
observations.   
 
In the ordered probit model, the parameter, 𝛽𝛽𝑖𝑖′ , is the marginal change in unobserved latent 
variable 𝑦𝑦𝑖𝑖𝑖𝑖∗  due to a change in 𝑥𝑥𝑖𝑖𝑖𝑖, everything else constant. However, the interest usually is in 
the changes in the observed dependent variables, yim. These changes involve considering 
probabilities. Specifically the probability that yim equals jm is given by 
 

(2)   𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑗𝑗𝑖𝑖|𝑥𝑥𝑖𝑖𝑖𝑖) = Φ�𝜇𝜇𝑗𝑗𝑚𝑚 − 𝛽𝛽𝑖𝑖′ 𝑥𝑥𝑖𝑖𝑖𝑖� − Φ(𝜇𝜇𝑗𝑗𝑚𝑚−1 − 𝛽𝛽𝑖𝑖′ 𝑥𝑥𝑖𝑖𝑖𝑖), 
 
where Φ is a univariate standard normal distribution (Cameron and Trivedi, 2005).  

 
The marginal effects are then calculated by: 
 

(3)    𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕(𝑦𝑦𝑖𝑖𝑚𝑚=𝑗𝑗𝑚𝑚|𝑥𝑥𝑖𝑖𝑚𝑚)
𝜕𝜕𝑥𝑥𝑖𝑖𝑚𝑚

= [𝜙𝜙�𝜇𝜇𝑗𝑗𝑚𝑚−1 − 𝛽𝛽𝑖𝑖′ 𝑥𝑥𝑖𝑖𝑖𝑖� − 𝜙𝜙�𝜇𝜇𝑗𝑗𝑚𝑚 − 𝛽𝛽𝑖𝑖′ 𝑥𝑥𝑖𝑖𝑖𝑖�]𝛽𝛽𝑖𝑖′  
 
where 𝜙𝜙(𝑥𝑥) = 𝛿𝛿Φ′(𝑥𝑥)

𝜕𝜕𝑥𝑥
 (Cameron and Trivedi 2005).  Equation (3) emphasizes that the effect of a  

 
change in a single xim is impacted by all parameters and data used in the model, and varies by the 
probability levels j.    
 
In this study, the explanatory variables included a set of binary variables for each fruit quality 
trait. A binary variable was equal to 1 if the fruit quality trait was given the rating corresponding 
to the rating in the dependent variable and 0 otherwise. To avoid perfect multicollinearity due to 
inclusion of redundant information, the fruit quality trait variable of phytonutrient content (e.g., 
vitamins, antioxidants) was omitted across all crops for estimation purposes only. Thus, the 
variable phytonutrient content serves as the reference for interpretation of the estimated 
coefficients of the rest of binary variables. Since ratings close to 7 suggest more important traits, 
a positive and statistically significant coefficient indicates that the fruit quality trait is more 
important than phytonutrient content. The value of the coefficient indicates the difference in 
importance for each trait relative to the importance of the phytonutrient content. 
 
In addition, the set of explanatory variables included variables referring to the characteristics of 
the market intermediary operation. Including all these variables could potentially result in a high 
level of multicollinearity (due to high correlation of the variables), a subset of market 
intermediary operations’ characteristics was selected for inclusion for each fruit crop. These were 
identified using linkage criteria based on variable clusters and principal component and factor-
analysis-based algorithms (Johnson and Winchern 2007). The market intermediary operation 
could have multiple functions, such as shipping or handling the fruit as packers. To control for 
such effects, the variables measuring the percentage of total sales volume sold when the 
operation acted, as packer and percentage of total sales volume for shipper were included. Since 
the market intermediary operation could handle more than one fruit, we also included the 
variables measuring the percentage of total sales volume for each fruit (i.e., apple, peach, 
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strawberry, and cherry). In addition, binary variables for brokers and repackers were included to 
control for differences in response when the market intermediary operation did not sell directly 
to the retailer but to other intermediaries. To investigate whether consumers’ opinions mattered to 
intermediaries, the discrete variable rating for importance (1=very unimportant, …, 7=extremely 
important) assigned to consumers’ preferences was included. Finally, facility size as viewed by 
the respondent was included. To control for the different data collection methods, i.e., a mail and 
an online survey, we included a binary variable representing the survey mode and it equals 1 if 
the survey was conducted online and 0 otherwise. Past research has shown that the mode of 
administration can have an effect on the data collected. Nonetheless, differences between mail 
and online survey responses are shown to be minimal as both are self-administered. Both have 
great cognitive burden, high recall and social desirability bias, low “yes-saying” bias and high 
unwillingness to disclose sensitive information. Differences stem in that online surveys have 
lower population coverage for sampling, response rates, and question order effects compared to 
mail surveys (Bowling 2005).  
 
The specification of equation (1) for each crop is as follows. For fresh apples, the set of 
independent variables included external appearance, internal appearance, shelf life at retail, 
crispness, firmness, storage life, external color, flavor, size, juiciness, sweetness, shape, tartness, 
aroma, firm’s year of establishment, percentage of total sales volume handled as shipper, 
percentage of apples handled by the firm, discrete variable for importance of consumers’ 
preferences, binary variable for firm sells to repackers, firm size, and survey mode. For the sweet 
cherry equation, the set of independent variables included size, firmness, external appearance, 
storage life, shelf life at retail, stem attractiveness, flavor, sweetness, tartness, shape, internal 
color, percentage of fruit handled as packer, percentage of cherries handled by the firm, discrete 
variable for importance of consumers’ preferences, binary variable if firm sells to broker, firm 
size, and survey mode. For the fresh peach in California and not in California equations, the 
independent variables included flavor, external appearance, external color, absence of split pit, 
sweetness, size, storage life, firmness, aroma, shape, internal color, tartness, firm’s year of 
establishment, percentage of fruit handled as shipper, percentage of peaches handled by the firm, 
discrete variable for importance of consumers’ preferences, binary variable for firm sells to 
repackers, firm size, and survey mode. Finally, for the fresh strawberry equation, the set of 
independent variables included external appearance, flavor, external color, seediness, absence of 
cap, seed color, internal color, sweetness, shape, size, firmness, shelf life, juice color, tartness, 
drip loss, continuous variable for firm’s year of establishment, percentage of fruit handled as 
shipper, percentage of fruit handled as packer, discrete variable for importance of consumers’ 
preferences, binary variable for firm sells to repackers, firm size, and survey mode. 
 
Results 
 
Summary statistics of the characteristics of the facilities surveyed are listed in Table 2. In 
general, operations handling fresh apples had more years in business compared to the other 
crops. Operations handling fresh sweet cherries had more permanent and seasonal employees 
compared to the other crops. Most facilities (72%) handling fresh apples sold the bulk of their 
fruit regionally and nationally. Most facilities (57%) located in California handling fresh peaches 
sold nationally, whereas facilities (47%) not in California handling fresh peaches sold regionally. 
Fifty three percent of the facilities handling sweet cherries, and 48% handling fresh strawberries, 
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sold nationally. In general, across crops, facilities procured their fruit within 100 miles. Most 
fresh apple (59%) and strawberry (61%) facilities considered themselves medium sized, fresh 
peach facilities located in California were both small (39%) and medium sized (39%), fresh 
peach facilities not in California (63%) and fresh sweet cherries (43%) considered themselves as 
small sized. The average ratings assigned to each fruit quality attribute are reported in Table 3. 
For apples, external appearance was the attribute with the highest mean rating, for sweet cherries 
it was size, for all peaches it was flavor, and for sweet cherries it was external color.  
 
Table 2. Summary statistics of characteristics of market intermediaries’ firms for each crop surveyed. 

 Fresh apple Fresh peach in 
California 

Fresh peach not 
in California 

Fresh sweet 
cherry 

Fresh 
strawberry 

Average number of years since the facility was established (base year 2015) 

Years 52 33 47 43 27 

Average number of employees in 2010 

Permanent  122 50 24 167 19 

Seasonal  287 355 182 997 200 

Percentage of firms by geographic area where the majority of the fruit was sold in 2010 

Within 100 miles 10% 10% 19% 16% 44% 

Regional but not national  36% 4% 47% 9% 4% 

National 36% 57% 31% 53% 48% 

International 18% 29% 3% 22% 4% 

Percentage of firms by geographic area where the majority of the fruit was procured in 2010 

Within 100 miles 72% 61% 66% 69% 65% 

Regional but not national 25% 26% 13% 25% 22% 

National 0% 7% 16% 6% 13% 

International 3% 6% 5% 0% 0% 

Percentage of firms that considered their business small, medium, or large sized in 2010 

Small  23% 39% 63% 43% 26% 

Medium 59% 39% 35% 27% 61% 

Large 18% 22% 6% 29% 13% 

 
The ordered probit parameter estimates and marginal effects for market intermediaries’ ratings of 
importance for selected fruit quality traits by crop are presented in Tables 4–8. Table 9 provides a 
comparison of the top five quality traits to breeders, growers, intermediaries, and consumers. 
Information for breeders, growers, and market intermediaries comes from previous studies, 
which are part of the overall RosBREED project. Information on consumers’ preferences was 
obtained from other studies not related to RosBREED. 
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Apples 
 
Fresh apple market intermediaries consider fruit external appearance, internal appearance, shelf 
life at retail, crispness, firmness, storage life, external color, flavor, size, juiciness, sweetness, 
and shape as more important than phytonutrient content. The marginal effect results for the 
observed dependent variable indicates that the probability that external appearance was rated 7 
or extremely important was 34.1% higher than phytonutrient content. Following external 
appearance, in importance, the highest rated traits were internal appearance with 34%, shelf life 
at retail 32.4%, crispness 32%, and firmness 31.4% higher probability of the attribute being 
rated 7 compared to phytonutrient content (Table 4, see Appendix). 
 
External appearance is a criterion for the U.S. grade standards for apples (U.S. Department of 
Agriculture 2002), which, in part, impacts apple market prices and potentially affects 
intermediaries’ profitability. Poor internal appearance includes the various types of internal 
browning disorders that could affect final packouts if detected during storage, or consumer 
satisfaction and hence repeat purchases if not detected in packing. Improved shelf life at retail 
will decrease the probability of fruit losses due to spoilage, and could result in an increase in 
intermediaries’ profitability. Market intermediaries rated fruit texture traits such as crispness 
and firmness followed by flavor higher than phytonutrient content. These eating quality traits 
are important determinants of consumer acceptance of the fruit. Preserving fruit quality traits 
during storage and controlling storage length improves market intermediaries’ negotiating 
power with retailers (Tronstad et al. 1992, Carew 2000). Advances in storage technologies (e.g., 
controlled atmosphere, 1-methylcyclopropene) have made apples of desirable quality available 
year round (Fan et al. 1999, Watkins et al. 2000). However, the genetic variation among 
cultivars makes them respond differently to storage technologies (Calderon-Lopez et al. 2005). 
Similar to external appearance, fruit external color, size, and shape are also criteria for the U.S. 
grade standards for apples (USDA 2002).  
 
Among the firm characteristics included in the model, the percentage of total sales volume 
handled as shipper had a negative effect on assigning ratings extremely important to fruit 
quality traits. Conversely, firms with higher percentages of apples handled gave the highest 
ratings of importance to fruit quality traits and to consumer preferences. Firm size did not 
significantly impact the intermediaries’ assigning ratings to traits. In relation to the survey 
mode used, firms responding to the survey online, on average, assigned lower ratings to fruit 
quality traits compared to firms responding via mail. 
 
Preferences among apple market intermediaries are partially aligned with traits preferred by 
U.S. apple breeding programs, since crispness and shelf life were rated as extremely important 
by breeders and had a probability higher than 87% of being selected in new cultivar 
development (Yue et al. 2012, Gallardo et al. 2012). Results for market intermediaries are 
comparable to ratings of importance assigned by apple growers, who rated fruit flavor as the 
most important quality trait, followed by fruit crispness, firmness, shelf life at retail, and 
juiciness, compared to disease resistance (Yue et al. 2013). Results are also partially aligned 
with consumers’ preferences (Table 9). Existing literature for consumers indicate that improved 
texture (i.e., crispness, firmness), flavor (i.e., sweetness, tartness) and appearance (i.e., size, 
external color, external appearance) traits positively impact acceptance of apples (Manalo 1990, 
Daillant-Spinnler et al. 1996, Jesionkowska et al. 2006, McCluskey et al. 2007, Yue and Tong 
2011, McCluskey et al. 2013).  
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Cherries 
 
Market intermediaries rated sweet cherry fruit size, firmness, external appearance, storage life, 
shelf life at retail, stem attractiveness, flavor, and sweetness, as higher in importance compared 
to phytonutrient content. The marginal effect results show that the probability that size was 
rated 7 was 38.4% higher compared to phytonutrient content. Following size in importance, the 
highest rated traits were firmness with 32.7%, external appearance 30.5%, storage life 26.6%, 
and shelf life at retail 25.9% higher probability of the attribute being rated 7 compared to 
phytonutrient content (Table 5, see Appendix).  
 
Fruit size has become a dominant quality attribute in the sweet cherry industry. Hinman and 
Hoheisel (2007) observed that larger fruit (more than one inch in diameter) could earn 50 cents 
or more per pound than smaller fruit at the FOB level. In addition, external appearance, size, 
and firmness are traits included in the U.S. grade standards for sweet cherries (U.S. Department 
of Agriculture 2005), which impacts market prices. Improved storage and shelf life at the retail 
impact intermediaries’ profitability in a positive way, through a reduction in product loss. Sweet 
cherry fruits deteriorate rapidly due to moisture loss, color change, softening, surface pitting, 
stem browning, and loss of acidity (Serrano et al. 2005) and consequently have a shorter 
marketing window with lower lengths of storability and shelf life, compared to other crops such 
as apples. Additionally, operations that place a higher importance on consumers’ preferences, 
sell to brokers, and consider themselves to be a large business tend to give higher ratings of 
importance to fruit quality traits.  
 
Sweet cherry breeders signaled that fruit firmness and size were the traits that had the highest 
probability of being included in selections (100% probability) for new cultivar development 
(Yue et al. 2012, Gallardo et al. 2012). Growers considered fruit size, followed by fruit flavor, 
fruit firmness, freedom from pitting, and powdery mildew resistance as more important than 
viral disease resistance in their decisions to grow a specific cultivar (Yue et al. 2014a). 
Intermediaries and growers rate size higher in importance than sweetness and flavor, but 
intermediaries indicated that they would pay more for sweetness and flavor compared to size. 
Improved fruit flavor and sweetness are important eating quality traits for consumer acceptance. 
Hu (2007) concluded that consumers were willing to pay premium prices for improved sweet 
cherry sweetness (Table 9, see Appendix).  
 
Peaches 
 
Intermediaries for the fresh peach market in California rated fruit flavor, external appearance, 
external color, shelf life, sweetness, absence of split pit, size, storage life, firmness, and aroma, 
as more important than phytonutrient content. The marginal effect results show that the 
probability that flavor was rated 7 or extremely important, was 23.9% higher compared to 
phytonutrient content. Following flavor in importance, the highest rated traits were external 
appearance with 19%, external color 18.4%, shelf life 15.7%, and absence of split pit and 
sweetness, both with 14.4% higher probability of the attribute being rated 7 compared to 
phytonutrient content (Table 6, see Appendix).  
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Intermediaries for peaches not in California rated fruit flavor, size, external appearance, absence 
of split, external color, sweetness, firmness, shelf life, shape, and storage life, as more important 
than phytonutrient content. The marginal effects results show that the probability that flavor 
was rated 7 was 30.1% higher compared to phytonutrient content. Following flavor in 
importance, the highest rated traits were size with 28.4%, external appearance with 26.9%, 
absence of split pit 26.6%, and external color 25.6% higher probability of the attribute being 
rated 7 compared to phytonutrient content (Table 7, see Appendix).  
 
Intermediaries both in and outside California placed a high importance on eating quality traits 
such as flavor followed by appearance traits (external appearance, external color, and size). The 
latter are part of the U.S. grade standards for peaches (USDA 2004). Market intermediaries in 
California who considered consumer preferences important and who sold to repackers tended to 
provide high ratings of importance, whereas firms who consider themselves as large in size 
tended to provide lower ratings of importance to traits. Also, fresh peach intermediaries in 
California who responded to the survey online tended to assign higher ratings of importance to 
fruit quality attributes compared to firms who responded via mail. Market intermediaries not in 
California who considered consumer preferences important and who were large in size tended 
to assign higher ratings of importance. Firms that handled a lower percentage of peaches tended 
to assign lower ratings to fruit traits. 
 
We observed consistency in comparing these results to U.S. peach breeding programs’ targets, as 
fruit firmness and fruit size were rated as extremely important and highly likely (probability 
higher than 87%) to be included in breeding programs (Yue et al. 2012, Gallardo et al. 2012). In 
addition, the results are aligned with Yue et al. (2014b) who found that growers not in California 
felt that fruit flavor and size were more important compared to disease resistance. Also, results 
are partially aligned with findings from consumer studies in that freedom from defects, color, 
maturity, size, high SSC, acidity, astringency, and sweetness were positively correlated with 
fresh peach retail prices or consumers’ overall acceptance of fruit (Jordan et al. 1987, Parker et 
al. 1991, Ravaglia et al. 1996, Predieri 2006) (Table 9, see Appendix). 

 
Strawberries 
 
Fresh strawberry market intermediaries rated external appearance, flavor, and external color as 
more important than phytonutrient content. The marginal effect results show that the probability 
that external appearance was rated 7 or extremely important was 14.3% higher compared to 
phytonutrient content. Following external appearance in importance, the highest rated traits 
were flavor with 13.6% and external color with 13.1% higher probability of the attribute being 
rated 7 compared to phytonutrient content (Table 8, see Appendix). Seediness, absence of cap, 
and seed color were less important than phytonutrient content. The marginal effect results show 
that the probability that seediness was rated 7 was 12.6% lower compared to phytonutrient 
content, and absence of cap was 17.9% and seed color was 17.8% lower probability than 
phytonutrient content being rated 7. 
 
Consistent with other crops, strawberry intermediaries signal that traits associated with the U.S. 
grade standards and eating quality are the most important for their operations. External 
appearance and external color (as well as firmness and size) are traits considered in the U.S. 
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grade standards for strawberries, which partially determine market prices and thus impact 
intermediaries’ profitability (USDA 2006). Strawberry operations handling fruit as shippers, 
operations that assigned higher ratings of importance to consumer preferences, and operations 
that considered themselves large in size tended to assign higher ratings of importance to quality 
traits presented in the survey. Firms selling to repackers assigned lower ratings to these quality 
traits. Firms responding to the survey online assigned higher ratings of importance to fruit 
quality attributes compared to firms who responded via mail. 
 
U.S. strawberry breeders’ current breeding targets are consistent with market intermediaries’ 
ratings of importance, as flavor, shelf life, size, and external color were quality traits likely 
(probability higher than 89%) to be included in the new selections for cultivar commercialization 
(Yue et al. 2012, Gallardo et al. 2012). Growers rated fruit flavor as the most important trait, 
followed by fruit firmness, shelf life at retail, open plant canopy, external color, extended harvest 
season, and fruit size compared to root rot resistance (Yue et al. 2014c) (Table 9, see Appendix). 
Consumer preference studies for strawberries have cited flavor, sweetness, firmness, and 
juiciness as the most important quality traits (Ford et al. 1996, Keutgen and Pawelzik 2007, Lado 
et al. 2010, Colquhoun et al. 2012).  
 
Discussion 
 
For all fruit crops considered in this study, market intermediaries consistently rated fruit quality 
traits associated with U.S. grade standards (size, external appearance, external color) and eating 
quality characteristics (flavor, sweetness, crispness, firmness) as highly important. Traits such as 
shelf life at retail and storage, when applicable, were also rated high in importance. Compared to 
previous literature, these preferences appear to be aligned with preferences reported for breeding 
programs, growers, and consumers, using a consistent methodology for all levels of the supply 
chain. Note that the probability of inclusion for these desirable traits in breeding programs is 
rather high (> 87%). Recent advancements in breeding techniques such as the use of DNA 
markers are making this feasible (Iezzoni et al. 2010).  
 
Despite the fundamental differences between the Likert scale ratings of importance used in this 
study (which does not force survey respondents to make choices across traits) and the choice 
experiment in Gallardo et al. (2014), one would expect the results of the two studies to be 
partially aligned. For fresh apples, external appearance was the fruit quality attribute rated most 
consistently as extremely important, followed by internal appearance and shelf life at retail. The 
WTP results, however, shows improved shelf life at retail is the apple fruit quality trait with the 
highest price premium, followed by firmness and flavor. For sweet cherry, fruit size, firmness 
and external appearance were rated as extremely important, and shelf life at retail, sweetness, 
and flavor were given the highest price premium (Table 7, See Appendix). Likert scales ratings 
of importance and choice experiments are different tools with the common goal of eliciting 
respondents’ preferences. The use of a scale enables respondents to express both the direction 
and strength of their preferences but does not force them to make tradeoffs between traits. All 
traits can be rated as extremely important. The discrete choice used in the choice experiments 
forces a trade-off between preferences and cost associated with such preferences. With the 
ratings results we observe the tendency of clustered ratings of importance skewed to the highest 
end. For example, the marginal value for the top eight traits for fresh apples ranged from 0.34 to 
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0.26. This might signal that when cost consideration is not associated with a choice, 
respondents tend to consider traits as highly important. Despite the discrepancies, both Likert 
scale ratings of importance and choice experiment provide useful information to breeders and 
the industry in general.  
 
Conclusion 
 
This study investigated market intermediaries’ priority setting for fruit quality traits in fresh 
apples, peaches, strawberries, and sweet cherries. A mixed mode survey was used to elicit market 
intermediaries’ perceptions of the importance that different fruit quality traits have for their 
business success. The data were analyzed using a multivariate ordered probit model. 
 
Results from this study can provide useful information for fruit facilities’ managers about the 
relative impact that different fruit quality characteristics can have on their business profitability. 
In general, market intermediaries handling product for the fresh market placed high ratings of 
importance on traits recognized in the U.S. grade standards as well as fruit eating quality traits. 
Examples of these qualities include external appearance for apples, peaches, strawberries, and 
sweet cherries; fruit size for sweet cherries and strawberries; fruit firmness for apples and 
cherries; and fruit flavor for apples, peaches, and strawberries. Characteristics such as storage 
life and shelf life at retail were also important, especially for intermediaries in the apple, peach, 
and sweet cherry markets. Firms that assigned a higher importance rating to consumer 
preferences when setting priorities for fruit traits assigned higher ratings of importance to the 
traits themselves. 
 
Our findings support that fruit market intermediaries underscore the importance of traits in the 
U.S. grade standards, which are not necessarily aligned with consumer preferences. Consumers 
place higher importance to eating quality whereas U.S. grade standards are based mostly on 
appearance attributes. As for the supply chain, this study supports that preferences of fruit market 
intermediaries are partially consistent with those of fruit breeders, growers, and consumers. 
Studies like this should serve as a guide to breeding programs to ensure that their resources—
including funding, time, and genetic material—are invested in fruit quality traits of importance to 
the whole supply chain.  
 
In this study we elicited preferences from market intermediaries at one point in time. However, 
intermediaries’ preferences for fruit quality traits might change over time, in consonance with 
changing consumers’ preferences, or with specific production, marketing, or macroeconomic 
circumstances surrounding each marketing year. Therefore, future research should take into 
consideration the dynamic effects of potential factors on supply chain preferences for fruit 
quality traits. 
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Appendix 

Table 3. Average and standard deviation of market intermediaries’ ratings of importance for fruit 
quality traits of apples, peaches, cherries, and strawberries. 

 

Fresh apple 
(N=39) 

 Sweet cherry 
(N=33) 

Fresh peach in 
California 

(N=28) 

Fresh peach 
not in California 

(N=38) 

Fresh strawberry 
(N=23) 

Absence of cap --  -- -- -- 3.48 

 
--   -- -- (1.24) 

Absence of split pit --  -- 4.89 5.63 -- 

 
--   (2.02) (1.62) 

 Aroma 4.62  -- 4.57 4.66 -- 

 
(1.16)   (1.75) (1.30) 

 Crispness 5.82  -- -- -- -- 

 
(1.60)   -- -- 

 Drip loss --  -- -- -- -- 

 
--   -- -- 

 External appearance 5.95  5.71 5.11 5.62 5.39 

 
(1.32)  (1.64) (2.13) (1.64) (2.13) 

External color 5.76  -- 5.04 5.59 5.43 

 
(1.40)   (2.24) (1.61) (2.04) 

Firmness 5.82  5.76 4.68 5.16 5.22 

 
(1.59)  (1.77) (1.89) (1.72) (1.93) 

Flavor 5.69  5.27 5.26 5.76 5.32 

 
(1.36)  (1.74) (2.40) (1.58) (2.36) 

Internal appearance 5.89  -- -- -- -- 

 
(1.47)   -- -- 

 Internal color --  4.31 4.46 4.55 4.61 

 
--  (1.18) (1.50) (1.18) (1.73) 

Juice color --  -- -- -- -- 

 
--  -- -- -- -- 

Juiciness 5.28  -- -- -- -- 

 
(1.39)  -- -- -- -- 

Nutrient 4.77  4.26 4.14 4.37 4.65 

 
(1.16)  (1.21) (1.18) (1.28) (1.75) 

Pit remove --  -- -- -- -- 

 
--  -- -- -- 

 Pit shape --  -- -- -- -- 

 
--  -- -- -- 

 Seed color --  -- -- -- 3.48 

 
--  -- -- -- (1.12) 

Seediness --  -- -- -- 3.87 

 
--  -- -- -- (1.18) 

Shape 5.21  4.63 4.54 4.97 4.57 

 
(1.24)  (1.24) (1.53) (1.30) (1.53) 

Shelf life at retail 5.85  5.48 5.00 5.05 5.26 

 
(1.51)  (1.79) (1.91) (1.51) (2.07) 

Size 5.66  5.91 4.82 5.70 4.87 
 

(1.15)  (1.77) (2.11) (1.70) (1.71) 
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Table 3. Continued      

 

Fresh apple 
(N=39) 

 Sweet cherry 
(N=33) 

Fresh peach in 
California 

(N=28) 

Fresh peach 
not in California 

(N=38) 

Fresh strawberry 
(N=23) 

Stem attractiveness --  5.34 -- -- -- 

 
--  (1.52) -- -- 

 Storage life 5.77  5.52 4.86 4.89 -- 

 
(1.49)  (1.79) (1.92) (1.50) 

 Sweetness 5.28  5.16 4.93 5.42 -- 

 
(1.23)  (1.71) (1.94) (1.52) 

 Tartness 4.95  4.40 4.36 4.35 -- 

 
(1.26)  (1.10) (1.39) (1.36) 

 Notes. Table shows the mean of the ratings of importance assigned to each fruit quality trait (1=extremely 
unimportant, …, 7=extremely important). Numbers in parentheses are standard deviation 
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Table 4. Parameter estimates and marginal effects for fresh apple market intermediaries’ ratings 
of importance for selected fruit quality traits. 
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Table 5. Parameter estimates and marginal effects for sweet cherry market intermediaries’ 
ratings of importance for selected fruit quality traits. 
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Table 5. Continued 
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Table 6. Parameter estimates and marginal effects for California fresh peach market 
intermediaries’ ratings of importance for selected fruit quality traits. 
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Table 6. Continued 
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Table 7. Parameter estimates and marginal effects for non-California fresh peach market 
intermediaries’ ratings of importance for selected fruit quality traits. 
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Table 7. Continued 
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Table 8. Parameter estimates and marginal effects1 for strawberry market intermediaries’ ratings 
of importance for selected fruit quality traits. 
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Table 8. Continued 
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Table 9. Top fruit quality traits across breeders, growers, market intermediaries and consumers 
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