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Abstract. Over 60 rosaceous crop breeding programs exist in North America, but no
information has been available on which traits are targeted for selection or how breeders
make such decisions. We surveyed all active rosaceous fruit breeding programs in the
United States and Canada to determine: 1) the relative importance of over 50 plant traits
that breeders select for 2) the likelihood of selection for the most important traits; and 3)
the factors influencing breeders’ decisions. A double-bounded Tobit model was used to
investigate the effect of supply chain parties, technical and socioeconomic challenges, and
crop characteristics on the likelihood of selection for trait clusters. We found that
consumer-driven forces positively impact the likelihood of selection for traits more than
producer forces and a breeder’s own experience. Technical factors are as important as
socioeconomic factors but less important than market-related factors. Our findings
provide the first ever evidence that a socioeconomic approach in specialty crop breeding
programs can contribute to an improved understanding of the effects of different supply
chain factors on breeding programs’ trait priority setting.

Innovation though development and com-
mercialization of new cultivars has become
an increasingly important strategy to enhance
economic sustainability of U.S. specialty crop
industries, including those producing and pro-
cessing rosaceous crops. This botanical family
is of considerable economic importance and
includes a range of crops with diverse end

uses: almond, apple, caneberry, cherry, pear,
peach, plum, strawberry, and ornamentals
such as rose. New rosaceous cultivars with
superior performance and market acceptance
provide advantages to all parties in the
supply chain with products that are more
desirable, available, affordable, healthful,
and safer. However, breeding programs in
rosaceous crops face numerous constraints.
Development, evaluation, and commercial-
ization require significant financial, human,
and time resources, especially for those crops
with long juvenility, like almond, apple, cherry,
peach, and plum (Fuglie and Walker, 2001).
Even crops with relatively short juvenility,
like berries, require considerably more hor-
ticultural management resources than annual
vegetable and row crops. In many cases, the lag
time from initial cross to commercial cultivar
is greater than 20 years. Thus, any strategy to
accelerate the breeding process and make it
more efficient has high potential economic
impact for producers and processors.

There are no studies reporting how rosaceous
crop breeding programs establish priorities for

selection targets or whether a strategic ap-
proach using socioeconomic analysis of trait
values would provide analytical insight. It
seems likely that breeders establish priorities
based primarily on their experience, insights,
and interaction with their direct stakeholders–
crop producers. However, no scientific litera-
ture or even non-technical studies exist to
assess the validity of this view. To successfully
anticipate demand and provide the market-
place with desirable and innovative cultivars
for the fresh or processing market, it would
seem breeding programs should be linked with
all relevant supply chain parties, including
consumers. However, we do not know these
priorities and they may in fact be in conflict,
which could create a most difficult challenge to
breeders when setting program priorities.

Genetic and genomic technologies applica-
ble to rosaceous breeding have improved con-
siderably over recent decades (Brown, 2003).
The use of DNA information and techniques
like marker-assisted breeding (MAB) can po-
tentially make breeding programs more effi-
cient in the use of financial, human, and time
resources (Alpuerto et al., 2009; Luby and
Shaw, 2001). In MAB, mating and selection
decisions are informed both by the observable
parental traits (their phenotypes) and by genetic
knowledge of the DNA information they carry
(their genotypes). However, because imple-
menting this technology requires substantial
knowledge and investment in human and
physical resources, it is most gainfully ap-
plied to high-priority traits. Thus, when de-
termining the target traits for a breeding
program, it would be advantageous to iden-
tify and account for all supply chain parties:
growers, packers, processors, marketers, and
consumers.

The objective of this study is to under-
stand how rosaceous crop breeders evaluate
the importance of traits and what factors,
including interested parties in the supply
chain, significantly influence the likelihood
of selection for each trait in their breeding
programs. This information will also provide
a baseline for a larger study to compare pri-
orities assigned by rosaceous crop breeders
and by supply chain parties.

There is scant literature relevant to this
area of inquiry. Frey (1996) conducted a sur-
vey to assess the size of public and private
plant breeding programs in the United States.
He found that a total of 2241 science person-
years were devoted to plant breeding with
66% working for private companies, 24% for
state and agricultural experiment stations,
and 10% for the U.S. Department of Agri-
culture. Frey (1996) also determined that
40% of all science person-years were devot-
ed to grain crops compared with 15% for
temperate fruits, vegetables, and nut crops.
Fuglie and Walker (2001) used the data from
Frey’s survey to investigate the factors influ-
encing the level of public and private breed-
ing research. They found that investment
in the private sector breeding was positively
affected by the value of the crops and neg-
atively affected by the costs in varietal de-
velopment. Of the studies reviewed, only one
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study focused on plant breeding priorities
and resource allocation in specific breeding
programs. Fuji et al. (2007) investigated
breeding priorities in Japanese wheat breed-
ing programs. They found that priorities have
shifted to product characteristics with rising
relative returns to producers, i.e., wheat pro-
tein content, rather than productivity. Given
this nearly complete lack of information in
the literature, in 2010, we conducted a com-
prehensive survey of all known rosaceous
breeders in the United States and Canada.

This article is organized in three sections:
(1) methods, including data description and
econometric model; (2) results and discus-
sion, including a description of the breeding
programs surveyed, relative importance of
traits, likelihood of selecting trait clusters,
and major findings; and (3) conclusions.

Methods

Data description. During April to June
of 2010, we conducted a comprehensive in-
ternet survey of 60 rosaceous breeding pro-
grams, which is, to our knowledge, the entire
population of these programs in the United
States and Canada. We obtained 40 responses;
however, five were incomplete and not con-
sidered in the analysis, reducing the sample
size to 35 complete responses, equivalent to a
58% response rate. These complete responses
correspond to rosaceous breeding programs
whose target crops are apple scion and root-
stock, apricot scion, cherry scion (sweet and
tart), peach scion, pear scion, blackberry, red
raspberry, strawberry, and rose. To reduce
complexity, we focused our analysis on fruit
scion breeding programs and did not consider
programs addressing rootstock (one response)
and rose (two responses). This reduced the
total number of responses to 32. Furthermore,
because of the small number of breeding pro-
grams having as the main crop apricot, black-
berry, cherry, and pear, we focused on crops
with sufficient observations to yield meaning-
ful results. This reduced the sample size used
in this study to 24 responses, representing
eight programs in strawberry, eight in peach,
four in apple, and four in red raspberry. Table 1
lists all programs contacted, programs respond-
ing to the survey, and programs whose re-
sponses were used in this study.

The survey was divided into three sections.
A copy of the survey is available on request.

The first section included questions about
background information of the breeding pro-
gram, including: main crop bred, main use of
the target crop (fresh or processed market),
years of experience of the breeder leading the
program, program characteristics (e.g., num-
ber of cultivars to be released, use of MAB),
and program location (Pacific Northwest, CA,
Midwest, Northeast, Southeast, and Canada).
The second section contained questions about
considerations influencing priorities when
selecting a trait for inclusion in the breeding
program. Breeders were asked to rate on a 0 to
10 scale (0 = very unimportant, 10 = very
important) the importance of a range of factors
on their decisions, including: nursery industry,
producers, marketers, wholesalers, retailers,
consumers, and funding agency needs/prefer-
ences, breeder’s own experience, experience of
other colleagues, intended use of the crop, and
available premiums. In this section, breeders
were also asked about challenges in determin-
ing priorities for selection on a 0 to 10 scale (0 =
very unimportant, 10 = very important). These
challenges were divided into three groups:
technical (e.g., lack of consistent or standard-
ized information on genetic materials and
methods, limited availability of genetic mate-
rial), societal (e.g., poor communication with
interested parties, separating short-term from
long-term needs, difficulty in finding consensus
across interested parties), and market-related
(e.g., uncertainty if a cultivar being devel-
oped would be commercially viable). The
third section included questions concerning
breeders’ ratings of the importance of various
fruit traits (on 0- to 5-point scale, 0 = very
unimportant, 5 = very important) and the
likelihood breeders would select for each trait
(on a 0 to 100 scale, 0 = lowest likelihood,
100 = highest likelihood). Given the range of
crops and differing horticultural characteris-
tics, we relied on a pre-survey interview with
14 breeders to reduce the traits for each crop
to �50. In total, there were 77 plant and fruit
traits considered in the four rosaceous crops
included in this study. In an attempt to reduce
the complexity of our analysis, we assessed
the relative importance of each individual
trait by conducting pairwise comparisons, e.g.,
juiciness vs. sweetness, sweetness vs. firmness,
firmness vs. size, size vs. color, etc. Unfortunate-
ly, the analysis was complicated by the large
number of individual traits selectable for one
each crop. Therefore, we aggregated individual

traits for meaningful econometric analysis based
on the expert opinion of a breeder using the
criterion of similar contributions to fruit or plant
characteristics. We refer to these aggregated
traits as trait clusters as opposed to individual
traits. Table 2 summarizes the nine trait clusters
used for analysis: fruit texture, fruit flavor, fruit
appearance, biotic resistance, abiotic resistance,
plant habit, yield season, postharvest quality, and
phytonutrient content.

Econometric model. We used the SAS�
TTEST procedure (Cary, NC) to conduct
pairwise t tests by crop to identify trait
clusters whose mean values differed signif-
icantly. We used a double-bounded Tobit
model to investigate factors significantly
influencing breeders’ selection likelihood.
A single (pooled) model for the nine trait
clusters combined is appropriate when the
relationship between the dependent vari-
able and at least some of the independent
variables remains the same among different
traits. However, this is not the case in this
study, because independent variables differ
across traits. To decide between the pooled
model allowing the intercept to differ across
traits and separate models by trait, we con-
ducted the Wald, likelihood ratio, and
Lagrange multiplier tests with the null hy-
pothesis favoring the pooled model. Test
statistics for each test were 432.4 (Wald),
398.7 (likelihood ratio), and 618.2 (Lagrange
multiplier). Thus, the null hypothesis is
rejected, suggesting that separate models
estimated by trait clusters have higher explan-
atory power than the pooled model and it is
appropriate to model the breeders’ selection
likelihoods separately by trait clusters.

The double-bounded Tobit model allows
censoring in both tails of the probability
distribution of the dependent variable. In
our particular case, the dependent variable
is the likelihood of selection for trait clusters,
whose reported values are in the interval (0 to
100). The Tobit model follows:

Y =
0 if Y � # 0
y� if 0 < Y � < 100
100 if Y � $ 100

8<
: ½1�

Y �i = X ib + ei ½2�

where Y* is a latent variable that is observed for
values within the range (0, 100) and censored
otherwise. Xi is the vector of explanatory vari-
ables including: (1) ratings for the supply chain
considerations influencing breeders’ priority;
(2) ratings for challenges when determining
priorities for selection; (3) years of experience
of the breeder leading the program; (4) binary
variable for the use of MAB at the breeding
program; (5) binary variable for region where
the program is located; (6) binary variable for
the use of the target crop in the program
(fresh or processed market); and (7) binary
variable to indicate the main crop in the
program. b is the vector of parameters to be
estimated and 2i represents the error term
that captures possibly unobservable factors
affecting the likelihood of selection for traits

Table 1. U.S. and Canadian rosaceous breeding programs contacted, survey respondents, and responses
used in this study.

Breeding program
main crop

Number of breeding
programs contacted

Number of programs
responding to survey

Number of responses
used in this study

Apple 7 5 4
Apricot 1 1 —
Blackberry 2 2 —
Peach 13 8 8
Pear 2 2 —
Red raspberry 8 5 4
Rose 5 2 —
Strawberry 18 11 8
Sweet cherry 2 2 —
Tart cherry 2 2 —
Total 60 40 24
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and is assumed to follow a normal distribution.
All parameters were estimated using the QLIM
procedure in SAS�.

Results

Table 3 highlights the diversity of rosa-
ceous breeding programs we surveyed based
on four parameters: number of crosses per
year, number of seedlings produced for screen-
ing per year, number of expected new culti-
vars to be released in the next 5 years, and
targeted production regions for each program.

Relative importance of traits. Across crops,
the five most important trait clusters were: fruit
texture, fruit flavor, postharvest quality, yield/
season, and appearance, but overall the relative
importance of trait clusters to breeders varied
only slightly (Table 4). Therefore, we focused
on the likelihood of selection measure, for which
many differences identified by pairwise t tests
results are statistically significant (Table 5).

Likelihood of selecting trait clusters. Table 6
presents estimation results of the Tobit model by
trait clusters. The dependent variables in Table 6
are the reported likelihoods of selecting for
a specific trait cluster with the four crops in
the study. Observations are the individual traits
for all traits within a cluster. The number of
observations ranges from 104 to 274 for the
cluster equations. Results from these models
provide insight about which factors signifi-
cantly influence breeders’ selection likelihood
for each trait cluster and how the impacts of
these factors differ across trait clusters. To
better explain results, we focus our analysis on
five groups of trait clusters: sensory quality
(fruit texture, flavor, and appearance), biotic
and abiotic resistance, plant production char-
acteristics (plant habit, yield, and harvest
season), postharvest quality, and phytonu-
trient content.

Sensory quality. Across crops, breeders
perceived that producers and marketers pos-
itively influence the likelihood of selection
for fruit texture, whereas wholesalers’ in-
fluence was negative. Technical challenges
like lack of genetic information, lack of
genetic material, and deficiency of methods

had a significant negative impact on the
selection likelihood of this trait cluster.

Overall, breeders perceived consumers
had a positive impact on the likelihood of
selection for fruit flavor, whereas producers’
impact was negative. This may be because
producers are typically paid on grades and
standards that do not include flavor, whereas
consumers are perceived to value this trait.
Market challenges such as high uncertainty
for commercial acceptance positively impact
the likelihood of selection for flavor. The
highest likelihood of selection for flavor
occurred in programs in which the breeder
had more years of experience, worked in the
Southeast and Canada, and worked on red
raspberry. Intended use of the crop for
processing had a negative significant effect.

Breeders perceived that uncertainty for com-
mercial acceptance had a positive significant
impact on the selection likelihood, suggest-
ing breeders believe market risks are reduced
by improving flavor characteristics of a culti-
var. Only red raspberry breeders had a signif-
icant priority for fruit appearance.

Biotic and abiotic resistance. From the
breeders’ perspective, consumers and mar-
keters had a significant positive impact on the
selection likelihood of the trait cluster for
biotic stress (disease and pest) resistance,
whereas producers’ needs had no significant
impact. The market challenge, uncertainty if a
new cultivar would be commercial viable, pos-
itively impacted the likelihood of selection
for this trait cluster. In contrast, the societal
challenge, poor communication with interested

Table 2. Individual traits included in each trait cluster.

Texture Flavor Appearance
Disease and pest

resistance
Abiotic

resistance Plant habit Yield/season
Postharvest

quality
Phytonutrient

content

Fruit
firmness

Flavor Drip loss Powdery mildew Fruit ultraviolet
tolerance

Machine
harvestability

Pre-harvest drop Storage
disorders

Vitamin C
content

Fruit
crispness

Sweetness Flesh
browning

Scab Resistance to
frost injury

Graft
compatibility

Extended harvest
season

Shelf life Antioxidant
content

Fruit
juiciness

Acid/sugar
balance

Flesh color Fire blight Winter hardiness Blind nodes Flowering
date

Consistent quality
during storage

Other
phytonutrients

Seediness Aromatics/
volatiles

Skin color Aphid Heat tolerance Plant
architecture

Productivity Bruise resistance

Soluble solid
content (Brix)

Fruit shape Apple maggot Drought tolerance Plant vigor Production
consistency

Greasiness

Titratable
acidity

Fruit size Other
disease-bacterial

Pollen
production

Bearing
precocity

pH Fruit
uniformity

Other
disease- fungal

Self-fertility

Surface
texture

Other
disease-viral

Plum curculio

Note: The names of the trait clusters are listed in the header of the table; column contain traits within each cluster.

Table 3. Characteristics of rosaceous breeding programs whose responses were used in this study.

Program characteristics Strawberry Red raspberry Apple Peach

Scale of program (crosses per year)
< 5 — — — —
6–10 — — — 1
11–20 — 1 2 —
21–30 — — 2 —
31–40 1 2 — —
41–50 1 — — 2
51–100 4 1 — 1
101–150 3 — — —
> 150 2 — — 4

Scale of programs (seedlings produced per year)
< 500 — — — —
500–1,000 1 — — 1
1,001–2,000 — — — 1
2,001–5,000 2 3 1 2
5,001–10,000 4 1 2 1
10,001–15,000 2 — — 2
15,001–20,000 1 — 1 —
20,001–30,000
> 50,000 1 — — 1

Expected number of cultivars released in 5 years 45 15 10 39
Target region

Pacific Northwest 1 1 1 —
California 3 — — 4
Midwest 1 — 1 —
Mid-South — — — 1
Northeast 2 1 1 —
Southeast 1 1 — 2
Canada — 1 1 1

Total breeding programs 8 4 4 8
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parties, decreased the likelihood of selecting for
disease and pest resistance. Breeding programs
targeting production regions in the Pacific
Northwest, Midwest, Northeast, Southeast,
and Canada were more likely to select for biotic
stress traits, whereas breeders in California
were not. This result is not surprising given

the reduced biotic stress pressure in West
Coast production areas. Breeding programs
focused on strawberry and red raspberry as
well as fresh market were more likely to select
for biotic stress resistance than others.

Overall, breeders placed a positive but not
statistically significant emphasis on abiotic

resistance, suggesting they believe current
levels of resistance are sufficient for producers.
Alternatively, this trait cluster may have been
so heterogeneous that identification of spe-
cific individual traits of importance in spe-
cific crops was obscured. Interestingly, only
consumers’ preferences were found to have a
significant positive influence on selection
likelihood for the biotic and abiotic resis-
tance. This may reflect a market trend that
consumers prefer cultivars that are adapted to
the abiotic stresses locally as well as expressing
genetic resistance to biotic stresses that reduces
the need for pesticides. This agrees with studies
stating that consumers, in general, are willing to
pay premium prices for produce less exposed to
pesticides (Blend and Van Ravenswaay, 1999;
Govindasamy and Italia, 1998).

Plant habit and yield season. From the
breeders’ perspective, the influence of pro-
ducers’ needs on selection likelihood of plant
habit was positive but statistically insignifi-
cant. The impact of wholesalers’ needs was
significant and negative. Consumers’ prefer-
ences significantly increased selection likeli-
hood for plant habit. This result is puzzling,
because it would seem producers, rather than
consumers, would value cultivars with an
improved plant habit. The technical chal-
lenges, lack of genetic information, genetic
material, and methods significantly lowered
likelihood of selection for plant habit. How-
ever, breeders facing the societal challenges
of distinguishing between short-term and
long-term needs placed a high priority on
plant habit. This trait cluster was also given
high selection likelihood by breeders for
targeted production regions in the Northeast
and Southeast. By contrast, apple and straw-
berry breeders were significantly less likely
to select this trait cluster.

Both consumers and marketers had a pos-
itive and significant influence on the selection
likelihood of the trait cluster yield/season,
but the impact of producers was insignificant.
This result could be attributed to breeders
considering that cultivars that have high pro-
ductivity, extended harvest season, and pro-
duction consistency have the potential

Table 4. Importance rating and selection likelihood of trait clusters by crop.

Trait cluster Measure

Apple Strawberry Peach Red raspberry

Trait rank Mean SD Trait rank Mean SD Trait rank Mean SD Trait rank Mean SD

Texture Rating 1 4.86 0.36 3 4.10 0.64 3 4.18 0.88 3 3.94 0.83
Likelihood 89.86 14.44 75.79 23.76 65.33 29.83 67.19 27.84

Flavor Rating 3 4.31 0.93 4 4.09 0.82 5 4.13 0.77 4 3.69 1.17
Likelihood 74.59 22.76 70.56 30.76 64.15 26.62 61.25 32.67

Appearance Rating 5 3.74 0.83 5 4.05 0.90 1 4.38 0.84 2 4.10 1.01
Likelihood 51.21 23.43 70.21 29.33 77.89 21.68 71.23 24.37

Disease and pest
resistance

Rating 8 3.33 1.26 6 3.68 0.96 9 3.06 1.34 6 3.59 1.10
Likelihood 41.58 35.72 53.66 33.90 41.44 31.26 50.35 34.06

Abiotic resistance Rating 6 3.59 0.91 8 3.02 1.09 8 3.58 1.32 8 3.37 1.25
Likelihood 51.00 23.00 35.94 31.66 50.58 31.78 42.70 31.91

Plant habit Rating 9 3.06 1.12 7 3.62 1.08 7 3.74 1.15 7 3.55 1.01
Likelihood 32.39 24.39 52.82 37.37 55.69 34.46 49.77 32.28

Yield/season Rating 4 3.77 0.94 2 4.41 0.75 2 4.34 0.85 5 3.62 1.24
Likelihood 60.76 25.49 74.29 28.35 79.79 20.63 60.50 34.84

Post-harvest quality Rating 2 4.52 0.71 1 4.44 0.89 4 4.16 1.34 1 4.40 0.52
Likelihood 74.84 22.75 78.78 21.99 64.97 31.48 78.60 16.75

Phytonutrient content Rating 7 3.58 1.08 9 2.70 1.07 6 3.77 0.92 9 2.72 1.07
Likelihood 49.92 32.11 20.13 24.95 51.24 30.35 23.71 27.30

Table 5. Pairwise comparisons using t tests for likelihood of selection of trait clusters by crop.

Comparison Apple Strawberry Peach Red raspberry

Texture–flavor 15.27z 5.23 1.18 5.94
Texture–appearance 38.65 *** 5.58 –12.55 *** –4.04
Texture–disease and pest resistance 48.28 *** 22.13 *** 23.89 *** 16.84
Texture–abiotic resistance 38.86 *** 39.85 *** 14.76 *** 24.49 ***
Texture–plant habit 57.46 *** 22.97 *** 9.64 17.42
Texture–yield/season 29.10 *** 1.50 –14.46 *** 6.69
Texture–postharvest 15.02 –2.99 0.37 –11.41
Texture–phytonutrient 39.94 *** 55.66 *** 14.10 43.47 ***
Flavor–appearance 23.37 *** 0.35 –13.74 *** –9.98
Flavor–disease and pest resistance 33.01 *** 16.90 *** 22.71 *** 10.90
Flavor–abiotic resistance 23.59 *** 34.62 *** 13.57 *** 18.55 ***
Flavor–plant habit 42.19 *** 17.74 *** 8.46 11.48
Flavor–yield/season 13.83 *** –3.73 –15.64 *** 0.75
Flavor–postharvest –0.25 –8.22 –0.82 –17.35
Flavor–phytonutrient 24.67 *** 50.43 *** 12.91 37.54 ***
Appearance–disease and pest resistance 9.64 16.54 *** 36.44 *** 20.88 ***
Appearance–abiotic resistance 0.21 34.27 *** 27.31 *** 28.53 ***
Appearance–plant habit 18.82 *** 17.39 *** 22.19 *** 21.46 ***
Appearance–yield/season –9.55 –4.08 –1.90 10.73
Appearance–postharvest –23.63 *** –8.57 12.92 *** –7.37
Appearance–phytonutrient 1.30 50.08 *** 26.65 *** 47.52 ***
Disease and pest resistance–abiotic

resistance
–9.42 17.72 *** –9.13 7.65

Disease and pest resistance–plant habit 9.18 0.85 –14.25 *** 0.58
Disease and pest resistance–yield/season –19.18 *** 20.63 *** –38.35 *** –10.15
Disease and pest resistance–postharvest –33.26 *** 25.12 *** –23.53 *** –28.25 ***
Disease and pest resistance–phytonutrient –8.34 33.54 *** –9.80 26.63 ***
Abiotic resistance–plant habit 18.61 *** 16.88 *** –5.12 –7.07
Abiotic resistance–yield/season –9.76 38.35 *** –29.21 *** –17.80 ***
Abiotic resistance–postharvest –23.84 *** 42.84 *** –14.39 *** –35.90 ***
Abiotic resistance–phytonutrient 1.08 15.81 *** –0.66 18.99
Plant habit–yield/season –28.37 *** 21.47 *** –24.10 *** –10.73
Plant habit–postharvest –42.45 *** 25.96 *** –9.28 –28.83 ***
Plant habit–phytonutrient –17.52 32.69 *** 4.45 26.06 ***
Yield/season–postharvest –14.08 *** –4.49 14.82 *** –18.10
Yield/season–phytonutrient 10.84 54.16 *** 28.55 *** 36.79 ***
Postharvest–phytonutrient 24.92 *** 58.65 *** 13.73 54.89 ***
zThe values indicate the differences in the means of selection likelihood by crop. A positive value indicates
that the first term was rated higher, whereas a negative value indicates that the second term was rated
higher importance. For example, texture–flavor 15.27 indicates that the likelihood for selecting texture was
15.27 higher than the likelihood for selecting flavor. Comparisons significant at the 0.05 level are indicated
by ***.
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of increasing consumers’ satisfaction and
consumption because the fruit is of more
reliable availability and quality in the market
over a longer time window. Excellent prog-
ress has been made toward this objective in
peach and other tree fruits could similarly
benefit. For some of the crops such as straw-
berry with remontant bloom habit and black-
berry and raspberry with primocane fruiting
habit, plant habit is critical to getting the
extended fruiting season that permits fruit to
be available and more affordable to consumers
for a longer time window. The impact of in-
tended use of the crop for processing was
negative. Breeders of crops for the processed
market were less likely to select for traits
related to yield/season. The societal challenge,
poor communication with interested parties,
negatively affected the breeder’s selection
likelihood for this trait cluster. Breeding pro-
grams for targeted production regions in the
Southeast were more likely to select this trait
cluster.

Postharvest quality. Breeders perceived
producers’ needs and retailers’ feedback and
their own experience significantly increasing
selection likelihood for this trait cluster,
whereas wholesalers’ needs and funding
agencies had a negative impact. This suggests
that according to breeders’ viewpoints, pro-
ducers’ needs and retailers’ feedback on this

specific trait cluster may not be aligned with
wholesalers’ needs. To analyze contrasting
stakeholders’ needs was not the focus of this
study and more research is needed to investi-
gate further the alignment of priorities. Breed-
ing programs targeting the Pacific Northwest,
Midwest, and Canada were more likely to
select for postharvest quality as were breeders
targeting fresh rather than processing markets.
Strawberry and red raspberry breeding pro-
grams were more likely to select for post-
harvest quality, which is not surprising given
that these crops are the most perishable of the
fruits covered in this study.

Phytonutrient content. From the breeders’
perspective, producers’ needs, marketers’
feedback, funding agencies, and breeders’
own experience all had positive and signifi-
cant impacts on the selection likelihood for
phytonutrient content, whereas wholesalers’
needs and intended use of the crop for pro-
cessing had a negative impact. Breeders fac-
ing challenges in finding consensus among
interested parties were more likely to in-
clude this trait cluster. Breeding programs
that target production regions in the Midwest
and Canada were significantly less likely to
select for this trait cluster. Phytonutrient con-
tent was given a high priority by breeders tar-
geting the fresh market and by apple breeders
particularly.

Discussion

Given the large number of traits to consider
(at least 50 for each crop included in this study),
we aggregated individual traits into clusters
with related components to facilitate analysis.
We found that consumer-driven forces (i.e.,
consumers, marketers, and retailers) more fre-
quently positively impacted the breeders’ like-
lihood of selection for traits than did producers
and the breeder’s own experience. Consumers
and marketers influenced breeders’ decisions
on traits for fruit flavor and texture. Unexpect-
edly, producers’ needs did not impact the
likelihood of selecting for production-related
traits in the biotic and abiotic resistance, plant
habit, and yield/season trait clusters.

Technical challenges such as lack of
genetic material and information negatively
affected the likelihood of selecting for sen-
sory quality and plant habit. Societal challenges
such as communication issues and uncertainty
about commercial viability had an impact on
the likelihood of selecting for the trait clusters
biotic and abiotic resistance, yield/season, and
phytonutrient content.

Breeding programs targeted toward the
fresh market have a higher likelihood of selec-
tion for most trait clusters in the study. This
result agrees with studies like Richards and
Green (2003) suggesting that fresh market crop

Table 6. Estimation results for the Tobit model: likelihood of selection by trait cluster.

Variable Texture Flavor Appearance
Disease and

pest resistance
Abiotic

resistance Plant habit Yield/season
Post-harvest

quality
Phytonutrient

content

Intercept –7.63 73.60 11.56 –125.55 –99.76 –57.04 1.57 –189.21 –153.47
Interested parties

Producers 15.05** –12.14** 5.03 –3.98 0.91 4.20 –7.43 14.21** 18.26***
Wholesalers –5.99** 1.62 –1.68 1.44 –3.84 –7.41*** –0.34 –5.57** –7.98***
Marketers 8.14* 3.35 3.30 4.57* 5.14 6.46 8.70** 3.19 8.47**
Retailers –7.00 4.45 –0.52 –0.37 –3.22 0.28 –4.36 8.51** –4.51
Consumers 3.01 10.89** 4.33 13.75*** 15.23*** 10.53** 10.45** 0.63 –1.19
Funding agency 2.88 –0.03 0.20 1.02 –0.32 1.58 0.06 –5.73*** 3.71**
Own experience –0.11 1.09 0.14 2.64 –4.10 1.46 2.68 8.38** 12.77**
Intended use of crop–processing –5.10 –8.33*** –2.98 –6.24** 3.67 –3.94 –6.30* –8.33** –11.52**

Challenges faced by breeders
Lack of genetic material,

information, and methods
–7.50** –3.29 –2.49 –0.57 0.10 –8.01** 1.12 4.19 –5.65

Poor communication with
interested parties

–3.57 –2.01 –2.21 –4.59** 0.64 –3.20 –5.81** 2.20 1.14

Separate short-term from
long-term needs

1.68 –3.24 –0.85 1.97 1.08 3.94* 3.05 –0.80 –0.30

Difficult to find consensus across
interested parties

3.20 –1.31 –0.94 –0.51 –0.81 2.30 –1.28 –0.06 6.48***

Uncertainty about commercial
viability

0.70 2.81* 2.96** 3.23** 1.38 2.13 2.20 –0.02 2.70

Breeder leading the program
Years of experience 0.45 1.92*** –0.11 0.39 –0.08 0.48 0.37 0.15 –0.27

Characteristics of the breeding program
Use of MAB 10.22 8.28 –8.74 –0.32 –20.26 –0.15 –8.93 19.64 25.07
Pacific Northwest –13.02 19.36 1.42 40.94** 8.58 –0.02 30.14 85.46*** –30.01
California –3.08 –28.28 1.21 24.46 19.80 3.55 18.62 31.02 –0.54
Midwest –41.18 1.61 –9.08 38.20** –6.98 11.81 –9.14 52.91** –50.51**
Northeast 30.26 –10.25 5.00 40.50** 34.67 36.58* 23.10 18.91 –3.86
Southeast 14.85 46.70*** –2.95 54.32*** 16.27 33.10* 31.73* 21.51 –5.98
Canada –4.10 35.99** 14.49 57.03*** 25.90 19.76 29.67 32.21* –43.13**

Characteristics of the main crop in the breeding program
Crop is for the fresh market 3.66 –10.30 10.39 25.93* 9.32 10.43 27.40* 39.25** 42.12**
Apple 38.29 0.98 –6.11 –17.17 –10.67 –36.73** –21.96 –8.38 25.06**
Strawberry –11.08 6.29 –3.30 11.02** –11.15 –22.80** 1.78 36.00*** –11.05
Peach –5.46 –4.51 9.05 –6.02 –0.96 –6.86 –3.53 0.69 6.62
Red raspberry –6.86 19.76** 14.71** 28.44*** 8.72 –2.53 0.24 61.30*** –9.23
Number of observations 129.00 251.00 274.00 311.00 182.00 256.00 197.00 128.00 104.00

MAB = marker-assisted breeding.
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breeders face more challenges in setting prior-
ities than processing market crop breeders.

Conclusions

A better understanding of what factors in-
fluence breeders’ priorities and their decisions
on trait selection will accelerate the develop-
ment of cultivars with desirable traits for the
entire supply chain and consumers. This study
highlights the complex nature of rosaceous
breeding and the challenges that breeders face
as they focus their efforts in the midst of fi-
nancial, human, and time resource constraints
while still meeting the needs of the entire
supply chain. Breeders must consider multiple
traits that impact the final fruit product, its
profitability, and its production environment.
Most of these traits have an interactive, not
separate, impact on the final product. Results
suggest that using trait clusters rather than
the individual traits is a useful approach to
simplify the breeders’ challenges to assign
program priorities. This is not to say that
breeders should use an aggregate score for
a trait cluster disregarding individual traits,
especially in specific crop situations. Our goal
was to assess current breeders’ priorities

from a holistic perspective and discover
the clusters breeders are giving more atten-
tion to. This initial information will serve to
gather a smaller group of individual traits
to focus on and include in further studies
eliciting values from supply chain stakeholders:
producers, shippers, packers, processors, and
consumers. Furthermore, our results will allow
stakeholder groups and funding agencies to
better understand various challenges faced by
breeders and to help align priorities with the
needs of the entire supply chain. Whether our
approach and findings based on this breeder
survey are valid will be tested with our future
surveys of interested parties in the supply
chain. We hope to link trait valuations through-
out the supply chain and contribute to a system
in which breeding programs and supply chain
demands are more intimately and efficiently
coordinated.
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