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Crop breeding programs must accelerate crop improvement, spur widespread adoption
of new varieties and increase variety turnover they are to meet the diverse needs of
their clients. More comprehensive quantitative approaches are needed to better inform
breeding programs about the preferred traits among farmers and other actors. However,
the ability of current breeding programs to meet the demands of their clients is limited by
the lack of insights about value chain actor preference for individual or packages of traits.
Ranking traits based on monetary incentives, rather than subjective values, represents
a more comprehensive, consistent, and quantitative approach to inform breeding
programs. We conducted a large pilot in Uganda to assess the implementation of a
novel approach to trait ranking, using a uniquely large sample of diverse sweetpotato
value chain actors. We found meaningful differences in trait ranking and heterogeneity
among different actors using this approach. We also show our approach’s effectiveness
at uncovering unmet demand for root quality traits and at characterizing the substantial
trait demand heterogeneity among value chain players. Implementing this approach
more broadly for sweetpotato and other crops would increase the effectiveness of
breeding programs to improve food security in developing countries.

Keywords: crop breeding, trait ranking, economic incentives, sweetpotato, Uganda

INTRODUCTION

In response to demands of rapid social, demographic, climate and nutrition changes and gender
inequality, the Consortium of International Agricultural Research Centers (CGIAR1) has embarked
on an ambitious effort to increase impact of breeding programs across major staple crops.2 This is
intended to help countries adapt to changes in distribution, meet food quality requirements, and

1https://www.cgiar.org
2https://excellenceinbreeding.org/
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contribute to the United Nations’ Sustainable Development
Goal #2 of zero hunger by 2030. The CGIAR carries out
public international breeding programs that are developing
improved varieties for the benefit of smallholder farmers. These
programs typically follow iterative cycles of creating relevant
genetic variation, directional selection of superior genotypes,
and thorough field testing in target populations of environments
across which future varieties will be grown.

Since the 1960s, most crop breeding programs have focused
on yield improvement and yield protecting traits. This work
has resulted in increased adoption of improved varieties across
the developing world, including in several locations in Asia
(Estudillo and Otsuka, 2006), for example in Andhra Pradesh,
India where adoption of improved chickpea varieties increased
by well over 90% (Gumma et al., 2016). Nonetheless, changes
in dietary preferences have increased the demand for quality-
related traits in rice, resulting in discouragingly low adoption
rates and low varietal turnover (Nayak et al., 2022), especially in
more diverse and marginal environments of Africa (Kosmowski
et al., 2020). More generally, breeding programs in root, tuber
and banana crops have not evolved rapidly enough to respond to
market needs (Thiele et al., 2020).

The concepts of participatory plant breeding (PPB) and
participatory variety selection (PVS) were introduced in the 1970s
and 1980s in many crop breeding programs and these, or similar
approaches are currently being used to assess varietal preferences
(Gibson et al., 2008) to incorporate client voices in variety
development and accelerate variety replacement (Chambers and
Ghildyal, 1985; Singh et al., 2020) for some crops. However, both
PPB and PVS have three shortcomings: (i) continued dominance
of breeders’ preferences in early selection processes; (ii) reliance
on information of questionable comprehensiveness (Gibson et al.,
2008); and (iii) a focus on farm/farmers as both producers and
consumers thus neglecting the needs of urban consumers (De
Janvry and Sadoulet, 2006; Custodio et al., 2016; Baffoe and
Matsuda, 2017). Similarly, other important value chain actors
(especially traders, processors, end consumers, and farmers from
other geographical locations play multiple roles in the value
chain) have been generally neglected. While breeding is best left
to trained scientists, failure to make serious efforts to understand
what should be developed for maximum impact and adoption
undermines progress.

As a possible remedy to these shortcomings, and in contexts
where PPB and PVS are still the main methods, we present
a novel, comprehensive and quantitative approach for crop
breeding programs to target key value chain actors (and nodes)
more efficiently. Even in cases where programs have evolved
beyond PPB and PVS, there is still inadequate understanding
of the combination of preferred traits to target for adoption
and maximum impact. This paper presents an alternative taking
inspiration from an approach recently developed for animal
breeding (Martin-Collado, 2015), and aims to describe the
preferences of those actors, pinpoint the traits most desired,
and create economic values for those traits. Our approach uses
market intelligence to generate quantitative breeding indices
to rank traits based on their monetary values, considering
preferences from all potential breeding clients, from the farm

to the consumer’s table. Thus, our analysis is less subjective
in determining trait improvement priorities and we expect
this information to impact and accelerate the adoption of
novel varieties.

While the Green Revolution successfully catalysed adoption
of improved varieties in smallholder farms in Asia, and
subsequently other regions by relying on agronomic traits
(Estudillo and Otsuka, 2006), the need for quality traits
(namely, taste, flavor and texture) is now widely acknowledged
(Kosmowski et al., 2020). To date, the processes for selecting
breeding objectives and traits to be targeted in the genetic
improvement of sweetpotato (Ipomoea batatas) and many other
crops has drawn on PPB, PVS and farmer surveys. PPB was
devised with intention for “bringing farmers back into breeding”
(Almekinders et al., 2006; Ceccarelli, 2009) and for increasing
farmer involvement earlier in the breeding process, hence early
adoption (Ceccarelli, 2015). Participatory plant breeding typically
occurs with heterogenous populations or where there are high
levels of genetic diversity in the early stages of development.
PVS, on the other hand, involves late engagement of farmers
for selection toward the tail of the process when near-final
breeding materials/clones are ready to be released (Witcombe
et al., 1996; Walker, 2006; Shelton and Tracy, 2016). It relies on
trait selection principles developed by Smith (1936) and Hazel
(1943) in which multiple traits are selected at the same time
using subjective ranking. PVS has allowed farmers to participate
in adaptive testing/trials (Witcombe et al., 1996; Sperling et al.,
2001) and has been widely used by plant breeding programs
to capture farmer opinions. Farmer surveys have been used
in breeding to obtain feedback from smallholder farmers on
already-released varieties and have been applied by breeding
program since 1970s (Bashaasha et al., 1995; Walker, 2006; Asrat
et al., 2010; De Young et al., 2017; Ying et al., 2019). For purposes
of our discussion, we note that all these approaches have focused
predominantly on the farmer.

To maximize impact and accelerate not only genetic gains, but
also actual variety adoption, breeding programs have to gain a
much more granular view of the needs of actors beyond the farm
to ensure that released varieties exhibit traits preferred by all key
value chain actors and stakeholders. Thus, crop breeding should
embrace a customer- and data-driven approach that creates value
by addressing the actual needs of a diverse set of customers
(Custodio et al., 2016). Doing so offers the potential for plant
breeding to contribute to achieving broader societal goals such
as reduced poverty and improved social inclusion, nutrition and
health, climate resilience and environmental stewardship (Atlin
et al., 2017). More generally, a tenet of successful innovation
states that customers often struggle to clearly articulate their
needs (Campos, 2021). Thus, breeding programs must gather
information systematically from all potential “customers” of
improved varieties.

We piloted our approach with 1,333 sweetpotato value chain
actors in Uganda, a uniquely large and comprehensive sample
size. In SSA, sweetpotato is a main crop and a staple food
providing nutrition security to millions of smallholder farming
households, especially through orange-fleshed sweetpotato
(OFSP) varieties enriched with beta-carotene. Uganda is a leading
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sweetpotato producer in SSA, with a large per capita sweetpotato
consumption of approximately 83 kg/year (Yada et al., 2011).
Furthermore, Uganda is a secondary center of diversity for
sweetpotato varieties (Yada et al., 2011). The sweetpotato storage
root (Figure 1) is the primary product, consumed mostly as
steamed roots, although some villagers consume the leaves as a
vegetable. Thirty percent of households use the roots to make
dry-processed products such as dried chips and flour (Engoru
et al., 2005; Echodu et al., 2019). Approximately 80% of the
sweetpotato farmers are smallholders (Shee et al., 2019) (less than
one acre of land for sweetpotato) while about 53% of producers
participate in the market. Nationally, 13.9% of sweetpotato roots
are sold at the farm gate level, 42.6% at roadside markets, 35.6%
in rural markets, and 7.9% in urban markets (Engoru et al.,
2005). Multiple market actors including wholesalers, retailers,
aggregators, and transporters trade in sweetpotato roots and
processed products. Hence, Uganda provides a suitable location
to pilot the approach.

MATERIALS AND METHODS

In this study, we used an economic selection index approach
that provides a comprehensive and systematic approach to
inform crop breeding programs about the most desired traits.
The trait weightings derived from this method (Martin-Collado,
2015)—represented in monetary units—then determined the
emphasis on specific traits during selection of a new variety.
The monetary units infer a marginal economic value (profit) for
a change in a specific trait unit, which is driven by associated
costs and revenues related to the specific trait. Importantly,
the underlying calculation method integrates both economic
(e.g., prices and values) and non-market (socio-demographic)
drivers in ranking traits. Candidate varieties were subsequently
ranked, based on estimates of genetic merit combined with
these trait rankings, in an economic selection index (see Section
“Materials and Methods”).

As discussed further in the Methodology section, the
approach used was as follows. First, information was gathered
through extensive stakeholder and community consultation,
key informant interviews, and an extensive desk literature
review. Second, focus group discussions were used to design
a survey that systematically captured the data from sampled
value chain actors at different nodes. Third, resultant survey
data were used to derive clusters/typologies of actors to generate
breeding selection indices from trait monetary equivalences that
had been established by a multistakeholder team of breeders,
social and gender scientists, seed producers, root producers,
transporters, retailers, processors, and consumers. The approach
used the Potentially All Pairwise RanKings of all Possible
Alternatives algorithm, based on pairwise co-joint analysis
(Bryne et al., 2012).

Data Sources and Generation Process
Data was collected in Uganda from primary and secondary
sources. The secondary data were obtained from a systematic
review of existing literature. Primary sources included: (i) a

workshop with value chain actors organized as a series of
focus group discussions (FGDs) targeting seed producers and
multipliers, root producers, traders (retailers and wholesalers),
processors, and consumers; (ii) community forums with seed
multipliers; (iii) household surveys; and (iv) market surveys.
The workshop, FGDs and community forums generated
understandings about the most desired traits, the desired
direction of improvement, gender differences in trait preferences,
and price differences across a range of variation at the trait level
by monetizing the traits.

Household surveys targeted a large sample of root producers
(n = 1,000) who were randomly selected from sweetpotato
farmers in the central Uganda region, with 984 successfully
completing the survey. The sample was stratified by gender,
and the surveys captured sociodemographic information on
respondents (e.g., age, sex, education, farm size and type,
production orientation) and their value chain activities. We
also surveyed 52 sweetpotato seed multipliers. The market
survey targeted sweetpotato traders (n = 134) and consumers
(n = 147) drawn from rural and urban sweetpotato retail markets
through systematic random sampling. Data were collected using
an information and communication technology-based platform
(ICT) and analysed using the 1000minds software to generate
breeding indices. The indices formed the basis for ranking
specific traits relative to each other.

Analytical Framework for the Economic
Selection Index Approach
The analysis was conducted separately for both
sociodemographic and 1000minds R© preference surveys and then
jointly to provide a better understanding of the heterogeneity
of responses. The 1000minds technique is a special case of
conjoint analysis that uses pairwise comparison of traits, thus
substantially reducing the cognitive burden on the respondents.
Further details are provided in Martin-Collado (2015). Principal
component analysis (PCA) and cluster analysis (CA) were used
to create homogeneous groups (i.e., clusters) of respondents
in terms of trait preferences. Statistical analysis and tests were
carried out in R software. Specifically, PCA was performed using
the pca procedure in the FactoMineR package in R software,
based on ranks for the 13 traits (color was considered as a
single trait and excluded the trait “price per 100 kg bag”) in the
1000minds R© preference survey. We use CA, on the other hand, to
identify groups of respondents who have similar trait preference
patterns without making any a priori assumptions as to which
groups are likely to have different preferences.

The calculation of economic values from preference data
enables the development of economic selection indices to rank
varieties. Trait economic values were calculated according to the
preference (%) for each trait relative to the preference (%) for the
trait expressed in monetary terms in the survey, “price per 100 kg
bag” (Byrne et al., 2011). Thus, the economic value per trait unit
was calculated to reflect a unit change in the trait, expressed
mathematically as:

pEVqi =

[
Piq

αi

]
× βq, (1)
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FIGURE 1 | Picture of raw sweetpotato intact storage roots and cut inside surfaces: most households consume steamed roots.

where for trait i and individual respondent q, P is the preference
(%) for each trait, α is the number of units represented in the
trait level (to convert to the desired final trait unit), and β is the
monetary value per preference (%) for individual q. Values for β

were calculated as:

βq =

[
amv

Pmvq

]
, (2)

where αmv is the number of units represented in the level for the
monetary trait (Uganda shillings, UGX 5,000: One United States
Dollar was equal 3, 650 UGX at the time of the study) and,
for individual respondent q, Pmv is the preference (%) for the
monetary trait. An example of the calculation is provided in the
Findings section.

The economic value of a trait in breeding program units
(EVBP) was calculated by multiplying the economic value of a
trait in survey units (EVS) by the unit transformation (ut), as
follows:

EVBP = EVS × ut, (3)

The EVBP represent the weights that would be applied to
estimates of genetic merit (either breeding values or trait means),
to rank varieties on the selection index. For the case of root size,
the unit of root size in the survey was the percentage (1%) of
roots that are of medium size, whereas the unit of root size in the
breeding program was a score (1 to 9, excellent to terrible). Hence,
an increase of 1 score, therefore, resembled a decrease of 12.5% in
roots of medium size (100% / 8), assuming that medium roots are
considered excellent on the 1 to 9 scale. For all respondents, the
economic value for root size in breeding program units (EVBP)
therefore equals UGX 5,338 per score [= UGX 427 × 12.5(%)].
Note that breeding values presented in this pilot were computed
based on several assumptions (see Supplementary Table 1) about

the relationship between survey units and breeding program
units for each trait and are illustrative.

Lastly, relative emphasis (R) was on each trait (t) in the
selection index, and therefore the potential to make genetic
progress. The genetic standard deviations were used in the
following equation:

Rt = (EVBPt × σat)/

n∑
t = 1

(EVBPt × σat), (4)

where, σa is calculated from the square root of genetic variance

for genotypes
(√

σ2
G

)
, and all other parameters are described in

Equation (3). The relative emphasis (R) on each trait (t) in the
selection index has also been converted to relative emphasis in
UGX per USh100 of index progress by multiplying R for trait
t by 100. Supplementary Table 1 provides information on the
parameters used in the analysis.

RESULTS

Sweetpotato value chain actors attach importance to a wide
range of traits, ranging from agronomic production to quality
varying according to their position in the value chain (Figure 2).
Vine survival (crucial as sweetpotato planting material), weevil
resistance and sweetpotato virus disease (SPVD) resistance are
the most preferred traits. The distribution of responses (gray
dots) highlights the variation in preferences among respondents
within traits and indicates that trait preferences were strongly
heterogeneous. The heterogeneity is substantial, even for the
traits that are ranked low, on average—though this could be
driven by location in the value chain.
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FIGURE 2 | Trait preference1 ranks of 13 sweetpotato traits included in the lOOOMinds R© survey used to generate economic selection index in Uganda (for all
respondents). Each gray dot represents an individual answer (respondent preference for each trait) and the blue doc represents the average preference rank of a
trait, ordered from most (left) to least prefened Different letter- denote significant (p-value < 0.05) differences between the traits.

Multivariate analysis of preferences using principal
component analysis and cluster analysis (Figure 3 and Table 1)
identified three broad clusters of actors: (i) actors who preferred
short maturity, high fresh root yield, high vine yield, and longer
storage shelf life—the “productive output” cluster; (ii) actors that
preferred resistance to SPVD and sweetpotato weevil—the “plant
robustness” cluster; and (iii) actors prioritized root flesh color,
hardness/firmness of roots after cooking, flesh sweetness, skin
smoothness and specific root size—the “root quality” cluster.
Note that clusters are not uniquely separate from each other but
that there is a continuum of preferences, implying that there
are many respondents with intermediate positions between the
preferences of any clusters.

As it might be expected, most consumers fell within the “root
quality” cluster, while traders/retailers and processors were in an
intermediate position between producers (“productive output”)
and consumers (Figure 3).

Table 2 summarizes respondents’ characteristics by cluster and
shows differences in trait rankings by actor type. Note the large
representation of root producers (n = 984), which was selected by
design because this actor group is proportionally larger compared
to other groups in the value chain. Root producers are also the
most immediate customers and some of them interact directly
with genetic improvement programs.

Economic Values of Sweetpotato Traits
Table 3 presents the economic/monetary values of the different
traits. The first three columns present the economic values of
traits in survey units (EVs), unit transformation (ut) coefficients,
and in breeding program units (EVBP). The EVBP weights per
cluster are presented in the last four columns. The negative
values are a result of the way traits are defined in the breeding
program. For instance, root size in the breeding program was
a score on a 1–9 scale (excellent to terrible) while the units

Frontiers in Plant Science | www.frontiersin.org 5 March 2022 | Volume 13 | Article 808597

https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/plant-science#articles


fpls-13-808597 March 4, 2022 Time: 12:31 # 6

Okello et al. Incentive-Based Trait Ranking in Sweetpotato Breeding

FIGURE 3 | Principal component analysis (PCA) plot separating respondents based on actor type and their preference for sweetpotato traits in Uganda. The
numbers represent the group the respondent was assigned to (1 = “productive output” group. 2 = “plant robustness” group, and 3 = “root quality” group); Dry
matter = hardness of roots after cooking, flesh color = flesh color of roots, maturin’ time = days to maturin’, shelflife = storage shelflife, SPVD
resistance = sweetpotato virus disease resistance, sweetness = flesh sweetness, weevil resistance = sweet potato weevil resistance.

presented in the survey were based on increases in regular/good
shape of roots. As such, the direction of the unit transformation
factor converts the survey units to the breeding program
units for each trait.

Figures 4A–D present the relative emphasis (RE) of traits
in the selection indices for the three clusters, which is a
measure of the importance attached to a trait, by combining
estimates of genetic variation with EVBP. Figure 4A indicates
that vine yield, fresh root yield, and vine survival dominated
other traits in the productive output group, in part because
those traits have high genetic standard deviations. Differences
in trait emphasis between clusters is apparent when comparing
Figures 4B–D.

To understand how selection indices align with the
preferences of the cluster groups, REs were added together
within the cluster (Table 4). Vine and root yield were clearly

ranked highest, indicating that production traits continue to
dominate other traits.

DISCUSSION

Sweetpotato breeding programs in Uganda and other developing
countries continue to be focused on storage root yields and,
more recently, nutrition objectives that target biofortification of
staple crops. Traits relevant to other value chain actors have
not found their way into the breeding programs on a regular
basis, despite evidence that neglect of quality traits (Thiele
et al., 2020) impedes adoption. PPB, PVS and surveys used for
trait selection have primarily targeted farmers (Bashaasha et al.,
1995; Gibson et al., 2011) and, in some cases, generated non-
comprehensive information (Gibson et al., 2011), which leads
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TABLE 1 | Average trait preference ranks of sweetpotato traits by value chain actors in Uganda, by cluster1 of value chain actors.

Average preference rank

Trait Across
groups

Productive output
(n = 686)

Plant robustness
(n = 450)

Root quality (n = 187) P-value

Vine survival 3.50 2.99a 3.06a 6.48b < 2 × 10−16

Sweet potato Weevil resistance 4.61 4.31a 3.15b 9.23c < 2 × 10−16

Sweet potato Virus Disease resistance 4.73 4.27a 3.09b 10.32c < 2 × 10−16

Storage shelf life 5.67 5.06a 6.56b 5.85c 6.1 × 10−14

Fresh root yield 6.54 5.61a 7.81b 6.91c < 2 × 10−16

Root shape 7.90 8.38a 7.53b 7.02b 7.4 × 10−9

Root size 7.92 8.22a 7.98a 6.76b 6.3 × 10−8

Days to maturity 8.01 5.86a 10.46b 10.05b < 2 × 10−16

Flesh sweetness 8.61 10.22a 7.63b 4.96c < 2 × 10−16

Skin smoothness 9.09 10.51a 8.29b 5.83c < 2 × 10−16

Hardness of roots after cooking 9.15 10.87a 8.28b 4.90c < 2 × 10−16

Flesh color of roots 10.14 11.43a 10.08b 5.57c < 2 × 10−16

Vine yield 10.42 9.44a 11.60b 11.24b < 2 × 10−16

1Preference ranks are sorted from most (first row) to least preferred across groups, where a lower rank means the trait is more preferred. The traits that differ significantly
between group(s) are either highlighted green (= most preferred) or red (= least preferred). Thus, the cluster group of respondents preferring root quality traits preferred
vine survival significantly less compared to the other two cluster groups. Different letters indicate statistically significant (p-value < 0.05) differences between the group(s).

TABLE 2 | Variables that explain differences in ranking between cluster groups of sweetpotato value chain actors in Uganda.

Variable Definition Productive output Plant robustness Root quality p-value*

Actor type Consumer (%, n = 157) 15 32 53
< 0.001

Processor (%, n = 17) 41 47 12

Root producer (%, n = 984) 61 32 7

Trader (%, n = 94) 23 45 32

Vine multiplier (%, n = 68) 41 50 9

*P-values are from the Fisher’s Exact Test for count data (fisher.test function in R software) calculated across the clusters.

to a disconnect between the traits pursued by the breeding
program and what clients desire (Teeken et al., 2018). However,
it is important to note that low adoption of new varieties
may also be attributed to the lack of effective seed delivery
systems and weak extension systems. Such misalignments can
undermine nutrition and/or food security for farm households
by limiting access to most preferred varieties or by breeding
outputs failing to deliver the package of traits required for both
adoption and impact. Changes in trait preferences are expected
to accompany improvements in socioeconomic status of clients
of breeding programs, notably the consumers. For breeders, this
factor requires intimate knowledge of current and future markets
as client needs change over time.

This case study presents a novel approach to setting objectives
for crop breeding, designed to help prioritize traits for different
nodes of the value chain using comprehensive market insights.
This approach was used for sweetpotato in our study and with
some improvements may be extended to other sweetpotato
breeding programs and crops. It informs the definition of
breeding objectives as breeders often face the difficulty of
balancing the selection of a few preferred traits from a wide
array of “nice-to-have” traits, some of which can be negatively

correlated (have trade-offs), and have multidimensional (Martin-
Collado, 2015; Gemenet et al., 2020) preferences. The new
approach clearly demonstrates that beneficiaries of breeding
programs across the value chain have heterogeneous preferences
that go beyond high yields on the farm.

Overall, producers prioritized fresh root yield below vine
survival, sweetpotato weevil and SPVD resistance, and storage
shelf life. But we also found significant variations in preferences
for these traits within this actor group, implying that there is
no one-size-fits-all scenario and that new varieties with different
combinations of traits can target different producer types.

Surprisingly, the sensory/quality traits—namely, flesh color,
root flesh sweetness, hardness/firmness of the roots after
cooking—were ranked very low contrary to recent suggestions
in the literature (Mwanga et al., 2020). However, this finding
should be treated with caution given the design limitations of
the new approach (which we turn to in a moment). Vitamin A
enhancement ranked low and this finding suggests that while
consumers may have a need for more vitamin A in their diets,
they may not demand this trait because they lack understanding
about its contribution to health, and about the relationship
between orange color and high vitamin A content in the roots.
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TABLE 3 | Economic values of traits in survey units (EVS), unit transformation factors (ut), and in breeding program units (EVBP) generated from the economic selection
index approach for sweetpotato value chain actors in Uganda.

Trait Selection index

EVS ut EVBP

Overall sample
EVBP productive

output index
EVBP plant

robustness index
EVBP root

quality index

Vine survival (%) +2,285 +1.00 +2,285 +19,183 +26,196 +22,371

Sweetpotato weevil resistance
(1–9 score)

–2,078 +12.50 –25,975 –5,687 –8,842 –6,015

Sweetpotato virus disease
resistance (%)

–2,043 +1.00 –2,043 –1,901 –2,912 –1,435

Storage shelf life (week) +1,111 +7.00 +7,777 +6,594 +8,008 +11,480

Fresh root yield (tons/ ha) +5,748 +4.05 +23,261 +64,157 +71,658 +105,394

Root shape (1–9 score) +419 –12.50 –5,238 –2,384 –3,674 –5,573

Storage root size (1–9 score) +427 –12.50 –5,338 –2,631 –3,955 –6,408

Days to maturity (days) –1,165 +1.00 –1,165 –3,737 –2,734 –3,194

Flesh sweetness (1–9 score) +10,661 +0.44 +4,738 +3,570 +7,702 +14,495

Skin smoothness1
+9,595 - - - - -

Hardness of roots after cooking
(1–9 score)

+10,143 +0.50 +5,072 +3,111 +6,999 +15,305

Flesh color of roots (1–30
score)

+8,578 +0.14 +1,183 +4,160 +8,245 +21,492

Vine yield (tons/ ha) +835 +13.49 +11,264 +124,729 +111,766 +121,416

1Breeding program trait definition/units was not available, hence not included in the calculations.

Traders expressed a strong preference for root shape, likely
because it is an important aspect for packing and transporting.

In summary, the key contribution of this new approach is
that traits are prioritized using economic values derived from
systematic market intelligence, rather than subjective values, and
targets all key value chain actors. Our study also underscores
the relevance of gathering market insights from multiple actors
in the value chain in defining breeding objectives. To gain
sufficient insight about markets served, and to articulate their
trait preferences, and traits required for impact and to achieve
SDGs, it is essential to collect insights from other experts such
as social and gender scientists, nutritionists, food technologists,
economists, and marketing specialists, as well as plant breeders.
It would be counterproductive, and unfair, for plant breeders to
assume such roles since their training, experience and interests
are best put to good use by increasing genetic gains and
focusing on genetic research to develop varieties able to deliver
climate resilience, food security and aligned to rapidly evolving
social landscapes.

Limitations of the New Approach
While this paper represents substantial progress in estimating
the economic/monetary worth of crop traits in a manner
that can better inform breeding programs, we acknowledge
three main remaining challenges. First, without understating
the significantly increasing complexity in variety design and
deployment, the current economic selection index does not
differentiate the types of questions administered to different
value chain actors. Thus, traders and consumers ranked and
valued production traits that may not be directly economically
relevant to the entire value chain. Second, due to low literacy,
it was quite challenging to describe traits in terms that were

understood by all respondents the same way, and that could
be linked to breeding program definitions. For example, scores
of beta-carotene content of roots (a proxy for vitamin A
richness) were hard to translate into a language that accurately
captures the value of this trait in ways most study respondents
could understand and relate to because of low literacy levels.
Breeders use scores based on the intensity of orange color
for this trait, and most respondents would not understand the
relationship between the color and beta-carotene content. Third,
incomplete phenotyping information for the national breeding
program in our study (Uganda) made it difficult to create
economic weights for all the traits as described in the methods
section. These methodological/software challenges pinpoint areas
where further refinement of the new approach is needed for
wider applicability.

The first such refinement will be to build a framework/logic
into the approach that allows different traits or trait combinations
to be administered to different actors based on the value chain
nodes they represent. The second refinement calls for the need
of more studies to ground-truth trait selection and breeding
lexicons with nutritionists and food scientists to ensure a clear
description of traits for the target respondents. This study relied
on information from expert and stakeholder consultation only
because work by nutritionists in developing such lexicons was
ongoing at the time of this study. The third refinement will
balance out the survey population, which was almost 70% root
producers in our case, thus weighting the findings in favor of
root producers. Future application of this approach in a value
chain context should assess if and how equal representation of
the actors in the sample influences the results. These refinements
are critical if this approach is to be scaled up to other
crops and contexts.
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FIGURE 4 | Relative emphasis (RE) of sweetpotato traits from the application of economic selection approach using survey data collected from value chain actors in
Uganda. (A) Overall RE for sweetpotato traits. (B) Productive output. (C) Plant robustness. (D) Root quality. Traits in this panels (A–D) legends are ordered from
highest to lowest contribution to genetic progress within each category of traits. Production traits are labeled in diminishing gray, according to their contribution.
Plant robustness traits are labeled in diminishing red, and root quality traits in diminishing green. Data on skin smoothness and storage shelf life was missing and
hence this trait was dropped.

TABLE 4 | Relative emphasis (%) on production, plant robustness, and root quality for the overall index and the productive output, plant robustness, and root quality
indices generated from the economic selection index approach.

Relative emphasis (%) per trait category Overall index Productive output index Plant robustness index Root quality index

Productive output 77.0 81.9 73.1 71.2

Plant robustness 12.2 11.4 14.9 9.2

Root quality 10.8 6.7 12.0 19.6

Bold numbers denote highest relative emphasis in percentage terms.

CONCLUSION

This study has demonstrated the merits of value chain-wide
market intelligence to inform crop breeding programs in
developing countries. Despite the limitations with our approach
(acknowledged above), it presents a new and objective method
for prioritizing traits in crop breeding programs with good
insights from the market based on economic incentives instead
of subjective ranking. We conclude from this pilot that to be
successful in understanding actors’ preferences, it is essential to
crowdsource market intelligence from a wide range of actors.
We also note that trait preferences are not homogenous: we find
distinct actor groups, even within a given value chain node, who

have distinct preferences for specific combinations, or baskets, of
traits. The large heterogeneity in trait preferences that exist within
root producers as a cluster, and other actors, clearly indicates
that the current approach to plant breeding which focuses mostly
on farmers is not optimal. As expected, a consumer who does
not grow the crop is likely to rank sensory quality traits highly
while a farmer would express preference for yield and yield
protecting traits such as drought tolerance and disease and pest
resistance. We further conclude that subjective ranking of traits
has tended to mask the real trade-offs that clients of the breeding
program have to make when comparing traits. Notably, economic
valuation and preference ranking in this pilot highlight, in
general, the continued importance of production traits—vine
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survival, yield, and disease and pest resistance. However, there
is also strong demand for root quality traits, which further
suggests that breeding needs to be pluralistic. Lastly, our pilot
demonstrates that real-time gathering and analysis of value
chain-wide market intelligence using internet-based platforms
designed for developed countries can be performed successfully
for plant breeding purposes.
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