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A Delphi study is a group process 
technique to direct informed judgment 
toward a consensus and is typically con-
ducted in three rounds. This method 
was chosen because it has proven 
useful in defining curriculum content. 

Study participants were purposefully 
selected based on their involvement 
with plant breeding. To encourage a 
broad range of ideas and differenti-
ate curriculum needs, this study 
solicited replies from four groups of 
stakeholders: private sector profes-
sionals working in developed countries, 
public sector professionals working in 
developed countries, recent graduates 
of plant breeding education programs 
(defined as having graduated within 
the past 9 years), and professionals 
working in developing and emerging 
countries. The participants, identified 
by the Research Team with input from 
many outside sources, were selected to 
ensure representation from a breadth 
of disciplines, crops, countries and 
institutions.

Almost 400 individuals were invited 
to participate in this web-based study. 
Table 1 shows the number of partici-
pants in each group by round. The par-
ticipation rates from initial participation 
through the final round were as follows: 
private breeders (59%), public breed-
ers (52%), recent graduates (61%) and 
breeders in developing and emerging 
countries (69%). This was an extremely 
high response rate for social science 
research. 

In Round I of this study, participants 
were asked to respond in short answer 
form, with up to ten responses, to the 
following four open-ended questions:

METHODOLOGY

1) What knowledge (topics or subject 
matter) is essential to have obtained at 
the completion of a graduate degree in 
plant breeding?

2) What experiences should a student 
have while pursuing a graduate level 
plant breeding degree that will con-
tribute to his/her future success?

3) What skills and competencies should 
a student obtain by the completion of a 
plant breeding graduate program?

4) What specialties within plant breed-
ing (or to complement plant breeding) 
should be developed over the next 10 
years?

The researchers distilled and clustered 
responses into logical broad categories 
(e.g. Genetics, Production Science, etc.) 
from Round I. In Round II, participants 
were asked to rate the importance of 
the distilled items based on a 1-5 Likert-
type scale (1 = unimportant, 2 = some-
what important, 3 = neither important 
nor somewhat important, 4 = important 
and 5 = very important).   

Based on the participants’ scores in 
Round II, the research panel chose the 
most agreed upon items using the fol-
lowing criteria: 1) a mean rating of at 
least 3.75 and 2) a standard deviation 
less than 1.0. Exceptions were made for 
items that met the mean threshold but 
failed the standard deviation criterion 
if the distribution of scores for that 
particular item included 51% or more 
within the 4 and/or 5 (important and/
or very important) values.

In Round III, participants were provided 
with both the group mean ratings and 
their previous personal ratings from the 
second round. They were asked if they 
still agreed with their initial ratings, 
and if not, to adjust them. Data were 
collected and analyzed in Microsoft 
Excel. Mean scores were calculated for 
each individual statement and grand 
mean scores were calculated for the 
researcher-defined categories of sug-
gestions, which served as thematic 
headings. Results from the final round 
are represented as mean scores and 
major findings are represented herein.

CONTEXT 
AND PURPOSE

Plant breeding currently faces 
a global demand for breed-
ers greater than the current 
educational system is produc-
ing. Companies have difficulty 
finding well trained plant breed-
ers, and faculty in universities 
and research centers capable 
of educating and mentoring the 
next generation of breeders are 
not being replenished. With the 
increased demand, complexity 
and globalization of plant breed-
ing, educational institutions 
around the world are working to 
strengthen their plant breeding 
degree and extended education 
programs. The purpose of this 
study was to garner broadly 
based advice from stakehold-
ers within the plant breeding 
discipline on a global scale. A 
web-based Delphi survey was 
conducted to determine what 
content, experiences, skills and 
specialties are important to 
prepare future plant breeders. 
The study was conducted in 
three rounds from November 4, 
2009 – February 16, 2010.

GROUP INVOLVED IN PLANT BREEDING INVITED ROUND 1 ROUND 2 ROUND 3

Public sector breeders in developed countries 118 77 49 40

Private sector breeders in developed countries 107 46 31 27

Recent graduates of  breeding graduate programs 63 36 26 22

Breeders in developing and emerging countries 108 49 35 34

Table 1: Number of Participants by Round
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TOPIC PUBLIC PRIVATE RECENT 
GRADUATES DEVELOPING

MEAN # MEAN # MEAN # MEAN #

Plant breeding 4.21 18 4.48 13 4.59 9 4.44 19

Genetics 4.42 5 4.45 4 4.46 11 4.18 7

Statistics 4.29 7 3.95 4 4.53 4 4.47 5

Biological science 4.10 3 3.91 2 4.11 6 3.98 2

Policy and law 3.78 3 3.70 3 4.06 3 4.23 3

Production science 3.83 1 3.78 1 4.09 4 4.11 2

Experimental design 4.63 2 4.65 2 4.82 2 4.80 2

Plant pathology 4.06 2 4.30 3 4.00 1 4.15 2

Plant diversity and evolution 3.93 3 4.15 3 4.06 2

Computer proficiency 4.13 1 4.41 2 4.36 1 4.30 3

Plant reproductive biology 4.17 3 4.19 1 4.32 2

Scientific communication 4.23 1 4.36 2 3.92 2

Biotechnology 3.80 3 3.55 1 3.97 1

Ethics 4.13 1 4.26 1 4.16 1

Program and personnel management 3.76 1 4.23 1

Business 3.70 1 3.81 1

Genomics 4.35 1 3.86 1

Topic suggestions in detail: Plant breeding content knowledge (Private)
Advanced plant breeding; Basic plant breeding; Classical plant breeding; Environmental 
factors as they relate to plant health/breeding; Genotype selection; Inbreeding 
depression and heterosis (theoretical background); Laboratory and field methods for 
plant breeding; Molecular techniques for selection (MAS); Phenotype selection; Plant 
breeding methods for selfing and outcrossing systems; Plant germplasm utilization; 
Resistance breeding; Selection theory and techniques.

Table 2: Mean Scores for Content by Group

Given the large number of responses, 
the tables provided here are concise 
summaries of the data. Future peer-
reviewed publications are aimed at 
honoring the richness and depth of the 
suggestions provided. Tables 2-5 list 

the mean score by topic and number 
of suggested sub-topics in each group 
for each of the four questions. Beneath 
each table is an example of the depth of 
a topic’s suggestions provided by one of 
the stakeholder groups.

FINDINGS

Mean: 3 = Neither important nor somewhat important,  4 = Important,  5 = Very Important;  Blank spaces indicate no mention of topic
#: number of suggested sub-topics
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TOPIC PUBLIC PRIVATE RECENT 
GRADUATES DEVELOPING

MEAN # MEAN # MEAN # MEAN #

Scientific communication 4.29 12 4.04 9 4.38 6 4.04 9

Practical aspects 4.18 6 4.10 7 4.31 6 4.04 4

Plant breeding 4.47 6 4.35 6 4.45 5 4.32 5

Data management 4.41 5 4.42 3 4.64 3 4.44 5

Interaction and networking 4.10 3 4.11 1 4.36 3 3.98 3

Collaboration and teamwork 4.14 3 3.85 2 4.43 2 4.01 3

Teaching and mentorship 4.51 1 3.81 1 4.45 1 4.07 2

Experimental design 4.52 2 4.82 1 4.76 1

Program and personnel management 4.30 1 4.11 2

Germplasm 4.05 1 3.95 1 4.12 1

Field visitation 3.72 1 4.09 1 4.18 1

Computer proficiency 4.07 1 4.15 1

Funding 3.87 1 4.09 1

Topic suggestions in detail: Scientific communication experiences (Developing)
Experience in preparing peer-reviewed publications; Involvement in discussion and 
debate involving plant breeding; Make a scientific presentation to lay audience; Make 
presentations on plant breeding topics to contrasting audiences (e.g. plant breeders, 
growers or extension scientists); Write a report (e.g. non-peer reviewed); Writing a 
MS or PhD thesis; Participate in seminars; Participation at a national/international 
meeting; Presentation of research results to colleagues at a scientific meeting.

Table 3: Mean Scores for Experiences by Group

Mean: 3 = Neither important nor somewhat important,  4 = Important,  5 = Very Important;  Blank spaces indicate no mention of topic
#: number of suggested sub-topics



5

Topic suggestions in detail: Experimental design skills (Public)
Analyze plant breeding problems and design, conduct, and interpret experiments 
to address those problems; Anticipate flaws and limitations of experiments; Change 
research objectives to meet new needs and challenges; Design a crop improvement 
program for any crop; Design a field plot and use selection techniques; Design and 
analyze experiments and handle variations; Design and execute a field based breeding 
experiment; Design effective selection protocols; Design screening techniques for 
biotic and abiotic stresses; Determine chief goals for a crop; Develop a program that 
generates solutions to critical problems faced by farmers and consumers; Frame a 
testable hypothesis.

TOPIC PUBLIC PRIVATE RECENT 
GRADUATES DEVELOPING

MEAN # MEAN # MEAN # MEAN #

Practical breeding 4.10 16 4.19 7 4.51 20 4.19 15

Intrapersonal 4.39 15 4.20 21 4.58 9 4.26 3

Communication 4.16 10 4.12 6 4.15 6 4.16 6

Experimental design 4.23 12 4.42 4 4.73 3 4.42 6

Analytical aptitude 4.63 3 4.33 4 4.78 6 4.39 8

Field work 4.06 4 4.27 5 4.17 5 4.22 4

Molecular 4.12 4 4.04 3 3.95 7 4.29 1

Data management 4.46 2 4.31 4 4.59 3 4.10 4

Statistics 4.43 6 4.41 1 4.39 2 4.38 4

Program and personnel management 4.11 3 3.96 1 4.15 5 4.07 3

Computer proficiency 4.38 3 4.36 3 4.95 1 4.24 2

Collaboration and teamwork 4.19 4 4.55 2 4.17 2

Interdisciplinary 3.94 3 4.00 1 4.41 2

Leadership 3.92 1 4.00 1 3.89 4

Research 4.11 1 4.50 2

Lab techniques 3.71 2 3.82 1

Interpersonal 4.19 1 4.12 2

Table 4: Mean Scores for Skills by Group

Mean: 3 = Neither important nor somewhat important,  4 = Important,  5 = Very Important;  Blank spaces indicate no mention of topic
#: number of suggested sub-topics
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SPECIALTY PUBLIC PRIVATE RECENT 
GRADUATES DEVELOPING

Breeding for abiotic stress tolerance 
(e.g. drought, salt) 4.23 4.48 4.59 4.59

Breeding for biotic stress tolerance 
(e.g. pests, pathogens, nematodes) 4.33 4.30 4.45 4.29

Plant molecular breeding 4.33 4.33 4.23 4.19

Germplasm management and utilization 4.10 3.70 3.91 4.03

Molecular breeding coupled with standard 
breeding 4.59 4.59 4.64

Biostatistics and biometrics 3.95 4.14 3.94

Data/Database management and analysis 3.74 4.18 4.09

Breeding for health and nutrition 3.84 3.68 4.12

Bioinformatics 3.95 3.86 3.74

Quantitative geneticists 3.92 4.55

Novel trait development 4.32 4.15

Plant breeding for the developing world 4.12 4.23

Biotechnology (excluding transgenics) 3.82 4.09

Plant intellectual property law 4.09 3.79

Genetic resources management 3.72 4.12

Transgenics and transformation (e.g. GMO) 3.85 3.97

Information technologies in plant breeding 3.92 3.82

Breeding for improved seed quality and 
storage 3.68 3.72

Table 5: Mean Scores for Specialties by Group

3 = Neither important nor somewhat important,  4 = Important,  5 = Very Important               Blank spaces indicate no mention of topic
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Responses to each of the four questions 
in this study offer the opportunity to 
evaluate similarities and differences 
between the stakeholder groups.  Here 
we highlight a few of the most agreed 
upon conclusions suggested by the 
participants. 

Content
Stakeholder suggestions for content 
knowledge were similar across the four 
groups. They suggested that students 
graduating in plant breeding should 
have knowledge of disciplinary sci-
ences, such as genetics and basic plant 
breeding, as well as social sciences, 
including scientific communication and 
ethics. Of particular note, stakeholders 
also emphasized statistics and experi-
mental design. The need for content in 
areas related to the application of plant 
breeding, such as intellectual property 
law, was further noted.

Experiences 
Stakeholders suggested multiple 
avenues for engaging students in expe-
riences to build appropriate skills for 
future plant breeders. They identified 
a range of practical experiences in 
research and breeding that can be 

provided both on and off university 
campuses. There was also significant 
emphasis on the need for interpersonal 
experiences in the areas of scientific 
communication and collaboration and 
teamwork (e.g. give a seminar, work 
with researchers from other disciplines, 
etc). 

Skills
Stakeholders identified a range of 
research, analytic and statistical skills 
necessary for graduates. They also 
advocated the need for scientific com-
munication and program and personnel 
management to work effectively across 
multiple settings. 

Specialties
While overwhelmingly focusing on spe-
cialties already well incorporated into 
many plant breeding programs (e.g., 
breeding for biotic and abiotic stress), 
suggestions also implied differential 
needs for specialties in crop quality, 
nutrition and novel trait development. 
Further, stakeholders in multiple 
groups emphasized molecular breeding 
coupled with standard breeding as  an 
important specialty.

Continued enhancement of crop pro-
ductivity is necessary to feed the world’s 
growing population. Through genetic 
improvements and better management 
practices, plant breeders are working to 
develop crops that can protect natural 
resources while increasing yields to 
meet the global food demand. However, 
as many position papers have noted, 
there is a critical need world-wide for 
more well prepared breeders in both 
the public and private sectors.

This study provides a means for admin-
istrators, faculty, recent graduates, 
private sector and developing country 
breeders to provide feedback on com-
ponents important to educating and 
training the next generation of plant 
breeders for success. By bringing stake-
holder input into program development 
and the curriculum design process, 
universities, research institutes and 
international centers can better prepare 
students for the future.

CONCLUSIONS

LOOKING TO THE FUTURE
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