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i. Executive Summary 
 

Commissioned to provide advice on an effective and efficient path forward for WACCI to 
achieve its vision and mission on a sustainable basis in the decade ahead (2018-2028) in light of 
its recent transition from a time-bound donor-sponsored project to an African Centre of 
Excellence, a Panel of five experts in various areas pertinent to the in-depth evaluation of 
WACCI have offered a number of recommendations for improvement and strengthening of the 
program.  These relate to the PhD degree program in Plant Breeding, three proposed MPhil 
degree programmes which would create an educational pathway from BS to PhD at the 
University of Ghana, the Governance and Management structure, and the landscape of potential 
partnerships to sustain WACCI’s viability and advance its goals.    

 
Primary recommendations include the following:   

• Eliminate duplicity in courses introduced through the MPhil programs, harnessing 
the opportunity to develop higher level (advanced) courses in statistics, genetics, data 
management/bioinformatics, and aspects of plant breeding 

• Harmonize the WACCI teaching programmes with those in the Department of Crop 
Science to avoid duplication 

• Establish WACCI as a centre for research as well as a centre for plant breeding 
education, which would enhance stature and attract new partnerships 

• Expand educational capacity to serve continuing education needs as well as graduate 
education needs 

• Further develop a succession plan for top leadership of the Centre and promote 
active mentorship of individual candidates for the role(s)  

• Integrate WACCI staff into the University system (appointments and designations) to 
enhance potential for career progression 

• Harmonize the Centre’s financial operations fully and completely with that of the 
University without compromising donor requirements 

• Initiate a two-track process to become financially sustainable, obtaining Government 
support from the national annual budget to cover core costs and forging various 
partnerships to obtain funding for student support, research, and other needs. 

 
The Panel assessed that, following the proposed recommendations, WACCI would be well-
positioned to join the ranks of top-tier institutes educating the next generation of plant breeding 
professionals globally.  Given WACCI’s evolution, strategic plans for further expansion, and 
record of success to date, we view WACCI as an institution poised to have a tremendous impact 
on food security for Africa in the decade ahead and beyond by providing Africans with vital 
education in Africa to meet regional and global needs.   
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I. Introduction 

A. WACCI background 
 
The West Africa Centre for Crop Improvement (WACCI) was established as a 10-year project at 
the University of Ghana in June 2007 in partnership with Cornell University to train 40 plant 
breeders from west and central Africa at the PhD level for the Alliance for a Green Revolution in 
Africa (AGRA) as part of a strategy to launch a Green Revolution in Africa. WACCI was birthed 
out of discussions Professor Eric Yirenkyi Danquah and Professor Kwame Offei held at Cornell 
University with Professor Ronnie Coffman to establish a centre at the University of Ghana 
modelled after the African Centre for Crop Improvement (ACCI) at the University of Kwazulu-
Natal, South Africa.  In parallel, the Rockefeller Foundation had commissioned Dr. Eugene 
Terry, the founding Director of the West Africa Rice Development Association (now 
AfricaRice) to conduct a scoping study on a suitable location for a centre for graduate plant 
breeding education in West Africa, one similar to ACCI. Dr. Eugene Terry assessed five 
universities in West Africa in 2006 and concluded that the University of Ghana was most 
suitable to host such a centre.  WACCI’s initial funding was provided by AGRA through support 
from the Bill and Melinda Gates Foundation (BMGF) and the Rockefeller Foundation.  WACCI 
was organized as a semi-autonomous centre in the School of Agriculture within the University of 
Ghana at Legon, exercising direct management of its funds. Professor Eric Yirenkyi Danquah 
was named as the first director of WACCI, and a Steering Committee was appointed by the 
University of Ghana Vice Chancellor to exercise oversight of activities and to advise on the 
overall direction of the centre.   
 
Recognizing plant breeding as a critical means through which to increase agricultural 
productivity and ensure food security, the establishment of WACCI served to address the limited 
human capacity in plant breeding in west and central Africa1.  A sizeable, innovative, productive 
workforce will be essential to meet the demands of a growing African population expected to 
double in size twice in this century2.  Thus, a quality graduate education program to develop 
professional plant breeders in Africa was designed to stem the ‘brain drain’, encouraging new 
PhD’s to launch their careers and practice their profession in Africa.  Going beyond, Africa will 
be poised to meet the opportunity to become a global net food exporter, rather than importer. 
 
The vision of WACCI has been to become the foremost centre for training of plant breeders for 
west and central Africa, its mission to equip plant breeders with scientific knowledge and field 
experience to lead the conversion of genetic and molecular discoveries into innovative solutions 

                                                           
1A survey by the FAO in 2005 revealed that a number of countries including 19 from sub-Saharan Africa  lacked the 
capacity for germplasm evaluation and utilization, not only because of inadequate financial investment but also 
because of a serious deficit of plant breeders. 
2 Generation 2030│AFRICA: Child demographics in Africa, August 2014, UNICEF Division of data, research, and 
policy. http://www.unicef.org/publications/files/UNICEF_Africa_Generation_2030_en_11Aug.pdf 

http://www.unicef.org/publications/files/UNICEF_Africa_Generation_2030_en_11Aug.pdf
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to benefit agriculture in the region, leading ultimately to the realization of food security for the 
people of west and central Africa. By 2008, individuals holding MS degrees were recruited from 
national programs in Ghana, Burkina Faso, Niger, Mali, and Nigeria to comprise the first cohort 
of students.   
 
Each year since then, WACCI has enrolled another cohort of students.  AGRA extended support 
to provide funding for 13 more students.  In addition, several other organizations provided 
student support including:  the CGIAR Generation Challenge Program based in Mexico, the 
NextGen Cassava project led by the Cornell University and funded through the BMGF, and the 
West African Agricultural Productivity Programme (WAAPP) in Senegal and in Sierra Leone.  
Other contributors have included the Japan International Cooperation Agency (JICA), The 
Volkswagen Foundation, Germany, and The Kirkhouse Trust, UK. A total of nearly $12 million 
(USD) has been contributed by AGRA along with about $4.1 million (USD) investment from 
other sources.   
 
New funding sources are now on the horizon and new partnerships have been formed. WACCI 
was recently selected as one of 19 institutions to receive $8 million (USD) from a nationally-
backed loan from the World Bank following a rigorous, merit-based selection process by the 
Association of African Universities. This funding, backed by the Government of Ghana, 
provides support to establish WACCI as an ‘African Centre of Excellence’ in plant breeding.  
Furthermore, USAID Ghana has committed nearly $760,000 (USD) in funding to support 5 PhD 
students at WACCI.3  Moreover, partnerships have been established to initiate two new MS 
degree programs to facilitate an entire educational pathway from BS to PhD in crop 
improvement. 
 
By University of Ghana Statutes effective in June 2014, WACCI was recognized as one of the 
constituent units of the College of Basic and Applied Sciences (CBAS) and has formed a 
Management Committee in keeping with this new structure.  This sets the pace for a new era for 
WACCI, a transition from a time-bound donor-supported project to an African Centre of 
Excellence, creating the need for a path to sustainably achieve its vision and mission to educate 
plant breeders to facilitate food security for west and central Africa.   

B. Focus of the Review 
 
This review was commissioned by WACCI Director, Professor Eric Danquah, with the goal to 
provide advice on an effective and efficient path forward to achieve WACCI’s vision and 
mission on a sustainable basis for the next decade (2018-2028) in light of its recent transition 
from a time-bound project.  Hence, a team of consultants was empaneled to review the activities, 

                                                           
3 AGRA Grant Narrative Report for July – December 2014 
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finances, management and governance structure, and plans of the Centre and to solicit input from 
key stakeholders.  The Review Panel includes: 

• Rita H. Mumm, PhD (Chairperson), University of Illinois at Urbana Champaign. Expert 
in Plant Breeding and Founding Director of the Illinois Plant Breeding Center 

• Hans Adu-Dapaah, PhD, Chief Research Scientist, Crops Research Institute, Fumesua, 
Ghana. Expert in Plant Breeding 

• Alfred. T. Konu, Former Registrar, University of Ghana.  Expert in University 
Management and Governance 

• Richard Boapea, Director of Finance, University of Ghana.  Expert in Finance 
• Raymond A. Atuguba, SJD, Senior Lecturer, Faculty of Law, University of Ghana; 

Executive Secretary to the President of Ghana.  Expert in Legal, Constitutional, and 
Policy Matters 

See Appendix A for professional biosketches of panelists. 
 
The aim for this review stipulates the following specific terms of reference:  

• To review the academic programme currently run at WACCI and to advise on its 
currency and appropriateness vis-à-vis WACCI’s vision and mission; 

• To analyze the potential fit for Masters programmes in Plant Breeding, Seed Science and 
Technology and Agricultural Biotechnology with a view to creating an educational 
pathway from Bachelor degree programmes up to Doctoral programmes in Crop 
Improvement 

• To advise on what new courses are considered necessary and their implications for the 
teaching establishment; 

• To advise on the appropriate future management and governance structure for WACCI 
and any additional staffing requirements; 

• To explore and suggest new partnerships with a view to sustaining WACCI’s viability for 
the next decade (2018-2028); and 

• To hold stakeholder consultations and to share findings and recommendations with 
faculty, staff, and students of WACCI. 

Our findings, conclusions, and recommendations are detailed in Section II of this report. 

C. Approaches and methods 
 
The Panel met on-site at WACCI on the campus of the University of Ghana at Legon during the 
week of January 26 – 30, 2015.  During that time, we convened meetings with the WACCI 
Director, University of Ghana officials, WACCI staff, and associate faculty. We toured the 
facilities on campus and at the research farm.  We met in closed-door sessions to discuss and 
agree on tactics and meaningful measurements to utilize in our evaluations. We reviewed centre 
records, reports, and statistics ahead, during, and after the week of the on-site visit.  Stakeholder 
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surveys were devised and administered to solicit feedback on the program from current and 
former students, employers of graduated students, WACCI support staff, associate faculty who 
provide instruction to WACCI students, and the Advisory Board.  In addition, feedback was 
solicited from major contributors: AGRA, the Generation Challenge Program, and Cornell 
University faculty participants.  The Panel convened skype calls and utilized email to discuss 
opinions and agree on conclusions.   
 
All materials requested of WACCI by the Panel were graciously provided.  We appreciated the 
candor, openness, and professionalism of all we interviewed in discussing views, outcomes, and 
suggestions for improvement.  The review has benefited from the high level of engagement of 
WACCI personnel and stakeholders. 

II. Findings, Conclusions, and Recommendations 

A. WACCI PhD degree program in Plant Breeding 
 
The WACCI PhD program is a four-year program consisting of two stages: one year of academic 
study at the University of Ghana and three years of thesis research at the students’ research 
institution in their home countries.  In the first year, students take courses and modules on special 
topics in plant breeding, genetics, biotechnology and related subjects. Modules on special topics 
are presented by external guest lecturers and experts on the University of Ghana campus. 
Students are required to take at least six core courses (18 credits) and two additional elective 
courses (6 credits) in the first and second semesters. A minimum of 18 credits must be passed, 
which must include all core courses for the programme.  In addition, students are required to pass 
a comprehensive examination at the end of their course work, before the commencement of their 
research projects. In the second to fourth years, students return to research institutions in their 
home countries to conduct their theses research. Students usually undertake research projects 
under the supervision of their supervisory committees, which includes an in-country supervisor 
in the students’ home institutions and at least two WACCI supervisors for at least 30 months. 
Students return to WACCI in the last three months of the final year to complete and submit their 
theses.  
 
To be accepted for entry into the WACCI PhD program, applicants were required to hold an 
MSc or MPhil in Agricultural Sciences or Biological Sciences from a recognized university; be 
employed in plant breeding by an institution in West African region; and be not more than 40 
years of age in the year of matriculation.  Entry was open to individuals from several countries: 
Ghana, Nigeria, Burkina Faso, Mali, and Niger. 
 
Originally a 5-year program, the PhD program was reduced to 4 years to accelerate the 
educational timeline and reduce program costs.  Training in English proficiency is offered prior 
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to first semester for Francophone students; this course was increased from a 2-month pre-
enrollment to extend into students’ first semester for greater facilitation and better orientation 
before students begin their scientific regime.   

The PhD curriculum includes 24+ credit hours of coursework conducted over two semesters in 
the first year of the program.  The curriculum features one course each in biometry, 
biotechnology, molecular genetics, quantitative genetics, plant physiology, and plant breeding, 
with elective options for plant pathology, virology, pest management, and tissue culture.  
Courses are supplemented with short concentrated modules taught by external experts and 
University of Ghana experts on specific topics related to crop improvement.  

The PhD program has enrolled 8 cohorts since 2007, including a total of 82 students. Nearly 37% 
of the enrollees have been female, a rate comparable with top-rated plant breeding centers (e.g. at 
the University of Illinois, females comprised 40% of the student body in the Illinois Plant 
Breeding Center in the 2012-2013 academic year). In 2014 and 2015, cohorts grew in size; 
whereas earlier cohorts featured 8 to 10 students, the latest cohorts have included 13 and 15, 
respectively.  This seems to signal a growing recognition of the WACCI program.  The 2015 
cohort of 15 were selected from an applicant pool of 66 individuals!   

WACCI aspires to become a foremost centre for plant breeding education at the graduate level 
for west and central Africa and a leading institution worldwide.  Its goal is to join the ranks of 
the very best plant breeding educational institutes globally, a list which includes Cornell 
University (USA), Wageningen University and Research Center (Netherlands), University of 
California – Davis (USA), University of Wisconsin (USA), the Illinois Plant Breeding Center at 
the University of Illinois – Urbana-Champaign (USA) and, on the continent of Africa, the ACCI. 

In light of this goal, the evaluation of WACCI’s PhD program was implemented considering 
several key factors which indicate the excellence of such a graduate program: 

1. Caliber of students recruited  
The caliber of students recruited to the program has been good and, from Cohort 1 to Cohort 8, 
the average cumulative GPA of students based on their previous MS program performance 
tended to increase positively (slope = .35; range: 69.0% - 80.8%).  Acknowledging that there is 
room for growth in this aspect, we highlight the fact that Cohort 8 is both significantly larger 
than other cohorts with 15 students, yet has the highest mean cumulative GPA.  This group 
includes those coming with their own funding, suggesting that WACCI is a preeminent 
destination for gifted individuals desiring to be plant breeding professionals.  Furthermore, we 
fully anticipate that the addition of MPhil programs at WACCI will have a critical impact.  The 
trend to attract and recruit higher numbers and more gifted students reflects well on WACCI and 
its progression toward a sustainable and impactful future.  The Panel observed that WACCI 
students are highly motivated and the 100% graduation rate for finished cohorts is further 
evidence of this characteristic in the student body. 
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2. Quality of the curriculum and student mentorship 
The PhD curriculum includes foundational courses in areas integral to development of plant 
breeding expertise.  The course completion requirement of 24 credit hours is comparable to the 
requirement at many of the top-rated plant breeding graduate programs in world, although some 
require more, e.g. the University of Illinois program requires 32 credit hours for PhD candidates 
in addition to 20 hours at the Masters level.  The WACCI PhD course curriculum is listed in 
Table 1, showing core requirements and elective course offerings.  These courses are basic at the 
graduate level (see course descriptions in Appendix B).  They are designed to provide a broad 
exposure to the key topical areas necessary to development of plant breeding expertise.  This set 
of courses has also served to build a mutual foundation of knowledge among each student cohort 
(all students are required to take core courses and choose among offered electives).   
 
 
Table 1. WACCI PhD course curriculum4 
 
Semester 1 
Core Courses Credits 
WACI 701: Biometry and Experimental Design 3 Credits 
WACI 703: Biotechnology in Plant Breeding 3 Credits 
WACI 705: Plant Genetics 3 Credits 
 
Elective courses*   

WACI 707: Host Plant and Pathogen Interactions 3 Credits 
WACI 709: Plant Pests and Integrated Pest Management 3 Credits 
  
Semester 2 
Core Courses Credits 
WACI 702: Quantitative Inheritance in Plant Breeding 3 Credits 
WACI 704: Physiology of Environmental (abiotic) Stresses 3 Credits 
WACI 706: Genetic Improvement of Crop Plants    3 Credits 
WACI 710: PhD Seminar 1   
Elective courses*   
WACI 708: Plant Cell Tissue Culture  3 Credits 
WACI 712: Plant Virology 3 Credits 

 

The semester-long courses are supplemented by more advanced training in a number of topical 
areas presented through the modules delivered by preeminent scientists and experts, in many 
cases internationally recognized experts in the subject area.  Some modules are delivered by 

                                                           
4 Information available through the WACCI website:http://wacci.edu.gh/courses 

http://wacci.edu.gh/courses
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University of Ghana faculty and experts, these over the course of days rather than across a 
semester.   Modules cover topics related to: 

1. Advanced concepts in plant breeding, with modules focused on specific crops including 
maize, sorghum and millets, rice, root and tuber crops, pulses, and vegetable crops. 

2. Experimental design, biometry, and data analysis 
a. SAS and fieldbook training 
b. Genetics data handling 
c. Global Positioning Systems (GPS) and Geographic Information Systems (GIS) 

training 
3. Biotechnology and molecular tools for plant breeding 

a. Genomics and molecular diversity 
b. Marker-assisted breeding for trait introgression 
c. Tissue culture and plant transformation in plant breeding 

4. Seed technology and plant variety protection 
5. Participatory plant breeding 
6. Agronomy and crop management systems 
7. Management of a plant breeding program 
8. Scientific communication and leadership skills, which includes library search skills 

For a full listing of modules, some delivered multiple times since 2008, see Appendices C and D.  

A survey of former and current WACCI students (61 respondents out of possible 67) indicated a 
high level of satisfaction with the curriculum, the quality of instruction, the know-how of faculty 
and guest experts, and the WACCI program overall.  In particular, students emphasized the value 
of the modules delivered by world renown experts, the on-site mentorship of Professor Vernon 
Gracen (Cornell University faculty), library access which is available through Cornell 
University, and visits to regional breeding programs.  Students praised the curriculum and 
instruction for building on skill sets in leadership, critical thinking, organization, project 
management, and results-oriented mindset.  Students also advocated for more instruction in 
statistics, genetics, data management, and hands-on exercises associated with breeding activities 
(e.g. field layout, planting, crossing) and data analysis.  Their opinions mirrored those of the 
Panel in many ways.   
 
Although providing adequate coverage of basic topics in genetics, biometry, and plant breeding, 
the WACCI PhD curriculum could be expanded to provide depth and dimensionality in several 
areas:  

• Statistics, experimental design, data analysis 
• Applied bioinformatics 
• Population genetics, evolutionary genetics 
• Higher level plant breeding 
• Application of genomic technologies,  
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although we recognize that some coverage of the latter two areas is provided through modules. 
Depth and dimensionality in these essential areas is typical of world-class programs in graduate 
plant breeding education. 

We recommend higher level courses to be developed to facilitate advanced training in some 
specific areas:  

1. Statistics and experimental design: In other top-rated graduate programs in plant 
breeding, 3 or more courses are recommended/required during the MS and PhD training 
to ensure students understand how to set up a field trial or other experiment to address 
particular scientific inquiries and to facilitate plant selection.  Specific courses might 
include specifics of commonly used experimental designs, ANOVA, linear regression, 
covariate analysis, time-series analysis, and nonparametric analyses.   

2. Bioinformatics and data management:  Students need more exposure to data 
management techniques and tools to enable and empower them in deploying their 
statistical knowledge and use of new technologies in their breeding programs. Software 
such as R/RStudio, the Integrated Breeding Platform and Breeding Management System, 
as well as ways and means to handle GBS data and other genotypic data would enhance 
curriculum quality.   

3. Genetics: Population genetics, quantitative genetics, evolutionary genetics, molecular 
genetics could all be taken the next levels to foster more in-depth understanding of 
principles and best practices in plant breeding. 

4. Advanced training in plant breeding: A good deal of advanced training in various 
aspects of plant breeding is provided through the modules; however, some topics that 
may deserve additional coverage include use of selection indices, genomic-estimated 
breeding values, practice in the analysis of molecular marker data. These topics may 
require higher level mathematic background to be delivered as well. 

We believe that the addition of new MPhil degree programs in Plant Breeding and in Seed 
Science may offer the opportunity to implement higher level full-semester courses at the PhD 
level.   
 
We found an outstanding level of student mentorship to be characteristic of the WACCI 
program.  This view is reinforced by the survey responses of employers of WACCI graduates (2 
respondents out of 18), citing enhanced knowledge, performance, and skills of individuals since 
completing their PhD degree.  We also applaud the move to increase the length of the English 
Proficiency Training ahead of scientific study as an important means to support student success 
in the program and after.  Moreover, Professor Eric Danquah and the WACCI Teaching 
Coordinator have done an exceptional job of engaging world-class scientists and experts to 
interact with, teach, and mentor students, providing not only superb examples of professional 
achievement and behavior but also helping students to build their professional networks early in 
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their career.  This is a profound resource to students that all world-class institutions emphasize to 
the greatest extent possible.   

3. Caliber of research  
Given that most of the students participating in the PhD program have been employed as plant 
breeders in national programs, it is not a surprise that the thesis projects undertaken are well 
focused on areas of importance to crop improvement.  This is strength of the program which 
must be preserved even as more students not associated with breeding organizations enter 
WACCI.  Evidence that students’ research findings have contributed to the plant breeding 
community is seen in the many papers published in peer-reviewed journals that have already 
come from WACCI students (see Appendix E). Although only two cohorts of students have 
graduated so far (18 individuals), a total of 21 publications plus a book chapter have issued to 
date, indicating excellent progress and achievement.  Prestigious journals including BMC 
Genetics and Crop Science are among those featuring these publications.  Furthermore, five 
graduates have been awarded competitive start-up grants from AGRA, totaling $969,884 (USD) 
(an average of ~$194,000 each), reinforcing the view that the research foci of WACCI students 
are viable and significant.   
 
To further position WACCI as a sustainable, world-class educator of plant breeding 
professionals, we recommend that WACCI establish itself as a centre for research in its own 
right. All of the world-class institutes in plant breeding education are also established centres for 
research in some important aspect of crop improvement, the philosophy being that those at the 
forefront of research lead in equipping the next generation of professionals to meet prime 
challenges to food security.  WACCI faculty could develop their particular arena of expertise, 
with a niche in a key area of benefit to the region and perhaps an opportunity for collaboration 
with other world-class institutions.  Currently the WACCI research farm is underutilized; 
however, it could provide a testing site in west Africa that could open doors to valuable 
collaboration.  We further suggest the following arenas as potentially a good fit for WACCI’s 
research focus: 

• Resilience to climate change (an important focus in plant breeding research today) 
• Seed production and seed quality (builds off the proposed new MPhil program in this 

area and fits key needs of the value chain in west and central Africa) 
• Breeding for enhanced nutrition (capitalizes on opportunities for multi-disciplinary 

research with University of Ghana programs and expertise in Nutrition and Food Science 
in meeting nutritional security as well as food security) 

• Phenotyping approaches in support of selection in plant breeding (to leverage the 
University of Ghana program in Engineering) 

• Tree breeding (to facilitate connections to the cocoa, citrus, rubber, oil palm, shea, 
mango, cashew industries, some of which are African orphan crops) 
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The Panel is not enthusiastic about the prospect of building a biotech center at WACCI at this 
time as we believe it would dilute the focus from plant breeding to a more molecular aspect of 
crop improvement.  Moreover, work in biotechnology demands a high level of regulation and 
record keeping to fulfill government biosafety requirements and restrictions, especially in the 
research and development stages when working with many experimental materials.  Instead, 
WACCI may wish to consider liaising with Kenyatta University in Nairobi, Kenya for 
transformation; they concentrate primarily on transformation of maize. 

4. Impact 
Key to sustainability of an educational program is its reputation, which largely rests on the 
impact of its graduates.  Of course, it is early in WACCI’s establishment as only two cohorts of 
students (18 individuals) have graduated to date. Nonetheless, the impact of the program is 
already being realized.  Students’ PhD research projects have served to revive crop improvement 
efforts in many of the students’ home countries5.  For example, Ahmadu Issaka, a WACCI 
graduate and a Research Scientist at INRAN (National Institute of Research on Foods and 
Nutrition) in Niger, has developed cytoplasmic male sterile pearl millet lines, which have been 
used to develop high-yielding and disease-resistant hybrid varieties.  He was awarded an AGRA 
grant of $184,984 (USD) to develop hybrid varieties for farmers.  Also in Niger, Aissata 
Mamadou, WACCI’s first female graduate, has been appointed Head of the Sorghum 
Improvement Programme at INRAN and has been awarded $130,000 (USD) to develop stable, 
high-yielding sorghum hybrids for resource-poor farmers.  In Mali, Mamadou Coulibaly, a 
Research Scientist at IER (L’Institut d’Economie Rurale), has developed early maturing and high 
yielding maize hybrids that are drought tolerant and adapted to local growing conditions. These 
are the first maize hybrids developed totally in Mali. An AGRA grant of $191,800 (USD) has 
been awarded to Dr. Coulibaly to take his work forward. In Nigeria, Moses Adebayo, a lecturer 
at the Lakode Akintola University, has obtained $178,450 (USD) to develop high yielding, 
drought tolerant hybrid maize varieties for drought-prone environments.  The potential for 
further impact is being fueled by AGRA’s continued investment in WACCI graduates but also 
by the strong sense of responsibility instilled in students in the program to affect food security in 
their countries.   
 
WACCI does well to take advantage of opportunities to raise public awareness of plant breeding 
and its mission to impact food security.  As Director of WACCI, Professor Danquah implements 
a rigorous travel schedule to represent the Centre and University of Ghana at various functions 
supporting plant breeding.  WACCI’s reputation as a provider of quality education in plant 
breeding continues to grow and its status in the global plant breeding is further enhanced through 
its ability to attract funding for student fellowships and research from new and varied sources.  
Most recently, WACCI has attracted funding from Syngenta Foundation and through a research 
program spearheaded by Purdue University (USA) and sponsored by the BMGF to develop a 

                                                           
5 Information documented in the June 2014 AGRA Narrative Report by Prof. Eric Danquah 
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Functional Gene Discovery Platform in Sorghum.  No doubt that now being recognized by the 
World Bank as Centre of Excellence will further promote WACCI’s status and ability to attract 
gifted students and new sources of funding for students and research. 
 
In addition to providing quality training to the next generation of plant breeders in west and 
central Africa, WACCI aspires to provide quality continuing education to practicing plant 
breeders.  In June 2010, WACCI organized a three-week workshop (dubbed WACCI Biotech 
School 2010) on genotyping and phenotyping plant genetic resources.  The workshop, funded by 
The Volkswagen Foundation, was a collaborative effort between WACCI and the Institute of 
Plant Breeding, Seed Science and Population Genetics at the University of Hohenheim in 
Germany.  The primary objective of the WACCI Biotech School was to equip participants with 
knowledge in the effective use of technological tools in the area of plant breeding. The workshop 
brought together 24 participants (including all second year WACCI students) from 
8 countries: Ivory Coast, Burkina Faso, Germany, Ghana, Mali, Niger, Nigeria, and South 
Africa. Instructors who participated in the workshop were renowned scientists from selected 
institutions, including  

•    Dr. Heiko Kurt Parzies, Senior Scientist, Institute of Plant Breeding, Seed Science and 
Population Genetics, University of Hohenheim, Germany 

•    Dr. Bettina I. G. Haussmann, Principal Research Scientist, International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT), Niger, Niamey 

•    Professor Philip White, Head, Environmental Plant Interactions Programme, Scottish 
Crop Research Institute (SCRI), Dundee, Scotland 

•    Professor Khaled Masmoudi, Head, Plant Molecular Genetics Laboratory, Centre of 
Biotechnology, Sfax, Tunisia 

•    Dr. Jacquelyn Renae Jackson, Research Assistant Professor, Department of Agricultural, 
Environmental and Natural Sciences, Tuskegee University, Tuskegee, Alabama, USA 

 
Expanding on the continuing education platform to reach out to practicing plant breeders with 
continuing education options appears to be a very good fit for WACCI and a means to extend its 
influence and impact.  We favor and encourage further development of WACCI as a centre 
for continuing education in plant breeding. 

5. Other key indicators  
Other key indicators of program excellence include: critical mass and caliber of faculty, 
Management, Governance, and facilities/campus environment.  These are addressed in Section C 
(below) pertaining to Management and Governance of WACCI.   
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B. Direction for the potential Masters degree programs in Seed Science and 
Technology, Genetics and Plant Breeding, and Agricultural 
Biotechnology 

 
The mission of WACCI is to train plant breeders, providing knowledge and considerable field 
experience, to lead the conversion of genetic and molecular discoveries into innovative solutions 
that would benefit agriculture in West and Central Africa.  This would enhance food security and 
improve the livelihoods of the people in the sub-region.  WACCI aims to create an educational 
pipeline from BS to PhD in crop improvement.  Comments offered here on the adequacy of each 
of the new proposed MPhil degree programme considered the fact that some of the students may 
not have the opportunity to continue to a PhD degree; thus, the MPhil would be their terminal 
degree.  The Panel considers how well these programmes prepare such students for the highly 
competitive job market.  Secondly, the Panel considered how well the proposed programmes 
would prepare students who do intend to pursue their PhD either at WACCI or elsewhere. 

1. MPhil Seed Science and Technology Degree Programme 
This 2-year Masters-level programme aims at offering students an interdisciplinary training that 
stresses the development of problem-solving and analytical skills.  Students would be equipped 
with current seed science and technology instruction coupled with essential modules in business 
management, which is commendable.  Several courses and modules for this curriculum are being 
developed through the Iowa State University (USA), Kwame Nkrumah University of Science 
and Technology in Ghana, and the Grains Development Board of Ghana.  (See Appendix F for 
an outline of the proposed program and descriptions of courses designed for the program 
curriculum.)  A minimum of 24 credit hours of coursework is required for this degree.   
The following are comments on some of the courses we suggest for revision: 

• WACI 601. Seed Biology and Production.  There is the need to include the definition 
of seed in the course description before discussing seed formation and how to 
produce it. 

• WACI 604. Seed Drying, Processing and Storage.  The content appears to deal with 
orthodox seeds only.  It is recommended that recalcitrant seeds should be included. 
Additionally, seed viability monitoring, as well as conservation using tissue culture 
should be included in the course content. 

• WACI 602.  Seed Health Management (Seed Pathology and Seed Entomology).  It is 
recommended that the detection of seed borne pathogens and how to control them 
should be considered. 

• WACI 608.  Seed Trade Policies and Regulation.  In sub-Saharan Africa, protection 
of crop varieties through patents does not seem to apply. We recommend that Plant 
Breeder Rights Protection under the UPOV Convention should be considered.  This is 
because most of the Francophone countries in West and Central Africa have acceded 
to the UPOV Convention.  Ghana’s bill is with consideration stage in Parliament. 
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Traceability issues should also considered as well as patent protection of 
Biotechnology processes and products. 

• WACI 612.  Quality Assurance in the Seed Industry.  In the description of this course, 
it is recommended that Good Agricultural Practices should replace Good 
Manufacturing Practices since seed bears on agriculture and not manufacturing. 

The programme does not address seed systems and how to improve it (formal and informal) 
especially in West and Central Africa.  A serious consideration should be given to its inclusion.   
Beyond coursework, the programme features a 3-month internship with a national program or 
private seed company to promote skills in Seed Technology, which the Panel highly endorses.  
Generally, we view the new proposed MPhil Seed Science and Technology programme as 
adequate; however, we believe the programme could be improved if the above suggestions are 
seriously considered. 

2. MPhil Genetics and Plant Breeding Degree Programme 
This 2-year Masters-level programme aims to offer students basic instruction in experimental 
design and statistical analysis, genetics, plant breeding, and technologies to enhance crop 
improvement.  It represents a revision of the currently offered MPhil programme in the 
Department of Crop Science under the Genetics and Plant Breeding option, emphasizing new 
advances through genomics.  Several courses and modules for this curriculum are being 
developed through the USAID Feed the Future Soybean Innovation Laboratory (SIL), involving 
US-based academics from the University of Illinois, the University of Missouri, and other 
partnering institutions.  (See Appendix G for an outline of the proposed program and 
descriptions of courses designed for the program curriculum.)  A minimum of 24 credit hours of 
coursework is required for this degree. Based on available course descriptions, we offer some 
comments as well as suggestions for revision of some courses: 

• CROP 605.  Statistics and Experimental Design. The description of this core course 
suggests the content is not adequate.  It should include topics such as Lattice Design 
(balanced and partially balanced designs), analysis of data from multi-locational 
testing, data management and interpretation among others.  Alternatively, a second 
level statistics course could be created to deal with the more complex experimental 
designs and data management could be addressed in a new bioinformatics course. 

• CROP 611.  Quantitative Genetics. This course is adequate for an MPhil quantitative 
genetics programme.  We would however recommend that on quantitative trait loci, 
there is the need to show how to map QTLs before analysing.  We also noted that the 
description of the content of this course is the same as WACI 702 Quantitative 
Inheritance in Plant Breeding. 

• CROP 612. Crop Improvement.  The description of this course is adequate for an 
MPhil degree. However, we noted that it is the same in content as WACI 706 Genetic 
Improvement of Crop Plants.  From the responses received from students the 
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importance of practical demonstration of some of the topics under this course cannot 
be over-emphasized. 

 
• CROP 613. Molecular Genetics. Based on the course description, we found the topics 

to be covered under this course are not adequate.  It is recommended that topics such 
as DNA sequencing methods, genetic mapping, intra genomic phenomena such as 
epistasis, pleiotropy and other interactions between loci and alleles within genome, 
molecular mapping and tagging of agronomically important traits etc. should be 
considered. 

• CROP 614. Population Genetics and Evolution. This core course should be expanded.  
It is not adequate in this form. 

• CROP 615.  Plant Tissue Culture. The description of this course is adequate for an 
elective course.  It is however recommended that students should be engaged in more 
practical assignments.  This course is the same in content as WACI 708. 

• CROP 616.  Principles of Gene Manipulation. Content for this course should be 
expanded.  The reading list should include Green, M.R. and Sambrook J. (2012).  
Molecular Cloning A Laboratory Manual 4th Edition Cold Spring Press, USA. 

• CROP 618. Genomics for Crop Improvement. The introduction of this course is of 
utmost importance, since it would equip students to be abreast with new and 
emerging concepts in plant genomics.  The description of the course should be 
expanded to include comparison of different genomes, genomic analysis among 
others. 

• CROP 624.  Physiology of Environmental Stress. The introduction of this new course 
is relevant in view of climate change and its effects on crop productivity and food 
security in the sub-region. 

• CROP 628.  Biotechnology in Plant Breeding. The introduction of this elective course 
is important for the MPhil programme.  The description of the course content should 
be more elaborate to include marker assisted selection for qualitative and quantitative 
traits, gene pyramiding, biosafety issues in genetically modified crops among others. 

• CROP 637.  Plant Virology and Viral Diseases. This elective course is relevant and 
adequate.  Viral attack on crop plants is severe in West and Central Africa.   The 
course will enable students appreciate the interaction between viruses and their host 
plants to enable them breed for tolerance to viruses. 

Beyond coursework, the programme features a 3-month internship in the USA with significant 
exposure to both public and private sector breeding programs to foster innovative thinking and 
expose students to scalable, high tech solutions and organizational structures in a well-developed 
seed industry.  The Panel endorses this key programme feature. 
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3. MPhil Agricultural Biotechnology Degree Programme 
The Panel learned that establishment of the planned MPhil degree programme in Agricultural 
Biotechnology has been placed on hold indefinitely.  Therefore, in our evaluation, we did not 
consider the planned programme and its curriculum. 
 
From the analysis of the Seed Science and Technology and the Genetics and Plant Breeding 
MPhil programmes, the Panel concludes that the two proposed Masters-level programmes would 
adequately prepare the students for jobs requiring competency at the Masters level.  In addition, 
for those who wish to continue to a PhD programme at WACCI or elsewhere, we believe the 
training will provide an excellent basis for further study and professional development. 
We commend WACCI on the quality of education it has provided to PhD students.  However, as 
WACCI evolves to include MPhil degree programs, a fuller array of courses with added 
depth is possible, needed, and recommended by this Panel. The survey responses from the 
students brought to the fore the importance of Statistics and Biometry in plant breeding 
education.  To minimise duplication of courses in Statistics and Biometry there should be 
different levels of Statistics and Biometry from BS to PhD.  These levels should aim at 
addressing specific needs of the students adequately for the job market.  It also came to the fore 
that certain courses were the same in form and content at both the MPhil and PhD levels.  To 
avoid redundancy for students advancing from the MPhil at WACCI to the PhD programme and 
to build competency in this knowledge area essential to plant breeding, higher level courses 
should be designed. A full array of courses offering depth in specific knowledge areas like 
biometry, experimental design, and statistical analysis may necessitate more flexibility for 
individualization in the curriculum of the PhD program.  That is, students entering the PhD 
program without adequate working knowledge in a particular subject may need to include some 
Masters-level courses in his/her coursework plan which would count toward the credit hour 
requirement.    Furthermore, we strongly recommend that emphasis should be placed on practical 
demonstration of principles and concepts taught in courses since not all the students are from 
organisations with strong, functional breeding programmes. 

In addition to harmonization and complementarity of programme within WACCI, we 
recommend a harmonization of the teaching programmes between the Centre and the Crop 
Science Department to avoid duplication. We recommend similar harmonization between the 
Centre and the Department of Animal Science if and when the Centre expands its programme to 
include animal breeding. 
 

C. Management and governance of WACCI 
 
The Panel was asked to advise on the appropriate future management and governance structure 
for WACCI and any additional staffing requirements. 
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1. Establishment of WACCI 
The Statutes of the University of Ghana define a ‘Centre’ as an “establishment which conducts 
specialized programmes normally oriented to providing services including teaching or research 
or advocacy”.  A Centre is headed by a Director who operates under an Advisory Board (which 
determines policy) and a Management Committee (which assists the Director in his/her 
management functions).  WACCI was established under this rubric.  

 
In his letter conveying the Council of the University of Ghana’s approval and authority for the 
establishment of WACCI at the University of Ghana, the Registrar wrote that the Centre would 
be ‘located in the College of Agriculture and Consumer Sciences’.  The Registrar’s letter went 
on to state that WACCI would be located on the main campus of the University of Ghana and 
will operate within the School of Agriculture’.  The letter further states under ‘Administrative 
Structure and Management’ that WACCI will have the status of a semi-autonomous institution 
within the School of Agriculture ……” Again under “Governance” the letter from the Registrar 
states that ‘WACCI will operate within the School of Agriculture and shall conform to the 
administrative structure of the University”. 

 
Admittedly, the Registrar’s letter was written before the University reorganized itself into four 
colleges.  More recently, WACCI has been recognized as a constituent unit of the College of 
Basic and Applied Sciences (CBAS), and has constituted a Management Committee which 
includes appointed representatives by the Vice Chancellor and the Provost CBAS.  The Panel 
favors this structure and finds it supportive and fitting for WACCI as it transitions to a world-
class centre for education and research.   

2. Advisory Board and Management Committee 
The Advisory Body is the body that defines the policies under which WACCI functions.  It is 
made up of representatives of the University of Ghana and a number of WACCI’s financial 
sponsors as well as experts in the field of plant breeding.  The Board meets once a year at the 
University of Ghana, Legon.  While meeting once yearly might appear inadequate, given the 
international nature of the membership and the cost implications of more frequent on-site 
meetings, this will do. We have reviewed the minutes of Advisory Board meetings and we are 
very satisfied with its output. The Panel recommends the continuation of the Advisory Board 
in its present international form. 
 
Survey responses received from Advisory Board members (4 out of 7) indicate the firm view that 
WACCI holds tremendous promise for the future of plant breeding in West and Central Africa. 
They also held that every effort should be made to sustain WACCI by stabilizing its funding 
regime. All respondents were quite emphatic that WACCI had used its financial resources in an 
optimal way. 
 
A management committee had recently been formed with a membership of 22 individuals.  
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Committees of this size being notorious for delayed consensus and decision-making, the Panel 
planned to recommend a reduction in the number of committee members.  However, in the 
course of writing this report, we were informed that the Management Committee had been 
restructured and streamlined.  It is now comprised of 14 members including the WACCI 
Director, Deputy Director, Teaching Coordinator, Research Coordinator, Programme Manager, a 
Vice Chancellor Appointee, 3 Provost Appointees, 3 Associate Faculty, and 2 student 
representative.  The Panel favors this action to make the Management Committee more effective.   
 
After evaluating the various reports, minutes, manuals and survey responses, the overarching 
opinion of the Panel is that WACCI’s management and governance structures are sound and 
adequate for its objective of training plant breeders for the West and Central Africa regions, and 
indeed for all of Africa and the rest of the world. 

3. Administrative structure 
The present administrative structure of WACCI is depicted in the organizational chart below 
(Figure 1).  Our review of the goals and objectives of WACCI both for now and for the next 
decade suggests to us that the present administrative structure is adequate for purpose.  The 
present establishment for WACCI is as follows: 

 
One (1) Director 
One (1) Deputy Director 
One (1) Coordinator for Research 
One (1) Coordinator for Teaching Schedules 
One (1) Coordinator for Research Mobilization and Visibility 
One (1) Programme Manager 
One (1) Administrative Officer 
One (1) Finance Officer 
One (1) ICT officer 
Two (2) X Drivers 
One (1) X Janitors  
Three (3) X Farm Hands 
 

In addition, there are four (4) Service Persons who help in various administrative capacities.  
 
Interviews and survey responses of WACCI staff revealed a high level of engagement and 
dedication among the group and highly favorable views of WACCI leadership.  Staff highlighted 
the need for more timely visits to students in-country and for additional student workspace on 
campus. The concerns of support staff were generally for job security and self-development.   
 
We noted that the administrative and finance staff of the Centre were recruited outside of the 
university system and so are technically not staff of the university, which limits their prospects 
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Figure 1. WACCI organizational chart 
 

 
 
 

for career progression. We therefore recommend that the WACCI administrative and 
finance staff be integrated into the University and given regular appointments and 
designations to enhance potential for career progression for these individuals. 
Given that the volume of work now at the Centre has increased considerably, we recommend 
that the Programme Manager, Administrative Officer, Finance Officer and ICT Officer be 
provided with assistants while maintaining the use of National Service staff as yearly interns. 
Furthermore, in keeping with the development of WACCI as a centre of research in its own right, 
we see a need to consider additional positions in the medium term: a breeder who has expertise 
in utilizing new genomic-based technologies to enhance the rate of genetic gain from selection; 
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and an assistant breeder with expertise in bioinformatics, data management, and statistical 
analysis capable of providing support to WACCI plant breeders. 

4. Relationship with the Department of Crop Science  
We note that WACCI draws heavily on the teaching staff of the Department of Crop Science for 
much of its teaching programme.  The interviews and survey responses of associate faculty 
indicated ratings for the WACCI academic programme from ‘good’ to ‘excellent’.  They would 
like to see expansion of student work space at the Centre and greater utilization of the research 
farm for demonstration and teaching purposes.  Associate faculty were very approving of the 
leadership at WACCI.  Because engagement of associate faculty is critical to the quality and 
success of the WACCI academic programmes both current and future, we encourage continued 
strong enticement to keep top-rated instructors engaged.   
 
We note that the current crop of teaching faculty are mostly retired professors or professors who 
are not far from the compulsory retiring age of 60.  Towards sustaining the teaching programme 
at the Centre, we recommend that steps should be taken to mentor and train younger 
members of the School of Agriculture to take over from those whose period of service 
would soon come to an end. This may be accomplished through the transitioning of courses 
being developed through external sources in conjunction with the new MPhil programmes to 
these young faculty.  The courses are intended to be ‘taken on’ by University of Ghana faculty 
and the interaction with transition may be a positive influence and advantage.   
 
Along this same vein, we would like to see clear plans for training the next generation of top 
leadership at WACCI. As both the WACCI Director and the Deputy Director approach 
retirement age, planning for the next decade must include a detailed succession plan.  We 
recommend further development of the succession plan formulated this year and 
encourage active mentorship of individual candidates for the role. Given the transition of 
WACCI to a multi-donor sponsored Centre, relationships with donor representatives will be 
critical to an incoming director.  Professor Danquah will leave ‘very big shoes to fill’ at some 
point in the not-too-distant future; preparing one or more individuals to seamlessly take over 
leadership of WACCI cannot be over-emphasized. 

5. Systems and operations 
The financial administration systems in operation at WACCI were reviewed as part of the overall 
governance arrangements at the Centre, including the accounting system in place, treasury 
operations, procurement, financial regulations and the audit process. We saw clear evidence of 
manuals for the following: 

• Human Resource policies and procedures 
• Financial policies and procedures 
• Procurement policies and procedures 
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• Staff assessment procedures 
• Information Communication and Technology (ICT) policies. 

 
We also reviewed bi-annual reports to the sponsors (AGRA and Generation Challenge Program) 
including two audit reports by the University’s Internal Auditor.  All of these reports confirmed 
good management practices and we commend Management for this.  There is clear evidence that 
university regulations are being scrupulously followed. 
 
WACCI’s accounting system is based on Sage/Pastel accounting software which is used to 
record its financial transactions and provide the requisite database for the production of 
mandatory and other essential reports on the various projects to funders. Apart from being multi-
user, the system is also multi-currency which enables reporting to be done in both the local and 
relevant foreign currencies. Additionally, the software has a functionality which enables 
customized reports to be produced to suit the requirements of the different donors. The 
accounting system is structured on a predefined chart of accounts and the projects are defined as 
cost centres. There are two modules running, the general ledger and the cash book. The basis of 
accounting is cash reflecting the Centre’s policy of conducting its business strictly on cash basis 
at all times. Reporting is regular and timely and consists of an Income and Expenditure Accounts 
and a Balance Sheet for each project.  WACCI operates a number of bank accounts with Stanbic 
Bank Ghana Limited in both the local and foreign currencies to reflect the sources of funding. 
Bank reconciliations are performed regularly on a monthly basis to agree cash book balances to 
the bank statement balances. A set of financial regulations and procurement procedures were 
cited. In addition, it was reported that the university’s financial regulations are also applied. 
The finance function is headed by a finance officer and assisted by a finance assistant. These two 
persons and the front office desk have access to the accounting system for the performance 
defined functions. The Director of the Centre also has access for viewing only. We observed that 
the books of the Centre and the project accounts are regularly audited by both the University’s 
Internal Audit Directorate and the external auditors. The reports issued by the auditors so far 
have been positive, with no adverse findings.  
 
There is no doubt that WACCI has very bright prospects for the future and the potential to grow 
into something bigger and greater. This is very much recognized by the present leadership of the 
university which is determined to provide the centre with all the support it deserves. It is in the 
light of the above that the recommendations that follow have been made. 
 
Although we are generally satisfied with the financial operations of WACCI to date, we found 
that the current operations conducted in Sage/Pastel accounting software isolates the Centre from 
the rest of the university wherein all units operate on the ITS Integrator software for student 
administration, financial management, procurement, and human resources. Anticipating that 
WACCI will grow beyond its current size and stature as it assumes a more permanent status, it 
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will be meaningful and appropriate to integrate the Centre’s operations fully into the University’s 
system for uniformity and greater control. The Panel recommends full and complete 
integration of the Centre’s financial operations with that of the University. This will involve 
the migration of data from the Sage/Pastel software into and commencement of operations on the 
ITS by WACCI. This can be done without necessarily disturbing the autonomous financial 
operations of the centre if it is desired to be so maintained. This integration will increase 
transparency of the Centre’s operation and make financial reporting by the University total and 
complete.  Since at present WACCI’s banking operations are conducted with banks whose 
systems may not necessarily talk to the ITS, the Centre may have to transition to banks 
designated by the University whose systems are harmonious with the ITS.  Furthermore, finding 
the structure of the Chart of Accounts unnecessarily complex and unwieldy and also out of 
sync with that of the university, we recommend harmonization in this area as well. We 
endorse full compliance with the university’s financial regulations in so far as they do not 
conflict with donor requirements. To further harmonize the systems, we suggest submission 
of quarterly financial reports to the Director of Finance in a manner and format that 
enables consolidation with University accounts.  In addition, we recommend the 
University’s external auditors to replace the Centre’s present external auditors. 
Furthermore, we recommend that the process of internal audit be regularized and done 
every six months (i.e. bi-annually). 
 

D. WACCI in the decade ahead 
 
WACCI has already taken steps to transition from a predominantly single-donor sponsored 
program into a multi-donor, sustainable Centre of Excellence for Africa.  An action plan has 
established the context and scope for mobilization of resources and spells out primary objectives 
and anticipated outcomes in the timeframe of the next 5 years (through 2019)6.  The action plan 
restates the vision and mission of WACCI, indicating an expansion in outreach and purpose.  
The vision is recast:  “To be the foremost centre for post-graduate training and research in crop 
improvement in Africa” and targets improved food security for all of Africa, not just the west 
and central region.  The mission is reshaped: “To equip plant breeders with the knowledge and 
skills to develop superior varieties of indigenous crops using both conventional and molecular 
technologies”, indicating a sharper focus on development of improved cultivars as an outcome of 
the Centre in addition to enhanced knowledge and skills in training plant breeding professionals.  
Use of technologies is indicated, suggesting a priority to develop expertise in field-based as well 
as DNA-based technologies and tools.   
 
The Panel supports the expanded vision and the more focused mission, and we commend 
and encourage the efforts taken in this regard. Thus, WACCI has and will continue to have a 

                                                           
6 See WACCI Strategic Action Plan (draft) dated February 17, 2015 
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direct bearing on the realization of food security and more for the continent. Providing solutions 
for food security is a paramount concern for Africa. So too is the need to improve Africa’s 
wellbeing and strategic importance by making the continent the primary source of food for the 
rest of the world. Therefore, establishing WACCI as a premier educator of professional plant 
breeders in Africa and globally could be a critical national strategic concern. To achieve its 
expanded menu of programmes and transform into a research institute, WACCI has to start 
looking deep into the future from now. In the action plan, more focus is given to developing 
partnerships and implementing strategies for attracting resources.   
 
The thoughts below are focused on the aspects of the Review requesting Panelists to make 
recommendations for sustainable funding for WACCI going forward.  We have formulated 
suggestions for new partnerships with a view to sustaining WACCI’s viability for the next 
decade and managing a smooth transition from AGRA funding (about $12 million).  Our 
recommendations are crafted with anticipated deployment within the next 18-months, as AGRA 
funding terminates at the end of 2017.   
 
Given WACCI’s history and current situation, we propose simultaneous engagement in a two-
track process to become financially sustainable. The first is to obtain Government support from 
the national annual budget to cover core costs. Once WACCI’s basic costs are covered, 
positioning will be optimal to develop partnerships to facilitate sizeable 2- to 5-year grants which 
can be implemented in parallel.  

1. Support from the Ghanaian Government 
Annual allocations from the national budget are a very secure means for sustaining the basic 
operations of any enterprise, and we deem these would be particularly suited for WACCI. Once 
allocated, the amounts typically remain on the budget advanced yearly and are renewed almost 
automatically. The key risks to this recommendation are two: the current move by the Ministry 
of Finance to wean off state institutions that are capable of being self-funded and the general 
tightening of the budget that is incidental to the impending International Monetary Fund bailout 
that will run for the next couple of years. These two risks are obviated by a strong argument that 
WACCI cannot be self-financing at this time and is nevertheless a critical national asset that 
needs to be supported. And in any case the amount of support is relatively miniscule, 
comparatively speaking.   
 
To access Government funding, WACCI needs to take a number of steps. The first is to use a 
development communication model to disseminate and inform key national level public figures 
of WACCI’s national strategic level importance. The evidence, the material, and the strategic 
contacts for doing this are available and easily assembled and deployed to position WACCI in 
the minds of key national level stakeholders as the Centre to train the next generation of African 
plant breeders in a local context: tackling local challenges with innovative solutions. 
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Once WACCI has attained a high profile nationally, the next step is to develop a relationship 
with a state institution authorized to channel funding. The closest existing relationship to the one 
proposed here is the relationship between the University of Ghana’s Legon Centre for 
International Affairs (LECIA) and the Ministry of Foreign Affairs and Regional Integration. We 
strongly suggest that this partnership should not be with the Ministry of Education as that is too 
ordinary and expected and may, as has happened several times, draw jealousies and competitive 
moves from the two other most established public universities in Ghana. This would likely cause 
an abrogation of the funding element of the partnership. The best candidate for such a 
partnership will be a discreet department or agency within the Ministry of Food and Agriculture.  
Drilling deeper, the best agency for such a partnership will be the one sanctioned to roll out the 
extant Plant Breeders Law in Ghana.  
 
The third step is to secure executive approval of the partnership. The best way to do this is to use 
the current World Bank Project funding WACCI has won as a launch pad for weaving the way 
into the administration, the bureaucracy and the Executive office. Already, WACCI has secured 
Cabinet approval for the project, has received the final sign off from the Minister for Finance, 
has appeared before the relevant Parliamentary Committee to defend the project, and has just 
recently received formal Parliamentary approval. These processes, including the roll out of the 
project must be done strategically with a view to remaining in place within the government 
system once the project is complete and to make a case at that point, if not before, for 
continuation of Government support for core costs going forward. This requires that in working 
to approve and execute the World Bank funding as a Center of Excellence, in outlining a list of 
stakeholders, and in instituting governance structures and reporting lines, the long range view be 
ever present.  
 
Finally, partnership with the Ghanaian Government could pave the way for international 
agreements with the countries whose students have benefitted from WACCI training and other 
countries desiring to send students to WACCI. Such an agreement would name Ghana and 
WACCI as the headquarters of the international partnership and stipulate annual fees to be paid 
by the various governments for the management of the headquarters. This should be treated as a 
next step after WACCI successfully logs on to central government funding. It should not be 
attempted together with the initial step unless the circumstances clearly warrant it. This is to 
avoid taking on too much and failing at everything.  

2. Sourcing funds from new partnerships 
Efforts at resource mobilization have already begun and new partnerships are being developed.  
With the anticipation of the $8 million (USD) in funding subsided by the Government of Ghana 
through the World Bank, WACCI plans to utilize this money to support recruit and train 65 PhD 
students in Plant Breeding and 60 MS student in Seed Science and Technology between 2014 
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and 20187.  In addition, the funding will facilitate short-term external fellowships in advanced 
laboratories to WACCI PhD students and 3-month internships for Seed Science and Technology 
students for hands-on training with seed companies.   
 
A newly established partnership with Deutscher Akademischer Austauschdienst (DAAD; 
German Academic Exchange Service) will provide for five student fellowships in the amount of 
$48,000 per student for in-country research.  In addition, beneficiary students will undertake 
research in advanced laboratories for up to six months in selected institutions in Germany. This 
partnership is renewed for up to four years to cover the period of the World Bank/Ghanaian 
Government grant. 
 
The Kirkhouse Foundation in the UK has sponsored one student from Cameroun to pursue PhD 
studies.  In addition, the West Africa Agricultural Productivity Programme (WAAPP; World 
Bank funded) has sponsored three students from Senegal and two students from Sierra Leone to 
pursue PhD studies at WACCI. 
 
The Panel sees potential for new opportunities with a number of partners, including: 

• The West and Central African Council for Agricultural Research and Development 
(CORAF/WECARD) is composed of National Agricultural Research Systems (NARS) of 
23 countries: Benin, Burkina Faso, Cameroon, Cape Verde, Central African Republic, 
Chad, Congo, Côte d’Ivoire, Democratic Republic of Congo, Gabon, Gambia, Ghana, 
Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Sao Tomé et Principe, 
Senegal, Sierra Leone and Togo. The mission of CORAF/WECARD is to ensure 
sustainable improvements of the competitiveness, productivity and markets of the 
agricultural system of West and Central Africa by meeting the major demands of target 
groups of the sub-regional research system. CORAF/WECARD is a suitable partner for 
support of graduate students, research which increases agricultural productivity, and 
continuing education to NARS scientists. 

• CERAAS (Centre d’etude regional pour l’amelioration de l’adaptation a la secheresse), 
Senegal, proposes plant varieties adapted to drought, methods of analysis and decision-
making tools which contribute to improving and/or stabilizing agricultural production in 
arid and semi-arid zones. It welcomes scientists as part of a degree program (BS, MS, 
PhD), or as part of a research training in the form of internships in its laboratories. 

• AfricaRice headquartered in Benin awards up to 30 MS and PhD fellowships per year 
and partners for research and development with NARS in over 25 countries including 
Ghana.   

• MasterCard Foundation Scholars Program (http://mastercardfdnscholars.org/about/ ) is a 
$500 million (USD) global initiative to educate and develop the next generation of 

                                                           
7 Developing WACCI into an African Centre of Excellence for Training Plant Breeders, Seed Scientists and Seed 
Technologists: ACE Proposal Number ACE003, Implementation Plan dated 7 Nov 2014. 

http://mastercardfdnscholars.org/about/
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leaders equipped and empowered to lead change, particularly in Africa.  The program 
identifies academically talented young people who have demonstrated a commitment to 
serve their communities, yet face significant barriers to education, providing holistic 
support including scholarships.  Current partners include Ashesi University College in 
Accra, Ghana plus other partners like Michigan State University.   

• USAID Ghana as a source of funding for MS students in the Plant Breeding as an 
extension of the USAID SIL project on which WACCI is a collaborative partner. 

• International Institute of Tropical Agriculture (IITA) in Nigeria seeks to find solutions for 
hunger, malnutrition, and poverty, addressing the needs of tropical countries.  It boasts a 
vast partner network including donors, collaborators, international organizations, 
advanced research institutes, and universities (see http://www.iita.org/partners).  It offers 
graduate student fellowships, sabbatical opportunities for NARS, and continuing 
education possibilities.   

For WACCI to grow enduring partnerships with Government and with other public, private and 
not-for-profit entities, the Centre must be well positioned within the University of Ghana in a 
way that fosters growth of those partnerships. We endorse the current decision to have WACCI 
run as an independent Centre in the College of Basic and Applied Sciences in the University of 
Ghana. This will ensure a measure of autonomy for quick and substantive decision-making 
necessary with partner relationships. The way WACCI sits within the University will determine 
whether it grows or growth is constrained or stifled.  
 
An important factor to future success in light of WACCI’s aspirations and the Panel’s 
recommendations is succession planning. The unparalleled, strong, even daring leadership and 
personality of the founding Director means that WACCI needs to be put on a solid footing before 
any transition away from the founding director.  Typically, a director will not be able to function 
without at least some core funding.  Sustainable funding is, therefore, a critical part of any 
succession planning. Again, the Centre Director needs to spend the immediate years ahead 
cultivating successors to the Directorship.  
 

E. Final remarks 
 
In closing, WACCI was hailed in 2009 by The Chicago Council on Global Affairs and The 
Chicago Initiative on Global Agricultural Development as a break-through program, enabling for 
the first time a single unit of the University of Ghana to turn out 40 PhD’s in just one decade.  
Now with an additional 42 PhDs in the pipeline and MPhil students to join their ranks, WACCI 
is considered to be a flagship centre of the University of Ghana.  Its PhD program ranks among 
the top programs in Africa and, following Panel recommendations, could easily make its way to 
the top tier globally.  We anticipate that the addition of quality MPhil programs to create an 
educational pathway at the University of Ghana from BS to PhD in crop improvement as well as 

http://www.iita.org/partners
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the establishment of WACCI as a centre of plant breeding research will push the WACCI 
program to the forefront of acclaimed programs in plant breeding education worldwide. We see 
high potential for tremendous success for WACCI in meeting its expanded vision to become the 
foremost Centre for post-graduate training and research in crop improvement in Africa and its 
reshaped mission to equip plant breeders with the knowledge and skills to develop superior 
varieties of indigenous crops to Africa.  
 
WACCI is an institution poised to have tremendous impact on food security for Africa in the 
decade ahead and beyond.  The Panel sees the possibilities as endless given the momentum 
achieved, the activities in progress, and the plans for the future. 
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Appendix A: Professional biosketches of Review Panel members  

 

Rita Hogan Mumm, PhD (Chairperson) 

Prof. Rita Mumm has over 20 years of experience in quantitative 
genetics, plant breeding, and cultivar development.  After earning a PhD 
degree in Genetics and Plant Breeding from the University of Illinois 
under the direction of Prof. John Dudley, Dr. Mumm went to work for 
DEKALB Genetics Corporation where she led a pioneer effort to develop 
and release four of the first value-added/transgenic traits in crops in mid 
1990s.  She went on to lead a team in establishing a high-throughput 
molecular marker system, aimed at providing this technology as a 
powerful tool for the breeder in the development of corn hybrids with key 

performance characteristics and positioning DEKALB as an industry leader in implementing 
genomic information in seed product development. Later, she led establishment of systems for 
transgenic product development in cotton, wheat, and rice at Syngenta Biotechnology.  As 
principal for the firm GeneMax Services, Dr. Mumm provides consulting services to the seed 
industry, specializing in applications of genomics and biotechnology to crop improvement.  

Dr. Mumm was the founding director of the Illinois Plant Breeding Center at the University of 
Illinois, now one of the most preeminent centers for graduate education in crop genetic 
improvement in the USA.  Current educational pursuits are directed to continuing education (e.g. 
Dr. Mumm directs the UC-Davis African Plant Breeding Academy) as well as international 
graduate education (e.g. USAID Feed the Future Soybean Innovation Lab).  Dr. Mumm has 
conducted a number of reviews of plant breeding programs in both the public and private sectors.  
She is a named inventor on several U.S. and European patents and pending patent applications, 
including those detailing the first glyphosate tolerant transgenic event in maize and a chemically 
inducible male sterility system for hybrid production in maize.  Dr. Mumm served as President 
of the National Association of Plant Breeders in its fledgling years 2011-2012.  

 

Hans Adu-Dapaah, PhD 

Rev. Dr. Hans Adu-Dapaah started his industrious research career as a 
Post-doc at the International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria. He joined the CSIR-Crops Research Institute in 1993 
and by dint of hard work rose through the ranks to become Chief 
Research Scientist in 2006. He has developed a number of 
technologies which have improved the livelihoods of resource-poor 
farmers. These include the release of 8 improved groundnut varieties, 7 
improved cowpea varieties & 2 improved soybean varieties. These 
varieties are high yielding, resistant to pests, diseases and, drought 

with enhanced nutrition and consumer-preferred qualities. Rev. Dr. Hans Adu-Dapaah has 
documented most of his research work in internationally acclaimed peer reviewed journals, 
edited conference proceedings, books, production guides and technical reports. He has to his 
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credit over 154 publications. He has also refereed over 75 scientific papers in a number of local 
and international journals. He is a member of the editorial board, Ghana J of Agricultural 
Science. 

Rev. Dr. Hans Adu-Dapaah has contributed towards building human resource capacity locally 
and internationally. He has mentored 30 young Scientists. He has supervised research projects of 
25 PhD/MPhil students, 30 undergraduate students from KNUST, University of Ghana, UCC 
UEW Mampong campus & Wageningen University, Netherlands. Rev. Dr. Hans Adu-Dapaah 
has served as External Examiner for 25 PhD /MPhil/MSc students. As a Resource Person he has 
trained a number of Technical& management level personnel in a number of public and private 
organizations. 

Rev. Dr. Hans Adu-Dapaah has served in various levels of management positions. This includes 
Head of Division, Deputy Director, AG Director and Director (2008- 2014). He has coordinated 
a number of national & externally funded projects, with oversight responsibility of The National 
Center of Specialization under WAAPP. He has served on over 30 National & International 
Steering Committees & Management Boards. These include the National Seed Council, Cocoa 
Research Institute of Ghana Management Committee, Millennium Village National Advisory 
Board, Directors Management Committee of CSIR, Budget Committee, CSIR-CRI Management 
Board, Chair Executive Steering Committee, SPHI. He is a fellow of Ghana Academy of Arts 
and Sciences. He has been consulting for USAID, World Bank, Global Crop Diversity Trust.  
Rev. Dr. Hans Adu-Dapaah’s hard work has not gone unnoticed in both local and international 
circles. He is deservedly a proud recipient of over 15 career awards. These include the following: 

• 2000 Outstanding Scientists of the 21st Century Diploma Award & International  
• Scientist of 2001 Diploma awards by International Biographical Center, Cambridge, 

England  
• Recipient of 500 Leaders of Influence Awards by American Biographical Institute Inc  
• 10th Edition 
• National Best Researcher Award 2005 at the National Farmers Day, Navrongo. 
• National Best Scientist (Presidential) Gold Award at First Ghana Science Congress,  
• August 2011 

 
Rev. Dr. Hans Adu-Dapaah is an ordained Servant of God, the Deputy General Overseer of the 
Oasis of Love Church, Kumasi. He is married with 3 children. 

 

Alfred Teddy Konu  

Alfred Teddy Konu was educated at Achimota School and the 
University of Ghana where he obtained a Bachelor of Arts degree in 
1970. He further obtained a Postgraduate Certificate in University 
Administration at the University of Ife in 1974 and a Master of Arts in 
Education at the University of California, Berkeley in 1977. He was 
also awarded a Certificate in Management at the Harvard University in 
1998. He is a Scholar of the African American Institute (1976-1977) 
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and was awarded a Doctor of Laws (LLD) Honoris Causa by the University of Ghana in 2013. 
 

He started work as a staff writer with the Graphic Corporation, moved briefly to the Ministry of 
Foreign Affairs and then from 1970-2009 worked as a University Administrator rising to become 
Registrar and Secretary to the University Council in 1999 till he retired in 2009. As a University 
Administrator, he served as an Assistant Registrar, the Registrar in charge of Admissions, the 
Secretary to the Committee of Vice Chancellors, as Senior Assistant Registrar and overseas 
representative of the Universities of Ghana London Office and Deputy Registrar in charge of 
academic affairs prior to becoming Registrar. 

Other assignments he has undertaken have included serving as member of the planning 
committee for the Presbyterian University College. He served as a member of the VRA board 
from 2004 to 2008 and was the chairman of the appointments and compensation committee. He 
was also a member of the governing council of Wisconsin International University College 
(2000-2009). 

He was a foundation member of the Publication Board for the New Legon Observer. He has 
served on a number of interview and assessment panels and has also participated in various 
conferences and workshops on higher education issues. 

He is married with four children and lives in Accra, Ghana. 

 

Richard Okyere Boapea 

Richard Okyere Boapea has over twenty-three years working experience 
as a Chartered Accountant with reputable private and public institutions 
at management and senior management levels. He holds a bachelor’s 
and an executive master’s degrees from the University of Ghana. 

In August 2011, Mr. Boapea was appointed Director of Finance of 
University of Ghana, the nation’s premier university. Prior to that, he 
served as Deputy Finance Officer (2002-2005), and Deputy Director of 
Finance in charge of financial accounting and internal revenue (2005-
2011).  

Prior to joining University of Ghana, Mr. Boapea had worked for four years in various capacities 
as Management Trainee, Assistant Management Accountant and Treasury Manager with 
manufacturing giant Lever Brothers Ghana Limited (now Unilever Ghana Limited) at Tema, and 
seven years with Cadbury Ghana Limited in the capacities of Senior Accountant (1991-1994) 
and Finance Manager (1994-1998) where he played a critical role in salvaging the company from 
near bankruptcy and bringing it back to profitability. 

Mr. Boapea accepts challenges readily and loves working for institutional change and 
development. Since joining the university he has been involved in many transformational 
projects and activities that have impacted positively on the life of the university including the 
following: 
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• Leading the implementation of the financial management subsystem of the university’s 
Integrated Tertiary Software (ITS), 

• Working with a consultant to produce a detailed Financial Regulations and Governance 
document to guide the management of financial resources, 

• Developing an Investment Policy and Guidelines, and 
• Consolidating the university’s financial planning (budgeting) and management and 

statutory reporting systems. 
 

He is currently leading the process towards the adoption of International Public Sector 
Accounting Standards as the basis for the university’s external reporting. This project, when 
completed in 2016, will radically and permanently change the image of the university. Its 
financial statements will gain international recognition make them more credible, comparable 
and acceptable. This will no doubt provide a very strong basis for fundraising  

Mr. Boapea is a very strong Christian who takes active interest in the affairs of the church. In his 
local Presbyterian Church congregation, he has held and continues to hold key positions. He is a 
bible studies leader and a lay preacher. 

 

Raymond Akongburo Atuguba, SJD 

Dr. Raymond Akongburo Atuguba has been the Executive Secretary 
to the President of the Republic of Ghana for two years beginning in 
January 2013. 

From 2010 to 2012, he served as the Executive Secretary and 
Principal Researcher to the Constitution Review Commission (CRC), 
a Presidential Commission set up to review the operation of the 1992 
Constitution of the Republic of Ghana.  

Between 2008 and 2010, Dr. Atuguba was a member of the United 
Nations High Level Task Force on the Implementation of the Right to Development. 

Dr. Atuguba is a Senior Lecturer with the Faculty of Law, University of Ghana. He has been a 
James Souverine Gallo Memorial Fellow at Harvard University; Jennifer Oppenheimer Fellow at 
Harvard University; Graduate Fellow at Harvard Law School; and Sheila Biddle Ford 
Foundation Fellow at the W.E.B. Du Bois Institute for African and African American Research 
at Harvard University. He has also been a visiting Professor at the Universite Science Po in 
France and Monash University in Australia where he taught Human Rights and Law & 
Development and a visiting scholar at the University of Nottingham in the UK. 
 
Prior to his appointment as Executive Secretary to the President, Dr. Atuguba was for over 15 
years engaged in the fields of constitutional governance and the consolidation of democratic 
gains; law and policy advocacy; public policy reform (healthcare reform, natural resource 
governance, justice sector reform, security sector (police) reform); and rights-based approaches 
to development. 
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As Co-Founder and Executive Director of the non-profit Legal Resources Centre and later 
Founder and Team Leader of a Policy Consultancy Firm – Law and Development Associates, 
Dr. Atuguba consulted for various governments including Liberia and Ghana, government 
agencies and international organizations such as the UNDP, the World Bank, UN-OHCHR, 
UNODC, EU, ECOWAS, DFID, USAID, GTZ (GIS), DANIDA, ILO, IOM, FES, British 
Council, IIED, CHRI, OSIWA, IBIS, Action Aid International, Plan International, and Oxfam. 
 
Dr. Atuguba is also an astute constitutional law expert, and has argued many times before the 
Supreme Court of Ghana and Court of Appeal of Ghana leading to ground breaking and 
precedent setting judgments. He has written over 100 monographs, articles, book chapters, 
research reports and technical papers on issues of Constitutionalism, Human Rights, Law and 
Development, and Institutional Renewal in Africa. He has also presented over 200 papers at 
national and international conferences on all continents of the world. 
 
Dr. Atuguba holds a Doctor of Juridical Sciences (SJD) Degree in Development Studies with 
distinction from Harvard Law School, and a Masters of Laws (LLM) Degree in Human Rights 
and International Finance also from Harvard. He has just completed an Executive Masters in 
Business Administration from the Ghana Institute of Management and Public Administration 
(GIMPA). He also holds a certificate to practice law from the Ghana School of Law and a 
Bachelor of Laws (LLB) Degree, with First Class Honours, from the University of Ghana, 
Legon. 
 
Dr. Atuguba is a member of the Ghana Bar Association; the African Studies Association; the 
Africa Security Sector Network; and the Ghana Society for Development Dialogue and has 
served on over 50 Boards and Committees, nationally and internationally, including the 
International Consortium on Law and Development, Boston, MA; the Board of the Institute for 
Transportation and Development Policy, New York, NY; and the Ghana Integrity Initiative, the 
local chapter of Transparency International. 
 



37 
 

Appendix B: PhD course descriptions (from WACCI websitehttp://wacci.edu.gh/course_ 
descpn#701 on March 11, 2015 ) 

 
WACI 701: Biometry and Experimental Design 
This course is designed to equip students with knowledge and skills in the application of 
statistical methods to analyse data arising from a wide range of applications. Topics include: 
parametric statistical methods used in agricultural research; hypothesis testing; principles of 
experimental designs; analysis of simple and complex experiments; covariance analysis and 
alternatives; simple and multiple correlations and regression; non-parametric methods;  scientific 
writing and research report preparation; research planning and design;  field research including 
on-station, on-farm, multi-location, multi-season and long-term experiments; survey research-
questionnaire construction and sample selection; methods and importance of error control in 
research; controlled-environment studies; breeding designs and mating systems and genetics data 
handling. 

  
WACI 702: Quantitative Inheritance in Plant Breeding 
This course is designed to provide students with in-depth knowledge of quantitative genetic 
theory to enable them evaluate relevant literature in the discipline and also be equipped to 
design, execute, analyse and interpret results of experiments involving polygenically controlled 
characters in plant breeding programmes. The topics covered include: genetic structure of plant 
populations, genetic values and means, covariance among relatives and heritability estimates. 
Response to natural and artificial selection, multi-trait selection and correlated response to 
selection. Mating designs and consequences on population structure. Genotype x environment 
interaction. Quantitative trait loci analysis. 
 
WACI 703: Biotechnology in Plant Breeding 
Plant biotechnology, genome research and plant breeding now underpin all aspects of agriculture 
world-wide. The objective of this course is to provide students with the theory and practical 
skills of plant genetic manipulation relevant to plant biotechnology, plant breeding and genome 
research. Topics to be covered include: Tissue and cell culture and their applications in crop 
improvement, DNA markers and applications in crop improvement and genetically modified 
organisms (GMOs) in plant breeding. 

  
WACI 704: Physiology of Environmental (abiotic) Stresses 
This course examines the responses of plants to environmental stresses. Topics include plant 
growth and development; the influence of the environment; evolution and adaptation; 
comparative ecology and phenology; the acquisition of resources: energy and carbon, mineral 
nutrients, water, temperature, toxicity; ecological perspectives, the individual plant, interactions 
among plants, interactions between plants and other organisms; strategies and dynamics. 
 
WACI 705: Plant Genetics 
This course is aimed at enhancing students understanding of the processes and mechanisms of 
transmission genetics; mendelian genetics and extensions of mendelian genetics; dominance 
relations and multiple alleles; gene interactions; linkage and linkage maps; cytogenetics, 
extrachromsomal inheritance; plastids and mitochondria; nucleic acids structure; DNA, 

http://wacci.edu.gh/course_%20descpn#701
http://wacci.edu.gh/course_%20descpn#701
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replication and function; protein structure and function; mechanisms of genetic change; gene 
mutation; recombination; transposable genetic elements; functional, structural and comparative 
genomics and gene finding and annotation. 

  
WACI 706: Genetic Improvement of Crop Plants 
This course is designed to equip students with knowledge of concepts and principles of plant 
breeding. Topics include crop evolution, geographical distribution and conservation of crop 
genetic resources,  reproduction of crop plants and fertility regulating mechanisms, breeding and 
selection methods for self and cross pollinated crops, heterosis, inbreeding depression and hybrid 
development, population improvement methodologies, breeding for resistance to disease and 
pests, breeding for abiotic stress resistance, applications of molecular technologies to crop 
improvement including marker assisted selection, breeding for end user traits, breeding for 
nutrient enhancement. 
 
WACI 707: Host Plant and Pathogen Interactions 
The course will introduce students to recognize plant diseases; the biology of plant pathogens 
and the cause of disease; mechanisms of disease development and factors influencing disease 
development; host-pathogen interaction; the mechanism of host defense; the nature and 
expression/resistance; the development of appropriate screening techniques for identification and 
assessment of resistance; plant disease management; virus structure, characterization and 
mechanisms of transmission; and virus movement and development of infection. 

  
WACI 708: Plant Cell Tissue Culture 
The course discusses the principles, protocols and utilization of plant cell tissue culture systems. 
Topics would include embryogenesis, organogenesis and plant regeneration; isolation, culture 
genetic manipulation of plant protoplast; somatic hybridization; selection of somatic hybrid 
plants; transformation of plants; protoplast culture and fusion; selection of plant cells for 
desirable characteristics; haploid cell cultures; embryo rescue and uses; secondary metabolites 
production by cell suspension culture; cryopreservation and storage of germplasm; tissue culture 
methods in phytopathology and commercial micro propagation. 
 
WACI 709: Plant Pests and Integrated Pest Management 
This course is intended to give students a broad overview of plant pests associated with field 
crops in West and Central Africa. Students will gain a comprehensive understanding of the 
concepts in integrated pest management and its application as a pest control strategy. They will 
also be trained in the design and implementation of IPM programs. 

  
WACI 712: Plant Virology 
This course will enable students to appreciate the interaction between viruses and their host 
plants. Topics to be covered include: the mechanism and evolution of plant viruses, virus 
purification and characterization, virus classification, structural organisation of RNA Viruses, 
structural organisation of DNA viruses, expression and analysis of viral genes, replication of 
viruses, movement of plant viruses, transmission of viruses and important viral diseases of crop 
in West Africa. 
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Appendix C: List of modules presented by external experts (from AGRA Grant Narrative 
Reports) 
 
 
TOPIC EXPERT INSTRUCTOR INSTITUTION 
Genomics and molecular 
diversity 

Dr. Susan McCouch Cornell University, USA 

Marker-assisted breeding in rice Dr. Susan McCouch Cornell University, USA 
Experimental design and data 
analysis 

Dr. John Derera, 
Dr. Pangirayi Tongoona 

ACCI, University of 
Kwazulu-Natal, South Africa 

Breeding self-pollinated crops Dr. T. Blake University of Montana, USA 
Breeding for Disease Resistance Dr. James Gethi KARI, Kenya 
Breeding open-pollinated crops 
(maize) 

Dr. Margaret Smith Cornell University, USA 

Seed company establishment / 
Breeding programme 
management 

Dr. Rob Mellis ACCI, University of 
Kwazulu-Natal, South Africa 

Tissue culture and plant 
transformation 

Dr. Lisa Earle Cornell University, USA 

Breeding bananas and vegetables Dr. Abdou Tenkouano 
Director 
 

The World Vegetable Centre 
(AVRDC) Regional Centre 
for Africa, Tanzania 

Cassava Breeding Herman Ceballos International Centre for 
Tropical Agriculture (CIAT), 
Columbia 

Scientific Communication and 
library tools 

Baseema Krkoska,  
Dr. Sarah Davidson 

Cornell University, USA 

SAS and Fieldbook training Dr. Sam Ofodile  IITA, Biometric Unit 
International Institute of 
Tropical Agriculture, Nigeria 

Drought stress /Nutrition  Dr. Cosmos Magorokosho  CIMMYT, Zimbabwe 
Marker-assisted rice breeding Dr. Akira Kato  JICA, Japan 
Capacity Assessment Tool for 
Plant Breeding 

Stefan Einarson,  
Vernon Gracen 

Cornell University, USA 

Breeding designs and Striga 
resistance 

Dr. Pangirayi Tongoona ACCI, South Africa 

Cowpea conventional and 
molecular breeding 

Dr. Jeff Ehlers University of California – 
Riverside, USA 

Marker Assisted Legume 
Breeding 

Dr. Matthew Blair  CIAT - Colombia 

Disease resistance Dr. James Gethi KARI,  Kenya 
Scientific Communication and 
library tools 

Jim Morris-Knower, 
Shawna Williams 

Cornell University, USA 

Breeding for drought and low N 
tolerance 

Dr. Cosmos Magorokosho  CIMMYT,  Zimbabwe 

Breeding designs and mating 
systems and Breeding for Striga 
resistance 

Dr. Pangirayi Tongoona,  
 

ACCI, University of 
Kwazulu-Natal, South Africa 

Scientific Communication and 
library tools 

Mr. Jim Morris, 
Dr. Hale Tufan  

Cornell University, USA 
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Genetic Improvement of Crop 
Plants 

Prof. Vern Gracen Cornell University, USA 

Genomics and Bioinformatics 
Workshop  
 

Dr. Mitch Tuinstra, 
Dr. Cliff Weil,  
Dr. Charles Addoquaye 
Addo 

Purdue University, USA 

Seed Business Development Aline Funk AGRA 
Breeding Sorghum  Dr. Issofou Kapran,  AGRA, Ghana 
Breeding Polyploid Crops and 
Vegetables 

Dr. Abdou Tenkouano AVRDC, Mali 

Maize Breeding  Dr. Margaret Smith  Cornell University, USA 
Genetics Data Handling and 
Breeding Design  

Dr. John Derera 
 

ACCI, University of 
Kwazulu-Natal 

Breeding Sorghum and Millet  Dr. Acar Toure AGRA, Ghana 
Scientific Communication and 
Library Tools 

Dr. Hale Tufan 
and Ms. Sarah Young,  

Cornell University, USA 

Approaches to Key Decision 
Points in Crop Improvement  

Dr. Rita Mumm University of Illinois - 
Urbana-Champaign, USA 

Applied Genomics and Crop 
Improvement 

Dr. Evans Lagudah CSIRO, Australia 

Genotypic Selection for 
Accelerated Plant Breeding  

Dr. Kofi Bimpong AfricaRice, Senegal 

Molecular Markers in Plant 
Breeding  

Jennifer Spindel, 
Diane Wang  

Cornell University, USA 

Modelling and Genomic 
Selection  

Jessica Rutkoski,  
Uche Okeke 

Cornell University, USA 

Molecular Breeding  Theresa Fulton Cornell University, USA 
Breeding Management Systems  Prasad Peteti ICRISAT 
Sorghum Functional Genomic 
Platform Workshop  

Dr. Mitch Tuinstra  Purdue University 

Application of Markers to Plant 
Breeding  

Dr. Allen Van Deynze  University of California – 
Davis, USA 

Application of Biotechnology to 
Plant Breeding  

Dr. Thomas Debener Institute for Plant Genetics, 
University of Hannover, 
Germany 

Marker Assisted Rice Breeding Dr. Akira Kato National Agriculture and 
Food 
Research Organisation 
(NARO), Japan 

Scientific Communication and 
Library Tools 

Jaron Porciello, 
Dr. Sarah Davidson 

Cornell University, USA 

Molecular Markers in Maize, 
Sorghum, Millet and Cowpea 

Dr. Evans Lagudah 
 

Commonwealth Scientific 
and Industrial Research 
Organisation (CSIRO), 
Australia 

Breeding Sorghum Dr. Acar Tourre, 
Dr. Issofou Kapran 

AGRA, Ghana 

Seed Technology/Seed Company 
Establishment 

Dr. Rob Melis 
 

ACCI, University of 
KwaZulu-Natal, South Africa 

Breeding Sweet Potato Dr. Craig Yencho 
 

North Carolina State 
University, U.S.A. 



Appendix D: List of modules presented by University of Ghana faculty and experts (from 
AGRA Grant Narrative Reports) 
 

TOPIC EXPERT INSTRUCTOR UNIVERSITY OF 
GHANA UNIT 

General introduction and basics 
of 
a plant breeding programme 

Dr. Charles Thé  
Dr. Vernon Gracen 

WACCI 

Participatory Rural Appraisal Dr P. Attengdem Agricultural Extension 
Practical breeding methods Dr. Charles Thé WACCI 
Advanced agronomy Dr John Ofosu-Anim  
Leadership Training Prof. Bill Buenar 

Puplampu 
 

Business School, 
Department of Organisation 
& Human Resource 
Management 

Geographic Information Systems 
(GIS) 

Mr. Benjamin Akuetteh Centre for Remote Sensing 
and Geographic Information 

Insect resistance Prof O. Ofori  
Practical breeding methods Dr. Charles Thé, 

Dr. Martin Yeboah 
WACCI  

Module, mini-project proposals 
and thesis proposal schedules 

Dr. Vernon Gracen  WACCI 
 

Advanced module on mini-
project proposals and thesis 
proposal schedules 

Dr. Vernon Gracen  WACCI 

Scientific Writing Prof. Helen Yitah Department of English 
Statistical Analysis Prof. Ofori  
Remote Sensing and 
Geographical Information  

Benjamin Akuetteh CERSGIS 

Molecular Genetics Practicals Dr. Agyemang Danquah, 
Dr. Daniel Dzidzienyo  

WACCI 

Mini-Project Proposal Reviews Dr. Vernon Gracen WACCI 
Maize Pollination Dr. Charles Thé WACCI 
Practical Breeding of Vegetables Dr. Martin Yeboah WACCI 
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Appendix E: List of student thesis-related publications in peer-reviewed journals and 
books(from AGRA Grant Narrative Report Dec 2014) 
 
Adebayo, M.A., Menkir, A., Blay, E., Gracen, V., & Danquah, E.Y.    (2014). 

Performance-based grouping of adapted and exotic drought-tolerant maize (Zeamays 
L.) inbred lines under stressed and non-stressed conditions. Maydica 59: 115-123. 

 
Adebayo,M.A., Menkir,A., BlayE., Gracen,V., Danquah,E., & Hearne,S. (2013). 

Genetic analysis of drought tolerance in adapted x exotic crosses of maize inbred lines 
under managed stress conditions.  Euphytica, DOI 10.1007/s10681-013-1029-5. 

 
Asante,M.D., Asante,B.O., Acheampong,G.K., Offei,S.K., Gracen,V., Adu-Dapaah, H.,& 

Danquah,E.Y. (2013).Farmer and consumer preferences for rice in the Ashanti region of 
Ghana: Implications for rice breeding in West Africa. Journal of Plant Breeding and 
Crop Science, 5 (12): 229-238. 

 
Asante,MD., Asante,B.O., Acheampong,GK., Wiredu,A.N., Offei,S.K., Gracen,V., Adu-

Dapaah, H., & Danquah, E.Y .(2013).Grain quality and determinants of farmers’ 
preference for rice varietal traits in three districts in Ghana: Implications for research and 
policy. Journal of Development and Agricultural Economics5 (7): 284-294. 

 
Asante,M.D., Offei,S.K., Gracen,V., Adu-Dapaah,H., Danquah,E.Y., Bryant,R., & McClung,  

A. (2013).Starch  physicochemical  properties  of rice accessions  and  their association 
with molecular markers. Starch 65: 1022 – 1028. 

 
Dao, A., Sanou, J., Gracen, V., Michelle, S.E., & Danquah, E.Y. (2014). Genetic diversity 

among INERA maize inbred lines with single nucleotide polymorphism(SNP) markers 
and their relationship with CIMMYT, IITA, and temperate lines. BMCGenetics15: 127. 

 
Dao,A., Sanou,J., Gracen,V. & Danquah,E.Y. (2014). Heterotic relationship between  INERA, 

CIMMYT and IITA maize inbred lines under drought and well-watered conditions. 
Maydica 59:201-210. 

 
Egbadzor, K.F., Ofori, K., Yeboah, M., Aboagye, L.M., Opoku-Agyeman, M.O., Danquah,E.Y., 

& Offei,S.K. (2014). Diversity in 113 Cowpea [Vignaunguiculata(L) Walp] Accessions 
Assessed with 458 SNP Markers. SpringerPlus 3: 541. 

 
Egbadzor,K.F., Danquah,E.Y., Ofori,K.,Yeboah,M. and Offei,S.K. (2014). Diversity in 118 

cowpea accessions assessed with 16 morphological traits. InternationalJournalof Plant 
Breeding and Genetics 8 (1): 13-24. 
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Egbadzor,K.F.,Yeboah,M, Gamedoagbao,D.K., Offei,S.K., Danquah,E.Y and Ofori, K. (2014). 
Inheritance of Seed Coat Colour in Cowpea[Vignaunguiculata(L) Walp]. International 
Journal of Plant Breeding and Genetics 8 (1): 35-43. 

 
Egbadzor, K.F., Dadoza, M., Danquah, E.Y., Yeboah, M., Offei S.K., & Ofori, K. (2013). 

Genetic Control of Seed Size in Cowpea (Vigna unguiculata (L.) Walp). International 
Journal of Agriculture Sciences 5(2): 367– 371. 

 
Egbadzor, K.F., Yeboah, M., Danquah, E. R., Ofori, K., & Offei, S. K. (2013). 

Identification of SNP markers associated with seed size in cowpea [Vigna unguiculata 
(L) Walp]. International Journal of Plant Breeding and Genetics 7 (2): 115 – 123. 

 
Egbadzor ,K.F., Yeboah,M., Offei, S.K.,Ofori,K., & Danquah, E.Y. (2013).Farmers’ Key 

Production Constraints and Traits Desired in Cowpea in Ghana.  Journal of Agricultural 
Extension and Rural Development 5 (1): 14 – 20. 

 
Ifie, B. E., Badu-Apraku, B., Gracen, V.,& Danquah, E.Y. (2014). Genetic Analysis of Grain 

Yield of IITA and CIMMYT Early-maturing Maize Inbreds under Striga-infested and 
Low-soil Nitrogen Environments. Crop Science, doi:10.2135/cropsci2014.07.0470. 

 
Koussao,S.,Gracen,V.,Asante,I.,Danquah,E.Y.,Ouedraogo,J.T.,BaptisteT. J., Jerome, B. and 

Vianney,T.M.(2014). Diversity analysis of sweetpotato (Ipomoea batatas [L.] Lam) 
germplasm from Burkina Faso using morphological and simple sequence repeats 
markers. African Journal of Biotechnology, 13 (6):  729 – 742. 

 
Njoku, D.N., Gracen, V.E., Offei, S.K., Asante, I.K., Danquah,E.Y., Egesi, C.N., & 

Okogbenin,E. (2014).Molecular marker analysis of F1 progenies and their parents for 
beta carotene inheritance in African cassava (Manihot esculenta Crantz). African Journal 
of Biotechnology, 13 (40): 3999-4007. 

 
Njoku, D.N., Egesi, C.N., Gracen, V.E., Offei,S.K., Asante, I.K., & Danquah, E.Y. (2014). 

Identification of pro-vitamin A cassava (Manihot esculenta Crantz) varieties for 
adaptation and adoption through participatory research. Journal of Crop Improvement 28 
(3): 361-376. 

 
Njoku, D.N., Egesi, C.N., Offei, S.O., Asante, I., Vernon, G.E., Okogbenin,E., Ekwe, K.C.,  

Ezulike,  T.O.,  Eke-okoro,  O.N.,  & Nwosu,  K.I.  (2011).  Prospects  for 
biofortification of farmers’ preferred cassava varieties in Nigeria. In: Root and Tuber 
crops research for food security and empowerment. Amadi,C.O., Ekwe, K.C.,Chukwu, 
G.O., Olojede A.O., & Egesi C.N. (ed) NRCRI Umudike. pp 163– 175. 
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Njoku, D.N., Egesi, C.N., Offei, S.K., Asante, I.,Vernon, G., Amadi, C., Eke-okoro, 
  O.N., & Chimaobi,I.I.(2011).Genotypingvariationinfreshrootcolour,harvestperiod and 

dry matter content of improved cassava enotypes. Niger. Agric. J. 42: 138-144. 
 
Njoku, D.N.,Vernon, G., Egesi, C.N., Asante, I., Offei, S.K., Okogbenin, E., Kulakow, P., Eke-

okoro, O.N.,& Ceballos,H. (2011).Breeding for enhanced B-carotene content in cassava: 
Constraints and Accomplishments. Journal of Crop Improvement 25: 560-571. 

 
Njoku, D.N., Egesi, C.N., Okogbenin, E., Gracen, V.E., Asante, I., and Offei, S.(2013)   

Assessment of genetic diversity in cassava based on SSR markers and morphological 
characters. Journal of Sustainable Agriculture 34, 48-61. 

 
Oppong, A., Bedoya, C.A., Ewool, M.B., Asante, M.D., Thompson, R.N., Adu-Dapaah, H., 

Lamptey, J.N.L., Ofori, K., Offei, S.K.,& Warburton,M.L.(2014). Bulk genetic 
characterization of Ghanaian maize landraces using microsatellite markers. Maydica 
59:1-8. 
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Appendix F: Description of the proposed Post-Graduate Programme in Seed Science and 
Technology 

 
 

POST-GRADUATE PROGRAMME 
(SEED SCIENCE AND TECHNOLOGY) 
 

MASTER OF PHILOSOPHY (MPHIL) 
 

 
West Africa Centre for Crop Improvement (WACCI), 

University of Ghana, Legon



POST-GRADUATE PROGRAMME IN SEED SCIENCE AND TECHNOLOGY 

RATIONALE 
The seed industry is changing and growing rapidly worldwide but Agriculture in West Africa is 
still challenged by the limited use of good quality seed, which remains the most critical input for 
high productivity. In the West African sub-region, the dearth of skilled personnel has constrained 
the availability of improved varieties of crops leading to low adoption rates of below 6%. This is 
a major problem militating against increased productivity. Recognising the dire need of Seed 
Scientists and Technologists within the national agricultural systems, the West Africa Centre for 
Crop Improvement (WACCI) is collaborating with the Kwame Nkrumah University of Science 
and Technology (KNUST), the Grains Development Board, Ghana and the Seed Science Centre 
at Iowa State University, USA to launch an innovative Master of Philosophy (MPhil) programme 
in Seed Science and Technology. Students will undertake nine months of coursework at the 
University of Ghana and proceed to a national plant breeding programme or private seed 
company for a three-month experiential practical attachment to develop skills in Seed 
Technology. Students will then return to undertake their theses research in the following year. 
The lectures will comprise formal delivery, seminars by Visiting Scientists and Video Streaming 
of lectures from the collaborating institutions. 

The programme offers interdisciplinary training that emphasizes the development of superior 
problem-solving and analytical skills by providing students with current seed science and 
technology instruction along with essential modules in business management in a rigorous, 
integrated curriculum to develop a network of broadly trained individuals that can work 
effectively to improve access to high quality seeds. 
 
TITLE OF DEGREE 
MPhil Seed Science and Technology 
 
DURATION 
This programme will be full time for a period of two years (24 months). 
 
ENTRY REQUIREMENT 
Prospective students must have obtained a good first degree, at least a second class lower 
division in Agriculture, Botany or related field from a recognized University. Applicants who 
have not been instructed in English at the undergraduate and postgraduate levels must have a test 
score of at least 550 (paper test) or 213 (computer test) on the Test of English as a Foreign 
Language (TOEFL). 
 
GRADUATION REQUIREMENTS 
Year I: 
Coursework   24 - 36 credits 
Seminar I   3 credits 
 
Year II: 
Seminar II   3 credits 
Thesis    30 credits 
Total    60 - 72 credits 



47 
 

 
PROGRAMME STRUCTURE 
 
YEAR 1 
 
SEMESTER 1         CREDITS 
Core courses 
WACI 601 Seed Biology and Production      4 
WACI 603 Biometry and Research Methods for Seed Technologists  3 
WACI 605 Financial Management in the Seed Industry    3 
 
Elective courses (students should take a minimum of one elective) 
WACI 607 Crop Improvement and Biotechnology     3 
WACI 609 Micro Enterprise Development      3 
 
 
SEMESTER 2         CREDITS 
Core courses           
WACI 602 Seed Health Management (Seed Pathology and Seed Entomology) 4 
WACI 604 Seed Drying, Processing and Storage     3 
WACI 606 Seed Business Management      3 
WACI 620 Student Practicum       3 
 
Elective courses (students should take a minimum of one elective) 
WACI 608 Seed Trade, Policy and Regulation     3 
WACI 612 Quality Assurance in the Seed Business     3 
 
 
SEMINARS AND THESIS  
WACI 600 Thesis         30 
WACI 610 Seminar I         3 
WACI 630 Seminar II         3 
 

 

 

COURSE DESCRIPTION 

WACI 601 SEED BIOLOGY AND PRODUCTION 
This course is designed to provide students with knowledge on how seeds are formed and 
principles of the production of seeds. Seed Biology will cover the physiological and biochemical 
basis underlying seed formation and development; seed germination; seed dormancy and 
utilization of food reserves during the early stages of seedling growth. Seed Production will deal 
with the agronomy of key staple crops. Topics will include site selection and growth 
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requirements of plants; isolation distances in relation to seed classes; effects of planting dates 
and spacing on seed quality, and crop protection.  
 
Reading List 
Benech-Arnold, R., & Rodolfo, S. (Eds.). (2004). Handbook of seed physiology: applications to 
agriculture. Binghamton, NY: The Haworth Press, Inc.  

Bewley, J. D. & Black, M. (1994). Seeds: physiology of development and germination (2nd ed.). 
New York, NY: Plenum Press.  

Bewley, J. D., Bradford K., Hilhorst, H. & Nonogonki, H. (2013). Seed development, dormancy 
and germination (3rd ed.). New York, NY: Springer.  

Boote, K. J., Bennett, J. M., Sinclair, T. R. & Paulsen, G. M. (1994). Physiology and 
determination of crop Yield. Madison, WI: Crop Science Society of America.  

Gardner, F. P., Pearce, R. B., & Mitchell, R. L. (1985). Physiology of crop plants. Iowa City, IA: 
Iowa State University Press.  

Hay, R. & Porter, J. (2006). The Physiology of crop yield (2nd ed.). Oxford, UK: Blackwell 
Publishing Ltd. 

McDonald, M. B. (2000). Seed priming. In M. Black & J. D. Bewley (Eds.). Seed technology 
and its biological basis (pp. 287-325). Boca Raton, FL: CRC Press LLC. 

 

 
WACI 602 SEED HEALTH MANAGEMENT (SEED PATHOLOGY AND SEED 
ENTOMOLOGY) 
This course discusses the importance of organisms that affect seed quality and their control. Seed 
Pathology will cover mechanisms and cycles of seed infection by fungi, bacteria, viruses and 
nematodes; common seed-borne and seed-transmitted diseases affecting seeds and their 
significance in the major phases of seed production and utilization; epidemiology, pre-harvest 
and post-harvest control of pathogens and maintenance of seed quality. Seed Entomology will 
cover infestation of seeds by insects; seed deterioration following attack; detection of insect 
infestation; tools for detecting infestation; seed health management; disinfestation and seed 
protection using chemicals, ionising irradiation etc. 
 
Reading list 
Agarwal, V. K. & Sinclair, J. B. (1996). Principles of seed pathology (2nd ed.). Boca Raton, FL: 
CRC Press LLC. 

Agrios, G. N. (2005). Plant pathology (5th ed.). San Diego, CA: Elsevier Academic Press. 

Ayertey, J. N. (1986).Observation on the efficiency of two new monitoring devices for storage 
insect pests. Nigerian Journal of Entomology, 10, 13-22. 

Ayertey, J.N. (1986). The Role of Plant Protection in Grain Storage. Invited paper at the 
Symposium on “The Role of Plant Protection in Crop Storage: 16th – Annual Conference, 
Nigerian Society for Plant Protection, Zaria, Nigeria, March 1986, pp. 24 
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Haines, C. P., & Dobie, P. (1991). Insects and arachnids of tropical stored products :their 
biology and identification (2nd ed.). Natural Resources Institute, ODA, pp. 246. 

Schaad, N. W., Jones, J. B. & Chun, W. (Eds) (2001). Laboratory guide for identification of 
plant pathogenic bacteria (3rd ed.). St. Paul, MN: APS Press. 

WACI 603 BIOMETRY AND RESEARCH METHODS FOR SEED 
TECHNOLOGISTS 
The objective of this course is to equip students with knowledge in the planning and 
management of their research, data analysis, and interpretation and presentation of research 
results. Topics covered include: Scientific process and research; research design; experimental 
design; collection, processing and analysis of data. Concept of survey and field studies. 
Formulation and test of hypothesis. Analysis of variance and covariance. Analysis of 
frequencies. Regression analyses. Practical applications of statistical methods in seed testing. 
Research proposal and scientific report writing.  Use of appropriate statistical software for data 
analysis.  
 
Reading List 
Palaniswamy, U. R., & Palaniswamy, K. M. (2006). Handbook of statistics for teaching and 
research in plant and crop science. Binghamton, NY: Taylor & Francis. 
Quinn, G. P., & Keough, M. J. (2002). Experimental design and data analysis for biologist. 
Cambridge, UK: Cambridge University Press. 

Sokal, R. R., & Rohlf, F. J. (1995). Biometry: the principles and practice of statistics in 
biological research (3rd ed.). New York, NY: W. H. Freeman and Company. 

Steel, R. G. D., Torrie, J. H., & Dickey, D. (1996). Principles and practices of statistics: a 
biometrical approach (2nd ed.). Columbus, OH: McGraw-Hill Companies.  
Varma, V. S., Kanaka, D. K., & Keshavulu, K. (2013). Seed image analysis: its applications in 
seed science research. International Research Journal of Agricultural Sciences, 1 (2), 30-36.  

Zar, J. H. (2010). Biostatistical analysis (5th ed.). New Jersey, USA: Prentice Hall Inc. 

 

 

WACI 604 SEED DRYING, PROCESSING AND STORAGE 
Students will be exposed to the different types of seeds and how their morphology and 
biochemistry influence processing and storage. Topics will include seed harvesting; seed 
extraction; seed drying techniques; seed cleaning and conditioning; seed treatment and priming; 
the operational principles of seed equipment and their management; principles of seed storage 
(including in situ storage); seed storage structures; seed packaging; seed quality analysis and 
maintenance; principles of seed plant organization and establishment. 
 
Reading list 
Basra, A. S. (2006). Handbook of seed science and technology. Boca Raton, FL: CRC Press 
LLC. 
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Black, M., & Bewley J. D. (Eds). (2000). Seed technology and its biological basis. Boca Raton, 
FL: CRC Press. 

Black, M., Bewley J. D., & Wallingford, H. P. (Eds) (2006). The encyclopaedia of seeds: 
science, technology and uses. Cambridge, MA: CABI. 

Copeland, L.O., & McDonald, M. B. (2001). Principles of seed science and technology (4th ed.). 
Norwell, MA: Kluwer Academic Publishers. 

Desai, B. B. (2004). Seeds handbook: biology, production, processing and storage (2nd ed.). 
New York, NY: Marcel Derker Inc. 

Vanangamudi, K., Natarajan, N., Bharathi, A., &UmaraniR. (Ed.) (2006). Advances in seed 
science and technology (vol. 1): recent trends in seed technology and management. India: 
Agrobios. 

 

WACI 605 FINANCIAL MANAGEMENT IN THE SEED INDUSTRY 
The course will provide students with the technical knowledge to utilize financial accounting 
information in support of business decisions. The accounting aspect of the course will include 
seed industry financial statements, corporate governance issues, financial statement analysis, and 
valuation of seed firms. The financial aspect of the course will show students how to apply the 
valuation, risk analysis, and other financial analysis techniques used to make and evaluate the 
major financial decisions facing the firm. 
 
Reading List 
Atrill, P., & McLaney, E. (2012). Accounting and finance for non-specialists (8th ed.). England, 
UK: Pearson. 

Baker, H. K., & Martin, G. S. (2011). Capital structure and corporate financing decisions: 
theory, evidence, and practice. West Sussex, UK: Wiley-Blackwell, Inc. 

Bierman, H. Jr., & Smidt, S. (2006). The capital budgeting decision: economic analysis of 
investment projects (9th ed.). Boca Raton, FL: Routledge. 

Dlabay, L. R., & Burrow J. L. (2007). Business finance. Stamford, CT: Cengage Learning. 

Garrison, R., Noreen, E., & Brewer, P. (2011). Managerial accounting (14th ed.). Columbus, 
OH: McGraw-Hill Companies. 

Kieso, Weygandt, J. J., & Warfield, T. D. (2013). Intermediate accounting (15th ed.). West 
Sussex, UK: Wiley-Blackwell, Inc. 

MacRobert, J. F. (2009). Seed business management in Africa. Harare, Zimbabwe, CIMMYT. 

 
 
WACI 606 SEED BUSINESS MANAGEMENT 
This course is designed to provide students with core graduate level management and leadership 
skills to enable them better serve seed businesses and regulatory agencies, their customers and 
stakeholders, in an increasingly complex environment. The course will cover topics including 
marketing and marketing strategies; how seed value is created and delivered in market 
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economies; distribution; how government regulation impacts the delivery of value to customers; 
the appropriate scope of effective regulation, and various ethical approaches to regulation; 
human resource management; general management of a seed business. 
 
Reading List 
Armstrong, M. (2006). A handbook of human resource management practice (10th ed.). London, 
UK: Kogan Page. 

Dalglish, C., & Miller, P. (2010). Leadership: understanding its global impact (1st ed.). Prahran, 
Victoria: Tilde University Press. 

Kotler, P., Adam, S., Denize, S., & Armstrong, G. (2009). Principles of marketing (4th ed.). 
England, UK: Pearson Education Limited. 

MacRobert, J. F. (2009). Seed business management in Africa. Harare, Zimbabwe, CIMMYT. 

Shaper, M., & Volery, T. (2007). Entrepreneurship and small business (3rd ed.). Milton, 
Queensland: Wiley. 

 

 
WACI 607 CROP IMPROVEMENT AND BIOTECHNOLOGY 
This course is designed to equip students with knowledge of the concepts and principles of plant 
breeding. Topics will include aims, materials and methods of plant breeding; processes of crop 
evolution; evolution of specific crops; geographical distribution and conservation of crop genetic 
resources; breeding and selection methods; breeding for resistance to disease and pests; 
polyploidy; mutation breeding; interspecific hybridization. The course will also cover the theory 
and practical skills in plant biotechnology relevant to plant breeding.  
 
Reading List 
Brown, J.,& Caligari, D. S. (2008). An introduction to plant breeding. Oxford, UK: Blackwell 
Publishing Ltd. 

Chrispeels, M. J., & Sadava, D. E. (2003). Plants, genes and crop biotechnology (2nd ed.). 
Burlington MA: Jones and Bartlett Publishers. 

Duvick, D. N. (1999). Heterosis: feeding people and protecting natural resources. In J. G. Coors 
& S. Pandey (Eds.), The genetics and exploitation of heterosis in crops (pp. 19-29). Madison, 
WI: American Society of Agronomy. 

Holland, J. B., Nyquist, W. E., & Cervantes-Martinez, C. (2002). Estimating and interpreting 
heritability for plant breeding: an update. In J. Janick (Ed.) Plant breeding reviews. Oxford, UK: 
Wiley. 

Simmonds, N. W., & Smartt, J. C. (2009). Principles of crop improvement (2nd ed.). Oxford, 
England: Wiley-Blackwell. 

Varshney, K. R., & Tuberosa, R. (Eds.). (2007). Genomics-assisted crop improvement. Vol.2. 
Netherlands: Springer. 
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WACI 608 SEED TRADE, POLICIES AND REGULATION 
The course focuses on regulatory environments shaping an organization's business strategy; the 
role of certification schemes in facilitation of trade; and national quality regulation including 
truth in labelling, variety registration, certification (germination, physical purity, genetic identity, 
genetic purity, and moisture content). It emphasizes the difference between process standards 
and output tests; process improvement; and product liability. In the area of biosafety regulations, 
it includes: restricted testing, food safety, commercial seed use. Special attention will be given to 
intellectual property protection: trademarks; industrial secrets and contract law; plant breeders' 
rights and UPOV; patent protection for varieties; patent protection for genetic information; 
patent protection for biotech processes; and the impact of IP protection on variety development, 
variety testing, and the dissemination of performance information by businesses. 
 
Reading List 
Anderson, C. L., Timothy, L. L., & Dalton, J. (Eds.). (2009). Seed trade in rural markets: 
implications for crop diversity and agricultural development. New York, NY: Earthscan 

Bernauer, T. (2003). Genes, trade, and regulation: the seeds of conflict in food biotechnology. 
Princeton, NJ: Princeton University Press. 

Louwaars, N. P. (2002). Seed policy, legislation and law: widening a narrow focus. Boca Raton, 
FL: CRC Press. 

Minde, I., & Waithaka, M. (2006). Rationalization and harmonization of seed policies and 
regulations in Eastern and Central Africa: effecting policy change through private-public 
partnerships. Paper presented at the 26th International Agricultural Economics Conference, Gold 
Coast, Australia. Retrieved from http://ageconsearch.umn.edu/bitstream/25703/1/ pp060839.pdf 

Morris, M. L. (1998). Maize seed industries in developing countries. Lynne Rienner Publishers. 

 
 
WACI 609 MICRO ENTERPRISE DEVELOPMENT 
This course is designed to help students identify opportunities in micro enterprise. Topics 
covered include: definition of micro enterprise; classification of micro enterprise; 
entrepreneurship development process; opportunity recognition, resource mobilisation, launching 
the enterprise; entrepreneurship theories, concepts, nature and need; enterprise product 
development; characteristics of successful entrepreneurs; entrepreneurship within development 
context; entrepreneurship and rural livelihoods; principles of innovation; purposeful innovation 
and sources of innovative opportunities for enterprise development; types of organisational 
structure and their suitability for specific enterprises; enterprise management skills; management 
roles in micro enterprises; human resource development for enterprise growth; delegation, 
motivation and leadership in microenterprises; business plan development and implementation.   
 
Reading list 
Adjei J. K. (2010) Microfinance and poverty reduction: the experience of Ghana. Accra, Ghana: 
Bold Communications Limited. 

Armenndariz, B., & Morduch, J. (2010). The economics of microfinance. Cambridge, MA: 
Massachusetts:  MIT Press. 



53 
 

Casson, M., Yeung, B., Basu, A., &Wadeson, N. (Eds.) (2006). The Oxford handbook of 
entrepreneurship. Oxford, UK: Oxford University Press.  

Ellis, F., & Allison, E. (2004). Livelihood diversification and natural resource access. 
Livelihood Support Programme (LSP) Working Paper. FAO of the United Nations. East Anglia. 

Romanelli, E., & Schoonhoven, C. B. (Eds). (2001). The local origins of new firms. The 
entrepreneurship dynamic,: origin of entrepreneurship and the evolution of industries. Stanford, 
CA: Stanford University Press.  

Sunderasean, S. (2008). Microfinance: emerging trends and challenges. Chetelham, UK: Edward 
Elgar Publishing.  

 

WACI 610 SEMINAR I 
Seminar I will cover the MPhil Research Proposal. The research topic, research outline, 
justification and objectives, methodology, data to be collected and types of analysis, plan of 
work as well as budget will be reviewed following a formal presentation by the student to the 
supervisory committee,  other students and faculty. This will be graded. 

 

WACI 612 QUALITY ASSURANCE IN THE SEED INDUSTRY 
This course is designed to provide students with a detailed knowledge on the various Quality 
Assurance (QA) processes in the seed industry worldwide. Students will learn about the primary 
task of the seed industry: achieving quality in production, maintaining quality in processing and 
handling, and establish reproducible ways to measure quality throughout the seed value chain. 
Topics covered will include the Definition of a good quality seed; genetic purity, physical purity; 
physiological conditions, seed health status; Quality assurance systems; Importance of good 
quality seed; need for Good Manufacturing Practices (GMP); use of HACCP process; Total 
Quality Management (TQM); ISO-9000 etc. 
 
Reading list 
Alli, I. (2005). Food quality assurance: principles and practices. Boca Raton, FL: CRC Press.  

Bishaw, Z., Niane, A. A., & Gan, Y. (2007) Quality seed production. In S. S. Yadav, D. L. 
McNeil & Stevenson P. C. (Eds.), Lentil: an ancient crop for modern times (pp. 349-383). 
Dordrecht, The Netherlands: Springer. 

Johnson, G. I. (2000). Quality assurance in agricultural produce: proceedings of the 19th 
asean/1st apec seminar on postharvest technology. Canberra, Australia: Australian Centre for 
International Agricultural Research. 

van Gastela, T. J. G., Gregg, B. R., & Asiedu, E. A. (2002). Seed quality control in developing 
countries. Journal of New Seeds, 4 (1-2), 17-130. DOI: 10.1300/J153v04n01_09. 
Vascibcellos, J. A. (2005).  Quality assurance for the food industry: a practical approach. Boca 
Raton, FL: CRC Press. 
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WACI 620 STUDENT PRACTICUM   
Students will undertake a minimum of three months internship at a Private Seed Company or a 
National Research Institute to gain practical work experience. A formal report on the internship, 
endorsed by a designated supervisor will be submitted after which a seminar will be presented to 
the Centre.  The report and seminar will be graded. 

 
WACI 630 SEMINAR II  
Seminar II will look at research results and discussions in line with the set objectives. A 
presentation of results/findings and contribution of research to knowledge will be assessed and 
graded. 

 

DETAILS OF TEACHING STAFF 

Name Highest 
qualification Status Area(s) of Specialization 

Akromah,* Richard  PhD Part-time Genetics/Plant Breeding/ 
Biotechnology 

Amoatey, Christiana A.  PhD Full-time Weed Science/Agronomy 
Asante, Isaac K.  PhD Full-time Genetics 
Asuboah,* Robert A.  PhD Part-time Seed Technology 
Ayertey, Jonathan N.  PhD Part-time Entomology 
Banful,* Ben  PhD Part-time Horticulture 
Bani, Richard J.  PhD Full-time Post-harvest Engineering 
Blay, Essie T.  PhD Part-time Genetics/Horticulture 
Boateng, Seth D.  PhD Full-time Entrepreneurship Development  
Cortes,* Joseph  PhD Part-time Seed Technology 
Danquah, Agyemang  PhD Full-time Molecular Genetics 
Danquah, Eric Y.  PhD Full-time Genetics/Plant Breeding 
Darkwa, Edmund  PhD Part-time Plant Pathology 
Dzidzienyo, Daniel  PhD Full-time Molecular Biology/Biotechnology 
Egyir, Irene S.  PhD Full-time Agricultural Economics/Micro-Finance 
Essilfie, Gloria  PhD Full-time Post-Harvest Technology 
Kumaga, Frank  K.  PhD Full-time Agronomy/Crop Physiology 
Offei, Samuel K.  PhD Full-time Molecular Virology/Plant Pathology 
Ofori, Kwadwo  PhD Full-time Biometry/Plant Breeding 
Ofosu-Anim, John  PhD Full-time Agronomy/Crop Physiology 
Simpson, Samuel N.Y. PhD Full-time Accounting and Finance 

 

*Professor Richard Akromah and Dr. Ben Banful, are affiliated to the Kwame Nkrumah 
University of Science and Technology, Ghana. Dr. Richard Asuboah is affiliated to the Grains 
Development Board, Kumasi, Ghana. Dr. Joseph Cortes is the Global Team Leader-Seed Science 
and Technology at Iowa State University, USA. He will teach modules on the programme as a 
Visiting Scientist or Distant Module Presenter. All others are staff of the University of Ghana. 
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Appendix G: Description of the proposed revised Post-Graduate Programme in Genetics 
and Plant Breeding  

 

 

 

 

POST-GRADUATE PROGRAMME  

MASTER OF PHILOSOPHY (MPHIL) (CROP SCIENCE) 

GENETICS & PLANT BREEDING OPTION 

 
 

Department of Crop Science  
School of Agriculture 

College of Basic and Applied Sciences 
University of Ghana, Legon 
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REVISION OF MPHIL PROGRAMME IN CROP SCIENCE (GENETICS & PLANT 
BREEDING OPTION) 

RATIONALE  
The Department of Crop Science is one of five units in the School of Agriculture, College of 
Agriculture and Consumer Sciences (CACS). The Department provides an enabling environment 
that attracts and maintains high caliber Crop Scientists who train quality graduates and develop 
strategies for sustainable production of crops through the strengthening of both basic and applied 
research, teaching and extension.  
 
In light of tremendous advances in plant genomics over the last decade, the Department is 
collaborating with the West Africa Centre for Crop Improvement (WACCI) and the Illinois Plant 
Breeding Centre, University of Illinois at Urbana Champaign, USA, under the USAID SIL 
Project, to revise the MPhil Plant Breeding curriculum. This revision has been made to include 
the newer generation of experimental and computational approaches in genomics that ensure 
maximal genetic gains in crop improvement and also provide hands-on practical experiences in 
both phenotypic evaluation and marker-assisted selection. 
 
Students will undertake nine months of coursework at the University of Ghana followed by one 
month modules on Technical Writing/Scientific Communication, Varietal Development and 
Release, Molecular Marker Analysis and Plant Transformation Technology. Outstanding 
students will be given the opportunity to embark on internships in advanced laboratories in the 
USA for two months experiential learning and skills development in Plant Breeding. Students 
will undertake their theses research in the second year.  
 
 
TITLE OF DEGREE 
MPhil Genetics &Plant Breeding 
 
DURATION 
This programme will be full time for a period of two years (24 months). 
 
ENTRY REQUIREMENT 
Prospective students must have obtained a good first degree, at least a second class lower 
division in Agriculture, Botany or related field from a recognized University. Applicants who 
have not been instructed in English at the undergraduate and postgraduate levels must have a test 
score of at least 550 (paper test) or 213 (computer test) on the Test of English as a Foreign 
Language (TOEFL). 
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GRADUATION REQUIREMENTS 
Year I: 
Coursework   24 - 36 credits 
Seminar I   3 credits 
 
Year II: 
Seminar II   3 credits 
Thesis    30 credits 
Total    60 - 72 credits 

 

PROGRAMME STRUCTURE 

YEAR 1 

SEMESTER 1         CREDITS 

Core courses 
CROP 605  Statistics and Experimental Design 3 
CROP 611  Quantitative Genetics 3 
CROP 613  Molecular Genetics 3   
 
Elective courses (students should take a minimum of one elective) 
CROP 615  Plant Tissue Culture 3 
CROP 617  Host Plant Pathogen Interactions 3 
CROP 637  Plant Virology and Viral Diseases 3 
 
 
SEMESTER 2         CREDITS 

Core courses           
CROP 612  Crop Improvement 3 
CROP 614  Population Genetics & Evolution 3 
CROP 618  Genomics for Crop Improvement 3 
 
Elective courses (students should take a minimum of one elective) 
CROP 616  Principles of Gene Manipulation 3 
CROP 624  Physiology of Environmental Stress 3 
CROP 628  Biotechnology in Plant Breeding 3 
 
 
SEMINARS AND THESIS  
CROP 600  Thesis 30 
CROP 650  Seminar I 3 
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CROP 660  Seminar II 3 
 

COURSE DESCRIPTIONS 

CROP 605 STATISTICS AND EXPERIMENTAL DESIGN 
This course discusses statistical methods involving relationships between populations and 
samples; collection, organization, and analysis of data; and techniques in testing hypotheses with 
an introduction to regression, correlation, and the analysis of variance limited to the completely 
randomized design and the randomized complete block design. Analytical methods will be 
taught in R. 
 
Reading List 
Beckerman, A. P., & Petchey, O. (2012). Getting started with R: an introduction for biologists. 

Oxford, UK: Oxford University Press. 

Ekstrom C. T. (2011). The R primer. Boca Raton, FL: Chapman & Hall/CRC Press. 

Gomez, K. A., &Gomez, A. A. (1984). Statistical procedure for agricultural research (2nd ed.). 
New York, NY: John Wiley & Sons Inc. 

Palaniswamy, U. R., & Palaniswamy, K. M. (2006). Handbook of statistics for teaching and 
research in plant and crop science. Binghamton, NY: Taylor & Francis. 

Quinn, G. P., & Keough, M. J. (2002). Experimental design and data analysis for biologist. 
Cambridge, UK: Cambridge University Press. 

Sokal, R. R., & Rohlf, F. J. (1995). Biometry: the principles and practice of statistics in 
biological research (3rd ed.). New York, NY: W. H. Freeman and Company. 

Steel, R. G. D., Torrie, J. H., & Dickey, D. (1996). Principles and practices of statistics: a 
biometrical approach (2nd ed.). Columbus, OH: McGraw-Hill Companies.  

 
 
CROP 611 QUANTITATIVE GENETICS 
This course is designed to provide students with in-depth knowledge of quantitative genetic 
theory to enable them evaluate relevant literature in the discipline and also be equipped to 
design, execute, analyse and interpret results of experiments involving polygenically controlled 
characters in plant breeding programmes. The topics covered include: genetic structure of plant 
populations, genetic values and means, covariance among relatives and heritability estimates. 
Response to natural and artificial selection, multi-trait selection and correlated response to 
selection. Mating designs and consequences on population structure. Genotype x environment 
interaction. Quantitative trait loci analysis. 
 
Reading List 
Bernardo, R. (2010). Breeding for quantitative traits in plants (2nd ed.). Woodbury, MN: 

Stemma Press. 
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Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to quantitative genetics (4th ed.). 
Benjamin-Cummings Publishing Company. 

Kang, M. S. (2002). Quantitative genetics, genomics and plant breeding. Baton Rouge, FL: 
CABI Publishing. 

Kearsey, M. J., & Pooni, H. S. (1996). The genetical analysis of quantitative traits. Cheltenham, 
UK: Stanley Thornes Publishers Ltd.  

Lynch, M., & Walsh, B. (1998). Genetics and analysis of quantitative traits. Sunderland, MA: 
Sinauer Associates, Inc. 

 
 
CROP 612 CROP IMPROVEMENT 
This course is designed to equip students with knowledge of concepts and principles of plant 
breeding. Topics include crop evolution, geographical distribution and conservation of crop 
genetic resources,  reproduction of crop plants and fertility regulating mechanisms, breeding and 
selection methods for self and cross pollinated crops, heterosis, inbreeding depression and hybrid 
development, population improvement methodologies, breeding for resistance to disease and 
pests, breeding for abiotic stress resistance, applications of molecular technologies to crop 
improvement including marker assisted selection, breeding for end user traits, breeding for 
nutrient enhancement. 
 
Reading List 
Acquaah, G. (2012). Principles of plant genetics and breeding (2nd ed.). West Sussex, UK: John 

Wiley & Sons Ltd. 

Jain, S. M., & Brar, D. S. (Eds.) (2010). Molecular techniques in crop improvement (2nd ed.). 
Dordrecht, The Netherlands: Springer. 

Singh, R. J. (Ed). (2007). Genetic resources chromosome engineering & crop improvement: 
vegetable crops, vol 3. Boca Raton, FL: CRC Press Inc. 

Sleper, D. A., &Poehlman, J. M. (2006). Breeding field crops (5th ed.). Ames, IA: Blackwell 
Publishing. 

Weisling, K., Nybom, H., Wolff, K., & Kahl, G. (2005). DNA fingerprinting in plants principles, 
methods and applications (2nded.). Boca Raton, FL: CRC Press Inc. 

 
CROP 613 MOLECULAR GENETICS 
This course focuses on the DNA structure, regulation, and transcription at the molecular level for 
those interested in applications of genetics to crop improvement. Topics addressed include 
development of molecular markers and their utilization in plant selection, transposable elements, 
gene expression and silencing, RNA processing, and translation to protein. 
 
Reading List 
Griffiths, A. J. F., Wessler S. R., Carroll, S. B. & Doebley, J. (2012). Introduction to genetic 

analysis (10th ed.). New York, NY: W. H. Freeman. 
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Hartwell, L. H., Hood, L., Goldberg, M. L., Reynolds, A. E., & Silver, L. M. (2011). Genetics: 
from genes to genomes (3rd ed.). New York, NY: McGraw-Hill Companies Inc. 

Klug W. S., Cummings, M. R., Spencer, C. A., & Palladino, M. A. (2012). Concepts of genetics 
(10th ed.). Pearson Education Inc. 

Krebs, J. E., Goldstein, E. S., & Kilpatrick S. T. (2014). Lewin’s genes XI (11th ed.). Burlington, 
MA: Jones & Bartlett Learning. 

Reece, R. J. (2004). Analysis of genes and genomes. West Sussex, England: John Wiley & Sons 
Ltd. 

 
CROP 614 POPULATION GENETICS & EVOLUTION 
This course presents mathematical theory of the genetics of populations to provide the 
groundwork for the study of quantitative inheritance. Topics include estimation of allele 
frequency, the Hardy-Weinberg principle and forces that change gene frequency, and systems of 
mating.  Relationships between relatives are considered as they relate to estimation of variance 
and covariance within a population. 
 
Reading List 
Hamilton, M. B. (2009). Population genetics. West Sussex, UK: John Wiley & Sons Ltd. 

Hartl D. L. (2000). A primer of population genetics. Sunderland, MA: Sinauer Associates, Inc. 

Hartl, D. L., & Clark A. G. (2007). Principles of population genetics (4th ed.). Sunderland, MA: 
Sinauer Associates, Inc. 

Lynch, M., & Walsh, B. (1998). Genetics and analysis of quantitative traits. Sunderland, MA: 
Sinauer Associates, Inc. 

Nielsen, R., & Slatkin, M. (2013). An introduction to population genetics: theory and 
applications. Sunderland, MA: Sinauer Associates, Inc. 

 
 
CROP 615 PLANT TISSUE CULTURE 
The course discusses the principles, protocols and utilization of plant cell tissue culture systems. 
Topics would include embryogenesis, organogenesis and plant regeneration; isolation, culture 
genetic manipulation of plant protoplast; somatic hybridization; selection of somatic hybrid 
plants; transformation of plants; protoplast culture and fusion; selection of plant cells for 
desirable characteristics; haploid cell cultures; embryo rescue and uses; secondary metabolites 
production by cell suspension culture; cryopreservation and storage of germplasm; tissue culture 
methods in phytopathology and commercial micro propagation. 
 
Reading List 
Dodds, J. H., &Roberts, L.W. (1995).  Experiments in plant tissue culture (3rd ed). New York, 

NY: University of Cambridge.  

Purohit, S. S. (2007). Plant tissue culture.Jodhpur,India: Agrobios. 
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Radzan, M. K. (2003). Introduction to plant tissue culture (2nd ed.). Enfield, NH: Science 
Publishers Inc.  

Smith, R. H. (2000). Plant tissue culture: techniques and experiments (2nd ed.). San Diego, CA: 
Academic Press. 

Trigiano, R. N., & Gray, D. J.  (Eds). (2011). Plant tissue culture, development, and 
biotechnology. Florida: CRC Press. 

 
CROP 616  PRINCIPLES OF GENE MANIPULATION 
This course is designed to provide students with in-depth knowledge on generation of 
recombinant DNA, cosmids, plasmid and other advanced vectors; synthesis of DNA, 
construction of DNA library, analysis of recombinant DNA, alteration of genes by mutagenesis; 
expression of foreign proteins in prokaryotes and eukaryotes, applications of DNA technology 
and bioinformatics. 
 
Reading List 
Dodds, J. H. (Ed.) (2012). Plant genetic engineering. Cambridge, UK: Cambridge University 

Press. 

Nicholl, D. S. T. (2002). An introduction to genetic engineering (2nd ed.). Cambridge, UK: 
Cambridge University Press. 

Primose, S. B., & Twyman R. M. (2006). Principles of gene manipulation and genomics (7th 
ed.). Malden, MA: Blackwell Publishing. 

Primose, S. B., Twyman R. M., & Old, R. W. (2001). Principles of gene manipulation (6th ed.). 
Malden, MA: Blackwell Science Ltd.  

Slater, A., Scott, N. W., & Fowler M. R. (2008). Plant biotechnology: the genetic manipulation 
of plants (2nd ed.). Oxford, UK: Oxford University Press. 

 

CROP 617 HOST PLANT PATHOGEN INTERACTIONS 
The course will teach students to recognize plant diseases; the biology of plant pathogens and the 
cause of disease; mechanisms of disease development and factors influencing disease 
development; host-pathogen interaction; the mechanism of host defense; the nature and 
expression/resistance; the development of appropriate screening techniques for identification and 
assessment of resistance; plant disease management; virus structure, characterization and 
mechanisms of transmission; and virus movement and development of infection. 
 
Reading List 
Agrios, G.N. (2005). Plant pathology (5th ed). Burlington, MA: Elsevier Academic Press. 

Lucas, J. (1998). Plant pathology and plant pathogens (3rd ed.). Malden, MA: Blackwell 
Science Ltd. 
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Vanderplank, J. E. (1982). Host-pathogen interactions in plant disease. New York, NY: 
Academic Press Inc. 

Vidhyasekaran, P. (2008). Fungal pathogenesis in plants and crops: molecular biology and host 
defense mechanism (2nd ed.). Boca Raton, FL: CRC Press. 

Dickson, M. (2005). Molecular plant pathology. Boca Raton, FL: CRC Press. 

CROP 618 GENOMICS FOR CROP IMPROVEMENT 
Plant breeding has always been a genomic science, where the genomes with the best 
performance are identified, selected, and distributed for cultivation. New technologies for 
characterizing genomes and their function greatly enhance the information base available for 
improving crops through molecular breeding approaches. Through examination of recent 
literature and data analysis exercises, student will apply recent advances in genomic science to 
the discovery, creation and selection of improved plant varieties. 
 
Reading List 
Bevan M. W., & Uauy C. (2013). Genomics reveals new landscapes for crop improvement. 

Genome Biology 206 (14): 1-11. doi:10.1186/gb-2013-14-6-206. 

Heffnera, E. L., Sorrellsa, M. E., & Jannink, J-L. (2009). Genomic selection for crop 
improvement. Crop Science, 49 (1): 1-12. doi:10.2135/cropsci2008.08.0512. 

Lesk, A. M. (2012). Introduction to genomics (2nd ed.). Oxford, UK: Oxford University Press. 

Pevsner, J. (2009). Bioinformatics and functional genomics. Hoboken, NJ: John Wiley & Sons 
Inc. 

Varshney, R. K., & Tuberosa, R. (Eds.) (2014). Translational genomics for crop breeding: vol 1: 
biotic stress. West Sussex, UK: Wiley-Blackwell. 

Varshney, R. K., & Tuberosa, R. (Eds.). (2007). Genomics-assisted crop improvement: vol 1: 
genomics approaches and platforms. Dordrecht, The Netherlands: Springer. 

 
Reading List 

Chrispeels, M. J., & Sadava D. E. (2002). Plants, genes, and crop biotechnology (2nd ed.). 
Sudbury, MA: Jones and Bartlett Publishers. 

Lusser, M., Parisi C., Plan D. & Rodríguez-Cerezo, E. (2012). Deployment of new 
biotechnologies in plant breeding. Nature Biotechnology 30, 231–239. 

Nguyen, H. T., & Blum, A. (2004). Physiology and biotechnology integration for plant breeding. 
New York, NY: Marcel Dekker Inc. 

Shu, Q.Y., Forster, B.P., & Nakagawa, H. (2012). Plant mutation breeding and biotechnology. 
Oxfordshire, UK: CABI. 

Weisling, K., Nybom, H., Wolff, K., & Kahl, G. (2005). DNA fingerprinting in plants principles, 
methods and applications (2nd ed.). Boca Raton, FL: CRC Press Inc. 
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CROP 637 PLANT VIROLOGY AND VIRAL DISEASES 
This course will enable students to appreciate the interaction between viruses and their host 
plants. Topics to be covered include: the mechanism and evolution of plant viruses, virus 
purification and characterization, virus classification, structural organisation of RNA Viruses, 
structural organisation of DNA viruses, expression and analysis of viral genes, replication of 
viruses, movement of plant viruses, transmission of viruses and important viral diseases of crop 
in West Africa. 
 

Reading List 

Agrios, G.N. (2005). Plant pathology (5th ed). Burlington, MA: Elsevier Academic Press. 

Harris, K. F., Smith, O. P. & Duffus, J. E. (Eds.) (2001). Virus-Insect-Plant interactions. San 
Diego, CA: Academic Press. 

Hull, R. (2001). Matthews' plant virology. San Diego, CA: Academic Press. 

Jones, R. A. C. (2013). Trends in plant virus epidemiology: opportunities from new or improved 
technologies. Virus Research 186: 3-19.  

Loebenstein, G., & Carr, J. P. (Eds.) (2006). Natural resistance mechanisms of plants to viruses. 
Dordrecht, The Netherlands: Springer. 

Thresh, J. M. (Ed.) (2006). Advances in virus research: plant virus epidemiology, vol. 67. San 
Diego, CA: Academic Press. 

 

DETAILS OF TEACHING STAFF 

Name Highest 
qualification Status Area(s) of Specialization 

Blay, Essie T.  PhD Part-time Genetics/Horticulture 
Cornelius, Eric W. PhD Full-time Pathology 
Danquah, Agyemang  PhD Full-time Molecular Genetics 
Danquah, Eric Y.  PhD Full-time Genetics/Plant Breeding 
Darkwa, Edmund  PhD Part-time Plant Pathology 
Dzidzienyo, Daniel  PhD Full-time Molecular Biology/Biotechnology 
Kumaga, Frank  K.  PhD Full-time Agronomy/Crop Physiology 
Mumm, Rita* PhD Part-time Plant Breeding 
Offei, Samuel K.  PhD Full-time Molecular Virology/Plant Pathology 
Ofori, Kwadwo  PhD Full-time Biometry/Plant Breeding 

 

*Professor Rita Mumm is affiliated with the Plant Breeding Center, University of Illinois.  She 
will coordinate the development of courses and advanced modules at the University of 
Illinois at Urbana-Champaign in conjunction with the USAID SIL project.   
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PROGRAMME STRUCTURE FOR MS DEGREE IN PLANT BREEDING 

YEAR 1 

SEMESTER 1        CREDITS 

Core courses 
CROP 605  Statistics and Experimental Design** 3 
CROP 611  Quantitative Genetics 3 
CROP 613  Molecular Genetics** 3   
 
Elective courses (students should take a minimum of one elective) 
CROP 615  Plant Tissue Culture 3 
CROP 617  Host Plant Pathogen Interactions 3 
CROP 637  Plant Virology and Viral Diseases 3 
 
 
SEMESTER 2        CREDITS 

Core courses           
CROP 612  Crop Improvement 3 
CROP 614  Population Genetics & Evolution** 3 
CROP 618  Genomics for Crop Improvement** 3 
 
Elective courses (students should take a minimum of one elective) 
CROP 616  Principles of Gene Manipulation 3 
CROP 624  Physiology of Environmental Stress 3 
CROP 628  Biotechnology in Plant Breeding 3 
 
 
SUPPLEMENTARY MODULES  
Technical Writing/Scientific Communication**  
Varietal Development and Release**  
Plant Transformation Technology  
 
INTERNSHIP OPPORTUNITY (3 – 6 MONTHS IN USA) 
 
SEMINARS AND THESIS  
CROP 600  Thesis 30 
CROP 650  Seminar I 3 
CROP 660  Seminar II 3 
 

** Denotes courses and modules to be developed through the USAID SIL project 
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