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FOREWORD

The yea 2014 was one of immense adivity to consolidate the transformational gains of CSIR-
SARI for optimum productivity which marked productive 20 yeas of operation as afull -fledge
institute with an effedive farming systems reseach approach for accessing and developing
techndogies for farmers. It was a busy yea that raised our resource mobili zation endeavour to
$2,381,32464 from new and existing dona projed suppat to access and develop technologies
that are widely adaptable by farmers to ensure the scdability of the techndogies for faster and
wider implementation.

The dynamic nature of scientific reseach implies the neal for the scientists to be abreast with
new techniques/tools and modern trends in reseach and apply themin addressing the needs of
farmers and other stakeholders thereby contributing to higher productivity and improvement in
livelihoods. It is therefore pertinent that efforts are geared towards procuring the necessary
tools, equipment and know-how and deploy the new techndogies appropriately. This requires
financial and material resources to establish the appropriate laboratories and equipment as well
as trained human resources to operate. It also implies a new way of thinking and doing reseach
for the benefit of society at large. | am glad to report that CSIR-SARI continued expanding its
partnerships and collaborations so as to comprehensively and holisticdly address farmer
constraints in northern Ghana.

In furtherance of the mandate to conduct agricultural reseach as it relates to food and fibre
crop farming in the three regions of northern Ghana, CSIR-SARI made good progress during
2014 that we are happy to share with you. These achievements are cgptured under the major
adhieverment in reseach programmes. Among the findings are the following:

The crop improvement programme has made strides in developing crop varieties that fit into
the agroewmlogies of the mandate zone. Four promising drought and striga tolerant maize
hybrids were identified and proposed to the National Variety Release and Registration
Committee (NVRRQ for relesse and cultivation by farmers. They were formally release in
April 2015 under the names Kunjor-wari, Suhudoqg Wari-kamana and Kpari-faegko. These
hybrids have the potential to increase significantly the level of maize production and income of
maize producers. Additionally, five peal millet genotypes were also identified and proposed to
the NVRRC for release and cultivation by farmers in the Upper East region.

The integrated soil fertility management (ISAM) programme continues to develop innovative
strategies to improve the organic metter content of the soils in the northern savannah zones to
enhance land use on a permanent basis. Adoption of best-bet pradices by farmers resulted in
maize yield of 3 t/ha on average. Reseach efforts on inoculation of soybean and cowpea with
rhizobium also resulted in yield increase from 0.8 to 1.5 t/ha and 0.45 to 1.2 t/ha at farmer
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level, respedively. Farmersé participation in ISAVM demonstration had significant influence on
soybean, rice or maize yields. Farmers who participated in demonstrations had higher yields
than those who did not participate in the Agricultural Value Chain Mentorship Projed
(AVCMP) demonstrations. Average yield increasses as a result of farmer participation in
AVCMP demonstrations were 50, 75 and 100% for maize, rice and soybean, respedively.

In pursuit of moving away from hazardous and expensive insedicides, plant-based products
continue to be an integral part of our work on integrated pest management for key biotic
constraints in the region.

We cannat conclude this message without mention of the Quality rice development projec
with the objedive to boost domestic rice production. This projed was aimed at improving
farmersd acaess to quality rice seed and expanding knowledge on best-bet rice techndogies.
With funding from the AGRA, the projed readed out to 6,488 farmers in 18 projed adion
sites in the Upper East and Northern regions and increased paddy production. These farmers
gained access to best-bet rice techndogies through on-the-job training and through videos on
rice techndogies. Rural radio and TV broadcasts on these tecdhndogies were also used to reat
other farmers not directly involved in the projed.

| wish to comnmend the staff, management and board of CSIR-SARI for the good work that
they continue to do. Bringing techndogies on a royalty -free basis for use by farmers in
northern Ghana and doing that through partnerships and collaborations with others is no mean
fed. | believe that agricultural techndogy can and shoud meke a difference to our farmersé
lives. To achieve this, business as usua will not get these techndogies into the hands of the
farmers 1 thereis a lot more that needs to be done, some differently.

Looking back, 2014 was a good yea for CSIR-SARI and on behalf of the management board, |
would like to express our gratitude to al partners, donas, staff and board members for their
suppat and commitment to the fulfilment of the CSIR-SARI vision and mission. Our spedal
appredation goes to the Ministry of Food and Agriculture and numerous press houses that
helped us disseminate our techndogies to the farmers.

We hope that you will enjoy reading this report with as much plessure as it gives us to present
the CSIR-SARI Annua Report 2014 to you. Never hesitate to consult us for any of the

tedindogies we have developed.

Dr. Stephen K. Nutsugah
Director
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ADMINISTRATION

Management
The Institute is managed by a seven-member Management Board chaired by Mr. Alhassan
Andani, MD of Stanbic Bank, and afifteen-member Internal Management Committee (IMC),

chaired by the Diredor. Membership of the Management Board and IMC are presented below:

Table 1 Membership of CSIRT SAR Management Board

No. Name Designation

1 Mr. Alhassan Andani MD, Stanbic Bank, Chairman

2 Dr. (Mrs.) Rose Emma Mamea Entsua- | Deputy Diredor-General, R&D
Mensah

3 Dr. E K. Adu Cognate Diredor, CSIR-ARI

4 Dr. S. K. Nutsugah Diredor, CSIR-SARI

5 Mrs. Gna Odartefio Private Sedor

6 Mr. William Boakye-Acheamnpong MoFA

7 Mr. Mohammed Adam Nashiru Peasant Farmers Association of Ghana

Table 2 Membership of CSIRT SAR Internal Management Comirittee

No. Name Designation

1 Dr. Stephen K. Nutsugah Diredor (Chairman)

2 Dr. Mumuni Abuduai Deputy Director

3 Dr. Wilson Dogbe Hea, NR Farming Systems Reseach Group
4 Dr. Roger A. L. Kanton Head, UER Farming Systems Reseach Group
5 Dr. S.SJ. Buah Head, UWR Farming Systems Reseach Group
6 Dr. Benjamin D. K. Ahiabor Head, Scientific Suppat Group

7 Dr. N. N. Denwar Representative, Reseach Staff Association

8 Mr. E O. Krofa Representative, Senior Staff Association

9 Mr. Mahama Tibow Representative, Locd Union

10 Mr. Thomas K. Coker-Awortwi Head, Accournts Division

11 Mr. Eric Appiah Head, CID

12 Mr. Robert K. Owusu Snr. Scientific Seaetary, Recorder

13 Mr. Augustine K. Owusu Workshop Manager

14 Mr. Zakaria S. Seini Farm Manager

15 Rev. G Y. Nachim Head, Administration Division, Recorder

*

Staff Strength

Staff strength as at the beginning of April 2014 stood at 454 However, by the end of the yea
the number had deaeased to 429 comprising of 52 senior members, 115 senior staff and 262
junior staff members. Staff distribution and the list of senior members and staff are presented
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below. Staff strength was affeded in the course of the yea by pronmotions, appaointments,
retirements, resignations and deahs. See Table 3for full details.

The out stations located in Manga and Wa had staff total of 49 and 44, respedively. Manga had
5 senior members, 10 senior staff and 34 junior staff while Wa had 6 senior members, 11
senior staff and 27 junior staff.

Table 3: Promotions, appantments and deaths

Chief Principal Senior Senior Senior | Junior | Tota
Research | Research | Research | Members Staff Staff

Promotion - 5 18 23
Appointment - 4 1 - 5
Retirement - - 3 4 10 17
Deah - - 1 3 4

Table 4 Human Resour ce Development

The Human Resource Development Comnittee has receved approval for staff on locd and
foreign training for 2014/2015 acalemic yea.

No. | Name Course Completion | *Institution

1 Edwin Kwabla Akley M Sc/PhD 2018 Kansas State Univ. USA

2 Emmenuel Ayipio MSc 2015 Univ. of Hanover, Germany

3 Michad Asante MSc 2015 Univ. of Bonn, Germany

4 AdogokaDesmond MSc 2015 Univ. for Dev. Studies,

Sunday Navrongo Campus

5 Ali A. Ibrahim Dip 2016 Univ. of Ghana, Legon

6 Helina Oboamah Asiedu HND 2016 Tamale Polytedhnic,
Tamale

7 Mahama George Yakubu PhD 2015 Kansas State Univ., USA

8 Tahiru Fulera PhD 2016 Univ. of Bonn, Germany

9 Abdul-Salam M. Baba MSc 2016 KNUST, Kumasi

10 Issah Sugri PhD 2017 Univ. of Ghana, Legon

11 Mohamned Alima MBA 2016 KNUST, Kumasi

12 Abdulai Baba Al-hassan MSc 2017 Univ. for Dev. Studies, Wa
Campus

13 Aliu Siise PhD 2017 Univ. of Nottingham,
Malaysia

14 Haruna Mohammned PhD 2017 Tshwane Univ. of Tech.,
South Africa

15 Jerry Asalma Nboyine PhD 2017 Lincoln Univ., New
Zedand
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16 Haruna Bashiru MSc 2015 Ohio State Univ, USA

17 Afia Serwaa Kariakri PhD 2016 Univ of Georgia, USA

18 Ibrahim Alhassan MSc 2015 Forte Valley State Univ,

Zakaria USA

19 Abubakari Muntari PhD 2017 Univ. for Dev. Studies,
Tamale

20 Iddrisu Yahaya PhD 2015 Kansas State Univ., USA

21 A .N. Wiredu PhD 2015 Univ. of Hohenheim,
Cermany

22 Tahiru Fulera PhD 2018 Wageningen Univ., The
Netherlands

Table5: Saff back fromtraining

No. Name Grade Programme

1 AskiaM. Mohammed Reseach Scientist PhD

2 Abukari Alidu Issah Reseach Scientist PhD

3 Richard Y. Agyare Prin. Tech. Officer MSc

4 Abdu Azz A. Latif Prin. Tech. Officer MSc

5 Peter A. Asungre Prin. Tech. Officer MSc

6 Salim Lamini Prin. Tech. Officer M .Phil.

7 Emmenuel Vorleto Prin. Tech. Officer BSc

8 Surmaila Ayishetu Snr. Tech. Assistant Diploma

9 Kwabena Yaw James Snr. Tech. Assistant Diploma

Membership of Committees
Staff continued to serveon various committees listed below:

=2 =8 =8 -8 -4 -84 -9 -4 _48_9_-4_9_49 -9

Publication/Editorial

Human Resource Development

Bpenditure Control
Guest House
Housing Allocation

Land useand Water Conservation
Internal M anagement

Ground and Compourd
Promotion Screening

Commrerciali zation Oversight
Welfare

Hedth Fund

Club House

Seminar/Field Visit

SARI Estate Management
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National Service
Thirty four graduates from tertiary institutions in the country undertook their national service at
the Institute. The details are presented in Table 6 below.

Table 6: National Service Personrd

Institution No.
KNUST 8
Ohawu Agric. College 1
University of Cape Coast 1
University for Development Studies 18
Tamele Polytechnic 4
Sunyani Polytechnic 1
Methodist University 1
Total 34

Table 7: Staff Distribution amongDivisions

Division Senior Senior Junior Total
Members Staff Staff
Northern Region Farming Systems 10 18 24 52
Reseach Group
Upper East Region Farming Systems 5 10 34 49
Reseach Group
Upper West Region Farming Systems 6 11 27 44
Reseach Group
Scientific Suppat Group 25 36 56 117
Commerciali zation and Information 2 3 1
Division 12
1 Documentation 1 2 1
1 Library 1 1
Acoounts 1 12 4 17
Administration Division 2 22 114 138
1 Personnel
1 Transport/Workshop
1 Farm Management
1 Estate
1  Seaurity
Total 52 115 262 429
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List of Senior Members and Senior Staff at various Divisions and Sedions

Table 8: Administration, Acourts, Farm Management and Wakshop

Name Qualification Area of Designation
Sped ali zation
Administration
S. K. Nutsugah BSc Agriculture Direcor
MSc Plant Pathology
PhD Plant Pathology
G Y. Nachim BA Sociology and Administrative Officer
Study of Religions
M Phil Sociology
Post - Graduate Dip | PGDTLHE
Bawah M. Saffiatu BA IDS Principal Administrative

Assistant

F. Amea DBS Seqetariat Option Senior Admin. Assistant

Ibrahim K. Osman HND Sec & Mgt Principal Administrative
BSc Admin. Human Res. Mgt. Assistant

Alidu Feruza HND Sec & Mgt. Senior Administrative

Assistant

Francisca Abagh DBS Seaetariat Option Principal Administrative
BEd Admin. Seaetarial Mgt. Assistant

Accounts

T.K. Coker 1 BEd Acoounting Accountant

Awortwi EMBA Strategic Mgt.

Paul Berko BEd Accourting Chief Accourting
CA Acoounting Assistant
MBA Accournting

Mohammed Alima HND Acoounting Principal Accourting
BA IDS Assistant

Wumbel Mohammed | HND Accourting Accounting Assistant

Abdulai Baba BA IDS Principal Accounting

Alhassan Assistant

Bawah Ford HND Accourting Chief Accourting

Assistant

Issah Issifu Diploma in Accourting Chief Accourting
Comirerce Assistant

Sebastian Tigbee RSA I Accourting Chief Accourting
Dip. Com. Assistant

Mahama A. Rufai HND Accournting Chief Accourting
B Com Assistant
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Zulai Abihiba DBS Accournting Prin. Stores
BSc Accourting Superintendent
Kofi Konadu Asare HND Accounting Principal Accourting
Assistant
Alhassan Abukari HND Accounting Principal Stores
Superintendent
Yakubu Mohammed | HND Accounting Acoourting Assistant
Francis Alemawor Diploma Commerce Acoourting Assistant
Farm Management
Zakaria S. Seini HND Agric. Engineaing | Chief Technicd Officer
Emmanuel Odoom BSc Animal Science Senior Tedh. Officer
Workshop
AugustineK. Owusu | MVT Part | &Il Works Superintendent
B.D. Boamah Basic Refrigeration | NVTI Gd. | Senior Works
&Air Conditioning Superintendent
JY. Wasad Junior Tedh. Sup. Workshop Works Superintendent
Mgt.
G. Akotia Trade Test Gd | Welding Works Superintendent
G Abduai Zulkania | BSc Agric. Engineeaing | Senior Works
Superintendent
Estate
Bedrice Osei A. BA IDS, Planning Principal Estate Asst.
Emmenuel Tetteh NVTI d | Plumbing Works Superintendent
PA. Anaaa NVTI National Carpentry & Works Superintendent
Craft Man Joinery
M. Jabiru HND Building Works Superintendent
Tecdhnoogy
Table9: Upper East Region Farming Systems Research Group
Name Qualification Area of Rank
Spedali zation
RA.L. Kanton MSc Agronomy Principal Research
PhD Scientist
EY. Ansoba BSc Agriculture Prin. Tech. Officer
Francis Kusi MSc Entomology Reseach Scientist
Julius Yirzagla MSc Agronomy Reseach Scientist
Issah Sugri M Phil Post harvest Reseach Scientist
J.K. Bidzakin BSc Agric Economics Reseach Scientist
MSc Agric Economics
N.K. Abass HND Acoourting Chief Accournting
Assistant
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Peter A. Asungre BSc Agric Prin. Tech. Officer
MSc Agronomy
Zakaria Mukhtaru BSc. Agric Agriculture Prin. Tech. Officer
Abduai Abubakari HND Sec & Mgt. Prin. Admin. Assist.
Salim Lamini BSc Agric Techndogy Prin. Tech. Officer
M Phil Plant Pathology
Albert Alem Dip. Agriculture Senior Technicd
Officer
J. N. Azure Certificate Agric. College Assistant Farm
Manager
Musah Alhassan Certificate Agric. College Assistant Farm
Manager
Table 10: Northern Region Farming Systems Research Group
Name Qualification Area of spedalization Designation
Wilson Dogbe MSc Agronomy Senior Reseach
PhD Soil Microbiology Scientist
JM. Kombiok BSc Agriculture Principal Reseach
MSc Agronomy Scientist
PhD Agronomy
Munmuni Abuduai BSc Agricultural Principal Reseach
MSc Agriculture Entomology | Scientist
PhD Agriculture Entomology
Baba Inusah MSc Irrigation Agronomy Reseach Scientist
A.Nimo Wiredu BSc Agriculture Reseach Scientist
M Sc Agricultural Economics
Afia S. Karikari MSc Entomology Reseach Scientist
Michad Mawunya BSc Agriculture Reseach Scientist
M Phil Weadl Science
D.Y. Opare-Atakora | BSc Agriculture Assistant Reseach
MSc Crop Science Scientist
Aliyu Sise BSc Agric. Principal Technicd
MSc Biotechnology Officer
Jerry Asama MSc Entomology Reseach Scientist
Nboyine
S. Opporg MSc Crop Bredding Reseach Scientist
Abebresseh
Sulemana D. BSc Agriculture Technology | Chief Technical
Alhassan Officer
Rakiatu Abdulai HND Statistics Chief Technicd
Officer
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Haruna Abdulai BSc Agriculture Principal Technicd
Officer
Haruna I. Misbaw Certificate Agriculture Senior Technicd
Officer
E Ofosu Krofa BSc Agriculture Tech. Chief Technicd
Officer
Mahama Alidu Dip Horticulture Chief Technicd
Officer
Iddrisu Sumani Dip General Agriculture Chief Technicd
Officer
Sayibu Zanyeya Cert. in Agric. General Agriculture Assist. Farm Mgr.
Haruna Bashiru BSc Agric. Economics Principal Technicd
Officer
Price M. Etwire BSc Agric. Techndogy Principa Technicd
Mphil Agric. Economics Officer
Edward Martey M Phil Agric. Economics Reseach Scientist
Blsie Sarkodee-Addo | BSc Agriculture Principa  Technicd
M Sc Agronomy Officer
Alhassan Sayibu BSc Agriculture Principa Technicd
Officer
Jalilatu Ayuba BSc Agric. Techndogy Principa Technicd
M Sc Agronomy Officer
Abdu-Rahaman A. BSc Agric. Techndogy Principal Technicd
B. lddrisu Officer
Abdu-Salam M. BSc Agric. Techndogy Principal  Technicd
Baba Officer
Freda Ansah A. BSc Agric. Techndogy Principa Technicd
Officer
Daniel E Halolo BSc Agric. Techndogy Principa Technicd
Officer
Douglas B. Alhassan | Dip General Agric Chief Tednicd
Officer
Desmond A. Sunday | BSc Bio - Mathematics Principa Technicd
Officer
Alhassan Nuhu BSc Agric. Tech Principal Technicd

Jimbaani

Officer
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Table11: Upper West Region Farming System Research Group

Name Quadlification Area of Spedalization Rank
JB. Naab BSc Soil Science Senior Reseach
PhD Soil Physics Scientist
S. S. J. Buah BSc Agriculture Senior Reseach
MSc Agronomy Scientist
PhD Soil Fertility & Plant
Nutrition
SS. Seini BSc Agricultural Reseach Scientist
M Phil Agricultural
Entomology
George Mahama BSc Agriculture Assist. Reseach
Yakubu MSc Agronomy Scientist
Asieku Yahaya BEd Agricultural Science Assist. Reseach
MSc Scientist
Yahaya Iddrisu M Phil Agric Economics Reseach Scientist
Nyour Anslem BSc Agricultural Tech. Principal Technica

Bawayele-Azaa

Officer

AsiataA. Ali B. Management M anagement Prin. Admin. Assist.
Sud.
Haruna K. Ali Dip General Agric Prin. Technicd
Officer
Godwin Opoku BSc Laboratory Technology | Chief Technicd
Officer
Ibrahim Hashim HND Statistics Principal Technica
BSc Statistics Officer
Ibrahim A. Ali Diploma General Agric Senior Technicd
Officer
Vincent K. Dordah HND Agric Engineding Chief Technicd
Officer
A K. Alhassan BSc Accounting & | Acoourting Chief Accourting
Finance Assistant
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Table 12: Scientific Suppaet Group

Name Qualification | Area of Designation
spedali zation
Stephen K. Asante BSc Agriculture Principal Reseach
MSc Plant Protedion Scientist
PhD Agricultural
Entomology
I.D.K. Atokple Bsc Agriculture Senior Reseach
Dip. In Ed. Education Scientist
MSc Plant Brealing
PhD Plant Brealing
Mashark S. Abdulai BSc Agriculture Senior Reseach
MSc Pant Brealing Scientist
PhD Plant Brealing
Mathias Fosu BSc Agriculture Principal Reseach
Dip. In Ed. Education Scientist
MSc Soil Chemistry
PhD Soil Chemistry
Nicholas N. Denwar BSc Agriculture Reseach Scientist
M Phil Pant Brealing
PhD
Benjamin D.K. Ahiabor | BSc Agriculture Senior Reseach
MSc Plant Physiologist Scientist
PhD Microbiology
Joseph Adjebeng- BSc Agriculture Reseach Scientist
Danquah M Sc Pant Brealing
Fulera Tahiru (Miss) BSc Agriculture Asst. Reseach
MSc Agric Scientist
N.A. Issahaku HND Agricultural Chief Tednicd
Engineeaing Officer
Haruna Mohammed BSc Agriculture Reseach Scientist
M Sc Agronomy
Alhassan L. Abdulai BSc Agriculture Reseach Scientist
M Sc Agro meteorology
A.S Alhassan Dip. Ceneral Agriculture | Principal Tecdhnicd
Officer
Abduai A. Mohammed | Certificate General Agriculture | Senior Technicd
Officer
AskiaM. Mohammed BSc Chemistry Reseach Scientist
M Phil Soil Science
PhD Soil Science
Kwabena Acheremu BSc Agriculture Reseach Scientist
MSc Crop Bredling
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Richard Oteng- M Phil Crop Science Reseach Scientist
Frimpong
Abukari A. Issah BSc. Agriculture Reseach Scientist
MSc Agronomy
PhD Agronomy
Abukari Saibu BSc Agriculture Tecdh. Chief Tedhnica
Officer
Abubakari Mutari BSc Agriculture Reseach Scientist
MSc Food Safety and
Quadlity Mgt.
Wiliams K. Atakora BSc Agriculture Reseach Scientist
MSc Soil Science
Issah A. Rashid BSc Agric Tech Principal Technicd
Officer
Haruna Alidu MSc Plant Brealing Reseach Scientist
Emmanuel Vorleto HND Lab. Technoogy Principal Technicd
BSc Officer
Edwin K. Akley BSc Agric. Techndogy Principal Technicd
Officer
Prosper Amenuvor HND Lab. Technology Tednicd Officer
Michad Asante BSc Agric. Techndogy Principal Technical
Officer
Ibrahim Sumaila Certificate Agric. College Tednicd Officer
Fuseini S. Issifu Agric College | Agric Asst. Farm Manager
Gloria Boakyewaa Adu | BSc Agriculture Reseach Scientist
MSc Pant Brealing
Richard Agyare BSc Agriculture Principal Technicd
MSc Pant Brealing Officer
Emmeanuel Y. Owusu BSc Agric. Techndogy Principal Technicd
Officer
CGodfred D. F. Atawura BSc Agric. Techndogy Principal Technicd
Officer
Wohor O. Zakaria BSc Agric. Techndogy Principal Technicd
Officer
Kangben F. Yambout BSc Agric. Techndogy Principal Technicd
Officer
Emmenuel Ayipio BSc Agric. Techndogy Principal Technicd
Officer
Alhassan |. Zakaria BSc Tech Agric. Techndogy Principal Technicd
Officer
David Barton BA IDS Principal Technicd
Officer
Abdu-Azz Abdul-Latif | BSc Agric. Techndogy Principal Technicd
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MSc Soil Science Officer
Alhassan Sayibu BSc Agriculture Principal Technicd
Officer
Issah |. Ramat Certificate General Agric Chief Tedhnicd
Officer
Isaac K. Nantari GCE &6 Agric Science Principal Technicd
LEVEL Officer
Flora Amagloh MSc Food Science & Reseach Scientist
Ted.
Francisca Addae- M Phil Nuclear Agriculture | Reseach Scientist
Frimpomaeh
Qoria A Adezebra M Phil Nuclea Agriculture | Reseach Scientist
Ramson Adombilla M Sc Soil & Water Mgt Reseach Scientist
Kenneth Opare-Obuoh M Phil Crop Science Reseach Scientist
Emmenuel Adjel M Phil Crop Science Reseach Scientist
Emmenuel B. Chamba PhD Pant Brealing Reseach Scientist

Table 13: Business Developmentand Irformation Unit

Name Qualification Area of Speciali zation Rank
E Appiah BA Politicd Science Marketing Officer
MSc M arketing
M. Abdul-Razak BA Politicd Science Marketing Officer
MBA Strategic Mgt.
M Phil Agri-Business
R. K. Owusu BSc Agricultural Senior Scientific
MSc Post-Harvest and Food Seaetary
Preservation Engineaing
Mumuni Abubakari HND M arketing Senior Marketing
Assistant
Ms. Warihanatu HND M arketing Principal Marketing
Bagko BSc M arketing Assistant
Wilhelm N Kutah BSc Agric Techndogy Principal Technica
Officer
Yamyolya B. HND M arketing Principal Marketing
Alhassan BSc M arketing Assistant
Issah Issifu Dip Library Senior Library
Assistant
Musah Iddi Full Tech. Radio, Television and Chief Works
Certificate Hedronics Superintendent
BSc ICT
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COMMERCIALISATION

Introduction

With the CSIR Act (CSIR Act 521, 1999 as a road map, CSIR-SARI during the yea under
review generated income from various adivities. Being an agricultural-based reseach
institution, most of the revenues emanated from agricultural related adivities.

The main sources of revenue of the Institute are as follows:

i Guest House

1 Soil & Plant Analysis laboratory

1 Trador & Combine services

1 Bredder & Founchtion Seed

1 Conference Hall

1 Hire of Vehicle

1 Ghewaa Rice
Table 14: Comnerciali zation Income and Expenditure - 2014
Item Gross Income (Gh¢) | Expenses (Ght) Net Income (Ght)
Guest House 1359150 5,59500 7,99650
Soil & Plant Analysis 2258100 2299909 -41809
Trador Services 1565200 6,22300 9,42900
Rice Processing Centre 3897550 3182480 7,15070
Combine Harvester 27,65875 14,94450 1271425
Sedd 24,22400 15,684.86 853914
Conference Hall 47,20100 3,50000 4370100
Hire of Vehicle 1431900 0 14,31900
Ghewaa Rice 7,10500 0 7,10500
Rent 10347488 0 10347488
Projed Suppat 17823104 0 178231.04
Total 49301367 100,771.25 39224242

The highest income generating centre was Projed suppat which generated a total net income
of GH 17823104. The lowest income eaner was the Soil and Plant analysis laboratory
which eaned a total net income of GH -41809. This low performance by the Soil and Plant
laboratory can be attributed to a GH 2299909 expenditure on consumables and other
investments under taken at the laboratory.

Tedhnologies Identified For Commercialisation weak
1 lmproved Crop Varieties
1 Crop and Soil Management Pradices
1 Soil Fertility Management
M Insea Pest Control
1 Soil and Plant Analysis
1 Agro-meteorologicd data
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DOCUMETATION AND LIBRARY
Robert Kwasi Owusu, Wilhelm Nomu Kutah, Issh Issfu and Ibrahim Sumaya

Introduction

The function of the Documentation Centre is to collate and edit al reports prior to submission
to Head Office, ded with correspondences in relation to reseach reports, coordinate
exhibitions, seminars and field visits within and outside the institute.

Preparation and submission of Reports

The institute receved the printed copies of the 2011 Annual Report that was sent for print
production. A number of copies were distributed to Scientists while the Library sent some to
outsiders on our mailing list. Within the reporting period both the 2012 and 2013 Annual
Reports were completed and sent for print production. The first and third quarterly reports were
also collated and submitted to Head Office

Coaordination of Exhibitions and trainings
The Documentation Centre also coordinated thefollowing exhibitions:
0 Launch of National Climate Change Policy and National Environment Policy, Accra
International Conference Centre, 220 July.
0 Third Northern Ghana Investment Conference 2014 Tamale Sport Stadium
Conference Centre, 13" to 16" August.
0 Agribusiness Entrepreneurship Fair organised by WAA PP at the Kofi Annan Centre
of Excdlence and ICT, Accra, 19t to 215t August.
0 30" Regional Farmers Day at Tamale Jubilee Park, 5" Decamber.
0 TEEAL/AGORA training of trainers workshop at CSIR-SARI  Seminar Room, 18 7 20
November.

Experimental Field Visit

The weekly experimental field visit came on between 9" September and 14t October.
Attendance was very encouraging as Scientists and Tedhnicd Officers attended in their
numbers.

LIBRARY AND INFORMATION

The Instituteds library was established in 1980 Its main objedive is to develop a strong
information service to suppat the institute's reseach programmes and to mee the needs of the
scientific comnunity. The Library's colledions are mainly on Agriculture with spedal
collections on Farming Systens Reseach. The bodk colledions currently exceed 5900
volumes. The Library gets donations from over 40 journals and subscribes to two daily and one
weekly newspapers. The library also stocks theses, seminar and conference papers, as well as
journals of Scientists, which are stocked in their various box files (except theses which are
shelved).

XXX



Hedronic Resources

With the aqquisition of TEEAL (The Essential Hedronic Agricultural Library) padk from
ITOCA, the Training of Trainers workshop that followed and successful installation through
Locd Area Wireless Network system, Scientists can now accessfull-text Journals at their
offices. The ICT Officers havehelped a number of Scientists to conned diredly.
Besides the TEEAL, thelibrary also offers literature seach from the following sources:

A AGORA (Access to Online Reseach in Agriculture): username and password are
available at the library

OARE (Online Accessto Reseach in Environment)

HINARI ( Hedth InterNetwork Access to Reseach Initiative): username and
password available

ScienceDired. Username and password available

CD-ROMS (FAO, INASP, AGROMISA & CTA, CAB Int. Compedium, etc.)
TEEAL

Within the reporting period theLibrary receved and catalogued a number of books from sister
CSIR institutes and other organisations that have our name on their mailing lists. The Library
also recaved seven Theses from staff who have completed various courses. The Library also
embarked on theregistration of reseachers6technicd report, conference papers, etc. for
promotion purpose.

To oo oo

Book Donation
During the yea under review the Library recaved over 100 volumes of bodks and journals, 59
megazines and Newsletters and 13 Reports all through donations.

XXX



PUBLICATION

Sugri I., Yeboah O, Bidzakin JK., Naanwaa C., Nutsugah SK. and Kombiok JM. (2019.
Participatory on-farm evaluation of some storage methods and grain protecants on
guality charaderistics of maize (Zea mays L.). American Journal of Experimental
Agriculture 4 (11): 12681279.

Lanptey S, Ahiabor BDK, Yeboah S and Osei D (2014. Efeda of Rhizobium Inoculants and
Reproductive Gowth Stages on Shoat Biomass and Grain Yield of Soybean
(Glycine max (L.) Merril). Journal of Agricultural Science. 6(5), 44-54.

Ahiabor BDK, Lamptey S, Yeboah S and Bahari V (20149. Efed of different rates of
phosphous fertilizer on soybean {Glycdne max (L) Merril} inoculated with
rhizobium.  American Journal of Experimental Agriculture. 4(11), 1420-1434.

Alexander N. Wiredu, Bright O. Asante, Edward Martey, Aliou Diagne and Wilson Doghe.
2014 Inmpad of NERICA Adoption on Incomes of Rice-Producing Households in
Northern Ghana. Journal of Sustainanlde Devdopment; 7(1)

Caleb Attoh, Edwar d Martey, GT.M. Kwadzo, Prince M. BEtwire and Alexander N. Wiredu.
2014 Can Farmers Recave their Bpeded Seasona Tometo Price in Ghana? A
Probit Regression Analysis. Sustainable Agriculture Research; 3(2)

E Martey, A.N. Wiredu, PM. Ewire, M. Fosu, S.SJ. Buah, J. Bidzakin, B.D.K. Ahiabor and
F. Kusi (2019: Fertilizer Adoption and Use Intensity Among Smallholder farmers
in Northern Ghana: A Case Study of the AGRA Soil Hedth Projed. Sustainable
Agriculture Research; 3(1) 24-36.

Lamptey S, Ahiabor BDK, Yeboah S and Asanoah C (2014. Responseof soybean (Gycine
max) to Rhizobial inoculation and phasphorus application . Journal of Experimental
Biology and Agricultural Sciences, Volume i 2(1): 7277

Martey, Edwar d, Alexander N. Wiredu, Prince M. Ewire, Mathias Fosu, S. S. J. Buah, John
Bidzakin, Benjamin D. K. Ahiabor & Francis Kusi. 2014 Fertilizer Adoption and
Use Intensity among Smallholder Farmers in Northern Ghana: A Case Study of the
AGRA Soil Hedth Projed. Sustainable Agriculture Research; 3(1)

Edward Martey, Alexander N. Wiredu, Prince M. Ewire, Mathias Fosu, S. S. J. Buah, John
Bidzakin, Benjamin D. K. Ahiabor & Francis Kusi. (2019. Fertilizer Adoption and
Use Intensity among Smallholder Farmers in Northern Ghana: A Case Study of the
AGRA Soil Hedth Projed. Suwstainable Agriculture Research; 3(1)

XXXI



Martey, E, P. M. BEwire, A. N. Wiredu and W. Doghe (2014. Fadors Influencing
Willingness to Participate in Multi-Stakeholder Platform by Smallholder Farmers in
Northern Ghana: Implication for Reseach and Development. Journal of
Agricultural and Food Econamics. (Submitted).

Mohammed A. M., Na&b J. B., Nartey E and Adiku S. G. K., 2014 Carbon mineralization
from plant residue-amended soils under varying moisture conditions. Journal of
Experimental Biology and Agricultural Sciences, 1(7) pp 491-498

Dogbe W., Aliyu S, Inusah 1.Y.B., Nutsugah SK., Bwire P. M., Doku W., Mawunya M.,
Krofa E O., Halolo, E, and Abdu-Rahman A. (20149. A conparative analysis of
the agronomic characeristics and economic benefits of using certified seed and
farmer saved seed of rice (Oryza sativa L) at different nutrient management
regimes: Evidence from on-farm testing in the CGuinea Savanna rice growing
ewmlogies of Ghana. African Journal of Agricultural Research Vol. 9(43), 32153225

J K. Bidzakin, K. Acheremu and E. Carey, 2014 Neals Assessment Of Swed Potato
Production In Northern Ghana: Implications For Reseach And Bxtension Eforts.
ARPN Journal of Agriculture and Biological Sciences; 9 (9): 315319

John K. Bidzakin, Smon C. Faor and Daniel Asuming-Brempong 2014 Performance of
Micro and Smell Scde Agribusinessesin Northern Region of Ghana: Non-financial
Analysis. Asian Journal of Agricultural Extension, Economics & Scciology, ISSN:
2320i 7027, 4(1):11-20

John K. Bidzakin, James M. Kombiok, Samuel Sada J. Buah, and Jean M. Sogbediji, 2014
Economics of combining organic and in-organic fertilizers for maize production
under two tillage systems in the northern Savanna zone of Ghana, ARRN Journal Of
Agriculture And Biological Sciences; 9 (9): 417-426

Atakora, K. Williams, Fosu Mathias, Safo E Yeboah, Tuffour O. Henry, Tetteh M. Francis
(20194. Responsiveness of obadanpa meize grain yield and biomass to soll,
wedaher and crop genetic variations. Journal of Plant Breeding and Genetics, 02
(01): 31-43

Atakora, W. K. Fosu, M., Safo, E Y., Tuffour H. O. and Tetteh, F. M. (2019 Response of
maize growth and development to mineral fertiizer and soil charaderistics in
Northern Ghana. Internationa Journal of Advance Agricultural Research 2(1) 67-
76

XXAI



Williams Kwame Atakora., Mathias Fosu. and Francis Marthey (2014. Modeling Maize
Production towards Site Spedfic Fertilizer Recommendation in Ghana. Globad
Journal of Science Frontier Research: Agriculture and Veterinary 14(6) ISSN:
0975-5806

Henry Oppong Tuffour, Mensah Bonsu, Williams Kwame Atakora, and Awudu Abubakari
(2014. BEvaporative Cooling of Wet Soil Surface under Different Agricultural
Land Use Systems. International Journal of Scientific Research in Environmental
Sciences, 2(9), pp. 323-33,, 2014

Karine Z. Nyiawung, Desmond G. Mortley, Abukari Issah, Marceline Egnin, Conrad K.
Bonsi, Walter A. Hill, Barrett T.Vaughan, (2014. Journal of Alternate Energy
Souces and Techndogies 5(3) pp 6-12

Haruna Mohammed , R. Akromah , M. Abuduai , S. A. Mashark and A. Issah (2019
Genetic Analysis of Resistance to Pod Shattering in Soybean, Journal of Crop
Improvement, 28 (1), 17-26

Conferences Attended

Alexander N. Wiredu, Edward Martey, and Mathias Fosu. (2014. Describing Adoption of
Integrated Soil Fertility Management Pradices in Northern Ghana. Conference on
International Research on Food Seaurity, Natural Resource Management and Rural
Devdopment. Tropentag 2014 Prague, Czech Republic September 17-19, 2014

Theses

Kusi F. (2014. Deployment of the cowpea aphid resistance gene for cowpea improvement in
Ghana. A thesis submitted to the University of Ghana, Legon, in partia fulfilment of
the requirements for the award of Doctor of Philosophy degree in Plant Brealing.
139 pp.

Abukari, Issah Alidu. (2019. S-metolachlor phytotoxcity in sweed potato. Thesis submitted
to Department of Plant Science, Faaulty of Agriculture, Mississippi State University
in partial fulfilment of the regquirements for the degree of Doctor of Philosophy in
Agricultural Science. Pp 128

Askia Musah, Mohammed, (2014. Biomass, cabon, nutrient stocks and litter decomposition
in Ghanaian cocoa emsystem A thesis submitted to the Schod of Archaeology,
Geography and Environmental Science, Soil Reseach Centre, in fulfilment for the
requirement for the degree of Doctor of Philosophy. Pp 266

XXXIii



Musah Iddi, (2014. Document management System for the Savanna Agricultural Reseach
Institute. A thesis submitted in partia fulfilment of the requirement for the Degree
of Bachelor of Science in Information Techndogy to the Acca Institute of
Techndogy, Advanced Scoal of Systems and data Studies. Pp 74.

Adjebeng-Danquah Joseph (2014. Genetic studies of physiologicd and morphdogicd traits
associated with drought tolerance in cassava genotypes. A thesis submitted to the
University of Ghana, Legon, in partia fulfiment of the requirements for the award
of Doctor of Philosophy degree in Plant Breeding. Pp 220

Anabire Asungre Peter, (2014. Charaderisation of Peal Millet [Pennisetum glaucum (L) R.
Br] germplasm in Gnhana. A thesis submitted to the Department of Crop and Soil
Sciences, Faaulty of Agriculture, KNUST, Kumasi, in partia fulfilment of the
requirement for the degree of Master of Science in Agronony/Plant Breading. Pp

XXXIV



MAJOR ACHIEVEMENT IN RESEARCH
SCIENTIFIC SUPPORT GROUP

The Scientific Suppat Goup (SS5 is made up of Agronomists, Soil Scientists,
Agrometeorologist, Entormologists, Plant Breeders and Plant Pathologist whose objedives
include conducting on-station investigations to find solutions to problems encountered on
farmerso fields. Such problems, under normal circumstances, do not lend themselves easily
amenable at the farmersd level. Members of the group when necessary work in collaboration
with the Farming Systems Reseach Groups on-farm to monitor and evaluate new technologies
being assessed on the farmerséfields. Presented below are reports on adivities caried out in
2014.

AGROMETOEROLOG Y
Monitoring of weather elements at CSIR-SARI stations

Principal Investigator: Alhassan Lansah Abdulai
Collaborating Scientists: RA.L. Kanton, S.S Buah, W. Dogbe
Estimated Duration: Long Term

Sponsors: Government of Ghana

Location: Nyankpala, Mangaand Wa

Background Information and Justification

The production and productivity of agriculture in the Savannah zone of Ghana is highly
dependent on the patterns of weaher elements prevalent for any given yea. This is becaise
crop growth and development is affeded by weaher elements. Rainfed agriculture is the
mainstay of the Savannah zone where CSIR-Savanna Agricultural Reseach Institute (CSIR-
SARI) has the mandate for producing agricultural tecdhndogies for enhanced productivity.
Climete variability influences the production systems of this area Successful development and
deployment of agricultural techndogies (crop varieties and appropriate agronomic pradices) is
prerequisite for optimizing agricultural production. This requires acarate information on
wedher elements. The Agro-meteorology unit monitors the patterns of weather elements
within the mandate area and maintains the data base. The unit also reports the outlook on
wedher elements as well as commnunicates the implications of such observed patterns in
wedaher elements for agricultural production.

Accurate and timely information onthe key weaher elements is not only acrucial output for
the Agro-meteorology unit but also required for effedive delivery on the mandate.



Objedives

1. To produce reference point climatic informetion for the reseach stations of CSIR-
SARI

2. To analyze and present data and agro-meteorologicad information in appropriate
formet, and ensure accessibility of such for use by reseachers and other stakeholders
for meking agricultural dedsions

3. To provide weaher information for developing techndogies that can enhance the
resilience of rural households to climaete change and variability

Expeded Beneficiaries
Reseach Institutes, MOFA, NGOs and farmers and other clientele of reseach output.

Materials and Methods

Manual and automated weeaher stations were used for data collecion. Parameters monitored
were rainfall, pan evaporation, tenperature, solar radiation, relative humidity, wind spedd,
wind diredion, wind gust and sunshine hours.

Results/Major Findings
The humd period of 2014 started in June and lasted till the end of October and August was the
most humid month (Figure 1a).

Rainfall was below normal and lower than that of 2013. Unlike 2013 there was no terminal
drough in 2014 because of the quantum of rain in October (Figure 1b). Mont hly anomelies for
minimum temperature ranged from -1.3 to 3.8°C with 9 months having higher than normal and

3 months having lower than normal minimum temperature. August was the only month with
lower than normal minimum temperature during the growing season of 2014 (Figure 1c).
Monthly anomalies for meximum temperature ranged from -11 to 2.7°C. Below normal
meximum temperatures were observed in April and October, therefore monthly mean
meximum temperatures were above normal throughou the crop growth period (Figure 1d).
Above normal rainfall was receved in three months only, but there was no terminal drought
because rainfall in October was 742 mm above normal (Figure 1e) and 334 mm higher than
that for 2013 (Figure 1f). The criticd role of October rains for success of crop production in
Nyankpala and its catchment was demonstrated by the rainfall pattern in 2014
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Figure 1: Monthly patterns of rainfall and evaporation (a) longterm and current rainfal,
(b) anomalies for maximum temperature, (c) minimum temperature, (d) anomalies of
rainfall against long term mean, (e€) against previous year and (f) Nyankpala in 2014

Dekadal anomelies for minimum temperature ranged from -1.3 to 3.6'C; was above normal for

32 of the 36 annual dekads; was normal for 1 dekad only; and was lower than normel for the

7th, 24th and 36&h dekads (Figure 2a). Dekadal anomdlies for meximum temperature ranged
from -1.0 to 3.2°C; was below normal in 8 dekads; and was above normal in 28 dekads (Figure

2b). Dekadal rainfall anomelies for 2014 were between -44 and 100 mn 7 dekads were above
normel; 3 dekads were normal; and 26 dekads were below normal (Figure 2c). The positive
anomalies observed for the 28" and 30" dekads reduced the risk of terminal drought in 2014
Compared to the previous yea, 10 of the dekads were same as the previous yea, 16 dekads
were below the previous yea, while 10 dekads were above that of the previous yea (Figure

2d).
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Figure 2: Decadal patterns of anomalies for minimum temperature (a) and maximum
temperature (b), anomalies of rainfall against long term mean (c) and against previous
year (d) for Nyankpala in 2014

Conclusions/Recmmmendations

The rains were well distributed for the yea under consideration while the thermal environment
could best be described as favorable. The combination of these elements creaed a yea with
grea potential for crop production as well as enormous challenges in the form of diseases and
insed pests pressure. It is recommrend ed that varieties or cultivars be seleded in such away as
to avoid the criticd phases in terms of moisture requirements coinciding with the second and
third dekads of October.



Enhancing the Resili enceand Adapti ve Capacity to Climate Change through integrated
land, water and nutrient management in semi-arid West Africa (ENRACCA -W A)

Principal Investigator: Alhassan Lansah Abdulai
Collaborating Scientists: S.SJ. Buah and JK. Bidzakin
Estimated Duration: 2 yeas

Sponsors: CORAFWECARD

Location: Demonaayili, Kpalsoguand Sibelle

Background Information and Justification

Climate change is confronting smellholders with multiple chalenges and uncertainties since
most rural households rely on rain-fed production for their livelihood and have weg buffering
mechanisms to proted them from negative impads of climate shocks. Even thoudh farmers
aready use a broad variety of mechanisnms to cope with variable weaher condtions and adapt
to climate change, strategies that will enhance resilience and ability to cope with risks are still
needed.

The projed aims to contribute to improving food seaurity by increasing agricultural
productivity through the use of appropriate SLWNM pradices to enhance cgpadty of
smallholder farmers to manage climate risks and reduce their vulnerability to climate change
and its impads.

Objedives

To strengthen the resilience and adaptive capadty of participating comnunities and institutions
to cope and adapt to climate change and variability through up-scaing of integrated land, water
and nutrient management strategies and creaion of enabling environment.

Expeded Beneficiaries

The primary beneficiaries of the projed were rural comrmunity groups exposed to the socio-
eoonomic and environmental impads of land degradation. Secon dary beneficiaries include the
frontline staff of MOFA and field staff of NGOs who trained as trainers on climate change and
its response options. An estimated 200 households potentially benefited from improved
management of land and water resources, resulting in enhanced land productivity and income
generation. Among these, spedal efforts were devoted to ensuring that the projed benefits at
least 25-30% of households headed by women. All comrmunity members likely benefited from
the successful inplementation of the projed, as they used the results to better improve any
agricultural-related dedsions in order to reduce their vulnerability to climate change and
consequently to improve agricultural outputs.

Materials and Methods

Routine monthly innovation platform meeings were held at the sites to discuss pertinent issues
related to the projed. Demonstration of SLWNM options on maize at Kpalsawgu, Goullahigu
and Dimabi in the Tolon district and Sibelle in the Sissala West district as well as on yam at
Demonaayili in the Nanumba North district. Field days (one ead at vegetative and maturation
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phases) were organized on the demonstration plots to show case the performance of the
seleded SLWNM options at ead of the sites. Harvesting and yield assessment at ead of the
sites as well as shelf life studies for the yam treaded to the seleded SLWNM options at
Demonaayili .

Results/Major Findings

Comrunity members were well versed with good agricultural pradices for maize and yam due
to the discussions during the innovation platform medings. Maize plots treaed to organic
metter suffered less drough stress than plots without organic metter, but plots with
recommended rate of inorganic fertilizers performed best under optimum moisture conditions.
The use of organic matter (5 t/ha) was shown to widen the planting window for yam and gave
better yields than the other treaments. Shelf life of yam did not differ with the different
treaments, allaying the feas of farmers about the deleterious effeds of fertilizer material on
the shelf life of yam.

Conclusions/Remmmendations

The discussions on good agronomc pradices improved the capadty of the participating
community menmbers to cary out agronomic pradices at the most appropriate times. Farmers at
the Sisada West and Tolon districts appredated the effeds of organic maetter on moisture
holding capadty of soils and the ability of crops plots treaed with organic metter to cope with
drought stress. Farmers at Nanumba North district were convinced of the benefits associated
with the use of fertilizer materials on Yam and pledged to replicate that on their farms.



MAIZE IMPROVEMENT

M ulti-Location Testing of Drought Tolerant Varieties and Hybrids in
Regional Trial

Principal Investigator: Alidu Haruna

Collaborating Scientists: M.S Abduai, S.SJ. Buah, RA.L. Kanton and Goria Boakyewaa
Adu

Estimated Duration: Four Yeas

Sponsors: International Institute of Tropica Agriculture (IITA)

Location: Damonga Manga, Nyankpala, Yendi and Wa

Background Information and Justification

In Ghana, maize is the largest staple crop and the most widely cultivated due to its high
potential grain yield, wide adaptability and relative ease of cultivation. It has the greaest
potential of combating food seaurity challenges posed by popuation increase in the country.

The Guinea and Sudan savannas of Ghana have the highest potentia for incressed maize
production and productivity due to its high solar radiation, low night temperatures and low
incidence of diseases. Regrettably production is seriously constrained by natural low soil
fertility (low levels of nitrogen), low investment in nitrogenous fertilizers, reaurrent drought
and Striga hermonthica parasitism These stresses have an overwhelming constraint to maize
production, affecting the livelihood of millions of people, food seaurity and ecnomic
development.

Drought is a mgjor constraint to maize production for the rural poor in the Guinea and Sudan
savannas of Ghana It can be considered second only to poor soil fertility in reducing yield
leading to very high grain yield lossesif the drought stress occurs at the most drouglt -sensitive
stages of the crop growth, such as the flowering and grain fil ng stages. The development of
maize varieties targeted to these areas must therefore be tolerant to drought. Such varieties will
constitute an important, pradicd and reliable approach to incressing meize yield and
productivity in the area thereby enhancing people& livelihoods, food seaurity and economic
development in the region. The Multi-location testing of drough tolerant and striga
resistant/tolerant varieties and hybrids in regional trials through the Drought Tolerant Maize for
Africa (DTMA) Projed seeks to identify such elite germplasm with high yield potential and
tolerance to drought stress. Evaluating varieties across severa locaions for a few yeas makes
it possible to identify and releasse such tolerant genotypes to famers within a short period of
time.

Objedives:

To provide the National Maize Programme a wide range of germplasm from which to identify
and seled superior, stable yielding, drought tolerant maize genotypes for release to farmers for
cultivation or for popuation improvement.



Expeded Beneficiaries: Scientists, Farmers, Seed Companies, Traders, Industrialists and all
stakeholders in themaize value chain.

Materials and Methods

The genetic materials used in this projed comprised of extra-ealy, ealy and intermediate/late
maturing hybrids (single crosses, three way crosses and top crosses) and open-pollinated maize
varieties, and were obtained from IITA, Ibadan and locd sources. They were developed for
grain yield and adaptation to drought and Striga stress fadors.

The experimental design used was RCBDor lattice design with three replicaions aaoss
locaions. The materials were arranged in variety and hybrid trials and planted in Nyankpala,
Yendi and Damongo in the Guinea savanna zone, and Wa and Manga in the Sudan savanna
zone of Ghana. Trials were established in the main cropping seasons of these zones. Each plot
consisted of two rows of eat entry. The rows were 50 mlong and were spaced 0.75 mapart.
Three seals were sown per hill a an intra-row spadng of 50 cm or 40 cm and the seallings
thinned to two plants per hill at 3 weeks after planting (WAP) to obtain the target popuation of
53333 and 66,666 plants per hedare, respedively. Weeds were controlled both chemicaly (by
the use of pre- and post-emergence herbicides) and manually by the use of the hoe. NPK
fertilizer was applied at the rate of 60 kg N hal and 60 kg P.Os hal as basal fertilizer two
weeks after planting and top-dressed with additional N at 30 kg N ha?l four weeks after
planting.

Data are colleded from the two rows of ead plot on plant stand (PLST), plant height (PHT),
days to 50% pollen shed (DTA) and silking (DTA), grain yield (GYLD), root lodgng (RL) ,
stalk lodging (SL), husk cover (HUSK), plants harvested (PHARV), eas harvested (EHARV)
and grain moisture (Moist) at the time of harvesting. The data were analysed using Statistica
System Analyses (SAS, 1996 after conversions of grain yield in kilograms per plot to grain
yield in tonnes per hedare (GYLD) at 15% grain moisture. The data were analysed by location
and were combined acaoss locaions, assuming the random effeds model. Genotypes and
locations were al considered as random fadors in the analysis. The generalized linea model
(GLM) procedure (SAS, 1996 was used to test heterogeneity of variances among the
genotypes and locations.

Results/Major Findings

Based on their mean grain yield performance at spedfic locations or acosslocaions and other
agronomic traits, thefollowing genotypes wereidentified under the different maturity groups
and seleded for either on-farm testing or for further evaluation.

I Bxraearly maturing genotypes:- EBWH-48 EBWH-13, EBWH-42, EEWH-17,
EBWH-19, EBENH-31, EEYH-32, EEYH-39, EEYH-36, EEYH-18, EEYH-21,
EEYH-16 and EEYH-17

9 Early maturing genotypes: - EWH-37, EWH-32, EWH-30, 06C4102 SC535 SC529
EWH-8, EWH-40, EYH-29, EYH-5, EYH-15 EYH-16, EYH-47, EYH-17, 2011
TZEW DT STR synthetic, DTE STR-Y SYN POP C3 and 2011 DTE STR-Y Syn

9 Intermediate/late maturing genotypes: - M142524, M 142514 and M142%5-5
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1 Top-cross DT and DTSTR Hybrids Trial:- M1426-14, M142624, M14265, M1426
17, M142610, M14262 and M1426-3

Four promising drought and striga tolerant top-cross hybrids, TZE-W Pop STR C5 x TZE 7,
TZE-Y Pop DT STR C4 x TZH 17, M1126-2 and M0926-8, identified under this projed in
2012 were proposed to the National Variety Release and Registration Committee (NVRRC) for
release for cultivation by farmers in Ghana. They passed therelease requirements of the
committee and were formally released in April 2015 asTZE 7 Y Pop DT STR C4 x TZH 17:
CSIR- Kunjor-wari; TZET W Pop DT STR C4 x TZE | 7: CSIR- Suhudoo; M11262:

CSIR- Wari-kamana and M09268. CSIR- Kpari-fagko.

Conclusions/Recommendations

Results of combined analyses acoss locations alowed identification of high yielding varieties
and hybrids with stable performance aaoss locaions from ead regional trial. These varieties
and hybrids are suitable candidates for further testing in national performance and on-farm
trials to confirm consistency and performance for release. The results have also identified high
yielding varieties and hybrids with spedfic adaptation to particular locations in the three
regions of Northern Ghana that can be further tested to confirm their performance. The results
would also aid seledion of promising parents with stable performance for breeding and provide
useful information to seled few representative test locaions for conducting future regional
trials.

References
SAS Institute, Inc. 2001 Statisticd analysis software (SAS) user siguide. SAS Institute, Inc.,
Cary, NC.

West Africa Seed Program (Breeder Seed Production of M aize, Riceand
Sorghum)

Principal Inwvestigator:  Alidu Haruna

Collaborating Scientists: I. D. K. Atokple, Wilson Dogbe, M.S. Abdua and Goria
Boakyewaa Adu

Estimated Duration: Three Yeas

Sponsors: CORAFWECARD

Location: Nyankpala, Sakpe and Damongo

Background Information and Justification

Improved sedls are first and foremost, the source of most food and as such are the most crucial
comporents of agriculture. Apart from being a key issue in addressing agricultural
development and food seaurity, it is also a commodity that can promote economic development
and entrepreneurs hip. With the passage and promulgation of a new seed law in Ghana, private
sedor participation in the production of foundation seal has been liberalized. The private
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sedor has taken advantage of this and many private seed companies are springing up. This
therefore cdls for the up-scding of breadersé sead production to med the demands of sedl
companies and farmers for foundation and certified seads production in Ghana and beyond. In
this regard, CORAF/WECARD under the West Africa Seed Program (WASP suppated
CSIR-SARI to produce breeader seeds of maize, sorghum and rice.

Objedives
To multiply and produce breedersd and pre-basic seeds of open-pollinated varieties and
parental lines of released hybrids for founcdation and certified seeds production

Expeded Beneficiaries: - Scientists, Seed Conmpanies, Seal growers and Farmers.

Materials and Methods

Breeder sed fields of maize were established at Damon go, Nyankpala and Sakpe. The isolated
half-sib ea-to-row crossing block procedure for maintaining and producing brealer's seed of
an open-poallinated variety was used. Plant spadng was 0.75m between rows and 0.45m within
rows. An isolation distance of 450 m was ensured to maintain genetic purity. Seead from
individually shelled 100-200 F2 eas, saved as progenitors of the breeader's seal was planted as
individual female rows (ea-rows) in a half-sib crossing block. The male rows were planted
with a bulk sead by compositing equal quantities of sead from all eas. A planting systemof 1
male row alternating with 3 female rows was used.

Off-types, variant and diseased plants were removed from the field before tasseling. All plants
in the female rows were detasseled before they shed pollen. Plants in the male rows that do not
fit the description of the variety were also detasseled. True-to-type eas from the female rows
were harvested as breedersdseed. The harvest seal was dehusked, shelled, cleaned and dried to
moisture of 12%. Clean seal was padked into 50 kg sadks and stored inside a well-ventilated
storeroom.

Results
The variety of maize and quantities of breeder seed per variety produced are asindicated in the
Table below.

Table 15:Quartity of maize breeaders sead produced

Crop Variety Sedal Area (ha) Quantity Remarks
Type Produced (kg)

Wang-dataa BS 10 1,300 Certified

Maize Bihilifa BS 0.6 700 Certified

_Bwul-boyu __BS 10 . 400 . Certified

Tota 2.6 2450 Certified
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Conclusion

Production of seed of open-polinated maize varieties requires that the crop is sufficiently
isolated from potential contaminant crops to maintain varietal purity. Meeing the isolation
requirements is a challenge on-station during the main cropping season. Owing to this, the seed
production was caried out either during the off season under irrigation or at far distances and
this maekes the cost of production very expensive.

Support for Agricultural Researchand Development for Strategic Crops
(SARD-SC)/ Technology Testing and Fine-Tuning.

Principal Investigator: Alidu Haruna

Collaborating Scientists: Goria A. Boakyewaa James Kombiok, Hora C. Amagloh Prince A
Maxwell and M.SAbdulai

Estimated Duration: Fve Yeas

Sponsors: Suppat for Agricultural Reseach and Development for Strategic Crops (SARD-
SO T IITA

Location: West Gonja and Mion Districts

Background Information and Justification

Maize is of paramount importance in the diets of many Ghanaian. It is the largest staple crop
and the most widely cultivated due to its high potential grain yield. Unfortunately, its
production in the country is seriously constrained by low nitrogen (low N) among other stress
fadors, affeding peopleé livelihoods, food seaurity and economic development. Annual maize
yield loss due to low-N stress varies from 10 to 50% (Wolfe et al., 1989. Althoudh the use of
nitrogenous fertilizers can improve the situation, availability and cost of fertilizers are also a
serious limitation. The use of low N tolerant maize genotypes is the most economicdly feasible
and sustainable approach to stabilize maize yield on-farm.

Maize suppiies many maco- and mcronutrients necessary for human metabolic neds;
however, it ladks B vitamins and the essential amino adds lysine and tryptop han. White maize
varieties, which are widely preferred by Chanaian, ladk provitamin A carotenoids and vitamin
A is essentia for immunity, growth, and eyesight (Nuss ET and Tanumihardjo SA, 2010.
High-quality protein sources, such as eggs, mea, dairy products, and legumes, provide total or
conmplementary sources of the amino adds limited in maize, but many rural poor have limited
access to these foods (NRC, 1988. Quality Protein Maize (QPM) has potential to augment
hedthy growth and protein metabolismin the rural poor who consume nmeize on a daily basis.
QPM is a nutritionally enhanced crop with the potential as a tool for globa hedth
improvement. Rural popdations in Ghana may benefit substantially from QPM becaise of the
high rates of daily maize intake coupled with low intake of balanced -protein foods containing
essential amino adds. Making simple dietary substitutions of comnon maize with QPM can
augment intake of a more nutritionally balanced protein source which can result in measureéble
hedth impads.
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Development of QPM and low N tolerant maize varieties will constitute an important
intervention to incressing maize yield and productivity; thereby enhancing peoplets
livelihoods, food seaurity and economic development in Ghana. The Techndogy Testing and
Fine-Tuning adivity through the Suppat for Agricultural Reseach and Development for
Strategic Crops Projed seeks to identify high yielding QPM varieties and or low N tolerant
maize varieties for cultivation by farmers.

Objedives

To provide the National Maize Programme awide range of Low N tolerant and QPM maize
germplasm from which to identify and seled superior stable yielding QPM and low N tolerant
maize genotypes for relesse per se to farmers and or for popuation improvement.

Expeded Beneficiaries: - Scientists, Farmers, Seed Companies, Traders, Industrialists and all
stakeholders in the maize value chain.

Materials and Methods

Nine sets of trials comprising three sets ead of Early white Quadlity Protein Maize (QPM)
hybrids made up of twenty genotypes, three sets of Aflatoxin Resistant multiple stress tolerant
trial made up of sixteen genotypes and Low N multiple stress tolerant popuations made up of
twelve genotypes were established aaoss three locaions ead in the West Gonja and Mion
Districts.

A two row plot per entry of the Early White QPM hybrids and the Low N multiple stress
popuation trials were established. Each row measured 5m long and 0.75m between rows. The
design was a Randomized Complete Block design with three replicaions. One row per plot,
measuring 5m long and 0.75m between rows, of the Aflatoxin Resistant 3-way cross hybrid
trial was established on a 4 x 4 lattice design with three replications. Data was colleded on
Grain yield, Days to 50% anthesis, Days to 50% silking, Plant and ea heights, Root and stalk
lodging, Plant and Ear asped and mgjor diseases (stre&k, blight, rust and curvularia)

Results/Major Findings

Six top performing genotypes, two from the Early white QPM multiple stress tolerant trial
(EWQPMH-5 and EWQPMH-2), two from the Aflatoxin 3-way cross hybrid trial (M1461-13
and M1461-15), and two from the low N nmultiple stress popuations trial (LNE DMRSR Y Syn
and LNE DMRSR W Syn) were identified as possible candidates that could be relessed to
farmers in Ghana for commercial production. These will be advanced to on-farm reseach
while all the trials will be repeaed at all locations to authenticate and provide suppating data
to be able to maeke informed choices.

Conclusions/Recmmmendations

The rural popuations may benefit substantially from QPM varieties because of the high rates
of daily maize intake coupled with low intake of balanced -protein foods containing essential
amino adds. Making sinmple dietary substitutions of comnmon maize with QPM can augment
intake of a more nutritionally balanced protein source which can result in measureeble hedth
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impads. The use of techndogies that maximally utilize available nitrogen with low N tolerant
maize varieties can be an economicdly feasible and sustainable approach to stabilize maize
yield on-farm The development, deployment and use of low N meize varieties can therefore be
of grea advantage to the rural resource poor maize farmer.
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Demonstration of Drought/Striga Tolerant M aize Varieties in Integrated
M aize Production Technologies in Eight Districts of Ghana

Principal Investigator:  Alidu Haruna

Collaborating Scientists: M.S. Abdulai, Goria Boakyewaa Aduand Alhassan Lansah
Abdulai

Estimated Duration: Three Yeas

Sponsors: GZ

Locations:  On-farm.

Background Information and Justification

Maize production is constrained by reaurrent drough, increasing rainfall variability, Striga
hermonthica parasitism and low soil fertility. Economic impad of these constraints on maize
production is very high. Drough coinciding with flowering and grain filling in maize can
reduce grain yield by 50% and 21%, respedively. Annual maize yield loss due to low-N stress
varies from 10 to 50% (Wolfe et al., 1989. Striga hermonthica acmunts for an estimated 7
bill on tons in loss of cered yield eat yea. Yield losses in maize may range froml0 to 100%
depending on the genotype grown, climatic condtions, soil fertility status and levels of
infestation (Lagoke 1998 Kroschel 1999. Drough stress and low soil-N aggravate Striga
hermonthica parasitismon maize.

Yield loss due to low N is caused by little or no application of inorganic fertilizers by farmers,
rapid mineralization of organic matter in the soil and frequent bush burning and extensive land -
use intensification which has led to serious land degradation and nutrient depletion with
Nitrogen being the most depleted nutrient. Although the use of nitrogenous fertilizers can
improve the situation, availability and cost of fertilizers are also a serious limitation. The use of
techndogies that maximally utilize available nitrogen with host plant tolerance/resistance is the
most economicdly feasible and sustainable approach to stabilize maize yield on-farm. The
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combined use of organic manure and inorganic fertilizer is a highly favoured option for maize
production. Several studies have shown that 30-50 kg/ha of NPK fertilizer when combined
with 4 to 5 t/ha of inorganic manure will approximate grain yields of 100-120 kg of inorganic
N alone (Crasky and Iwuafor, 1999.

Demonstration trials were carried out in 16 comnunities in the Northern and Brong-Ahafo
regions using the drought/striga tolerant varieties with combined use of organic manure and
inorganic fertilizer techndogies. These trials were aimed a showcasing the ability of
drought/striga tolerant maize varieties to reduce climate-related yield losses of the small-scde
resource poo farmers in the savanna and forest-savanna transition zones of Ghana where
drought, Striga infestations and low soil fertility are major constraints to maize production.

Objedives
i To increase production and productivity of maize per unit area by adapting drought
and Striga tolerant maize varieties to recommended scientific and sustainable
management pradices in meize production
ii. To reduce poverty, improve food seaurity, income and livelihoods of small-scae
resource poor farmers in the Savannah and forest-savanna transition zones of Ghana.

Expeded Beneficiaries: - Scientists, Farmers and Seed producers.

Materials and Methods
Demonstration fields were established on lead farmers' lands in ead of the 16 comnunities in
the intervention Districts of the Adaptation of the Agro-Eco-Systems to Climate Change
(AAESCQ). There were 16 demonstration fields aaoss 16 locations (communities). Each
demonstration field, measuring 46 m x 46 m (2116 n¥), was ploughed and harrowed and
divided into four blocks ead measuring 46m x 10m with a 2m walk way between them Four
levels of fertilizer were applied. These included:

1. No inorganic fertilizer nor organic manure (Control),

2. Sole fertilizer (250 kg NPK/ha +120 Kg SA/ha; recommended rate of inorganic

fertili zer)
3. Yrate of inorganic fertilizer + % rate organic manure (2 t/ha)
4. Sole organic manure (4 t/ha of fertisol)

These were randomly assigned to the blocks, and ead block was sub-divided into four (4)
plots ead messuring 10m x 10m with 2m walk way between sub-plots. Four varieties of
maize (three drought/striga tolerant varieties and a farmer Svariety) were randomly assigned
to these sub-plots. Planting was on the flat and garden lines were used to ensure straight row
planting and optimum plant popuation. Rows were 0.75 m apart. Within rows, plant stands
were 0.45m apart with two plants per stand. The experimental design was a split plot arrange
in a Randomised Conmplete Block Design (RCBD) with two replications. The locaions served
as replications within Districts. Treaments were a 4 x 4 fadorial (4 levels of fertilizer; 4
varieties of maize).

14



The organic manure was applied and incorporated well into the soil before planting while the
NPK was applied at 2 leaves stage or 8 1 10 days after planting. The plots recaving inorganic
fertilizer were top-dressed with appropriate amounts of sulphate of ammonia 35 to 40 days
after planting. For the control block neither inorganic fertiizer nor organic menure was

applied.

Data was colleded on Grain yield, Days to 50% anthesis, Days to 50% silking, Plant and ea
heights, Root and stalk lodgng, Plant and Ear asped, Striga count and score at 8 and 10 weeks
after planting and grain moisture at harvest.

Results/Major Findings

The sole fertilizer techndogy gave significantly the highest mean grain yield per hedare whilst
the control and the sole organic manure gave significantly the lowest mean grain yield per
hedare acoss districts. Mean grain yields per hedare of BEwul-boyu, Sanzal-sima and the
Farmersd variety were significantly higher in Chereponi than all the other Districts. The
farmersd variety was significantly taller than the others aaoss the eight districts while Wang -
dataa was significantly shorter than all others aaoss the eight districts.

Wang-dataa was the most preferred variety in Atebubuy, Chereponi, Pru and Bunkpurugu -
Yunyoo Districts. Its preference at Atebubu and Pru Districts was based on its ealiness in
maturity while that of Chereponi and Bunkpurugu-Yunyoo Districts was based on both its
ealiness in maturity and tolerance to striga, as striga is menance in these Districts. Ffty -two
percent of the farmers acoss the eight districts of the AAESCC preferred the sole fertili zer
techndogy as against 31% for the combined organic manure and inorganic fertilizer
technology and 15% for the sole organic manure. Farmers cited the bulkiness and availability
of the organic manure in sufficient quantity when needed as limitations to the use of
techndogies involving sole organic manure or conbinations of organic manure and inorganic
fertilizer. The sole fertilizer techndogy was the most preferred in seven districts out of the
eight districts of the AAESCC interventio n used.

Conclusions/Recommendations

The 2015 trials will be condwcted on the same fields and plots used for the 2014 trials to
establish the performance of the organic manure plots after one yea since it is established that
organic manure has aresidua effed in the soil.
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Development of High Yielding Adapted M aize Hybrids for the Guinea and
Sudan Savanna Zones of Ghana: Breeder and Foundation Seeds
Production of M aize Varieties

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuddai and Prince M. Etwire

Estimated Duration: 3 years (May 2014 - April 20179

Sponsors: Alliance for Green Revolution in Africa (AGRA)

Locations: Nyankpala and Sakpe

Background Information and Justification:

The lack of availability of improved seeds has very often been cited by farmers and other
stakeholders as a mgjor constraint affeding maize productivity and production in Ghana. Seeds
are first and foremost, the source of most food and as such are the most crucial componrents of
agriculture. Thus, seals of improved varieties would need to be multiplied, distributed and
cultivated by farmers for benefits of the improved varieties to be redized. In general,
improving smallholder farmersd access to high quality seeds of improved high yielding
varieties may be considered as one mgjor approach to achieving increased productivity and
production of maize, leading to poverty aleviation and food seaurity enhancement in the
country. To med the demands of maize farmers for certified seeds of improved meize varieties,
there is the neal to up-scde breedersd and pre-basic seeds production of these improved
varieties in the country.

General Objedive: To incresse the productivity of meize at small-scde farmer level by
developing high yielding maize hybrids adapted to the northern savannah emlogies of Ghana.

Spedfic Objedives:
i. Credae farmer awareness of newly relessed meize hybrids in Ghana.
ii. Develop and release high yielding maize hybrids with multiple tolerance/resistance to
biotic and abiotic stresses (drought, Striga hermonthica and low soil nitrogen).
iii. Enhance farmer access to high yielding Striga hermonthica and drought tolerant,
and nitrogen use efficient maize hybrids

Expeded Beneficiaries: Farmers, Seed companies, Input deders and Traders.
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Materials and methods:

The projed established foundation seed production plot of GH110 and breader seed production
plot of Wang-Dataa at Sakpe in the Mion district of northern region of Ghana. The isolated
half-sib ea-to-row crossing block procedure ((Badu-Apraku et al., 2014) for maintaining and
producing breeder sb sead of an open-polinated variety was used for the breader seed
production of Wang-dataa An isolation distance of 400 m was ensured to maintain genetic
purity since the breeder SHseal provides the source of the first and subsequent incresse of
foundation seals. The breeder Hseal production began with the seal of individualy shelled
eas, saved as progenitors of the breeder Hseal. Seeds from these eas were planted as
individual female rows (ea-rows) in a half-sib crossing block. The mele rows were planted
with a bulk made-up by compositing equal quantities of seed from all eas. A planting system
of 1 male row aternating with 3 female rows was used. All plants in the female rows were
detasseled before they shed pollen. Prior to harvest, 4-8 plants in approximately 50% of the
ea-rows that med the varietal description for plant traits were seleded and tagged, two -to-four
eas that best fit the ea and grain charaderistics of the variety were seleded from the tagged
plants in eac family and were saved as progenitors of breader sdseed. All other true-to-type
eas from the remaining ea-rows were harvested and saved as breeder Sseed of the variety.

The single cross of Mamaba, GH110Q involves Entry 6 and Entry 70 as the female and male
parents, respedively. Parental inbred line maintenance and purification were carried out in a
nursery at Nyankpala, while foundation seed production was caried out at Nyankpala. The
female and male parents were grown in the same field, but isolated from other fields by 400 m
The parents were sown in 1:3 ratio for mele and female rows, respedively. Detasseling of all
femele rows was dore. All off types, diseased and voluntee crops were removed from both
maele and fermale parental lines before flowering. Ear seledion procedures used were similar to
those describe above. Certification standards for both breeder and foundation seed plots were
maintained under the guidance of the monitoring team from Seed Multiplication unit of the
Pant Protedion and Regulatory Services Division of the Ministry of Food and Agriculture in
Ghana

Results/ Major Findings: About 200 kg breader seeds of Wang-dataa and 50 kg foundation
sedals of GH110 were produced.

References:
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Production and Promotion of Breeder and Foundation Seeds of Improved
Stress Tolerant M aize Varieties and Hybrids (Sub-project 4 of SARD-SC
M aize Commodity Project).

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Alidu Haruna, James Kombiok and Prince Maxwell Etwire
Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Africa Development Bank/II TA

Locations: Nyankpala, Sakpe, Sang and Salankpang

Background Information and Justification:

The ladk of availability of improved seeds has very often been cited by farmers and other
stakeholders as a mgjor constraint affeding maize productivity and production in Ghana. Seeds
are first and foremost, the source of most food and as such are the most crucial components of
agriculture. Thus, seals of improved varieties would neal to be multiplied, distributed and
cultivated by farmers for benefits of the improved varieties to be redized. In general,
improving smallholder farmersd access to high quality seals of improved high vyielding
varieties may be considered as one mgjor approach to achieving increased productivity and
production of maize, leading to poverty aleviation and food seaurity enhancement in the
country. To med the demands of maize farmers for certified seeds of improved maize varieties,
there is the need to up-scde breealersd and pre-basic seeds production of these improved
varieties in the country.

Objedive: To bridge the gap of the shortfal in cetified seed availability in Gnhana by
increasing and maintaining the physica and genetic purity of breederséand pre-basic seeads of
adapted improved varieties of maize in the country.

Expected Beneficiaries: Farmers, Seal companies, Input deders and Traders.

Materials and Methods:

A total of 115 aaes of breeder and foundation seed production plots of five varieties were
established by the projed at Sakpe, Sang and Salanpkang in the Mion district. The isolated
half-sib ea-to-row crossing block procedure for maintaining and producing breeder sbseed of
open-pollinated varieties (OPV) were used (Badu-Apraku et al., 2014. Breeder seeds of
Sanzal-Sma and Obatanpa were produced. An isolation distance of 400 meters was ensured to
maintain genetic purity since the breader sdseed provides the source of the first and subsequent
increase of foundation sedls.

Foundition seeds of Wang-Datag Sanzal-Sma and Ewul-Boyu were produced. Foundation
seed was produced through open-pallination in isolated fields, away from any source of pollen
contamination. An isolation distance of 350 meters were maintained. Bulked breeder sdseal of
the OPV were grown and all off-type plants were rogued before flowering. Also, rogueing for
ea and sedl traits were done before and during harvesting. Foundation sead of hybrids
generaly involves production of single crosses by growing male and female parents in the

18



same field, but isolated from other fields by 350-400 meters. Parental inbred line maintenance
and purification were caried out in a nursery at Nyankpala following the procedures described
by Badu-Apraku et al. (2014. Foundition seed production of Mamaba was caried out at
Sakpe. GH11Q the single cross of Mamaba involves Entry 6 and Entry 70 as the female and
mele parents, respedively. These parents were sown in 1.3 ratio for male and female rows,
respedively. Detasseling of al female rows was dore. All off types and diseased plants were
removed from both male and female parental lines before flowering. Certification standards
for both breeder and foundation seed plots were maintained under the guidance of the
monitoring team from Seed Multiplication unit of the Plant Protedion and Regulatory Services
Division of Ministry of Food and Agriculture in Ghana.

Results/Major Findings: A total of 133 kg of seeds was produced, Table 16 presents the
quantities of individual varieties produced by the projed.

Table 16: Quartities of seal of varieties produced by the project

Variety Variety type Class of sedd Quantity produced (kg)
Wang-Dataa OPV Foundation 300

GH110 Hybrid Foundktion 50

Sanzal-Sima orPv Foundation 250

Ewul-Boyu OorPV Foundktion 300

Sanzal-Sima orPv Breader 280

Obatanpa OorPV Breeder 50

Entry 5 Inbred line Breeder 100

References:
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: M ulti-Location Evaluation of Early and
Intermediate M aturity Groups of M aize Hybrids Tolerant to Drought
(Advance Yield Trials).

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuduai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Alliance for Green Revolution in Africa (AGRA)

Locations: On-station (Nyankpala, Yendi, Damongo, Manga and Tumu)
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Background Information and Justification:

Maize is Ghana®s nunmber one staple crop, acmunting for 55% of total cered production.
About 85% of maize produced is used for human consumption, while the remaining 15% is
used as feed for animals (mainly poutry) (Angelucd, 2012. Maize consunption is projeded
to increase due to popuation growth and increasing per capita income. The vast mgjority of
maize is produced by small scde farmers, most of whom grow maize on marginal lands with
low inputs under rain-fed condtions throughou the country. Under these conditions, maize
yields average approximately 1.7 MT/ha as against an estimeted achievable yield of 6.0 MT/ha
(MoFA, 2011). The Guinea and Sudan savannah emlogies of Ghana are high yield potential
zones for the production and productivity of meize due to the prevalence of high solar
radiation, low night temperatures and low incidence of diseases. However, maize production in
these zones is seriously constrained by several biotic and abiotic stresses. Prominent among the
stresses are drought, Striga hermonthica parasitism and low soil nitrogen (low-N). An annual
yield loss from ead of these stresses in the savannah zones of Sub-Saharan Africa is estimated
at about 10-80% of total maize production (Edmeades et al. 1995 Kroschel, 1999. Under
farmer field conditions, Striga parasitism, drought stress and low-N stress occur simultaneously
and the combined effect of these stresses is very devastating posing grea threa to maize
production and food seaurity in affeded aress. In order to increase productivity of maize at
small-scde farmer level, maize varieties for cultivation in savannah zones shoud have
desirable level of tolerance to the above stresses. This adivity was conduwcted to evaluate
promising drought tolerant ealy and late/intermediate maturity groups of hybrids in drought -
prone areas in northern Ghana to identify the most superior candidates for on-farm trials and
release for production by farmers.

General Objedive: To incresse the productivity of meize at small-scde farmer level by
developing high yielding meize hybrids adapted to the northern savannah ewlogies of Ghana.

Expeded Beneficiaries: Male, female and youth in the maize value chain

Materials and Methods:

Two separate experiments comprising 28 ealy maturing hybrids and 15 intermediate maturing
promising drought tolerant hybrids were planted at Nyankpala, Yendi, Damongo, Manga and
Tumu. Trails were established in the main cropping seasons of the Guinea (Nyankpala, Yendi,
Damongo and Tumu) and Sudan Savanna zones (Manga). Randomized conplete block design
was used in both trials, the ealy maturing hybrids were replicated three times whiles
intermediate maturing hybrids trial was replicated twice. Each plot consisted of two rows of
ead entry. The rows were 5.0 mlong and spaced 0.75 mapart. Plants within rows were spaced
04 m and 05 m for ealy meturing and intermediate maturing varieties, respedively. All
recommended agronomic pradices for maize production at all locaions were observed. Data
was recorded at all evaluation sites for number of days from planting to 50 % anthesis (DA)
and 50% silking (DYSK), anthesis-silking interval (ASl), plant height (PH) and ea height
(EH), number of plants (PHARV) and eas harvested (EHARV) per plot, eas per plant (EPP),
plant asped (PASP, ea asped (EASP), root lodgng (RL) and stalk lodgng (SL), ea rot (ER),
field weight and grain moisture. Analyses of variance were performed for all traits measured

20



using PROC GLM in SAS (SAS, 200). Also, the mean grain yields of top seven grain
yielding hybrids were subjeded to genotype mein effed and genotype by environment
interaction (GCGE) biplot analyses ((Yan et al. 200) to determine the stability of the hybrids
acaoss locations for grain yield and also to target the individual hybrids to spedfic zones.

Results/Major Findings:

In the ealy maturing hybrids trial, the differences among genotypes and locaions were
significant for most traits measured except for: ASl, DA, DYSK and EPP for genotypes;
EHARV, EPP, grain yield (GYLD) and PHARV for locaions. Genotype x locaion (G x E)
interadion effeds were significant for DYSK, grain yield (GYLD), PASP, RL and SL. Grain
yield ranged from 2.74 t/ha in TZEl 7 x TZH 26 to 9.92 t/hain TZEl 25 x TZE 124 The nmost
outstanding hybrids in terms of grain yield were TZE 25 x TZEl 124 TZE-W POP DT STR
CA x TZE 7, TZH 60 x TZH 86, Locd chedk (Tintim), TZE-Y POP DT STR C4 x TZH 17,
TZH 16 x TZH 157 x TZH 129 TZEE-W POP STR C5 x TZEH 21 and TZEE-W POP STR
C5 x TZEH 29 The GCE biplot analyses identified TZE 25 x TZE 124 as the highest
yielding hybrid in Nyankpala; TZEE-W POP STR C5 x TZEB 29 as the top-ranking hybrid at
Manga. The hybrid, TZEl 16 x TZEl 157 x TZEl 129 and TZE-W POP DT STR C4 x TZH 7
were the highest hybrids at Damongo. In ranking of genotypes based on the mean yield and
stability, TZEl 60 x TZEl 86 was the highest yielding and most stable hybrid, inplying that its
ranking was highly consistent acoss locations and thus, an ided hybrid for production in the
three locations.

In the intermediate maturing hybrids trial, the combined analyses of grain yield acoss
locations showed the differences among genotypes and locations to be significant for grain
yield. Grain yield ranged from 2.08 t/ha in M1026-1 to 1100 t/ha in M1026-8. The following
hybrids were seleded for further testing: M10%6-8, locd Chedk (Tintim), M1126-1, M 10264,
M08261, Oba Sup 2 and M0926-11

Conclusions/Recommendations

In the ealy meturing hybrids trial, the observed significant G x E interacion effeds for grain
yield suggested that grain yields of the hybrids varied acoss test locations. This indicates the
presence of spedal environments within the test locations, thus the neal to seled hybrids with
spedfic adaption to those environments. The hybrids, TZEl 25 x TZEl 124 TZEE-W POP

STR C5 x TZEH 29, and TZH 16 x TZE 157 x TZH 129 and TZEW POP DT STR C4 x
TZE! 7 would be suitable for cultivation in Nyankpala, Manga and Damongo, respedively. For
seledion for broad adaptation in maize production, an ided genotype should have both high
mean performance and high stability, thus, TZE 60 x TZEl 86 is the ided genotype for
production aaoss all test locations and other locations within the same agro -emlogicd zones.
The non-significant G x E interadion effeds for grain yield observed in the intermediate
maturing hybrids trial suggested that any superior genotype seleded in one of the test locations
would also be suitable for production in other locetions in the same agro -emlogicd zones. The
experiments will be repeaed in 2015 cropping season and all superior genotypes identified will
be tested on-farm.
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: Hybrid M aize Seed Production Training

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuduai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Alliance for Green Revolution in Africa (AGRA)

Locations: Nyankpala

Background Information and Justification:

Maize cropping systems in CGhana are charaderized by low productivity due to continuous use
of traditional low yielding open polinated meize varieties (OPVs). Maize yields average
approximetely 1.7 MT/ha as against an estimated achievable yield of 6.0 MT/ha (MoFA,
201). The development, adoption and comnercia use of locdly adapted maize hybrids in
Ghana holds the key to increased productivity in the country, since hy brids are known to yield
higher than OPVs. The successful adoption of improved varieties particularly hybrids depends
on their comparative advantage over locd varieties commonly grown by farmers. The
assurance of stable performances of hybrids over the yeas depend gredly on the ability of seed
producers and other key adors in the seed value chain to produce and supply seeals with the
highest genetic purity to farmers. Hybrids sead production unlike OPV maize sead production
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which is relatively easy requires additional field pradices that are criticd to success. Therefore,
strengthening the cgpadty of adors in the seal value chain to effedively fulfil their role in
seal production is crucia to the adoption of newly released hybrids being promoted. The
projed continues its efforts to build the cgpadty of technicd officers diredly involved in seed
production to enhance quality of certified seeds available to farmers.

General Objedive: To incresse the productivity of maize at small-scde farmer level by
developing high yielding maize hybrids adapted to the northern savannah emlogies of Ghana.

Spedfic Objedives:
i. Creae farmer awareness of newly released maize hybrids in Ghana.
ii. Develop and release high yielding maize hybrids with multiple tolerance/resistance to
biotic and abiotic stresses (drought, Striga hermonthica and low soil nitrogen).
ili. Enhance farmer baccess to high yielding Striga hermonthica and drought tolerant,
and nitrogen use efficient maize hybrids

Expeded Beneficiaries: Male, female and youth in the maize value chain particularly
farmers, sed producers, farmers, input deders and marketers

Materials and Methods:

The first training designed to provide participants with theoreticd bading of some criticd
production strategies and techniques needed in hybrid maize seed production was organized on

28h August, 2014 This training course was attended by twenty -three (23) participants from
the private and public seed sedors in northern Ghana. The topics treaed included the
following: Types and classes of seed; Hybrid sead production Agronomy, Maintenance of
inbred parents, Feld and laboratory requirements for seed cetificaion, Seed processing,
padaging and storage. The topics were fadlitated by reseachers drawn from the Council for
Scientific and Industrial Reseach (CSIR) and Ministry of Food and Agriculture (MoFA),
Tamale. The training employed a participatory approach whereby participants were allowed to
express themselves and also share their experiences and chalenges in sedal
production/marketing in Ghana.

Results/Major Findings:

All 23 participants successfully completed the hybrid seed production training. Training
materials on al topics discussed were given to participants for their persona use after the
training. Twenty-one (21) of the participants were men and 2 were women. Table 17 presents
the secor analysis of participants at the training.
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Table 17: Secor andysis of participarts

Institution Number of participants

Maize Breeding Institute

Private Seed Companies

Crop Services- Ministry of Food and Agriculture
Comrmunity Based Seed Producers

WoonN

Conclusion/Recommendation:

The training provided a good oppatunity for participants to gain a better understanding of the
concept and principles of hybrid meize seed production. A training workshop to take
participants through pradicd asped of hybrid seed production techniques, particularly on
agronomy of hybrid maize seal production, maintenance of inbred parents, and field and
laboratory requirements for seed certification should be organised for the same participants .
Such training would provide participants with field pradica exercises and hands -on experience
on these important topics.
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: Low-N M ultiple Stress Tolerant
Populations Trial (Preliminary On-station Trials)

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuddai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Alliance for Green Revolution in Africa (AGRA)

Locations: On-station (Nyankpala, Yendi, Damongo, Manga and Tumu)

Background Information and Justification:

Maize production in the savannahs of Ghana is constrained by biotic (Striga infestation, disease
and pest) and abiotic (drought and low-N) stresses that limt the growth, development and
eoonomic yields of maize. Genotypic differences for grain yield observed in the absence of
stress are largely unrelated to differences observed in the presence of severe stress (Ceccaelli
and Grando, 199]. This indicates that different physiologicd mechanisms may be associated
with high yield in favorable conditions and high yield in unfavorable conditions. Genotypes
seleded for high performance in stress-free conditions likely do not maintain those same high
yields under stress partly due to lack of natural genetic variation of traits advantageous in
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stressful environment (Murphy et al., 2009. Variation for quantitative charaders is under the
control of many genes and the contribution of the genes can differ among environments.
Brealing programmes thus need to examine potential varieties more suited to low-yielding
condtions in which varieties would be seleded that have more advantageous adaptations in
stress condtions such as delayed led senescence improved nutrient economy, locd
environmental fitness, consistent yield, and pest/disease resistance (Tiffany et al., 201J), thus,
increasing the profitability of production under marginal production aress. The main objedive
of this adivity was identify superior maize genotypes with tolerance to low soil nitrogen (Low-
N), Striga hermonthica and drought stress to serve as source germplasm for introgression of
desirable aleles into breeding popuations for improvement.

General Objedive: To incresse the productivity of maize at small-scde farmer level by
developing high yielding maize hybrids adapted to the northern savannah emlogies of Ghana.

Expeded Beneficiaries: Male, female and youth in the maize value chain

Materials and Methods:

Ten intermediate maturing low soil nitrogen (low-N) multiple stress tolerant maize popuations
and two locd chedks (locdly relessed OPV and hybrid) were evaluated at Nyankpala and
Manga under three N levels. The N rates used were 0, 30, and 90 kg N hal. The germplasm
used in this study was colleded from IITA and locd sources. The experimental design used
was 3 x 12 split plot design arranged in randomized conplete block design (RCBD) with the
three nitrogen levels as main-plot fador and the 13 varieties as sub-plot fador. The main plots
(blocks) were separated from ead other by 5 m alley. Each plot consisted of two 5 m long
rows with 0.75 m between rows and 0.40 m between plants. One-half of the nitrogen as Urea
was applied at 2 weeks after planting (WAP), while the remaining half was top-dressed at 6
WAP. Phosphorus and potassium were applied basally at the rate of 60 kg ha! of ead nutrient.

Data was reoorded at all evaluation sites for number of days from planting to 50 % anthesis
(DA) and silking (DYSK), anthesis-silking interval (ASl), plant height (PH), ea height (EH),
number of plants (PHARV) and eas harvested (EHARV) per plot, eas per plant (EPP), plant
asped (PASP, ea asped (EASP, root lodgng (RL), stalk lodgng (SL), ea rot (ER), field
weight and grain moisture. In addition, Stay-green charaderistics (LDTH) was scored for
varieties evaluated at 70 days after planting. Separate analyses of variance (ANOVA) were
performed on al data colleded for ead loceion using PROC GLM in SAS (SAS Institute,

200)). Combined ANOVA aaoss locations and test environments was performed for grain

yield and al measured traits. Least Significent Difference test were used to assess the
differences between means of varieties. Nitrogen use efficiency (NUE) was caculated
acording to Moll et al., (1982,

Results/Major Finding:

The combined analysis of variance (ANOVA) for genotypes aaoss the three nitrogen levels
reveded significant (P O 0.05) difference among genotypes for all traits measured except for
ASI, EASP and PASP. The mean square values for Genotype x Locaion x Nitrogen
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interactions (G x L x N) were not significant for all traits measured except for RL. The non-
significance of G x L x N interadions for grain yield and the other traits indicaed that the
stability in response of the genotypes to nitrogen applied at the three N rates aaoss the two
locations for those traits. All genotypes evaluated showed appredable increases in yield in
response to increases in nitrogen level from 0 - 30 - 90 kg N hal. The mean grain yield of
genotypes recorded under 0 kg N hal, 30 kg N hal and 90 kg N ha?l were 2.28, 6.33 and 9.11
t/ha, respedively. Yield reductions under 0 kg N hal in comparison to 90 kg N ha! treament
and 30 kg N ha! in comparison to 90 kg N hal treament ranged from 71 to 7% and 22 to
31%, respedively. Chedk 1 ( Tintim), LNP Syn-Y and TZLIC6-LN Syn had the highest yield
under 0 kg N hal and 30 kg N hal. Averaged aaoss test environments (i.e. locaion by
nitrogen levels), Chedk 1 (Tintim), TZPB-LN Syn, LNP Syn-W and LNP Syn-Y were the top
four grain yielders. The lowest grain yields were recorded by Ched 2 (Obatanpa), LN-E-
DMRSR-Y Syn, TZE3-DTC2-LN Syn and TZE31-DMRSR-LN Syn. Nitrogen stress delayed
both pollen shed and silking, but the delay in silking was relatively longer under 0 kg N ha-1 as
compared to the other N levels. The mean days to silking of genotypes under 0 kg N ha1, 30 kg
N ha' and 90 kg N hal were 64, 58 and 58 days, respedively. Similarly, EPP deaeased with
reduction in N applied among genotypes, average EPP recorded for genotypes under Okg N ha-
1,30 kg N hatl and 90 kg N ha'! were 0.74, 0.99 and 1.02, respedcively. Differences among
genotypes observed for grain yield were not significant for nitrogen use efficiency (NUE) but
were significant at eah N level. NUE for most genotypes were higher at 30 kg N ha'l. Multi-
trait selecion index involving grain yield, DYSK, EPP, LDTH and PH was used to seled the
following genotypes as tolerant to low-N, LNP Syn-W, LNP Syn-Y, TZE31-DMRSR-LN Syn
and TZLIC6-LN Syn.

Conclusions/Remmmendations :

The results of this study showed that increased grain yield under nitrogen stress was associated
with shorter days to silking, and reduced led senescence and barrenness. LNP Syn-W, LNP
Syn-Y, TZE31I-DMRSR-LN Syn and TZLIC6-LN Syn would be desirable to be used as source
germplasm to improve grain yield and associated traits for low-N tolerance of other varieties.
Drought and low soil nitrogen are related with both leading to poorly developed root systems
(S O. Ajala et al., 2007). Bénziger et al. (1999 showed that improvement for drought
tolerance also resulted in spedfic adaptation and improved performance under low-N
conditions, suggesting that tolerance to either stress involves a comnon adaptive mechanism
The genotypes evaluated in this study will be evaluated under drouglht stress to determine if
such relationship between drought and low-N tolerance do exist in the genotypes studied, to
gather information to be used in the seledion of genotypes with combine tolerance to drought
and low-N for popuation improvement.
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: Evaluation of Early Maturing White and
Yellow Maize Inbred Lines under Stressand Non-Stress Environments

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuddai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Alliance for Green Revolution in Africa (AGRA)

Locations: On-station (Nyankpala and Kwadaso)

Background Information and Justification:

Drouglt, low soil nitrogen (Low-N) and Striga infestation remain the mgjor abiotic and biotic
stresses limiting maize production in the Guinea and Sudan Savannah zones of Ghana
Therefore, the development and use of maize germplasm with tolerance to multiple stresses are
crucial for an increase in maize productivity. There is a crucial need for national breeding
programmes to continue assessing the breading values of potential stress tolerant parents for
developing new and locdly adapted hybrids. Before hybrid development, prospedive parent
seledion is a prerequisite, genetic diversity among inbred lines is important as geneticdly
diverged parents are able to produce high heterotic effeds (Mian and Bahl, 1989. The
availability of predse information on the level of genetic diversity in maize inbred lines
available in a breeding programme could make it essier to identify lines that would produce
crosses possessing high levels of heterosis, enabling the development of high yielding hybrids
without testing all possible hybrid combinations among the potential parents (Moll et al.,
1969. This adivity was undertaken to assess the breeding value of 100 ealy maturing maize
inbred lines for grain yield and superior agronomic performance under artificial Striga
infestation, low-N environment and optimal growing condtions as parents for hybrid
development.

General Objedive: To incresse the productivity of maize at small-scde farmer level by
developing high yielding maize hybrids adapted to the northern savannah emlogies of Ghana.

Expeded Beneficiaries: Male, female and youth in the maize value chain
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Materials and Methods:

One hunded ealy maturing white and yellow inbred lines were evaluated in three separate
experiments at Nyankpala and Kwadaso. Gernplasm used in the experiments were colleced
from the international institute of tropicd Africa (IITA). In the first experiment, the lines were
evaluated for agronomic performance under artificial Striga infestation at Nyankpala. A 10 x

10 lattice design with two replications was used. The experimental units were one-row plots,

ead 3m long with an inter-row spadng of 0.75 m and intra-row spadng of 0.40 m Each entry
was infested with seeds of S. hermonthica. The Striga infestation method of IITA maize
programme was used (Kim 199). In the second experiment, the lines were evaluated under
low-N (30 kg hal) environment at Kwadaso. Also, the lines were evaluated under optimal
growing condtions [High-N (90 kg N ha® and Striga-free environment] in a third experiment
at Nyankpala. The same experimental design and plot size described in the first experiment
were used in the second and third experiments. Data were recorded on low-N, optimal and
Striga infested plots at all sites for number of days from planting to 50 % anthesis and 50%
silking, plant and ea heights, nunber of plants and eas harvested per plot, plant asped, ea
asped, field weight, grain moisture at harvesting and, root and stalk lodgng. Stay -green
charaderistics were scored for the lines evaluated on low-N plots at 70 days after planting. In
addition, host plant damage syndrome ratings and emerged Striga counts were made at 8 and

10 WAP (weeks after planting) in the Striga-infested plots.

Separate analyses of variance (ANOVAs) were performed for all data colleded acoss
locaions for ead reseach environment using CGeneral Linea Model (GLM) of GenStat
Statisticd padkage edition 12 Subsequently, combined analysis acoss locaions and
environments was done. The base indices described below were used to separately seled
inbred lines with superior performance under Striga infestation and low-N environments. Base
Index (Bl) for Striga tolerance = [(2 x GYLD) + EPP i1 (STRAT1 + STRAT2) i 05
(STRCO1+ STRCO2)]. Where GYLD is the grain yield of Striga-infested plots, EPP is the
number of eas at harvest in the Striga-infested plots, STRAT1 and STRAT2 are Striga damage
rating at 8 and 10 WAP, and STRCO1 and STRCO2 are the number of emerged Striga plants
at 8 and 10 WAP. Base Index (BI) for Low-N tolerance = [(2 x Yield) + EPP T ASI T PASP i
EASP - LDTH], Where PASP is the plant asped, EASP is the ea asped, EPP is the ears per
plant, ASl is anthesis-silking interval, and LDTH is the stay green charaderistic (led deah
scores) recorded for lines evaluated under Low-N. Under both Striga infestation and induced
low-N ead trait was standardized, with a mean of zero and standard deviation of 1to minimize
the effeds of different scales.

Results/Major findings:

Significant genotypic differences were observed among the lines for most of the traits
measured, indicating that significant progress could be made from seledion of inbred lines for
improvement in most traits measured for Striga and low-N tolerance except for anthesis-silking
interval, days to anthesis and silking, Striga count at 8 and 10 WAP and Striga damege rating
at 8 WAP under Striga infestation, and except for plant asped, ea asped, plant height, stalk
lodgng and anthesis-silking interval under low-N environment. Averaged aaqoss
environments, mean grain yield of the lines was 76801 kg/ha. Mean grain yield of the lines
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was significantly higher under optimal growing conditions (127304 kg/ha) followed by low-N
environment (837 kg/ha) and under Striga infestation (686 kg/ha). About 4% of the inbred
lines evaluated were identified to possess some level of tolerance to Striga. Fifteen of these
lines, TZEl 146, TZH 485 TZdE 121, TZEl 460 TZEl 16, TZdEl 37, TZH 127 TZH 13
TZEl 136 TZE 461 TZH 365 TZH 25 TZH 474, TZdH 216 and TZdEl 272 sustained
lower Striga damage symptoms at 10 WAP (scores lower than the group mean of 5) and above
mean grain yield under Striga infestation. Also, 4®6 of the inbred lines evaluated were
identified to have some level of tolerance to low-N. Out of the 47 inbred lines charaderized as
low-N tolerant, 19 of them including the lines listed below had higher grain yields and good
led deah scores: TZdEH 283 TZEl 365 TZdH 69, TZE 35 TZEl 449 TZH 157, TZEl 468
TZEl 472 TZE 485 TZE 465 TZEH 13 TZdEl 222 TZH 470 TZdEH 238 TZE 476
TZdHE 272 TZH 462 TZE 3B and TZEl 376 Heritability (broad sense) estimates for days
to silking (0.77), plant height (0.71), led deah charaderistic (0.64) and eas per plant (0.67)
were high under low-N environment, this reveded that mgjor portion of variation observed
among the inbred lines for these traits would be transmitted to progenies to make selection of
parents for improved tolerance to low-N effedive. Smilarly, the moderate to high heritability
estimates for STRATL (0.47) and STRAT2 (0.47) and ea asped (0.77) under Striga infestation
is an indication that seledion for these traits to improve Striga tolerance would be effedive.

Conclusions/Recommendations :

The inbred lines evaluated proved to have adequate levels of variation for grain yield and other
traits measured under Striga infestation and Low-N to allow seledion of inbred lines for
improvement in most of the measured traits for Striga and low-N tolerance. This reveds the
potential of the lines to be used as parents for Striga and low-N tolerant hybrids. Based on the
results of this experiment, thirty elite lines comprising eleven (11) lines with combined
tolerance to Striga and low-N (TZH 485 TZH 13 TZHE 365 TZdH 40, TZH 157, TZH 8§,
TZEl 472, TZEl 25 TZE 470 TZdEl 272 TZdEl 283; Twelve (12) Striga tolerant lines -
TZEl 127, TZH 146 TZdE 121, TZdEl 216 TZE 461 TZE 136 TZHE 16, TZdE 124
TZH 56, TZH 497, TZdEl 37, TZdEl 260 and seven (7) low-N tolerant lines - TZH 449
TZH 10, TZdH 69, TZdH 238 TZH 7, TZH 37 and TZH 323 were seleded for further
studies.
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: On-Farm Demonstration of Newly
Released M aize Hybrids and Related Technologies in Northern Ghana

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Munmuni Abuddai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017

Sponsors: Alliance for Geen Revolution in Africa (AGRA)

Locations: On-farm (West Gonja, Chereponi, Gushegu, Garu-Tempane, Sissala East, Sawla-
Tuna-Kalba districts)

Background Information and Justification:

Maize is well adapted and grows in most of the emlogicd zones of Ghana. It provides a major
source of cdories in many parts of Ghana. In the savannah zones of northern Ghana, It has
nealy replacal traditional staple crops like sorghum and peal millet. An average maize grain
yield on farmerso fields is about 1.7 t/ha as against an estimated achievable yield of about 6.0
t/ha (MoFA, 2011). Maize cropping systems in Ghana and the rest of SSA are charaderized by
low productivity due to continuous use of traditional low yielding open pollinated varieties
(OPVs). Generdly, hybrid maize varieties are known to yield higher than OPVs due to their
improved genetics and nutrient use efficiency. The development, adoption, and commercial use
of hybrid maize in Ghana holds the key to improving maize productivity and promotin g food
seaurity in the country. Three broadly adapted intermediate maturing hybrids (Aseda, Tintim
and Oped bra) with moderate tolerance to drought were relessed by CSIR-Crops Research
Institute (CRl) in 2012 to boost maize production in the country. Howev er, farmer access and
awareness of the varieties are limited. The projed in collaboration with CR and Ministry of
Food and Agriculture (MoFA) conduwcted an extensive demonstration of the hybrids in five
districts in northern Ghana to popuarize the hybrids in northern Ghana whereby promoting
their adoption by farmers and stakeholders.

General Objedive: To incresse the productivity of meize at small-scde farmer level by
developing high yielding meize hybrids adapted to the northern savannah emlogies of Ghana.

Spedfic Objedives:
i. Crede farmer awareness of newly released maize hybrids in Ghana
ii. Develop and release high yielding maize hybrids with multiple tolerance/resistance to
biotic and abiotic stresses (drought, Striga hermonthica and low soil nitrogen).
iii. Enhance farmer& access to high yielding Striga hermonthica and drought tolerant,
and nitrogen use efficient maize hybrids.

Expeded Beneficiaries: Male, female and youth in the maize value chain
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Materials and Methods:

On-farm demonstration plots of three broadly adapted intermediate maturing maize hybrids
(Aseda, Tintim and Oped bra) were conduwcted in 30 comnunities in northern Ghana. Lead
farmers from 6 comnunities ead in Chereponi, Gushegu, Garu-Tempane, Sissala East and
Sawla-Tuna-Kalba districts were provided with seeds of the hybrids for demonstration. The
varieties were planted using Randomized Conplete Block Design (RCBD) with six
replications at ead district (ead community was used as a replicaion). Ead lead farmer was
alowed to plant the hybrids for testing together with his/her own choice variety as a ched.
Farmersd varieties used were mainly late to intermediate maturing improved open pollinated
maize varieties. A plot size of 10 x 10 n? were used. An inter-row spadng of 0.75 m and intra-
row spaang of 0.50 m were used. Two seals were planted per hill. The demonstration plots
were established by traned Adgricultural Bdension Agents (AEAs) and members of
participating Farmer Based Organizations (FBOs) in ead community, and managed by lead
farmers under strict supervision of AEAs. The demonstration plots were also used as leaning
centers where members of participating FBOs were trained in good agronomic pradices for
maize production. Farmer field days were organized at maturity when the eas/cobs were well
developed but not dry to showcase the superior performance of the hybrids.

Data were recorded separately from ead plot at eadh location for plant height, number of eas
and plants harvested per plot, plant vigour score at 4, 6 and 8 weeks, grain moisture, field
weight and 10 grain weight. Plant vigour score at 4, 6 and 8 weeks after planting were
scored for ead plot using the scores below: 1= wed& plants, 2= less vigorous, 3= fairly
vigorous and 4 = More vigorous. Mid-season evauations were conduwcted in al the districts
during which farmers were taken to the meize plots for discussions about the econamic benefits
of the new improved varieties as well as to rank the performance of the varieties. On average,
about 20 male and 20 female farmers in eadr commnunity were seleded to rank the
performance of the varieties at maturity and during harvesting based on their own indigenous
criteria using the scores below: 1 = least preferred, 2 = less preferred 3=fairly preferred,

4=more preferred and 5 = most preferred. The reseachersd recorded agronomic data were

subjeded to analysis of variance using PROC GLM in SAS (SAS, 200). Farmers6 seledion
data were analyzed using simple ranking and descriptive methods in acmrdance with the given
vaue.

Results/Major Findings:

The difference observed among varieties were significant for all traits measured. Location and
genotype x locaion interadion effeds were not significantly (p<0.05 different for al traits
measured except for plant height for locaions and grain yield for genotype x location
interadion effed. The differences between grain yields of Aseda (7.14 t/ha) and Tintim, and
Tintim (6.80 t/ha) and Oped brai (6.27 t/ha) were not significantly different. Averaged aaoss
districts, the hybrids produced 14% more grain than the control varieties. The increased grain
yields of the hybrids as compared to the farmer variety (5.95 t/ha) was associated with ealy
maturity, more number of cobs per plant, goad ea filling, and resistant to lodging,
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At Chereponi, al the three hybrids were liked by male farmers whiles female farmers preferred
Oped bra. Both men and women farmers in Garu-Tenpane preferred Oped brai to the other
varieties. Tintim was the most preferred variety by both male and female farmers in Gushegu,
Sawla-Tuna-Kalba and Sissala East districts except for Gushegu where Oped brai ranked first
anong female farmers. Across districts and gender, farmers did not only seek high yielding
varieties but also ealy maturing and drought tolerant varieties with good standability, as
evident in the pattern of varietal preference of farmers acoss the target districts. Aseda, the
most vigorous hybrid in the study out-yielded Oped brai by 12.2% in the study, but regardless
of its vigorous growth and high yielding potentials, farmers preferred Oped brai due to its good
standability. A total of five field days were organized (one field day per district). The field days
were well attended with over 440 farmers and stakeholders (consisting 211 males and 229
females) participating in events acoss the five districts.

Conclusions/Recmmendations :

The demonstrations provided a good oppatunity for participating FBOs to gain a better
understanding of the use and economic benefits of hybrid maize varieties as well as to have a
hands-on experience of most improved agronomic pracdices for hybrid maize production. In
general, Tintim and Oped brar stand a good chance of adoption in northern Ghana. The
potential constraints to adoption of the hybrids as indicated by some farmers are the cost of
renewing seeds of hybrids every cropping season and the low accessibility of high quality
seds in their communities. It is recommended that members of FBOs be linked to seed
producers to enhance the supply of seeds in thesedistricts and also train community based seed
producer in participating comrunities.
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Development of High Yielding Adapted M aize hybrids for the Guinea and
Sudan Savanna Zones of Ghana: On-Farm Evaluation of Early M aturing
M aize Hybrids

Principal Investigator: Goria Boakyewaa Adu

Collaborating Scientists: Haruna Alidu, M. S. Abdulai, Kwadwo Obeng-Antwi, S. S. J. Buah,
Stephen K. Nutsugah, James Kombiok, Mumuni Abuduai and Prince M. Etwire

Estimated Duration: 3yeas (May 2014 - April 2017 Spons

ors: Alliance for Green Revolution in Africa (AGRA)

Locations: On-farm (Tolon, Bindwi and West Gonja districts)
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Background Information and Justification:

Maize is Ghanas number one staple crop, acourting for 55 percent of total cered production.
About 85 percent of maize produced is used for human consumption, while the remaining 15
percent is used as feed for animals (mainly poutry) (Angelucd, 2012. Maize consumption is
projeded to incresse due to popuation growth and increasing per cgpita income. The vast
mgjority of maize is produced by small-scde farmers, most of whom grow maize on marginal
lands with low inputs under rain-fed condtions throughou the country. Under these
conditions, maize yields average approximately 1.7 MT/ha as against an estimated achievable
yield of 6.0 MT/ha (MoFA, 2011). The Guinea and Sudan savannah ewmlogies of Ghana are
high yield potential zones for the production and productivity of maize due to the prevalence of
high solar radiation, low night temperatures and low incidence of diseases. However, maize
production in these zones is seriously constrained by several biotic and abiotic stresses.
Prominent among the stresses are drought, Striga hermonthica parasitismand low soil nitrogen
(low-N). An annual yield loss from ead of these stresses in the savannah zones of Sub-
Saharan Africa is estimated at about 10% to 80% of total maize production (Edmeades et al.

1995 Kroschel, 1999. Under farmer field conditions, Striga parasitism, drough stress and
low-N stress occur simultaneously and the combined effed of thesestressesis very devastating
posing grea threa to maize production and food seaurity in affeced aress. In order to increase
productivity of meize at small-scae farmer level, maize varieties for cultivation in savannah
zones should have desirable level of tolerance to the above stresses. Participatory varietal
seledion trials of promising drought/Striga tolerant hybrids identified in previous experiments
were conduwted with farmers to alow their participation in the seledion of superior ealy
maturing drought/Striga tolerant hybrids and also to encourage possible adoption of the hybrids
after their release.

General Objedive: To incresse the productivity of meize at small-scde farmer level by
developing high yielding meize hybrids adapted to the northern savannah ewlogies of Ghana

Expeded Beneficiaries: Male, female and youth in the maize value chain

Materials and Methods:

Eght ealy maturing hybrids seleded from previous experiments in 2011-2013 were evaluated
with farmers in Tolon, West Gonja and Binduri districts in northern Ghana. Gernplasmused in
this study were colleded from IITA and locd sources. The mother-baby approach was used.
The hybrids, TZE 25 x TZHE 124 TZH 60 x TZH 86, TZE 129 x TZE 16, (TZE 63 x TZH

108 x (TZH 59 x TZH 87), (TZEQI 4 x TZEQI 33) x (TZEQI 24 x TZEQI 25, TZH 31 x

TZH 18 and (TZE 17 x TZEl 16) x TZEl 157 were planted in three mother trials aaoss the
three districts. Hybrids evaluated in the mother trial were grouped into two sets and evaluated
in two separate trials on farmerso fields at two comnunities in ead district. The first set of
hybrids [(TZEl 63 x TZE 108 x (TZEl 59 x TZEl 87), TZH 25 x TZE 124 TZE 129 x
TZE 16 and (TZEQI 4 x TZEQI 33) x (TZEQI 24 x TZEQI 25)] were evaluated at Boko,
Tingdi and Agriculture Settlement in the Binduri, Tolon and West Gonja districts,
respedively. The sewnd set of hybrids [TZEl 60 x TZEl 86, (TZE 16 x TZEl 157 x TZEl

129 TZEl 31 x TZEl 18 and TZEl 60 X TZEl 86] were evaluated at Kukuo, Sapeliga and
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Frafra settlement No.4 in the Tolon, Bindwi and West Gonja districts, respedively. Three lead
farmers per community were seleded from Farmer based organizations (FBO) to host the baby
trials. Leal farmers were provided with seeds of four different meize hybrids per trial for
testing together with farmers6 own control variety. The experiments were laid out in a
randomized conplete block design and replicated over three farmerséfield in ead community.
Each experimental plot was 10 x 5 m with a gross area of 50m2. Spadng between plant to plant
and row to row were 40 cm and 75 cm, respedively. On average, about 20 male and 20 female
farmers in each comnunity were seleded to rank the performance of the varieties at maturity
and during harvesting based on their own indigenous criteria using the scores below: 1 = lest
preferred, 2 = less preferred 3=fairly preferred, 4=more preferred and 5 = most preferred. Data
was recorded separately from ead plot for days to 50% silking, days to 50% anthesis, anthesis-
silking interval, plant and ea heights, number of eas and plants harvested per plot, plant and
ea aspeds, eas per plant, field weight, grain moisture at harvesting and 100 grain weight.
The recorded agronomic data were subjeded to analy sis of variance using PROC GLM in SAS
(SAS, 200). Farmersd seledion data were analyzed using simple ranking and descriptive
methods in acmrdance with the given value.

Results/Major Findings:

The results of the mother and baby trials indicated that grain yield, number of eas and plants
harvested, ea and plant heights and eas per plant differed significantly (p(0.01) among
varieties and locaions. Genotype x location interadion effed was significant for all traits
except for eas per plant. The significant genotype by location effed suggested that the relative
performance of the varieties differed acoss locaions due to the present of spedal
environments within the test sites. Mean grain yield was 7.98 t/ha in the mother trials. Mean
grain yield of the first set of hybrids evaluated in baby trials ranged from5.4 t/hain (TZE 63 x
TZH 108 x (TZEl 59 x TZHl 87) to 7.7 t/ha in TZE 25 x TZH 124 The hybrids, TZH 25 x
TZE 124 TZE 120 x TZE 16 and (TZEQI 4 x TZEQI 33) x (TZEQI 24 x TZEQI 25) (5.80
t/ha), out-yielded the Farmers variety (5.61 t/ha) by 274% to 3.3%. Generally, farmersé
varieties used in the baby trials were improved late to intermediate maturing open pollinated
varieties. TZEl 25 x TZH 124 was the first most preferred hybrid by both male and femle
farmers aaoss the three districts. Among the second set of hybrids, grain yield ranged from

286 t/ha in TZH 31 x TZH 18 to 588 t/ha in (TZE 17 x TZH 16) x TZH 157 The

difference in grain yield produced by (TZHE 17 x TZEl 16) x TZE 157, (TZE 16 x TZEl 157)
x TZE 129 (5.84 t/ha) and TZEl 60 x TZEl 86 (4.64 t/ha) was not significant. These hybrids
yielded 350, 34.6 and 17.7 % higher grains, respedively, over the FarmersOvariety (3.82 t/ha),
while Farmersd variety out-yielded TZEl 31 x TZEl 18 by 251%. The hybrid, (TZEl 16 X
TZEl 157 x TZH 129 was the most preferred variety aaoss districts and gender. Farmersd
criteria for seledion included ealy maturity, number of cobs per plant, good ea filling, grain
yield, drought tolerant, and good stay green charaderistics. Female farmers seledion was
influenced by grain qualities, espedally grain colour, yellow maize was most preferred by
women.
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Conclusions/Remmmendations
In general, the experiments have shown a lot of farmer interest in ealy maturing hybrids and
has helped to identify varieties which are considered superior to the varieties comnonly used
by farmers. The hybrids, TZEl 25 x TZEl 124, TZEl 129 x TZE 16 and (TZHE 16 x TZE 157
X TZEl 129 produced stable and high yields aaoss all test locaions and have been seleded as
potential candidates for release.

References

Angelucd F., 2012 Analysis of incentives and disincentives for maize in Ghana. Technicd
notes series, MAFAP, FAO, Rome.

Ceccaelli, S, GandgS (199]) Environment of selecion and type of germplasm in barley
breading for low- yielding conditions. Euphytica, 57: 207-219.

Edmeades, GO., M. Banzinger, SC. Chapman, JM. Ribaut, and J. Bolafios. 1995 Recent
advances in brealing for drought tolerance in maize. p. 24i 41 In B. Badu-A praku,
M.O. Akoroda, M. Ouedraogo, and FM. Quin (ed.) contributing to food self-
sufficiency: Maize reseach and development in West and Central Africa Proc. of a
Regional Maize Workshop. 28 Mayi 2 June 1995 [ITA-Cotonoy Benin Republic.

Kroschel, J., Mercer-Quarshie, H., Sauerborn, J. (1999. Advances in Parasitic Weed Control at
On farm Level. Vol. 1. Joint Action to Control Striga in Africa Margraf Verlag,
Weikersheim, Germany. Pp 47 40.

MOFA (201). Agriculture in Ghana: Fads And Fgures (2010, Issued By: Ministry of Food
and Agriculture, Statistics, Research and Information Diredorate (SRID). Pp 13

SAS Institute (200]) Statisticd Analysis Software (SAS) user siguide. SAS Institute, Inc., Cary

35



ROOTS AND TUBER CROP IMPROVEMENT

Sweedpotato germplasm evaluation for early root and dry matter yield.

Principal Investigator: Kwabena Acheremu

Collaborating Scientists: K. Asare, E. Abidin, T. Carey, |. Abukari, E Chamba, J. Adjebeng-
Danquah. Estimated Duration: 2 yeas (2014-2015)

Sponsors: SARI Jumpstarting OFSP Projed

Location: Nyankpala

Background Information and Justification:

High genetic diversity has been observed among the swedpotato gernplasm, with mgjority
being farmers' varieties (Kapinga et al. 1995, existing under different names. In swedpotato, a
lot of gernplasm diversity assessments have been based on morphdogicd and agronomic traits
as well as readion to pests, diseases, ability to produce storage roots under inadequate rainfall
and other stresses (CIPPAVRDC/IBPGR, 1991). These traits, however, vary a lot with
cultivars, environment, stage of growth, and cultural pradices (Jarret et al., 1992 Gchuru,

2003 and hence unreliable when corred identification of germplasm is desired. These

information is very useful for the optimal design of plant breeding progranms, influencing the
choice of genotypes to cross for development of new popuations (Zhang et al., 2000. In
Northern ewlogy, ealy root development is very criticd in the seledion of cultivars.

Objedives:
The objedive was to establish the optimum time of harvest of 8 swedpotato advanced
materials with high dry matter and storageroot yield.

Expeded Beneficiaries:
At theend of the studies, theoptimum time of harvest for ead released variety as well as
markets target will be established.

Materials and Methods:

Eght (8) different clones (TU-1-12, Kuffour, TU-Purple, TU-Orange, Apomuden,
Nagungungi (Nav-1), Obari) with aloacd chedk, Voggu were planted in a4 x 12 m main plot.
The main plots were then splitted into 3 subplots, on which 3 harvesting dates were randomly
imposed. The main plots were replicated 3 times and the subplots were harvested at 90, 120
and 150 DAP. The data colleded were plant establishment, vine length and vigour, root
number, root weight, vine weight, virus incidence, root cracks, weevil incidence and number of
plants with roots.
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Results/Major Findings:

There was significant (p< 0.05 cultivar differences, as well as harvest dates on root yield,
number of roots, and dry matter percentage. Nav-1 recorded the highest number of storage
roots per the plot area 88n? at 90 and 120 DAP, with average number of 27 and 44,
respedively. However, the number of roots dropped to 16 at 150 DAP. In a similarly pattern,
the locd ched, Voggu-O recorded the relatively the lowest number of marketable storage
roots of 14, 22 and 10, respedively at the 3 harvest dates (Table 18). At 120 DAP, Nav-1,
Kuffuor, Apomuden and Obari recorded about 1t/ha of root yield per plant.

The line TU-1-12 recorded the highest number of non-merketable storage roots 93 120 and
125 at the 90, 120 and 150 DAP, respedively (Table 18). TU-1-12 recorded the lowest (5.42
t/ha) marketable roots yield at 120 DAP (Table 18). Apomuden recorded the lowest (1.12 t/ha)
marketable root yield at 150 DAP. This low results could be attributed to the high root damage
recorded. The highest marketable root yield (5.37 t/ha) was recorded by obari at 150 DAP. This
results is suggest that Obari can be left stored in-ground beyond 120 DAP and harvested at
piece med.
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Table 18: Marketable and Non-marketable storageroot yield at different harvesting dates.

CRWtha NCRWtha
Variety 90 DAP 120 DAP 150 DAP 90 DAP 120 DAP éig
Apomuden 551 1093 112 2.7 355 1173
Kuffour 5.61 1336 463 1A 118 917
Nav-1 7.97 16.03 4.02 4 5.78 1255
Obari 517 1353 5.37 213 417 1115
TU-1-12 272 542 36 2.65 554 7.84
TU-Orange 167 6.08 414 252 4.66 74
TU-pur ple 5.05 8.87 4.14 25 275 6.99
Voggu-O 3.68 7.25 262 225 299 6.89
Mean 4.7 10.2 37 2.6 38 9.2
CV(%) 319 319 319 306 306 306
Lsd 3.03 3.03 3.03 21 21 21

CRW tha= Marketable/commercial rods weight in tonnes per hedare, NONCR= Non-
mar ketable/Non-commercial roas weight in tonnes per hedare, DAP= Days after
planting

Conclusions/Recommendations :

There was a general pattern of growth and yield of the swedpotato evaluated. Genotypes
Kuffour, Nav-1, which are orange-fleshed varieties, and Obari, a white type, have been
identified to have grea potential for relesse in the swedpotato growing areas in the North.
They are shown to be ealy, high yielding and of relatively high DM%. Above all, well adapted
to the northern emlogy. On the other hand, TU-Purple recorded relatively high vyields,
resilience, and high DM, with high anthocyanin, will also be considered for release becaise of
its unique nutritional value.
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M ulti-locational evaluation of sweepotato germplasm for yield stabili ty.

Principal Investigator: Kwabena Acheremu.

Collaborating Scientists: K. Asare, E Abidin, T. Carey, E Chamba and |. Abukari
Estimated Duration: 2 yeas.

Sponsors: SARI Jumpstarting OFSP Project

Location: Nyankpala, Damonga Mangaand Navrongo

Background Information and Justification:

Sweepotato is one of severa crops that farmers can produce to obtain cash income in addition
to subsistence food seaurity. Swedpotato roots are a hedthy food because all varieties have
high levels of vitamins C and E, several B vitamins, iron, zinc, potassium, and fibre. There is
lack of access to virus- and pest-free il lean0 planting meterial, as well as improved varieties
adapted to locd environments that med consumer preferences is hampering production. With
high sweetpotato gernmplasm diversity observed among farmers, mgjority being farmers'
varieties (Kapinga et al. 1999, existing under different names. The corred identification of
germplasm is desired. These information is very useful for the optimal design of plant brealing
programs.

Objedives:
1. Charaderize 6 swedpotato clones for yield performance acoss the Guinea Sudan and
Sahel savannah zones in Northern Ghana.

2. Identify and document their responses to pest and diseases.

3. Register the best performing clones with the National Varietal Release Comnittee for
official release.
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Expeded Beneficiaries:
The clones are being evaluated at the multi-locaions for observation and release as varieties
for Northern Ghana.

Materials and Methods:

Four (4) germplasm materials namely, Nav-1, TU-purple, Kuffour, TU-orange and 2 checks,
Apomuden (improved cultivar) and farmersé variety were evaluated at Damongo Manga,
Nyankpala and Navronga They were established in a randomized conplete block design and
replicated 3 times in a plot size of 4m x 5m. Data colleded include vine establishment, disease
and pests incidences, vine vigour, vine weight, root nunmber and yield, dry metter yield.
Farmers6 acceptability test for boiled roots were also caried out (Data unavailable).

Results/Major Findings:

There were significant (p<0.05) differences among the genotypes and aaoss locaions, in terms
of yield and yield parameters measured. Aponuden recorded the highest (43) number of
marketable storage roots (weighing 200y and above) in Nyankpala and 66 in Navronga, but
lowest (4) in Bawku. Nav-1 recorded significantly higher number of marketable roots aaoss
the 4 locaions. This performance is consistent acoss the 4 locaions and mekes Nav-1
adaptable to these locations. Smilarly, Nav-1 recorded 1754, 2210 and 330 t/ha of
marketable storage roots in Nyankpala, Navrongo and Bawku, respedively, the highest among
the cultivars, except that of Damongo, where Apomuden recorded the highest yield of 10.4t/ha.
In the same pattern Nav-l recorded the highest non-marketable root yield of 5.34, 545, 2.92
and 4.58 t/hain Nyankpala, Navrongo and Bawku, respedively.

Conclusions/Remmmendations :

The yield potentials of the genotypes were shown in terms of root yields and other parameters
aaoss locations, but relatively low in Bawku. Nav-1, which is an orange-fleshed type was the
best in terms of root yields in Nyankpala, Navrongo and Bawku. Although the yield value
(8.11t/ha) of Nav-1 in Damongo was not the highest, it was not significantly different from
those of Apomuden (104 t/ha) and TU-Crange (9.28/ha), which are also orange-fleshed types.
The best genotypes will be identified for official release.

Multi-locational trials will be caried out in Nyankpala, Manga, Damongo and Wa stations
using Nav-1, TU-purple, Kuffour, TU-orange, Obari and 2 cheds, Apomuden (improved
cultivar) and farmersbvariety. They will be established in a randomized conplete block design
and replicaded 3 times in a plot size of 4m x 5m Data to be colleded include vine
establishment, disease and pests incidences, vine vigour, vine weight, root number and yield,
dry metter yield, as well as top biomas.
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Evaluation of cassavaclonesfor yield Stability and adaptability in the
Guinea Savannah ecology of Ghana.

Principal Investigator: Kwabena Acheremu

Collaborating Scientists: E Y. Parkes, B. Pepra, A. Agyemang, J. Adjebeng-Danquah and E
B. Chamba

Estimated Duration: 2 yeas

Sponsors: IITA (Nigeria)

Location: CSR-SARI, Nyankpala and CSIR-CRI, Kumasi

Background Information and Justification:

Cassava (Manihot esculenta, Crantz) is incorporated into many household diets in Northern
Ghana, used mainly as flour from dried chips. It is grown by resource-poor farmers, mainly
women, often on marginal lands for food seaurity and income generation. It also has the
potential to produce starch for industrial purposes as well as feed for livestock production at a
relatively chegper cost than meize (Nweke et al., 1994. It has become an inportant crop
becaise it is relatively inexpensive to cultivate and survives the 5-6 months of sometimes-
absolute dry weaher before harvest during the next wet season. The Northern parts of Ghana is
noted for its short period of rainfall and interspersed with periods of intermittent drought
leading to low productivity of most crops. Yield losses due to water deficits however vary
depending on timing, intensity and duration of the deficit, coupled with other location -spedfic
environmental stress fadors such as high irradiance and temperature (Serraj et al., 2005.

Cassava materidls from IITA were recaved for evaluation in the Savanna ewlogy for
adaptability study. This requires extensive study of the attributes in this unique environme nt
over yeas before redistic recommendations for favourable performance under this agro-
climatic zone can be made.

Objedives:
1. To study theeffed of environment on performance of some introduced cassavalines.

2. Toidentify physiologicd traits that are related toyield in Northern Ghana.
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Expeded Beneficiaries:
High yielding cassavavarieties that are high in starch content would be developed under the
Northern ewlogy for the starch industry.

Materials and Methods:

Eghteen (16) cassava genotypes received from IITA, together with two locd chedk meterials,
fiBiabassed and fiEskamayed were evaluated in the 2013 season. The genotypes that were in 60
cuttings ead, except the genotype AITA TMS IBA 010034 that had 40 cuttings, were
recaved on the 1%t June 2013

The cassava stakes measuring 25-30cm were planted on the 3@ June 2013 using a standard
spadng of 0.8m x 1m, giving 4 row plot of 1m apart and 5 plants within row of 0.8m planting
distance, giving a total popuation density of 12500 plants/ha. The experiment was planted as
an Advanced Yield Trial (AYT) in arandomised complete block in three replicaions.

The work was caried out on the Savannah Agricultural Reseach Institute reseach fields at
Nyankpala. The land was ploughed and harrowed after which ridges were constructed. Data
were recorded on the two central rows for growth parameters. Data taken includes number of
leaves as an indicator of led retention, plant height, number of roots per plant, root diameter
and length, root tuber yield and harvest index which was caculated as the ratio of tuber yield to
total biomass. Analysis of variance was performed using Brealing View

Results/Major Findings:

Scientific findings

The correlation table shows positive relationship between root tuber yield and root per plant
(0.634) and number of roots harvested (0.681). This indicae that these traits can be targeted
when seleding genotypes for improved yield. However, the root yield was negatively
correlated with the top weight (-0.501) and harvest index (-0.539). Smilarly, the number of
roots showed negative correlation with the top weight of plant (-0.227). This implies that, in
the growing conditions, there is competition between alocaions of assimilates to the roots and
the top part of plant.

Field performance of the 18 cassava genotypes.

The ANOVA showed significant differences (p<0.00) among the 18 genotypes for the root
yield and number of roots per plants. The genotype IBA 02042 recorded the highest root yield
(26.17/ha), which is statisticdly similar to the yield for genotypes IBA 070134 IBA 01003t
and Eskamaye, which recorded root yields of 2517, 2483 and 24.83 t/ha respedively . The
root yield of Eskamaye, one of the locdly released cassava materials was only 1.33 t/ha lower
than that of the highest genotype. The locd farmer preferred variety Biabasse recorded root
yield of 210 t/ha, which was also not statisticdly different from that of the highest yielding
genotypes. The lowest yield (135 y/ha) value was recorded by the genotype IBA 061635
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The genotype IBA 01003} recorded 11 roots/plant, which was the highest number among the
genotypes. This number was not statisticdly different from those recorded by fiEskamaye 0
IBA 020431 IBA 070134 IBA 30572 IBA 910232 and IBA 98095, which recorded avalue
of 10 roots /plant ead. The lowest of 5 roots/plant was recorded by IBA 061635 The highest
HI of 84% were recorded by IBA 95028 and IBA 01137 among the genotypes.

Conclusions/Recommendations :

Eght (8) of the introduced cassava materials were outstanding conpared to the locd farmer
preferred variety Biabass. However, Eskamaye, one of the locdly released cassava materials
among the genotypes in the study compared favourably with the IBA 02042 and IBA 070134
the highest genotypes in terms of recorded root yield of 26.17 and 25.17 t/ha, respedively, over

2483 t/ha, the difference which was not statisticaly significant. Their relatively better
performance in nunmber of roots per plant and other growth parameters makes them |ocdly
adapted genotypes for improved performance under the Northern conditions.

Future activities / the way forward

The study has been repeded this 2014 season to further evaluate their performance that will
enable us meke an informed dedsion with regards to the best adapted genotypes in Northern
Ghana

Yam Improvement for Income and Food Security in West Africa
(YII FSWA) (Agronomic model trial)

Principal Investigator: Emmnanuel Chamba (PhD)
Collaborating Scientist: Emmanuel Amponsah Adjei
Estimated duration: 5yeas

Sponsors: IITA/BIill and Melinda Gates Foundation

Location: Multi-locational

Background information and Justification:

Yam (Dioscorea rotundéaa) is a mgjor staple in West Africa and forms part of household diets
of the people of northern Ghana. Gobally, over one hunded milion (100 000 000 people
depend on yam as a staple food worldwide. It is a dependable food seaurity crop and has a
socio-cultural importance to the people of Africa It contribute significantly to the national
Gross Domestic Product (GDP), generate income and employment to small scde farmers and
value chain service providers in terms of processing as well as locd and international service
providers in yam Despite the important role yam plays in the socio-emnomc lives of
humankind, the yam production is constrained by a number of factors and notable among them
are unavailability of quality planting seed yam, low yield, low soil fertility due to continuous
cultivation, high cost of labour, susceptibility to insed pest and diseases, inadequate market
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and high postharvest losses. The yam improvement programme is aimed at developing
improved yam varieties and agronomic padkages suitable for production and processing of yam

Objedives: To evaluate and scde out yam production techndogies with improved and locd
varieties.

Expeded beneficiaries: All adorsin theyam value chain

Materials and Methods:

Trial location and models

The trial was conduwcted in 9 comrunities in three districts namely Tolon (in Kpalsoguy,
Tuunayilli Kukuo communities), Mion (Salankpang, Sanzee Sang communities) and East
Gonja districts (Adamupe, Bagabaga and Salaga communities). The trial in a community
consisted of 5models with different fertilizer treaments.
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Table 19: Mockls with fertili zer treatments

Model 1 Model 2 Model 3 Model 4 Model 5
Treaed sea with Treaed seed with Treaed seed with | Treaed seed | Farmersd
fungcide and fungicide and insedicide and with Pradice
insedicide insedicide fungicide insedicide

and
fungicide
Fertilizer: 45-45-60 Fertilizer: 45-45-60 Fertilizer: 30-30- Fertili zer:
N:P.0s5:K20 kg/ha (6 | N:P20s:K20kg/ha 30 Kg NPK/hg; 159-20
bags/haof50kgy plus Agrolyser plus 15Kg/ha of N:P20s:K20
NPK plus 29g of Micronutrient Mg and 20Kg/ha kg/ha+ 5
potash) fertili zer SasMgS™4 (4 kg/haMgO +
bags/haof 50kg f 8 kg/ha S +
NPK plus 3 bags TE (5
of Epson salt) bags/haof
50kg Yara
Winner NPK
formulation)
Wed control: Wed control: Wedl control: Wed
Terbulor 500 EC 1 Terbulor 500 EC 1 Terbulor 500 EC 1 | control:
L/ha, + GQyphosate | L/ha, + Gyphosate | L/ha+ Terbulor 500
25 I/ha 25 I/ha Gyphosate 2.5 EC 1L/ha, +
I/ha Gyphosate
25 l/ha

Varieties and Planting

Ffty mounds with a spadng of 1.2 mx 1.2 m were prepared per model. With the exception of
the control model, yam setts were treaed with 100 mis of cymetox super, 24 g Topsin M and
100 g of wood ash in 60 liters of water to proted the yam setts against rot and termites attack.
Yam setts of average size of 350y were planted on a mound and the mound mulched. Yam
variety Chenchinto was planted in Mion and Tolon districts and Pona in East Gonja district.
Panting was done on 100062014 19062014 and 25062014 respedively, at Tolon, Mion and

E Gonja districts.

Wedal control

Weeads were controlled with Terbulor 500 EC (pre-emergence herbicide) at a rate of 1 I/ha,
and gylyphosate (post-emergence herbicide) was applied at a rate of 2.5 I/ha after planting and
6 weeks after planting (WAP) respedively.
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Fertili zer application

All fertilizers with the exception of agrolizer and Epson salt were split applied at eight and 10
WAP. The fertiliser was applied in five holes of about 3-5 cm deegp around the top portion of
the mound about 25-30 cm from the tip of the mound and covered with soil.

Agronomic data

Agronomic data colleded were sprout count, disease and pest scores, nunmber of seed and ware
yam, weight of seed and ware yam Farmers were seleded from the community and
caegorized on gender and age as elderly men, young men, elderly women and young women
evaluated plant and tuber charaderistics at the vegetative stage and at harvest. Tubers fromthe
models were ranked by the farmer groups.

Results/Major findings:

Percentage lost after 8 WAP

Percent loss of seal yam at eight WAP ranged from 0 i 25% in Tolon and East Gonja districts
and 0-50% in Mion district. The farmer pradices remrded the high percentage aaoss the
districts. Generally, percent loss of seed yam was high particularly in the Mion district due to
late planting.

Weights of sead and ware yam

Seead yam yield was highest with Model 1 among districts with the exception of Mion District
which indicated ayield of 1,912 kg/ha. East Gonja recorded the highest weight of seed yamas
4,138 kg/ha and all the models recrding seed yam yields significantly higher than the farmer
pradice. At Tolon and Mion districts sead yam yields were the same as that of the Farmer
pradice.

Fresh yam weight in ead District ranged from 1,946 kg/ha (Mion) to 6,922 kg/ha (Tolon).
Generally, fresh tuber yields were higher with the application of the models than the Farmer
pradice although statisticaly they were the same except in East Gonja where the application of
models gave yields significantly higher than the Farmer pradice Fresh tuber yields were
highest in the Tolon district with a mean of 5,977 kg/ha. Soils in the Tolon district have been
classified as low in fertility and the response of yam to fertilizer application in particular would
have acounted for the high response yamto the models.

Ranking of fresh tubers

In 2014 Farmers evaluation, the overall preference of farmers in the three districts was Model 4
(first position and Models 1 and 3 (both in second position). The results showed that farmers
preferred the models consisting of seal treament, fertiizer applicaion and herbicide
applicaion over their own pradice Some of the ressons considered for seledion of a model
included size of tuber, nunmber of seal yam marketability of tubers, and potential for
multiplication for seed yam, disease-free smooth skin, appeding in appeaance, and nice shape
for tubers, larger size tubers, and potential for high yield.
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Table20: Seed yam weight (kg/ha) inthedistrict

District
Model Tolon Mion East Gonja
weight of seed yam weight of seed yam weight of seed yam

(kg/ha) (kg/ha) (kg/ha)
1 3687 1912 3470
2 2500 2563 3422
3 22@ 2117 4135
4 148 2033 3326
5 249 20 2691
MM 2471 2147 3409
CV% 17.2 104 17
LSD (0.05 2538 1214 1349

Table 21: Tuber weight (kg/ha)of wareyamin the district

District
Model Tolon . Mion . East Gonja
Weight of ware Weight of ware Weight of ware

yam (kg/ha) yam (kg/ha) yam (kg/ha)
1 6922 1946 3344
2 5931 1588 3896
3 6730 2122 3879
4 6785 2680 5314
5 3516 2847 3688
MM 5977 2237 4024
cv% 136 217 133
LSD (0.05 1881 1656 2426

Conclusions and Recommendati ons:

All projea beneficiaries were excited about the demonstration and results obtained from the
models in the various comnunities. Most of them remarked that the adivities for the projec
gave them the oppatunity to lean simple models with new fertilizer treaments for yam
cultivation. Ranking by farmers clealy showed the differences in the effea of the fertilizer
treaments with the control or farmersé pradices in yam cultivation. Model four was overall
preferred by farmers and that can be seen formthe yield of the seed and fresh tubers.
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Yam Improvement for Income and Food Security in West Africa
(YIl FSWA)

(Economic Analysis of the Effect of Fertilizer Application onthe
Performance of Yam)

Principal Investigator: Emmanuel. B. Chamba (PhD)
Collaborating Scientist: Emmanuel Amponsah Adjei
Estimated duration: 5yeas

Sponsors: [ITA/ Bill and Melinda Gates Foundation (BM GF)
Location: Multi-locational

Background information and Justification:

Objedives: To evaluate and scde out yam production techndogies with improved and loca
varieties.

Expeded beneficiaries: All adorsin theyam value chain

Materials and Methods:

The farmer preferred model from two yeas (2012-2013 of evaluation of the agronomic model
was scded up in Tolon, Mion and East Gonja Districts to 100 yam mounds per district. The
model/lmproved Tedhndogy (IT) composed of seal yam treament with fungcide Topsin M
and wood ash, 30-30-30 kg/ha, 15 kg/ha of Mg and 20 kg/ha S as MgSO, and weed control
using Terbulor 500 EC at 1l/ha (pre-emergence herbicide) and Gyphaosate at 1.0 -1.5 I/ha
(post-emergence herbicide). The model was compared with the Farmer Pradice (FP) without
sedl treament, fertilizer and herbicide applicaion. The IT was imposed on 800 mounds and
the FP on 200 mounds at a spadng of 1.2 mx 1.2 m Data was colleded for tuber yield and its
componrents and for cost benefit analysis estimated on the IT and FP.

Results/Major findings:

Harvest components

The numbers and weights of seed yam and ware yam of IT and FP in the three districts showed
significant differences. The number and weight of both seed yam and ware yam were
significantly higher with the IT than the FP (Table 1).
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Cost benefit analysis

Tables 1 and 2 shows the cost benefit analysis of the scde up trial in the three district. The total
cost incurred for the IT was identified to be 1,080 GH /ha whilst the FP cost 450 GH /ha. The
net benefit was identified to be 4,08 GH /ha for the IT acoss the districts with a Marginal
Rate of Returns (MRR) of 198% indicaing a high profit meking in the use of the IT as
compared to the PF with a net benefit of 2,752 GH /ha. This also means that, for every cedi a
farmer invests in moving from their pradice to improved tedhndogy, they gets bad their cedi
plus an additional GH 1.96.

Table22: Agr onomic modd and Farmersopractice scaled upin three districts

Model Stand /144 n? Wt. of seed Yam Wt. of Ware Yam  Total Yield
(kg/ha) (kg/ha) (kg/ha)
Improved Tech 94 4511 2292 6803
Farmers6 Tech. 69 3063 279 3341
Mean 81 3787 1285 5072
SED 154 184 462 1604

Table23: Cast benefit andysis for Improved Tedndogy and Farmer practice

Variables Improved Techndogy Farmers6 Technology
Sedal yam Ware Yam  Seed yam Ware Yam

Mean Yield (kg/ha) 4511 2292 3063 279
Adjusted yield (10%) 4060 2063 2757 252
No. of seed yam 8120 1844 6116 762
Gross benefit  /ha 3248 1844 2440 762
Total gross benefit  /ha 5092 3202
Cost of 151515 and applicaion 440 -

/ha
Cost of MgSO4 and application /ha 178 -
Cost of seed treagment  /ha 83 -
Cost of herbicide and application 88 -

/ha
Manual weal control /ha 300 450
Total cost that vary /ha 1089 450
Net benefit /ha 4003 2752
Marginal Rate of Return (%) 196

NB: 1 ware yam =1 GhC and 100 sead yam = 40 ChC
Techndogy devdoped

Farmers in thevarious districts of trial implementation appredated thetechndogy developed
from the yield and observed from the seed and fresh yam.
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Techndogy transfer
In all about 600 farmers were readed in the 3 districts with thetechndogicd padkage.

Conclusions and Recommendati ons:

It is redized from the trial that, every farmers stand the chance of benefiting from the
techndogy if exeauted well in the farmerso field. It is recomnmended that the techndogy is
implemented in more communities in ead district to transfer the techndogy to more farmers
and also take place on the farmerso field.

Increasing Productivity and Utilization of Food Yams in Africa (IPUFYA)

Principal Investigator: E B. Chamba (PhD)

Collaborating Scientist: Alhassan Sayibu and Emmanuel Amponsah Adjei

Estimated duration: 5 yeas

Sponsors: Ministries of Food and Fisheries (MAFF and International Institute for Tropicd
Agriculture (IITA)

Location: Multi-locetional

Background information and Justification:

Yams (Dioscorea spp) are native to the old world tropics with wild spedes found in both
Africa and Asia (FAO, 1989. West Africa produces over 90% of the total world production of
20-25 million tons annually (Obeng-Ofori, 1999. Ghana produced over six million metric tons
of yams in 2011 which acournted for over 1.6 million US Dollars, meking it the number one
foreign exchange eaner in terms of agricultural comnodities (FAO, 2013.

Staking of yam vines is known to promote tuber yield. Most of the work on staking has been
reported on tuber yield obtained at the end of the growing season. So far, there has not been
much work dore on the effed staking has on yield of seed yams. In shifting agricultural
systems, yams are almost invariably planted first in the cropping cycle, imnediately after
cleaing the fallow. In areas where falow length has been reduced due to land pressure, yams
are less frequently grown as the soil is regarded as insufficiently fertile for them Yet, very
little reseach has been donre to quantify the amount of organic and inorganic fertilizer needed
for sustainable yam production on aphysicdly degraded soil in the northern part of Ghana

This reports on work doneto assesstheeffeds of staking, fertilizer and spadng on yam yields

in theNorthern Part of Ghana.

Objedives: To increase productivity of yam through generation of scientific knowledge and

technologies to med neeals arising from deaeasing soil fertility caused by continued soil
cultivation without nutrient replenishment in high poverty aress.

50



Expeded beneficiaries: All adorsin theyam value chain

Materials and Methods:

The experimental design was a fadoria experiment in Randomized Conplete Block Design
and replicated three times. A combination of five levels of fertilizer (4 bags winner, 4 bags
winner + fertilsols, 8 bags Winner, 8 bags Winner + fertisols and no fertilizer), two levels of
spadng (12 mx12mand 1 mx 1m) and two levels of staking (staking and no staking) were
the treaments. Plot sizes were 6.0 m x 4.8m and the yam variety Pona with seed weight of 300
T 350 g/sett was treaed and planted. Winner fertilizer (15N:9P20K:95S. 1.8MgO+ TE) was
split applied at 8 and 12 weeks after planting. Fertisol (organic fertilizer) was applied at 8
weeks after planting. Soils sanples were taken before planting and at harvest.

Preference analysis where farmers preferences for descriptors of the yam plant and tuber or not

and the reasons for the preference was caried out at the vegetative phase and at harvest. The
descriptors included sprouting percent, plant vigour, number of stems per stand, magnitude of
canopy cover, led texture, led size, led colure, led shape, presence or absence of thorns,
flowering ability, insed damage and disease infedion. Farmers also conclude by scoring the
genotype as good very good, fairly good and not good Insed pest and disease score was taken
at the vegetative phase to assess the incidence and severity. Agro morphadogicd data such as
plant height, number of stem, internode length, and stem diameter was taken using tape
measure and a measuring stick. SPAD reading was taken to assess the chlorophyl content of
leaves for ead treament.

Results/Major findings:

The effed of fertilizer treaments on the weight of seed and ware yam were not significantly
different. The total weight of yam for fertilizer combination (8 Winner + OM) however showed
the highest weight of 15889 kg/ha compared to the other fertilizer combinations. The least was
observed for the control in terms of weight of ware yam with atotal weight of 12476 kg/ha
There were significant differences in the interadion between staking and spadng levels. No
staking at a spadng of 1 mx 1 mreoorded the height total weight of yam at 15561 kg/ha and
the least weight was noted for staking at a spadng of 1.2 m x 1.2 mwith a weight of 13586
ka/ha.
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Table 24: Fertilizer combination and weight (kg/ha) ofseed and waeyam

Fertili zer Weight of seed  Weight of Total weight of
yam ware yam yam
(kg/ha) (kg/ha) (kg/ha)
No Fertilizer 4321 81% 12476
4 Winner 4338 872 13190
4 Winner + OM 3741 9107 12848
8 Winner 394 978 13732
8 Winner + OM 48N 109% 15889
LSD NS NS NS
cv% 438 523 341
MM 4300 9367 13667

Table 25: Staking, spacing and veight (kg/ha) ofseed and waeyam

Stake Spadng Weight of seed  Weight of Tota weight of
yam ware yam yam
(kg/ha) (kg/ha) (kg/ha)

Staking a 5290 8470 13760

No Staking na 4394 11167 15561

Staking 12x1.2 4231 9355 13586

No Staking 12xa.2 3344 8476 1180

LSD 1406 NS NS

cv% 438 523 341

MM 4300 9367 13667

Conclusions and Recommendati ons:
The combination of organic and inorganic fertilizers did not show any significant differences
with the control. In view of that, the experiment is going to be repedaed.
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SORGHUM IMPROVEMENT

Evaluation of sorghum hybrids from ICRISAT, Mali in Guinea savanna
zone of Ghana

Principal Investigator: K. Opare-Obuohi

Collaborating Scientists: Dr. S. S. J. Sa&a, Dr. R. A. L. Kanton
Estimated Duration: 2 yeas

Sponsors: IITA, AfricaRising Projed

Location: Damonga Nyankpala, Manga and Wa

Background Information/Justification/I ntr oduction:

Sorghum vyields range between 500 and 800 kg/ha in the Northern Region and slightly higher
(between 700 and 900 kg/ha) in the Upper Regions. Several fadors contribute to this including
the use of indigenous landrace varieties with inherent low yield potential, ladk of a wide
diversity of new improved varieties and hybrids, little or no use of fertilizer and low planting
densities charaderistic of traditional mixed cropping systems (Schippradk and Mercer-
Quarshie, 1984 Atokple et. al. 1998. This inplies that with the increasing cered demand for
human consumption, sorghum production must be increased by enhancing yield potential per
unit area as land holdings continue to diminish due to the increasing human popuation and
urbanization of the agricultural land. The use of sorghum hybrids is one of such techndogies
which will provide oppatunities for both increassed productivity through the exploitation of
heterosis and access to markets that demand a more standardized product quality through sales
of surplus production. To this end, CSIR-SARI under the AFRICA RISING projed as short
term strategy has evaluated hybrids from ICRISAT for their performance and adaptability in
the Guinea savanna agro-ewlogicd zone. The present study was therefore designed to evaluate
sorghum hybrids with the aim of identifying and seleding well adapted and high yielding
hybrids for increased sorghum production and productivity.

Brief Objedives: Identify and seled high yielding hybrids line(s) that are to the Guinea and
Sudan savanna agro-emlogicd zone of Ghana

Expeded Beneficiaries: Farmers

Materials and Methods:

Ten (10) genetic materials including eight (8) hybrids from ICRSAT, Mali and two (2) locd
chedks Kapada (ealy meturing, OPV) and Mankariga (late maturing, OPV) were evaluated
(Table 1). The trial was conduwted in two locaions in the region, namely Nyankpala and
Damongo in the Northern CGuinea Savanna Zone, 09° 256N and 00° 58 W, and 09 016N and

01° 36 W respedively. The trials were planted on the 29" June 2014 in Nyankpala and 39 July

2014 in Damongo in a Randomized Complete Block Design (RCBD) with four replications.
Six-row plots of length 5 mwith the inner four rows serving as the net plot for data collection.
An inter-row spadng of 0.75 m and intra-row spadng of 0.30 m. Three to four seals were
planted per hole and later thinned to one sealling per stand without transplanting two weeks
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after planting. Data colleded included grain weight, days to fifty percent heading, plant height,
number of empty panicles due to bird damage, number of empty panicles due to midge
infestation, number of panicles affeded by grain mold and participatory varietal seledion with
farmers. Data colleded was subjed to statisticd analysis of variance using the GENSTAT
Package. Where significant differences existed between means, least significant difference was
used too separate means.

Table 26: SaghumHybrids Evaluated

No Genotype Origin

1 Caufa ICRISAT, Mali

2 Soumalemba ICRISAT, Mali

3 Sewa ICRISAT, Mali

4 Mona ICRISAT, Mali

5 Fadda ICRISAT, Mali

6 *Grinkan Yerewolo ICRISAT, Mali

7 Yamassa ICRISAT, Mali

8 Pablo ICRISAT, Mali

9 Mankariga (*LL) CSIR-SARI, Ghana
10 Kapada (* EL) CSIR-SARI, Ghana

* LL 7 Late locd, EL T Early locd, *Not included in the evaluation dueto late arrival of seeds

Major Findings

Grain yield among the genotypes evaluated varied grealy acoss the two locaions. The Caufa
with yield of 246 kg/ha remrded the most yield acoss locaions thouch not statistica
different from yields obtained from Pablo (23& kg/ha) and Mona (2267 kg/ha) Table 20.
Kapada (EL) unlike Mankariga (L.L) with yield of 1963lg/ha thouch ealy maturing
performed better than some hybrid lines (Table 20). Mankariga recorded very low yield due to
the heavy infestation of midge insed in both locaion (Fgure 4). Kapada (ealy locd) with 61
days to heading recorded the least days to heading while Mankariga (late locd) recorded the
highest number of days to head (116 days).
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Table 27: Grain yield, biomass yield and days to 50% heading of the hybrid lines eval uated

Genotype Grain yield (kg/ha) Days to 50% Heading

Damongo  Nyankpala Mean Damongo  Nyankpala Mean

Caufa Fadda 17927 31384 2466 a 685 7225 7038 b
Kapada (EL) 11378 26413 18D ¢ 7425 755 7488 c
Mankariga (LL) 13083 26182 1963 bc 6125 605 60.88 a
Mona 406 478 226 f 11425 1175 115.88
Pablo 13692 31658 2267 ab 70.75 69.75 7025 b
Sewa 185 28989 23@ a 70 72 71 Db
Soumalemba 5202 14413 981 de 7325 785 7588 ¢
Yamassa 7582 1866 1312 d 86.75 10425 955

3735 13836 8M e 75 7975 7738
Mean 10544 21335 7711 8111
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Figure 3: Number of enpty panicles dueto bird damage
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Figure 4: Number of enpty panicles due to midge infestation
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Figure 5: Number of panicles affeded by grain mold disease
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Farmer preference in P.V.S
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Figure 6: Hybrid seledion by some sorghumfarme's

Kapada suffered the most from bird damage largely due to its ealiness, plant height and glume
covering of the grain. Most of the hybrids evaluated were tall and lodges whenever birds stood
on it. This prevented birds from feeding comfortably (Figure 3). Mankariga recorded the most
heals infested by midges. This was due to its lateness to maturity as aresult of the buildup of
the insed on the ealy maturing lines. Kapada with it ealiness to mature suffered the most
from grain mold disease (Figure 5). The ealy planting made it to mature at a time when the
rains were still high. Most of the hybrid lines did not show signs of moldiness with the
exception of Sewa which recorded 11 panicles with grain molds. Farmers still preferred
Kapada (EL) to the hybrids evaluated due to its ealiness and grain colour despite it
susceptibility to grain nold disesse and bird attack. Caufa was the most preferred hybrid
followed by Pablo and Sewa due to it thick stalk, resistance to bird attadk and ealiness to
mature compared to Soumalemba, Yamassa and Mankariga.

Conclusion

Caufa, Pablo and Mona were the most promising lines with yields excessing 2 t/ha. Kapada a
commercial variety is still popuar with farmers despite its production challenges. Improving
the variety to be grain mold and bird resistant will grealy improve yields of farmers.
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Evaluation of Kapaala and its open-head derivatives

Principal Investigator: Kenneth Opare-Obuoh
Collaborating Scientists: Peter Asungre
Estimated Duration: 5yeas

Sponsors: WAA PP 2A

Location: Damonga Nyankpala, Mangaand Tunmu

Background Infor mation/Justification/I ntr oduction:

Kapada, relessed in 19% has since been the most popuar commercial variety cultivated
within the Guinea and Sudan savanna agro-ewlogicd zone of northern Ghana. Though high
yielding the variety is very susceptibility to the grain mold disease due to its compad hea or
panicle. The panicle architedure tends to promote the proliferation of the disease hence the
neal to modify the panicle through breeding. In the light of this challenged, Kapada was
crossed to Kadaga (improved landrace producing the derivatives with open panicle
architecdure with various height and glume colours. Unlike the closed panicle of Kapada, its
open derivatives are expeded to curb the situation by providing less condicive environment
for inseds (hea bugs) thus reducing in the incidence of grain nold disease.

Brief Objedives:
Identify and seled grain mold resistant line(s) that are high yielding and adapted to the Guinea
and Sudan agro-emlogicd zone.

Expeded Beneficiaries: Farmers

Materials and Methods:

10 genetic materidls as shown in table 1 were evaluated in 4 locaions with the Guinea and
Sudan savanna zones of Ghana. All trials were planted between 2" June and 10" July 2014
and laid out in RCBD with 4 replications. There were 6-row plots of length 5 m with the inner

4 rows used as the net plot for data colledion. Spadng of 0.75 mand 0.30 minter- and intra-

row respedively was used. 4-5 seals were planted per hole but thinned out to two seedlings per
stand two weeks after planting. Data colleded included grain yield, days to 5% heaing, head
bug popuation, head bug damage, panicle grain mold rating and threshed grain mold rating.
Grain damage by head bug was scored on a 1 to 9 rating scde where 1 = all grains fully
developed with a few feeding punctures and 9 = most of the grains highly shrivelled and
almost invisible outside the glumes. Grain mold scores were taken twice, first at physiologicd
maturity where panicle grain mold rating (PGMR) was progressively scored on a 1to 5 scade
where, 1 = no mold, 2 = 1-10 %, 3 = 11-25 %, 4 = 26-50 % and 5 > 50 % grains nolded on a
panicle on the tagged panicles in the field. The second, threshed grain mold rating (TGMR),
was on the bulked threshed grain acmrding to the method used by Thakur et al., 200&. Data
colleded were subjeded to statisticd analysis using the GENSTAT Padkage. Statistica
comparison was dore at 5% significance level. Least significance difference (L.SD) was used
to separate line means where significant differences existed among means. Graphicd
presentation of some measured parameters was done.
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Table 28: Kapada ard its derivativesevaluated in 2014

No LINE Origin
1 SARSORGTRG 2011-1 Ghana
2 SARSORGTBG 2011-2 Ghana
3 SARSORGM RG 2011-3 Ghana
4 SARSORGM BG 2011-4 Ghana
5 SARSORG-SBG 2011-5 Ghana
6 SARSORG-SRG 2011-6 Ghana
7 KAPAALA Ghana
8 KADAGA Ghana
9 SENSORG-2009-1 Senegal
10 SENSORG-2009-2 Senegal

Major Findings

Grain yield of the genotypes evaluated was not significantly different from ead other.
SARSORG-TRG 2011-1 with grain yield of 156 kg/ha recmrded the highest yield whilst
SARSORGTRG 2011-2 (1015 kg/ha) had the least (Table 21). Kapada (1406 kg/ha) out
performed all the other lines evaluated except SARSORG-TRG 2011-1 with the other parental
line (Kadaga) yielding 1021 kg/ha. Days to 50% healing significantly differed among the lines
evaluated. SARSORG-TRG2011-1 headed first with 63 days after planting whilst Kadaga
with 71 days after planting healed last among the lines evaluated (Table 22 and 23).

Table29: Grain yield of Kapada andits derivatives evaluated

Genotype Grain yield (kg/ha)

Damongo Manga Nyank pala Tumu Mean
SARSORG-T RG-2011-1 238 1274 1163 143 1565
SARSORG-T BG-2011-2 1510 7% 872 1138 1083
SARSORG-M RG-2011-3 199 120 87 1267 1336
SARSORG-M BG-2011-4 1431 8A 860 129 1111
SARSORG-SBG-2011-5 1641 875 67 1190 1086
SARSORG-SRG-2011-6 182 975 8™ 123 1230
KAPAALA 2010 118 646 1767 1405
KADAGA 1454 346 849 143 1021
SENSORG-2009-1 23P 2 951 1067 1287
SENSORG-2009-2 1911 6% 690 763 1015
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Head bud popudation varied acoss three of the trial locatiions the lines were evaluated. Manga
generally recorded high head bug popuation with Kapada (245 and Kadaga (225 being the
ones with most head bug inseds (Figure 1). The open derivatives of Kapada recrded the least
number of head bug inseds with SARSORG-TRG-2011-1 having the lesst head bug
popuation acaoss the three locaions. The open nature of the panicles of Kapada derivatives
have contributed in the low number of the head bug popuation due to free passage of air and
low humidity compared to compad panicle of Kapada. Despite the large number of head bug
popuation on Kadaga in Manga, the variety recorded the least rate of grain damage acoss the
three locations

Table 30: Daysto 50% heading of Kapada and itsderivatives evaluated

Genotype Days 50% Heading
Damongo Manga Nyankpala Tumu Mean

SARSORG-TRG-2011-1 54.75 73 66 59 63.19 a
SARSORG-T BG-2011-2 56.5 7475 705 605 65.56 bc
SARSORG-M RG-2011-3 585 765 715 585 66.25 cd
SARSORG-M BG-2011-4 55.25 725 69.75 605 645 ab
SARSORG-SBG-2011-5 57.25 755 74 625 67.31 de
SARSORG-SRG-2011-6 575 7375 69 65.25 66.38 cd
KAPAALA 56.75 78 7275 65.75 6831 e
KADAGA 585 80.75 7125 7475 7131f
SENSORG-2009-1 5975 7175 7175 6325 66.62 cd
SENSORG-2009-2 5875 755 7375 6175 67.44 de

(Figure 7 and 8). With a rate of 1 (no molds observed) for panicle grain mold and threshed
grain nold rating aaoss the 3 locaions, Kadaga (improved landrace was the most resistant
variety to grain mold disease (Figure 9 and 10). This could be attributed to the hardness of its
grains making it difficult for inseds to feed on it thus no moldiness in its grains.

Damongo generaly recorded the highest rate of grain mold disease despite its low number of
head bugs remrded aaoss the three locaions. This could be attributed to the high relative
humdity and rainfall in the locaion. This indicates that high relative humidity is a major
player in the proliferation of the disease. Kapada recorded between 10 - 25 % grain mold
disesse acqoss the site locaions and was high in Damongo (Figure 9). Regardless of the
environmental condition, Kadaga recorded no molds in its grains either in the panicles or
threshed grains.
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Conclusion:

SARSORG-TRG-2011-1 was the most promising line regarding grain yield, biomass yield and
days to 50% heading. With resped to grain mould disease, Kadaga was resistant to the disease
but al the open derivatives of Kapada were susceptible except SARSORG-TRG-2011-1 which
showed some level of resistance

Evaluation of sorghum hybrids from WIENCO Ghana, and Pionee USA

Principal Investigator: Kenneth Opare-Obuobhi
Participating Scientist: Peter Asungre

Estimated Duration: 1 year

Sponsors: WIENCO, Ghana

Location: Damonga Nyankpala, Mangaand Tumu

Background Infor mation/Justification/Intr oduction:

Sorghum yields in Ghana persistently have been low over the yeas on farmerso field. The
average yield of 0.9 t/ha is far below the world average of 1.4 t/ha. Among the numerous
fadors affeding production, is the cultivation of indigenous landraces which are inherently low
yielding. The use of sorghumn hybrids which makes use of heterosis will crede oppatunities
for increased productivity and access to markets that demand a more standardized product
quality through sales of surplus production. In addressing this chalenges, CSIR-SARI with as
short term strategy has evauated hybrids from WIENCO, Ghana and Pioneea, USA for their
performance and adaptability in the Guinea and Sudan savanna agro-ewlogicd zone. The
present study was therefore designed to evaluate sorghum hybrids with the aim of identifying
and seleding well adapted and high yielding hybrid(s) for increased sorghum production and
productivity.

Brief Objedives: Identify and seled high yielding and well adapted hybrid line(s) in the
Guinea and Sudan agro-eologicd zones of Ghana.

Expeded Beneficiaries: Farmers

Materials and Methods:

Seven (7) genetic meterials (Table 24) including two (2) hybrid lines from WIENCO, Ghang;
two (2) hybrid lines from Pioneea, USA, two (2) commercial varieties and an improved
landrace The trial was conduwcted in three different locations acoss northern Gnana; namely
Damonga Nyankpala, Manga and Tumu. All trials were planted between 171" June and 12t
July 2014 and were laid out in Randomized Complete Block Design (RCBD) with four
replications. There were six-row plots of length 5 mwith the inner 4 rows used as the net plot
for data colledion. Spadng of 0.75 m and 0.30 m inter- and intra-row respedively was used.
Four to five seals were planted per hole but thinned out to two seellings per stand two weeks
after planting. Data colleded included grain yield, days to 50% heading, panicle weight, and
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plant height at physiologicd maturity. Others included number of panicles infested by midge
and number of empty panicles due to bird damage. Data colleded were subjeced to statistica
analysis using the GENSTAT Padkage. Statisticd comparison was donre at 5% significance
level. Least significance difference (L.SD) was used to separate line means where significant
differences existed among means. Graphicd presentation of some measured parameters was
donre.

Table 31: Hybrid lines and their origin evaluated

No. LINE VARIETY  TYPE ORIGIN
1 PAN 606 Hybrid WIENCO, Ghana
2. MARCA Hybrid WIENCO, Ghana
3. XSW 213 Hybrid PIONEER, U.SA
4. XSW 256 Hybrid PIONEER, U.SA
5. KAPAALA Commercial variety (OPV) Ghana
6. DORADO Commercial variety (OPV) Ghana
7. KADAGA Improved landrace (OPV) CGhana

Major Findings

XSW 213 with grain yield of 2627 kg/ha and panicle weight of 3956 kg/ha was significantly
yielded higher than the other lines evaluated (Table 25). Dorado and Kapada with 203 kg/ha
and 183 kg/ha respedively comparatively performed well against the other hybrid lines
thoudh not significantly different (Table 25). Kadaga had the least grain and panicle yield of
126 kg/ha and 2223 kg/ha respedively (Table 25). Days to 50% heading significantly varied
among the lines evaluated with XSW 256 heading the ealiest with 59 days after planting
(Table 26). Kadaga headed last with 71 days after planting acoss trial locaions (Table 26).
The height of a variety determines the convenien ces with which harvesting can be undertaken.
All the hybrid lines evaluated with a height range from 119 i 138 cm including Dorado (128
cm) is considered short and much easier to harvest than Kadaga and Kapada. Harvesting is
made easier when the panicle of the plant is not above the shoulder level of the harvester.Rega
rding midge infestation, the hybrid lines from WIENCO- Ghana; Pan 606 and Marcia recorded
the highest number of panicles with midge (Figure 11). Bird damage is one of the major
constraints to sorghum production. Pan 606 and Kadaga suffered the least from bird damage
but the hybrids from Pionea (XSW 213 and XSW 256 suffered the most aaoss the three
trial locations (Fgure 12).
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Table 32: Grain yield and panicle weight of the hybrid lines evaluated
Grain yield (kg/ha)

Genotype Damongo Manga Nyank pala Tumu

Pan 606 207833 135167 169333 216833
Marcia 219333 125167 99167 131333
XSW 2134 303833 220 265 255167
XSW 256 19% 151833 255 218833
Kapada 20% 117667 2035 204333
Dorado 288333 163833 176 19%

Kadaga 139667 82833 118167 165167
% CV

Table 33: Days to 50% leading and homassyield of thehybrid lines evaluated
Days to 50% Heading

Genotype

Damongo Manga Nyank pala Tumu
Pan 606 63.75 7125 68 7125
Marcia 645 7225 76 69.75
XSW 2134 565 65.75 5875 61
XSW 2% 565 6275 56.75 59
Kapada 57 7175 6275 69.25
Dorado 60.25 70 7125 68
Kadaga 57.75 83 615 7525
% CV
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Conclusion:
The hybrid lines from Pionea, USA performed well and were the most promising lines

espedaly XSW 213 with its ealiness to ty to bird maturity, high grain and biomass yields
despite its susceptibility to bird damage. Kadaga, the improved landrace was the most resistant
variety to bird attack with the hybrid line Pan 606 being the most preferred hybrid in terms of
the bird resistance.
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VEGETABLE IMPROVEMENT

Enhancing Productivity, Competitiveness and M arketing of Traditional
African Vegetablesfor Improved Income and Nutrition in West and
Central Africa (TAVsfor Income and Nutritionin WCA)

Principal Investigator: Mashark S. Abdulai

Research Team: S. S J. Buah, Stephen K. Nutsugah, Richard Y. Agyare, Emmanuel Ayipio
and Sanuel K. Bonsu

Estimated Duration: 3 yeas (November 2013 i Decerber 2016

Sponsors: CORAFWECARD Thro6 AVRDC

Locations: Nyankpala and Wa

Expeded Beneficiaries: Farmers, Seal producers, Input deders and Traders

Introduction

African traditional vegetables such as okra, onion, pepper, tomato, amaranths, roselle and
punpkin are essential component of diet and household. These vegetables are inportant cash
crops particularly in the dry season where commercial production is caried under irrigated
conditions around dugous, snall irrigation dams and along river banks. On arable lands, they
may appea as sole crops, intercropped or as boarder plants. They are an essential component
of human diet for the supply of vitamins, minerals and cetain types of hormones precursors in
addition to protein, energy and dietary fiber. Regular consumption of vegetables is known to
deaeased risk of chronic degenerative diseases due to the presence of different antioxidant
nmoleaules such as caotenoids, particularly lycopene, ascorbic add and vitamin C and E, and
phenol compounds, particularly flavonads. Ledy vegetables are known to be rich in iron and
pro-vitamin A. However, due to lac of knowledge on the economic and nutritional importance
of TAVs, most farmers have shifted to the cultivation of exotic vegetables which require high
inputs and are low in vitamins and minerals as compared to TAVs (Voster et al. 2009. It is
therefore imperative to promote the cultivation and marketing of these TAVs for improving the
livelihood and nutritional seaurity of resource-poor vegetable farmers in northern Ghana.

General Objedive: To increase the productivity and marketing of Traditional African
Vegetables (TAVs) for improved income and nutrition in northern Ghana.

Spedfic Objedives:
i Evaluate and seled high yielding TAVs adaptable to the guinea savannah zones.
ii. Demonstrate water management and good agronomic pradices for increased yields.
iii. Promote the cultivation and utilization of TAVs by small-holder farmers
iv. Increase farmers access to high yielding and adaptable TAVs to enhance their
livelihoods
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Several adivities were caried over by the vegetable improvement sedion in Northern Ghana.
Traditional African vegetables that were evaluated include African eggplant, Amaranth, okro
and roselle. Water management and weed control using different mulching meaterials were
evaluated using okro and roselle varieties. Vegetable farmers in the projed communities were
trained in nursery management pradices and postharvest handling on some of the TAVSs.
Participatory varietal seledion and field days were organized for the farmers to make their
seledion of preferred TAV and other techndogies.

Activity 1: Bvaluati on of African eggplant genotypes

Materials and Methods:

The experiment was conducted at the reseach field of Savanna Agricultural Reseach Institute,
Nyankpala in the Guinea savanna zone of Ghana. The experimental design used was
Randomized Conplete Block Design with three replicaions. Seeds were nursed on raised beds
sterilized by hea sterilization method Nursery management pradices such as watering,
shading, weed control, thinning out, diseases and insed pests control were caried out
appropriately. The sedallings were transplanted onto prepared plots at six weeks after nursing.
Plot size measuring 3 m X 225 m was used for the experiment. The seedlings were
transplanted onto prepared ridges at a spadng of 0.75 m X 0.60 m Watering was done
immediately after transplanting to ensure good crop establishment. The eggplant genotypes tha
were evaluated were AB 2, DB 3, Lushoto and TZ SMN 2-8. Fertilizer application was carried
in split dose at two and six weeks after transplanting with NPK (15-15-15) at a rate of 100
kg/ac. Top dressing was done with sulphate of amnonia at eight weeks after transplanting at a
rate of 50 kg/ac Inseds were periodicdly controlled by spraying with PAWA (20 g/l lamda
cyhalothrin). Weeding and reshaping of ridges were caried out manually with the hand hoe.
Diseases were controlled by applying fungcides such as Topsin M (70 WP). Data was
colleaded on plant height (cm), fruit length (cm), fruit width (cm), number of fruits, yield per
plant (kg) and yield (t/ha).

Results/Major Findings:

The mean values for plant height, fruit length and width, number of fruits, yield per plant and
yield (t/ha) are presented in table 27. Significant (PO 0.05 genotypic variations were observed
for plant height, number of fruits, yield per plant and yield (t/ha). There were however no
significant genotypic difference among the genotypes for fruit length and fruit width. The
highest yielding genotype was DB 3 (2940 tons/ha) while Lushoto had the lowest yield (4.70
tons/ha). Plant height ranged from 51 cmto 89 cmwith an average of 70.80 cm Genotype DB

3 showed its superiority over the other genotypes in relations to all the parameters measured
except fruit width. The experiment would be repeaed in the 2015 growing season to validate
the results.
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Table 34: Agronomic, yield and yield conponents of eggplant genotypes

Genotype Plant height  Fruit length Fruit width No. of  Yield per Yield
(cm) (mm) (mm) fruits plant (kq) (t/ha)
AB 2 5100 4750 85.30 17.30 0.17 14.90
DB 3 89.00 6350 7360 90.70 0.33 29.40
Lushoto 69.70 55.00 65.30 14.70 0.05 470
TZ SMN 2-8 7370 46.20 60.00 84.00 0.23 20.00
Mean 70.80 5310 7110 5170 0.19 17.30
LSD 2232 NS NS 27.02 0.10 8.99
CV (%) 1580 29.20 2370 26.20 26.10 26.10

Activity 2: Bvaluation of Amaranth genotypes

Materials and Methods:

The experiment was located at the reseach site of the Vegetable Sedion of SARI in
Nyankpala. The experimental design used was Randomized Conplete Block (RCB) with three
replicates. Amaranth seeals were nursed on hea sterilized beds. Nursery management pradices
such as watering, weed control, thinning out and insed pest control were properly caried out.
The sedllings were transplanted onto raised beds measuring 3 m long and 2.25 m wide at a
planting distance of 30 cm X 30 cm The amaranth genotypes that were evaluated were A2004
AH TL, AM NKGN, IP 5 and Madiira 2. NPK (15-15-15) was applied at a rate of 100 kg/ac
three weeks after transplanting. Top dressing with sulphate of ammonia (SA) was caried out at
Six weeks after transplanting. Weeds were controlled by hand weealing with a manual hoe.
Inseds were controlled with lamda cyhalothrin (20g/l). Parameters that were measured include
plant height (cm), plant girth (mm), led length (cm), led width (cm) and led weight (g). Ten
plants in the middle rows were periodicdly harvest and weighed with an eledronic scade.

Results/Major Findings:

There were no genotypic differences (PO 0.05) in the amaranth genotypes for plant girth, led
length and yield (t/ha). However significant differences were observed among the genotypes
for plant height and led width. Plant height ranged from 57.30 cm to 10800 cm with an
average of 9210. Genotype AH TL (875 cm) had the widest led width while genotype AM
NKGN (4.86 cm) had the least led width. Althoudh there no statisticd difference in yield
(t/ha), Madiira 2 had the highest yield of 34.30 t/ha while A2004 had the least yield of 21.30
t/ha. The trial will be repeaed to next season to validate the results.
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Table 35: Agronomic and yield components of Amaranth

Genotype Plant height Plant L eaf L eaf Yield
(cm) girth (mm) length (cm) _ width (cm) _(t/ha)
A2004 10800 1970 16.23 7.79 2130
AHTL 76.60 14.10 14.74 8.75 2410
AM NKGN 93.60 1890 1255 4.86 29.40
IP5 57.30 17.10 1394 6.63 2330
Madiira 2 12480 2310 1359 6.30 34.30
Mean 9210 1860 1421 6.87 2650
LSD 3942 NS NS 271 NS
CV (%) 22.70 30.60 1590 2100 4590

Activity 3: Bvaluati on of Okro genotypes

The experiment was condwted in a Randomized Conplete Block Design with three
replications. Each replicaion was made up of two blocks consisting of five plots per block.
Plot size measuring 3 m long and 3 m wide with an area of 9 m? was used. The field was
ploughed, harrowed and ridged with a tracor. The okro varieties evaluated were Koni, Sasilon,
ML OK 10, ML OK 16, ML OK 35 ML OK 37, TZ SMN 10-3, TZ SMN 86, TZ SMN 98 and
Ex Makutopora. The seals were soaked in water overnight before they were planted at two
sedls per hill. A spadng of 0.75 m X 0.50 mwas used. Weeds were regularly controlled with a
manual hoe to reduce competition from weeds. Fertilizer application was caried out at two and
six weeks after emergence using NPK (23-10-5) at a rate of 100 kg/ac The plants were top
dressed with sulphate of amnonia at arate of 50 kg/ac. Insed pests were controlled with lamda
cyhalothrin (20g/l) using a knapsadc. Data were colleded on six tagged plants on the middle
row of ead exerimental plot. Parameters measured were plant height (cm), stem girth (mm)
fruit length (cm), fruit width (mm), number of fruits and fruit weight.

Results/Major Findings:

Significant (PO 0.05) genotypic variations were observed for all parameters measured (Table
29). Plant height varied from 37.30 cm to 86.00 cm with genotypes ML OK 35 and Koni
having the shortest and tallest heights respedively. Genotype TZ SMN 10-3 had the longest
fruit length (1500 cm) while genotype Koni (3310 mm) had fruits with the widest width. Fruit
number ranged from 27.7 (ML OK 10 to 10330 (Ex Makutopora) with a mean of 7650. Fruit
yield varied from 1.03 t/ha to 7.27 t/ha. The highest yielding okro genoty pe was Sasilon while
ML OK 10 had the lowest fruit yield. An extensive study would be conduwted on these
promising genotypes next season to validate the results.
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Table 36: Agronamic andyield characteristics of okro

Genotypes Plant Stem Fruit Fruit No. of Yield
height (cm) girth (mm) length (cm) width (mm) fruits (t/ha)
Ex Makutopora 7470 2202 9.43 2457 10330 4.23
Koni 86.00 1958 8.74 3310 85.70 3.90
ML OK 10 6250 2231 1003 2713 27.70 1.03
ML OK 16 8100 2183 1393 2217 9330 2.96
ML OK 35 37.30 1890 1200 2223 60.70 1.69
ML OK 37 7770 2313 9.60 3017 75.70 264
Sasilon 85.70 20.79 1158 2857 10200 7.27
TZ SMN 10-3 69.20 2372 15.00 20.75 60.70 2.08
TZ SMN 86 4090 1859 10.03 20.46 7830 294
TZ SMN 98 44.00 1894 1190 22.78 78.00 232
Mean 65.90 20.98 1123 2519 76.50 311
LSD 1819 3.76 2.76 272 2125 0.95
CV (%) 16.10 1040 14.30 6.30 16.20 17.80

Activity 4: On-Station evaluation of okro genotypes under different mulching conditions

Materials and Methods:

Water and weal control are the most challenging fadors in vegetable production. Therefore,
different mulches were used to grow okro. Apart from the control of water and weeds the
experiment was carried out with the aim of assessing genotypic variation of okro genotypes
under grass and plastic mulch condtions. The okro genotypes were evaluated under these two
mulch condtions side by side for eassy comparison. Three similar trials were planted. The
experimental procedure was the same as adrealy described above in adivity 3 except the
inclusion grass mulch and plastic mulch and a bare plot. For the grass mulich trial, the plots
were mulched two weeks after emergence. Under plastic mulch, the plastic material was laid
on the plots before planting was done.

Results/Major Findings:

Prelimnary data analyses of the experiment under mulching with grass are presented in Table
30. There were significant (PO 0.05) differences among the okro genotypes for all parameters
measured except stem girth. Plant height ranged from 5100 cm (ML OK 35 to 9300 cm
(Sasilon). Genotypes TZ SMN 10-3 (1640) and Koni (34.62) had the highest fruit length and
fruit width respedively. Fruit yield ranged from 1.50 t/ha (ML OK 10) to 7.20 t/ha (Sasilon)
with a mean of 3.34 t/ha. The effed of mulch with grass generally gave a positive response on
the parameters measured as compared the no mulching experiment under adivity 3. Thoud
the effed of the grass mulch was observed in periods of dry spell, wealing in this trial was
difficult. The grass mulch also harboured many soil arthropods particularly termites.

The results of the experiment under plastic mulch are presented in Table 31 Sasilon (13210
cm) had the highest plant height while ML OK 16 (7880 cm) had the lowest height. Stem girth
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ranged from 2820 mm to 3447 mm with a mean of 32 28 mm Significant (PO 0.05)

genotypic differences were observed for al the parameters measured. Fruit yield ranged from

184 t/ha to 6.88 t/ha with a mean of 349 t/ha. Thoudh the mean yield was high under the
plastic mulch as compared to the grass mulch, there was yield reduction in genotypes such as
Sasilon and TZ SMN 86. In general, mulching with plastic improved the growth of the okro
plants by maintaining high soil moisture. No weeding was done under the plastic mulch
throughou the growing season. The data will be combined and analysed aaoss the mulching

meterials when the experiment is concluded in the dry season.

In conclusion, okro genotypes responded positively to mulch either with grass or plastic mulch.
The experiment will be repeaed in the dry season where water is a limiting fador for the

effeds of the mulch materials to be clealy appredated.

Table 37: Agronamic characteristics of okro genotypes under grass mulch

Genotypes Pant Stem Fruit Fruit No. of Yield
height girth length width fruits (t/ha)
(cm) (mm) (cm) (mm)
Ex Makutopora  64.10 2384 1123 2457 12370 5.00
Koni 8270 2185 1020 34.62 94.70 453
ML OK 10 89.30 26.90 1047 24.96 44.30 150
ML OK 16 55.80 2354 1513 2114 9230 2.60
ML OK 35 5100 2193 1257 2271 70.70 183
ML OK 37 7120 2329 1013 3170 74.00 2.65
Sasilon 93.00 2073 1377 2821 11470 7.20
TZ SMN 10-3 8100 22.36 16.40 2185 6200 211
TZ SMN 86 66.40 2345 1133 2163 94.70 334
TZ SMN 98 8040 2334 1287 2138 80.70 264
Mean 7350 2312 1241 25.28 8520 334
LSD 3284 NS 278 2.60 14.93 052
CV (%) 26.00 1810 1310 6.00 1020 9.20
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Table 38: Agronomic char acteristics of okro genotypes under plastic mulch

Genotypes Plant Stem Fruit Fruit No. of Yield
height (cm) girth (mm)  _length (cm) _width (mm) _fruits (t/ha)
Ex 12520 2976 1227 2373 12730 517
Makutopora
Koni 12280 30.67 1120 3457 10300 4.85
ML OK 10 10370 30.98 1063 24.70 59.00 184
ML OK 16 7880 34.47 15.20 2057 9570 267
ML OK 35 94.50 3010 1285 2257 80.00 212
ML OK 37 12430 3316 1053 3157 79.00 284
Sasilon 13210 2820 1390 26.70 12230 6.88
TZ SMN 11570 3144 16.93 2217 7270 255
10-3
TZ SMN 8 10530 3150 1153 2167 9130 3.29
TZ SMN 98 10930 3252 1390 2167 94.00 270
Mean 11120 3228 1290 24.99 9240 349
LSD 4292 5.96 173 262 19.00 0.66
CV (%) 2250 1110 7.80 6.10 1200 1110

Activity 5: On-farm demonstration of okro genotypes under different growing conditions

Materials and Methods:

This experiment was carried out in three communities (Libga, Dufa and UDS-Nyankpala). This
onfarmreseacher managed triadl was caried out with the aim of demonstrating these
promising okro genotypes as well as mulching. Three separate experiments were laid out in an
RCBD with the communities serving as replications. The first experiment was under bare soil
condtions. The second and third experiments were carried out under grass and plastic mulches
respedively. The field was ploughed and harrowed with a trador. Plot size of 5 mx 1 m was
used. Planting distance of 0.75 m x 0.50 m was used. Seals of okro were soaked in water
overnight before planting at two seeals per hill. The plants were later thinned to 1 plant per hill.
The okro genotypes that were evaluated were AAK, NOKH 1002 NOKH 1003 NOKH 1004
and Sasilon. NPK (15-15-15) and sulphate of amnonia were applied at 100 kg/ac and 50 kg/ac
respedively. Agronomic pradices such as wealing and insed pest control were caried out
appropriately. Data were colleded on plant height (cm), fruit length (cm), fruit width (mm),
number of fruits and fruit weight (g).

Results/Major Findings:

The result of the demonstration under normal soil conditions is presented in table 32
Significant (PO 0.05) genotypic differences were observed for all parameters measured.
Genotype Sasilon was the tallest among the genotypes. NOKH 1004 had the longest fruits
while NOKH 10@ had fruits with the widest width. Fruit number ranged from 105 (AAK) to

325 (Sasilon). Sasilon had the highest yield of 6.04 t/ha while AAK had the lowest yield (1.08
t/ha).
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The results of the second experiment are presented in table 33. Plant height ranged from 524
cm to 7040 cm. Significant (PO 0.05) differences existed among the okro genotypes for all
traits measured. Variations in fruit length, fruit width, fruit number and yield followed a similar
trend as in the first experiment. However these were higher in the grass mulch than the bare
soil conditions.

Significant (PO 0.05) genotypic variations were observed for all parameters measured except
plant height (Table 34). Althoudh there was no significant difference among the genotypes,
plant height was generally higher under the plastic mulch than the other two growing
conditions. NOKH 1004 (1875 cm) had the highest fruit length while Sasilon (27.05 mm) had
the highest fruit width. Fruit yield was comparatively higher under mulching with plastic than
the other two condtions. Sasilon had the highest yield of 1055 t/ha while NOKH 10 (4.46
t/ha) had the lowest yield. These experiments would be modified and repedaed in the next
cropping season.

Table 39: On-farm Agronamic performance of okrounder normal condtions

Genotypes Pant height  Fruit length  Fruit width No. of Yield (t/ha)
(cm) (cm) (mm) fruits
AAK 39.00 9.40 17.80 1050 1.08
NOKH 10 57.60 1235 2048 1850 3.07
NOKH 10 4000 17.00 1655 20.00 447
NOKH 1004 5120 17.95 1974 2450 4.79
Sasilon 58.80 1755 2015 3250 6.04
Mean 4930 14.85 1895 2120 3.89
LSD 1140 0.74 0.23 2.82 0.33
CV (%) 1230 2.70 0.60 7.10 4.50

Table 40: On-farmagronamic performance of okrounder grasscondtions

Genotypes Pant height Fruit length Fruit width No. of fruits  Yield
(cm) (cm) (mm) (t/ha)
AAK 64.80 1370 20.85 1450 223
NOKH 10 75.20 1470 24.69 2450 494
NOKH 10 5240 17.04 1552 2300 477
NOKH 104 6140 1818 2071 2850 501
Sasilon 7040 1715 24.45 37.00 8.59
Mean 64.80 1615 2125 2550 511
LSD 14.00 314 334 349 208
CV (%) 1150 103 8.30 7.30 216
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Table 41: On-farmagronamic performance of okro under plastic condtions

Genotypes Plant height Fruit length Fruit width No. of fruits  Yield (t/ha)
(cm) (cm) (mm)

AAK 7880 17.80 2321 2300 519
NOKH 10 7250 1690 2087 20.00 4.46
NOKH 10 6250 1800 19.66 2450 6.82
NOKH 1004 7350 1875 2140 3350 7.38
Sasilon 78.00 1745 27.05 40.00 1055
Mean 7310 17.78 2244 2820 6.87

LSD NS 0.91 223 454 045

CV (%) 1260 270 5.30 8.60 350

Activity 6: On-Station evaluation of Rosell e genotypes for high and stable yield

Materials and Methods:

The trial was carried out at the reseach field of the Vegetable sedion. It was laid out in a
Randomized Conplete Block Design with three replicates. Land preparation which involved
ploughing, harrowing and ridging was caried out with a tractor. Experimental area of 258 m?
(12 m x 215 m) was used for the experiment. Each replication consisted of two blocks with
four plots per block. Plot size measuring 3 m x 3 m was used. Seeds of roselle were planted at a
spadng of 0.75 m x 0.50 m with 2 seeds per hill which was later thinned to 1. The genotypes
used for the experiment were Dah Rouge, llafia, Marche de Bozola, Samadah, Morogoro,
Navrongo, Locd 1 and Locd 2. NPK (15-15-15) was applied at two weeks after emergence at
a rate of 100 kg/ac and supplemented with 50 kg/ac sulphate of amnonia. Weeding was caried
out with a hand hoe. Ridges were reshaped as and when necessary. Lamda cyhalothrin (20g/1)
was used to proted the crop from insed damage. Data were colleded on six tagged plants in
the mddle row of ead experimental plot. Parameters such as plant height (cm), stem girth
(mm), led length (cm), led width (cm) and fresh led weight (g) were measured.

Results/Major Findings:

The results of this experiment are presented in Table 35 Genotype Morogoro (18500 cm) had
the tallest plant height while Marche de Bozola (6380 cm) had the shortest plant height. Stem
girth ranged from 10.72 nm to 3807 nm with a mean of 2367 mm Navrongo had the longest
(1443 cm) and widest (1450 cm) led. Significant genotypic differences were observed for all
parameters measured. Locd 2 had the highest yield of 2125 t/ha while Samadah (3.62 t/ha)
had the lowest yield. The experiment would be repeaed to confirm the results obtained.
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Table42: Agronamic characteristics of roselle

Genotypes Pant Stem Led length Led width  Yield
height (cm) girth (mm) _(cm) (cm) (t/ha)
Dah Rouge 94.70 1659 1082 8.90 496
llafia 9310 1570 851 1023 6.66
Locd 1 12800 2657 1290 1160 587
Locd 2 14630 2863 1300 1373 2125
Marche de Bozola 63.80 1072 871 943 9.66
Morogoro 18500 3126 1312 1362 1811
Navrongo 17910 3807 1443 1450 9.61
Samadah 89.30 2180 9.80 8.50 3.62
Mean 12240 2367 1141 1131 997
LSD 1714 415 213 197 753
CV (%) 8.00 1000 1090 9.90 4310

Activity 7: On-Station evaluation of rosell e genotypes under grass and plastic mulch

Materials and Methods:
Two separate trials were caried out side by side to assess the impad of mulching on the
performance of roselle. One experiment was caried out under grass mulch and the other was
conduwted under plastic mulch condtion. The experimental procedure for these two separate
experiments is the same described in adivity 6 except that in the case of the plastic mulch no
weed control was dore.

Results/Major Findings:

The results of the experiment under grass mulch condition are presented in table 36. Significant
(PO 0.05 genotypic differences existed among the 8 roselle genotypes for al parameters
considered. Morogoro (18500 cm) was the tallest while Marche de Bozola (6380 cm) was the
shortest. Stem girth ranged from 10.28 mm to 3170 mm as obtained by Marche de Bozola and
Navrongo respedively. Navrongo had the highest led yield of 1860 t/ha as compared
Samadah (5.10 t/ha). Navrongo out yielded Locd 2 which had the highest yield of 2125 t/ha
when it was evaluated under bare soil conditions in adivity 6.

The results of the experiment under mulching with plastic material are presented in table 37.
Fresh led weight (yield) ranged from 8.00 t/ha (llafia) to 4060 t/ha. The mean yield under
plastic mulch is over 100% and 200% more than the mean yield under grass mulch and bare
soil conditions respedively. Significant genotypic variations were observed for al the
parameters measured. Ceneraly, mulching with plastic material positively influenced the
growth and yield of roselle. Weead competition was eliminated as the weeds could not grow
under the plastic shed.

These experiments would be repeaed in the next cropping season to validate the results
obtained.
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Table 43: Paformance of roselle under grass mulch

Genotypes Plant Stem Led Led Yield (t/ha)
height (cm) girth (mm) __length (cm) width (cm)

Dah Rouge 94.70 2052 10.60 8.47 7.00
llafia 9310 16.83 9.88 1177 7.00
Locd 1 12800 27.26 1126 9.70 6.60
Locd 2 14630 2337 1312 1427 10.60
Marche de Bozola 63.80 1028 10.70 1007 1040
Morogoro 18500 3127 1230 14.20 14.90
Navrongo 179.10 3170 1173 1307 1860
Samadah 89.30 2194 1019 8.63 5.10
Mean 12240 22.90 1122 1127 10.00
LSD 17.15 356 1.88 217 8.61
CV (%) 8.02 8.90 9.60 11.00 49.00

Table 44: Peformance of roselle under plastic mulch

CGenotypes Plant Sem Led Led Yield
height (cm) dgirth (mm) __length (cm) width (cm)  (t/ha)
Dah Rouge 8370 1942 1162 9.83 17.70
llafia 10600 1865 1276 1305 8.00
Locd 1 13.00 26.90 1451 1472 16.40
Locd 2 13610 24.66 1237 1287 17.60
Marche de Bozola 89.00 14.69 1170 1220 14.30
Morogoro 18630 3173 1247 14.73 40.60
Navrongo 16170 3336 1259 1395 34.60
Samadah 97.30 20.08 1347 1263 1450
Mean 124.00 2369 1269 1300 2050
LSD 2263 532 194 281 9.89
CV (%) 104 1280 8.70 1230 2760

Activity 8: On-farm demonstration of roselle genotypes under different growing
conditions

Materials and Methods:

This demonstration was caried out in three communities (Libga, Dufa and UDS-Nyankpala).
This on-farmreseacher managed trial was caried out with the aim of demonstrating these
roselle genotypes and the different mulching techndogies. Three separate experiments were
laid out side by side in a Randomized Complete Block Design with the comnunities serving as
replications. The first experiment was caried out under normal soil condtions (no mulching).
The seoond and third experiments were caried out under grass and plastic mulches
respedively. The field was prepared by ploughing and harrowing with a tracor. Plot size of 5
m x 1 m was used. Planting distance of 0.75 m x 0.50 mwas used. The five roselle genotypes
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evaluated were Dah Rouge, Locd 1, Morogoro, Navrongo and Samadah. Seeds of roselle were
planted at two seeds per hill. The plants were later thinned to 1 plant per hill. Weed control was
manualy dore in the bare and grass experiments. However no weed control was dore in the
plastic experiments. Insed pests were controlled with lamda cyhalothrin (20g/1). Data were
colleded on plant height (cm), stem girth (mm), fruit length (cm), fruit width (mm) and fruit
weight (g).

Results/Major Findings:

The results of the experiment under normal soil condtions are presented in table 38
Significant genotypic variations existed among the genotypes for the parameters considered.
Morogoro was superior to the other genotypes in the parameters measured except led length.
Yield ranged from 3040 t/ha (Samedah) to 47.90 t/ha (Morogoro).

The results of the trial under grass mulch condition are presented in table 39. Locd 1(95.30
cm) had the highest plant height while Navrongo (6520 cm) had the lowest height. The
genotypes were significantly different in the parameters measured except led length.
Morogoro emerged as the highest led producer as it had a yield of 50.80 t/ha while Navrongo
(26.70 t/ha) was the poorest among the genotypes.

Table 40 shows the results of the experiment carried out under plastic mulch condition. The
genotypes were not significantly different from ead other in plant height. Yield ranged from

1800 t/ha to 8370 t/ha. Navrongo had the highest yield under plastic conditions. Some of the
genotypes were not consistent in their performance under the different conditions. The
experiment would be repeated to confirm the results obtained.

Table 45: Agronamic characteristics of roselle under normal soil condtions

Genotypes Plant height Stem girth Leaf length Leaf width Yield (t/ha)
(cm) (mm) (cm) (cm)
Dah Rouge 7350 1848 1254 1274 37.50
Locd 1 7870 199 1635 16.35 3340
Morogoro 9360 2516 1472 16.68 47.90
Navrongo 64.90 1525 14.65 10.65 1960
Samadah 7280 17.46 1427 1413 3040
Mean 76.70 1926 1451 1411 3380
LSD 2490 1.90 2.86 371 1886
CV (%) 17.20 520 1050 14.00 2970
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Table 46: Agronamic characteristics of roselle under grass mulch condtions

Genotypes Plant height Stem girth Leaf length Leaf width Yield (t/ha)
(cm) (mm) (cm) (cm)
Dah Rouge 8840 1675 1276 1301 44.80
Locd 1 95.30 16.85 14.67 1495 36.40
Morogoro 9340 16.20 1435 17.08 50.80
Navrongo 6520 1290 1505 1240 26.70
Samadah 79.60 1253 1520 14.06 37.60
Mean 84.38 1505 1441 14.30 3930
LSD 6.25 0.81 NS 322 10.39
CV (%) 390 290 1000 1190 14.10

Table47: Agronamic characteristics of roselle under plastic mulch condtions

Genotypes Plant height Stem girth Leaf length Leaf width Yield (t/ha)
(cm) (mm) (cm) (cm)
Dah Rouge 85.90 1536 1226 9.38 18.00
Locd 1 85.00 19.89 1570 1535 3170
Morogoro 10810 2219 1320 1592 3350
Navrongo 10530 2219 1365 1532 8370
Samadah 8260 2308 1190 10.03 37.80
Mean 9340 2054 1334 1320 4090
LSD NS 0.31 157 112 36.43
CV (%) 1580 0.80 6.30 450 47.30

Training workshop on Nursery management and Postharvest handing of TAVs

The training workshop was organized on the 251 of September, 2014 with the aim of educating
vegetable farmers on good nursery management pradices and post-harvest treament to reduce
losses from farmer sHfield and enhance the shelf-life of the vegetables and seed production.
This training workshop was caried out at the reseach field of the Vegetable Sedion in
Nyankpala in order to make the farmers have a pradicd experien ce of what was discussed. A
total of thirty vegetable farmers made up of twenty men and ten women from Nyankpala,
Libga and Duufa were involved in the training exercise. These farmers who were involved in
the training are expeded to share the knowledge and the experience they aayuired with their
community members so as to increase their vegetable production and enhance their livelihoods
through the income from the sale of their produce BExerience farmers among them were
seleded and trained how to produce their own sedl if the need arises.

Nursery Management:

The training was caried out in a participatory manner where the farmers were asked to briefly
describe how they establish and maintain their nurseries. It was found out that most of the
farmers make beds that are too wide and do not sterilize their beds before nursing leading to
the build-up of pathogen levels in the soil. Althouch farmers knew about nursing in rows, they
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preferred having rows that are closely spacel. They also nursed by putting a lot of seeds in
eatd row which causes overcrowding after and easy sprealing of diseases after emergence.
They also preferred broadcasting crops such as jute mallow and amaranth instead of nursing in
rows and transplanting. The farmers were then taken through good nursery management
pradices which involve meking proper nursery bed, soil sterilization and aeation, sedl
treament, row nursing with wide row spadng and proper management of the nursery after
emergence. The farmers were taken through bed preparation where bed width of 1 m was
demonstrated for easy working on the bed. Dry grass was burnt on the bed to kill most of the
pathogens in the soil. The bed was agated by constantly turning and mixing the soil with
garden rake. Soil sterilization method such as solarization using transparent polythene sheds
was also demonstrated to the farmers. Nursing in rows with row spadng of 25 cm was
demonstrated on the bed. This wide row spadng makes it easy to uproot weels, loosen the
soils and apply fertilizer to boost the growth of the seallings. Nursing in seed boxes with stean
sterilized soil and cow-dung was also demonstrated to the farmers. The farmers were advised
to nurse their seeads thinly to reduce overcrowding and wasting of seeds. Nursing in seed boxes
is advantageous in that the seallings can be proteded from harsh environmental conditions as
it can be easily moved from one place to another and the soil can be well sterilized. The
farmers were also advised to develop the habit of using seed dressers to trea their seeds to
control seal borne pathogens as it was redized that treding seals with seal dressers is not a
common pradice among the farmers. They were also trained on how to ensure good moisture
condtions to minimize damping off incidence in their nurseries. Shading, thinning, pricking
out, wedal control, insed control and timely transplanting of seallings were demonstrated to the
farmers. They farmers were asked to cary out these pradices on time in order to produce
strong disease free seedlings before transplanting them on the field.

Post Harvest Treatment:

Post-harvest handling of agricultural produce is very important as it affeds the quantity and
quality of the produce before reading the final consumer. The purpose of this training exercise
was demonstrate to farmers a simple cost effedive method of treaing some of the vegetables
to extend the shelf-life of these vegetables. This sedion of the training was led by a post-
harvest and food preservation enginea. The farmers described some of the strategies they have
been using to preserve their vegetable produce. Some of these pradices include drying on
cement floor, drying on roof top and bailing for some minutes before drying. They expressed
their frustration with their current methods of drying becaisethe quality of the produce such as
colour and taste are affeded. The farmers were trained on the solar blanching technique which
is a simple method of drying fruit and ledy vegetables. The method involves drying the
vegetables on a bladk polythene shee covered with a transparent polythene shee for about 2
hours. This method of drying is fast, easy and maintains the natural colour of the produce A
denmonstration was made with ledy vegetables such as amaranth and roselle and fruit
vegetables such as okro and pepper. The farmers were happy about this techndogy as the
polythene is chea, reaily available in the market and easy to use.
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Participatory Varietal Seledion (PVS)

Scientific trials conducted by reseach institutes sometimes do not yield the desired results for
the farmers. Most of the time the traits used by the scientist is not appredated by the farmers.
For this reason, the scientist dedded to make the farmers meke their own seledion. This will
help the scientists reduce the number of varieties being handled for efficiency. Participatory
varietal seledion is very important in adaptive trials as the end-users (farmers) are involved in
the cultivar development process. With this approad, the farmers identify their preferred
variety based on their observation. After the training exercise, the farmers were asked to
observe the various variety tralls and chose their preferred varieties. They were asked to rank
the varieties and also give the reasons why they prefer those genotypes. With ledy vegetables
such amaranth and roselle, the farmers prefer varieties with many branches, broad leaves and
are late flowering. For amaranth, al the thirty farmers ranked Madiira 2 as the nunmber one
variety they preferred. The farmers ranked locd 2 as the best roselle variety followed by Dah
Rouge and Samanda. Most of the farmers seleded AB2 as the best eggplant variety followed
by TZ SMN 2-8. They ranked the varieties based on shape, size and colour of the fruits. Four
of the male farmers have agreed to help to produce seel of the seleded varieties.

Field Day:

A field day was organized on the 26" of September, 2014 with the aim of promoting
indigenous African vegetables such as okro, eggplant, roselle and amaranth. It was also caried
out with objedive of promoting soil water and weed management pradices such as plastic
(blak polythene) and grass mulch. Sixty farmers from 6 communities (Nyogluu, Libga, Bihi,
Naayilli, Sakpalgu and Zaad) with 10 farmers from ead community were involv ed in the field
day. These sixty farmers were also asked to seled their preferred varieties for amaranth, roselle
and eggplant varieties. These farmers also seleded Madiira 2, Locd 2 and AB2 as their
preferred amaranth, roselle and eggplant varieties respedively. They also observed okro
varieties under plastic, grass mulch and bare conditions. The farmers were excited to see the
growth and yield difference for the three growing conditions and concluded that the plastic
mulch suppated the growth of the okro varieties better than the grass mulch and the bare
conditions. They were also happy to see that the plastic mulch can be used to control noxious
wealds such as Cyperus rotundws. They indicated that though the grass mulch was good in
maintaining the moisture content of the soil, it harboured a lot of termites and crickets. The
same observations were made concening roselle under plastic, grass mulch and bare
condtions. The farmers were happy to see amaranth varieties that have been nursed and
transplanted as this is not a comnon pradice in area

In general, the farmers that were involved in the training workshop and field day were happy to
have been part of the programne as they aoquired a lot of knowledge from the training
workshop. They added that more of such training programmes shoud be caried out on
different areas of vegetable production. The reseach tean will also make a follow up to see if
the farmers are implementing the knowledge they aoquired and update them with new
innovations. They were also thankful to CORAF through AVRDC for funding this important
projed that will enhance the conpetitiveness TAVs and improve their livelihoods.
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Sed Production:

Unavailability of seeds of improved TAVs have often been cited by farmers and stakeholders
along the vegetable value chain as a magjor problem contributing to the low productivity and
utilization of TAVs in northern Ghana. Therefore, seeds of improved TAVs would have to be
multiplied and distributed to farmers within and outside the projed communities. Seeds of the
roselle, okro and African eggplant produced during the 2014 cropping season are indicated in
table 41

Table48: Seedproduction during the2015cropping season

Crop Variety Quantity (9)
Rosell e Samadah 8500
Dah Rouge 4200
Morogoro 9050
Locd 3145
Navrongo 650
Locd (Alidu) 1780
Total 27,325
Okro NOKH 1003 2575
NOKH 10 1350
NOKH 1004 525
Koni 1865
Sasilon 955
ML OK 10 85
ML OK 35 73
Ex Makutopora 295
TZ SMN 98 55
TZ SMN 10-3 60
ML OK 16 62
ML OK 37 705
TZ SMN 86 855
AAK 3508
Total 8,406.8
African eggplant DB 3 265
AB 2 2005
TZ SMN 2-8 56
Total 5215
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Results/Major Findings:
About 27 kg, 85 kg and 0.5 kg of okro, roselle and African eggplant seeds, respedively, were
produced.
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LEGUMES IMPROVEMENT

M ulti-locational evaluation of advanced early and medium maturing
soybeanlines for grain yield in diverse agro-ecologies of Northern Ghana.

Principal Investigator: N.N. Denwar

Collaborating Scientists: F. Addae-Frimpomash, S. S. Buah, J. M. Kombiok, M. Abuduai,
and R A. L. Kanton.

Estimated Duration: 5yeas

Sponsors: Soybean Innovation Lab/USA ID

Locations: Nyankpala, Manga, Yendi and Damongo

Background Information and Justification

Soybean (GAycine max (L.) Merill) utilization is gaining popuarity in Ghana because of its
numerous potentials that rank it even better than cowpea in the supply of high quality protein.
There is therefore, an increasing cultivation of the crop in the cropping systens of the savanneh
zone of Northern Ghana. Ogoke et al. (2009 reported an increasing cultivation of soybean in
the West African moist savannah. Soybean performance, like any crop however, varies with
the environment (Aremu and Qjo, 2009, therefore several varieties have to be evaluated in
multiple environments for the identification of suitable genotype for spedfic environments.
Differential genotypic responses of crop varieties to variable environmental conditions
espedally those associated with changes in ranks of genotyp es limit acarate yield estimates
and identification of high yielding stable genotypes. Under the Feed the Future Program of the
United States Government SARI is collaborating with the University of llinois under the
Soybean Innowation Lab with funding from USAID to develop better improved soybean
varieties that would help farmers improve on their yield and income levels. With the gradual
emergence of a vibrant sea industry in Ghana reseach institutions like SARI have never been
in a better position to deliver improved varieties to the popuace in awinsome and sustainable
position.

Objedives

The objedives of the study were to determine the yield and other agronamic performances of
elite ealy and medium maturing soybean lines aaoss various locaions in northern Ghana and
thereby identify location-spedfic and broadly adapted lines.

Expeded Beneficiaries: Farmers, seed companies, poultry industries, food and cosmetics
companies.

Materials and Methods

Ten advanced ealy and fifteen medium maturing soybean lines were planted at four locations.
The four locaions were Nyankpala, Yendi, Manga and Damongo. These lines were seleded
from prelimnary evaluations of genotypes obtained from the International Institute of Tropicd
Agriculture (IITA) in 2013 The plantings were done in mid- July 2014 using a randomized
conmplete block design with four replicaes. Each plot consisted of four rows of 5 mlong, with
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75 cm (medium) and 60 cm (ealy) between and 5 cm within row spadng. Two seeds were
initialy planted per hole but later thinned to one three weeks after sealling emergence Pre-
emergence herbicides were applied immediately after planting. Fertilizer was applied two
weeks after sowing at the rate of 25- 60-30 kg/ha of N-P.0s-K20, respedively, and manual
wealing dore two times. Data was taken from the two middle rows of ead plot. Data
recorded included number of days to 50% flowering, plant height at 50% flowering, number of
nodues per plant, height at maturity, days to maturity, 1000 seed weight and grain yield. Data
colleded were subjeded to analysis of variance using Genestat versionl?. Means were
separated using Duncan Multiple Range Test.

Results/Major Findings

The analysis of variance for the ealy lines reveded no significant difference for grain yield for
the lines at Damongo wheress it showed significant difference (PO 0.05) among the lines at
Manga. Again, poor gran weight were observed acoss the lines at Damongo (7067-
10667kg/ha) while Manga recorded high yield (6663-18133kg/ha) in all the lines. Nyankpala
(640 1440kg/ha) and Yendi (11333 i 17333 kg/ha) followed in that order after Damongo
respedively. None of the lines maintained its yield throughou the locaions indicaing the
effed of the environment on the lines. In general, 70% of the lines at Manga and Yendi
recorded grain weight of 1000lg/ha and above. Grain weight varied significantly depending on
the line and the locaion. With the exception of Manga, the analysis of variance was highly
significant for grain weight between the locations. Of the four locations, Yendi had the hig hest
grain weight for the ten lines ranging from 800 to 2000 kg/ha which might be attributed to high
germination percentage observed which led to more plant stand at harvest. On the other hand,
Nyankpala recorded poor grain yield ranging from 6667 to 12Mkg/ha. The poor grain weight
at Nyankpala might be attributed to intermittent drought at time of pod filli ng. Comparing the
four locations, the following varieties were the best five for grain yield, TGX 199-93F
(2000lg/ha), TGX 1844-19F (18667kg), TGX 18345E (18667 kg/ha) and TGX 184-22E
(18667kg/ha). For the medium maturing lines, pod yield was significantly different among
lines at Damongo but not Nyankpala. The ched variety (Jenguma) performed similarly for
Nyankpala and Damongo, proving to be better adapted. Yields averaged atonne per hedare.

Conclusions/Recommendations

Yield performance of the ealy lines was average but one line yielded over 2 tons/ha
Environmental differences were important in the performance of the lines even though the
trend among lines did not differ among locations. Lines yielding over 1.8 tons/ha would be
seleded for further evaluation. Yield levels among medium lines was below average acoss all
locations and could be due to unfavourable rainfall pattern at the time of grain filli ng.
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Field evaluation of aflatoxin resistant groundnut lines for pod yield in
Northern Ghana.

Principal Investigator: N.N. Denwar

Collaborating Scientists: F. Addae-Frimpomagh, S. S. Buah, J. M. Konbiok, M. Abuddai,
and R. A. L. Kanton.

Estimated Duration: 5yeas

Sponsors: Peanut and Mycotoxin Innovation Lab/USAID

Locations: Nyankpala

Background Information and Justification

Groundnu is the fifth most important crop in Ghana after caca, maize, cassava, and yam in
terms of area coverage (56535%a). The crop is grown all over the courntry from the dry
savannah regions to the moist forest areas and the coastal savannah zone along the coast. Over
8% of Ghanaians consume groundnus once or more ead week, making it a very important
food crop in the country. However, due to poor handling of the crop from production through
processing and storage, it gets contaminated with aflatoxins. Aflatoxins are one of the most
potent toxic substances that occur naturally. These are a group of closely related mycotoxin
produced by the fung Aspergillus flavus and A. parasiticus. Aflatoxicosis is poisoning that
result from ingestion of aflatoxins in contaminated food or feed. In order to make minimize the
risk of contamination farmers are encouraged to cultivate aflatoxin resistant lines. Through its
collaboration Texas A&M University under Peanut and Mycotoxin Innovation Lab (PMIL),
SARI obtained anumber of aflatoxin resistant lines from ICRISAT for evaluation.

Objedives
The objedives of the study were to determine the yield and other agronomic performances of
elite groundnu lines with resistance to aflatoxin and to identify superior lines for further
evaluation.

Expeded Beneficiaries: Farmers, seed companies, poultry industries, food and cosmetics
companies.

Materials and Methods

The experimental design was a Randomized Cormplete Block Design (RCBD) with four
replications. Eadh block (rep) contained 14 advanced breading lines and one locd variety
serving as a ched. There were 15 plots within ead block with a size of 2 mx 3 m One sed
per hill was planted with a spadng of 50 cm inter-row and 15 cm intra-row. Weeals were
controlled with herbicides and manual wealing. Pre- emergence herbicides were sprayed
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immediately after planting and manual weeding was done at two weeks and five weeks after
emergence. Triple super phosphate was applied.

Results/Major findings

The aflatoxin tolerance varieties showed some potential of high yields even thoudh plant
establishment was poor (due to removal by birds) coupled with late planting which was due to
the delay in the on-set of rains. Six of the varieties had kernel yield above 1.1 t/ha. Progress
was made in the crossing program with crosses among various lines advanced to the third
generation. Large sedl size, led spot resistance, high oleic and aflatoxin resistance are some of
the key traits been introgressed

Conclusions/Recommendations

All of the aflatoxin resistant lines yielded below the locd chedk, Nkatiesari, indicating that for
farmers to accept these lines yield must be raised through brealing while maintaining the
aflatoxin resistance.

Improving Food Safety, Food Quality and Income of Poor Actresses and
Actors of the Peanut Value Chain in West Africa by reducing Aflatoxino
(GestAflAr).

Principal Investigator: N.N. Denwar

Coallaborating Scientists: Mununi Abuduai, S.SJ Buah, Issah Sugri, Edward Martey, Prince
M. Etwire

Estimated Duration: 3yeas

Sponsors: CORAFGESTA FLAR

Locations: Throughout Northern Ghana

Background Information and Justification

The Projed filmproving Food Safety, Food Quadlity and Income of Poor Actresses and Actors
of the Peanut Value Chain in West Africa by reducing Aflatoxino (GestAflAr) is a West and
Central Africen Council for Agricultura Reseach and Development (WECARD/CORAF)
funded projea launched in 2013Consistent with the mandate of the Savanna Agricultural
Reseach Institute of the Council for Scientific and Industriadl Reseach (CSIR-SARI), the
objedive of the projed is to contribute to poverty reduction among all the adors in the
groundnu value chain by reducing aflatoxins and improving the competitiveness of the crop.

Objedives

The main objedive of the training comporent was to educae farmers on the dangers of
consuming aflatoxin contaminated foods and to training them in management strategies to
minimize aflatoxin contamination in thefield and in storage.
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Expeded Beneficiaries: Farmers, seed companies, groundnu exporters and the food industry.

Materials and Methods

The training team employed a variety of adult leaning techniques to engender full
participation of trainees and for effedive transfer of knowledge and skills. Such techniques
included:

Presentation by the facilit ators

The training manual prepared by the trainers was presented through the use of a PowerPoint
presentation. The fadlitators used less text and technica materials, pictorial and graphica
meterials were however heavily relied on for the presentation. The fadlitators encouraged
participants to comment and provide feedbadk during the presentation.

Demonstrations
Demonstrations were used to buttress key concepts

Group Discusson and Role Play

The purpose of the group discussion and role play was to give participants the chance to
brainstorm on aflatoxin concepts. The trainers fadlitated the group discussion process as well
as therole play.

Plenary Discussons
The purpose of the plenary sessions was to obtain participants views and opinions on the
various issues presented.

Results/Major findings

Over 400 farmers and Agricultural BExdension Agents (AEAS) of the Ministry of Food and
Agriculture (MoFA) were trained in the dangers and management strategies to minimize
aflatoxin contamination in groundnus in the field and in storage. Trainees were drawn from
four districts: Kasena Nankana East (Navrongo), Bulsa North (Sandema), Savelugu (Savelugu)
and Wa Municipal (Wa). An Innowation Patform comprising various stakeholders was
established in Wa to form the forum for continuous education, planning and exeaution of
various strategies towards the redization of aflatoxin -free groundnu and groundnu products
along the groundnu value chain.

Conclusions/Remmmendations

In conclusion, the training program was successfully conduwcted. The expression of
appredation and the interest shown in participating in the training sessions were indications of
beneficial impads of the training. Attendance was very good The participatory leaning
strategy adopted ensured that participants were adively involved in the training adivities.
Participants are therefore expected to apply the knowledge gained in their farm operations.

Smallholder farmers need to be suppated and encouraged to deliver quality, aflatoxin free
produce to consumers. The projed tean therefore intents to engage in regular monitoring and
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follow ups, in order to mentor farmers to adopt methods that can eliminate or reduce aflatoxin
contamination.
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COWPEA IMPROVEMENT

Breeding for high yielding Improved Cowpea Varieties with Resistance to
thrips, pod sucking bugs and Strigagesnerioidesin Northern Ghana

Principal Investigator: Mohammed Haruna

Collaborating Scientists: 1.D.K. Atokple, M. Abuduai, JM. Kombiok, B.D.K. Ahiabor A.N.
Wredu, YE. Owusu & Issahaku Memunatu

Estimated Duration: 3 yeas

Sponsors: AGRA

Location: Nyankpala, Manga, Wa & Navrongo

Projed rational/Background:

Cowpea is the second most important legume crop in northern Ghana after groundnu and serves
as a cheg source of protein and income but yields are low, averaging 0.8MT/ha on farmers
fields. The dry grain with about 23-25% protein serves as a cheg source of protein for both rural
and urban consumers whereas livestock benefit from the residue left over after the grain is
harvested. It is predomnantly cultivated by poor resourced small scade farmers with average
farm size of about 0.5-1.1 ha

Despite the low productivity, Ghana is the fifth highest producer of cowpea in Africa (Abate et
al. 2012. Cowpea yields in this country are the 4™ highest in the world, after Peru, Cameroon
and Uganda (Abate et al. 2012. Ghana also has the fastest growing production of the crop in
Africa Annual rates of growth for cowpea area yield and production for the period from 198-

1987 to 20(B-2007 were -0.1%, 39.6%, and 39.8%, respedively. It has been projeded that the
rate of growth for cowpea production during the period between 2010 and 2020 would be 111 %
(Abate et al. 2012.

Currently, there are dynamics in consumption habits, a trend that indicate changes in the role of
the grain legumes in the livelihood systems of smallholder farmers. The urban popuation who
are conscious about their hedth are shifting from protein sources based on animal meds to
crop sourced proteins, thus, leading to rising demand for grain legumes in the urban aress,
resulting to elevation of the grain legumes espedally cowpea as fi csta cropd in the rural
smallholder systems.

Despite the importance of cowpea on the livelihood of smallholder farmers and the good
adaptation in northern Ghana, its production is constrained by several biotic and abiotic stress
fadors. The root parasitic weeal, Striga gesnerioides causes extensive cowpea grain yield
reduction in northern Ghana. Grain yield losses of up to 80% are estimated on susceptible
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cultivars (Singh and Emechebe, 1990. There is a positive correlation between the menace of
Striga infestation and low soil fertility (Muleba et al, 1997). Host plant resistance is the most
pradicd and economic strategy to control this weed. One of the objedives of the projed was
to incorporate Striga resistant genes into the genetic badkground of recommended cowpea
cultivars.

Fower thrips caused by Megalurothrips sostedti is perhaps the most important insed pest on
cowpea in Ghana and is found in amost everywhere that cowpea is cultivated. They cause
considerable damage in areas where there has not been any chemicd intervention though losses
are yet to be quantified. Studies elsewhere indicate that total crop loss could result from severe
infestation from this insed. The adult thrips which are minute inseds feed in the flower buds
and flowers. Severely infested plants do not produce any flowers and when popuations are
very high, open flowers are distorted and discoloured. The flowers then fall ealy with the
result that pods are not formed. Hower thrips attad flower buds and destroy the buds leading
to reduction in the number of pods per plant and subsequently seed yield. It has been estimated
50-100% yield loss can occur during severe infestation (Adidgbo et al, 2007. A locd variety
fiSanzeid was identified to possess antibiosis resistance to flower thrips and it was used in this
projed as a dona parent to transfer the resistant genes into existing improved susceptible
varieties.

Soil infertility remains the mgjor constraint to sustainable agricultural production in northern
Chana. Farmers in this region apply mostly chemicd fertilizers to improve the soils which are
costly and often unavailable. The Ghana government in 208 spent about GH¢20m on
subsidizing fertilizer under the fertilizer subsidy program (FSB but farmers still apply less than
the rate required per hedare due to their low income status. Policy makers and farmers would
therefore welcome any strategy that seeks to turn around the general soil fertility constraint in
the north into a resource for sustainable agriculture. As anoduating leguminous crop, cowpea
can source its N requirements from either the soil or through a process cdled Biologicd
Nitrogen Fixation (BNF) or both. The N contributed through BNF benefits the cowpea crop as
well as comporent and succeeling cered crops lealing to reduction in the quantity and amount
of money that would have been spent on chemicd fertilizers. Under this projed, a number of
cowpea genotypes were screened for high nitrogen fixation using the N solute or xylem ureide
tedhnigue to quantify nitrogen fixation in tested genotypes.

Materials and Methods

The study employed integrated breeding methods by using the participatory approadc in the
seledion of advanced varieties (Participatory Variety Seledion) and generating recombinant
lines through hybridization to creae variability with regard to these traits for further seledion.
Feld demonstrations and community seed production schemes were conduwcted to introduce
farmers to elite lines which are higher yielding with resistance to aphids, thrips and striga.
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One hunded and eighty six (186 cowpea germplasm were introduced and evaluated for higher
yielding with resistance to aphids, thrips, pod sucking bugs and striga gesnerioides. This was
dore in collaboration with locd seed companies and farmer based organizations (FBOS)
leading to awareness credion, leaning and techndogy dissemination to accderate the adoption
developed varieties. Crosses were done to integrate farmer preferred traits such as ealiness,
bold/large seed size (20 cm or more), white seed coat with bladk-eye helium in addition to
thrips, and pod sucking bugs and striga resistance. Twenty (20) of such crosses were advanced
to F4 generation and they will constitute entries of advanced yield trials. Various media were
used for variety dissemination and promotion such as farmer field days, farmer6 network,
publications and presentation in conferences and workshops.

The participatory approach adopted in the reseach has enhanced the seledion process and
accéerated the processes of propaose release of four high yielding candidate cowpea lines with
combine resistance to aphids and striga gesnerioides

Results and Discussion
Germplasm introduction and preliminary evaluation

Three sets of trials comprising 12 ealy, 12 medium and 12 dual-purpose lines were introduced
from IITA and evaluated on-station at Nyankpala. 1TO7K-299-6 and ITO7K-273-2-1 were
seleded based on yield ealiness and seed colour and size.

Cowpea Advance yield trials (CAYTS)

Promising lines seleded from preliminary evaluation in 2013 cropping season were constituted
into advanced yield trials (CAYT) at Damongo, Nyankpala and Yendi. They consisted of ealy
maturing (CAYT 1) and medium/late maturing (CAYT 2) lines. Yield stability test of
candidate cowpea lines proposed for release was caried out at Nyankpala to evaluate their
yield performance against existing varieties (Fig. 15).

Cowpea advance yield trial 1. (Early maturing lines)

This trial consisted of 12 best performing ealy maturing lines seleded from preliminary
evaluation last yea. The lines showed genotypic differences in days to flowering (DFPF),
maturity and pod yield. The average maturity of these lines was 67 days but 4 lines matured
below the average indicaing that they were ealy maturing. Lines within this maturity group
shoud mature between 60-65 days. The increase in maturity days could be due to changes in
phatoperiod and high temperature during the crop& phenology and thus prolongng the period
of vegetative growth. ITO7K-299-6 gave the highest pod yield of 1.8tons per hedare. Songdra,
the locd ched recorded the least pod yield (945 kg/ha) among the lines tested (Figure 13& 14).
Average grain yield was 106 kg/ha with a range of 837-154 kg/ha. Fve lines gave grain
yield higher than the average. The genotype that recorded the highest grain yield was ITO7K-

29-6 (1.5 t/ha) and Songdra, the locd ched recorded the lowest grain yield of less than aton.
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Figure 13: Flowering and meturity days of 12 ealy cowpealines tested at Nda, 2014
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Figure 14: Pod yield of 12ealy mauringlines a Nda. 2014
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Cowpea advance yield trial 2. (Medium/late maturing lines)
Fourteen (14) medium meturing cowpea lines were evaluated at Nyankpala for yield and yield
attributes. Best performing lines will be advanced to multi-location yield trials next cropping
season to test their performances under varied environments. There was significant difference
(p ©0.05 between the genotypes for grain yield. The average grain yield was 1188 kg/ha with
range of 943 1 1600 kg/ha. However, three of the lines recorded grain yield more than the
chedk variety, Padi-tuya. 1TO7K-304-9 gave the highest grain yield of 16 kg/ha and the least
yield of 943 kg/ha was recorded by IT9K-7-21-2-2 (Table 42).

Table 49: Peformance of 14 medium maturing cowpea lines tested at N fa, 2014

Variety/Line DFF Days to Pod yield Grain yield kg/ha
maturity kg/ha

ITO7K-18724 44 68 1471 1130
ITO7K-18849 44 71 1897 1290
ITO7K-211-1-8 42 71 1420 957
ITO7K-29210 41 68 1550 960
ITO7K-3049 43 68 2047 1600
ITO7K-304 - 44 42 71 1233 950
ITOBK-137-1 42 68 1683 1370
PADI-TUYA 44 70 1807 1423
IT86D-610 45 70 1623 1270
IT9O7K-1069-6 41 74 1803 1497
IT97K-390-2 41 74 1580 1027
ITOK-7-21-2-2 41 74 1193 943
IT99K-529 2 43 72 1483 1130
ITOOK-1263 43 68 1653 1083
Mean CV 43 70 1603 1188

(% ) LSD 1.8 0.38 293 2838
(0.05) 11 04 672 4896
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Figure 15: Grain yield of 10aphis/strigaresistant lines tested a Nyankpalain 2014

Screen adaped varieties for high nitrogen fixation to enhance soil fertility and crop
productivity.

Nitrogen fixing potential of proposed varieties for released was assessed using the N solute
method. With this method, the relative concentration of N solutes (alantoin, alantoic add,
amino compounds and nitrates) in the xylem sap refleds the sources of nitrogen being
assimilated by the legume (Unkovich et al, 2008. Xylem sap samples were taken and analysed
for ureides and nitrate concentration using the procedure developed by Herridge et al, 1988.
Results showed very high percentage nitrogen derived from the atmosphere (%Ndfa) for the
four candidate varieties than their parents (Fig. 16). About 70% - 82% of nitrogen intake was
from fixation whereas the parents varieties fix maximum of 65% indicating that the proposed
varieties when released for cultivation can significantly fix substantial quantities of nitrogen to
improve upon the poor nitrogen deficient soils of northern Ghana for sustainable agriculture.

96



0
90 - 78 . 82 . m %Ndfa
80 -
70 - 59 60 65
60 -
W50 -
BT40 -
Z30 -
220 -
10 -
0
N Q ) ™ > %
® § $ Ny N o o€
N N N & N & &
L ks t L QO >
S N Ky XF =) c,‘?‘ Q
¥ = N =
2 S 9 9 .
Variety

Figure 16: Percent nitrogen fixed by canddate varieties and paentsat N fa., 2014

Achievements

During the 3 yeas of the projed inplementation, 18 cowpea gernplasm consisting of
introductions, advance lines of crosses and landraces were colleded aaoss northern Ghana
Twelve demonstrations were conduwcted in five districts (Tolon, Savelugu, East M amprusi,
West Mamprusi and Bawku west) of northern Ghana. About 300 hunded farmers including

100 women farmers benefited from the participatory on-farm evaluations and demonstrations
which were platforms for awareness creaion, leaning and knowledge sharing and
dissemination.

Average of 53 kg breeder seed of release varieties and €lite lines were produced every yea to
supply foundation seead producers and to permit the dissemination and diffusion of improved
varieties. Four varieties which conbine resistance to aphids and striga gesnerioides were
proposed for release in 2014 The first field inspedion was done by the national variety release
and registration comnittee (NVRC) on 24" September, 2014 A sewnd and final field
inspedion of the varieties is expeded soon before they can be released and given a national
recognition as varieties for cultivation. After the varieties have been released, they would be
registered in areputable journal and in the national variety catalogue.

Lessons learned

The results so far indicated that high yielding cowpea varieties with resistance to thrips and
striga gesnerioides can be achieved but pod sucking bugs resistance varieties were difficult to
develop or seled becaise pod suckers are a conplex and they cause damage on cowpea plants
at different periods within the cropé pod formetion stages. | therefore, suggest that a particular
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pod sucker should be targeted most probably the important and comnon ones in Ghana. | have
also seach through literature but could not get work on resistance to pod sucking bugs
generaly. Previous works on resistance to pod sucking bugs targeted a particular pod sucker
such as Riptortus dentipes or Nezera viridula which are reported to be the most damaging pod-
sucking pest on cowpea in Ghana.

The studies reveded that seledion criteria varied within the farmers during the PVS. Whilst
mele farmers seledion of good varieties was on higher number of pods per plant, larger seed
size and white blak-eye, the female farmers selection criteria was in addition to these
characteristics, varieties that could cook faster (less energy to cook) such as those with thin
sedl coat tester.

Improving the livelihood of smallholder farmers in drought-prone areas of Sub-Saharan
Africa and Asiathrough enhanced grainlegume production and productivity

Principal Investigator: M. Haruna

Collaborating Scientists: 1.D.K. Atokple, M. Abuddai, AN. Wredu, YE. Owusu & Issahaku
Memunatu

Estimated Duration: 3 yeas (2014-2017)

Sponsors: USAID

Location: Nyankpala, Manga, Wa & Navrongo

Projed rational/Background:

Farm level yields of cowpea on area basis has remained low (600-800ky/ha) compared to
reseach fields (1600-250 kg/ha). Among the several fadors that acount for the low
productivity include ladk of farmer access to high yielding varieties, biotic and abiotic stresses
and improper cultural pradices in its cultivation. Despite the fad that CSIR-SARI has
developed and relessed for cultivation improved cowpea varieties suitable for the interior
savanna, diagnostic surveys have shown that rural farmers invariably do not have access to
these improved varieties. This is due to the fad that the seal industry in Ghana has been
privatized and deders find it unattradive to open sale outlets in these hinterlands. Hence, phase
two of the Tropicad Legumes projedG adivities were initially tallored on promotion,
dissemination and diffusion of drough tolerant cowpea lines developed in Phase 1. This
involved introducing to farmers the new drought tolerant varieties and train seleded farming
communities on improved tediniques in the cultivation of cowpea through on-farm
participatory reseach and demonstrations. However, since this was the first yea of projed
implementation, adaptation studies was caried out on these materials before embarking on
promotion and dissemination.
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Objedive(s)

The mgjor objedive of the projed was to enhance the competitiveness of grain legumes
(cowpea for increase income and nutrition seaurity of smallholder farmers in the dry lands of
sub-Saharan Africa

Spedfically to:

a. Develop sustainable seal production and delivery system for reading smallholder farmers
in drought prone aress.

b. Establish partnerships to upscde the promotion, dissemination and diffusion of resources
(varieties developed) from previous phase.

Materials and Methods

Ten drought tolerant cowpea lines seleded after evaluating sixteen lines that were developed
by IITA during phase 1 of the projed were used to establish on-station and farm participatory
variety seledion (FPVS) trials at three sites in the northern region of Ghana to crede farmers
awareness, introduce farmers to these varieties and identify farmersé preferred traits to
fadlitate the adoption of the lines. The on-station trial was under the scientist management and
the on-farm trials were managed by farmers with scientist supervision. Treaments for the on-
station trial were 10 drought tolerant lines including a chedk variety whereas five drough
tolerant lines including farmers6 own variety constituted treaments for the on-farm trials.
Bqperimental design for both on-station and on-farm trials was randomize complete block with
three replications. Planting was donre at spadng of 60 cm x 20cm and fertili zer was applied at
rate of 25-60-30 of ureg triple single supper phosphate (P20s) and nuriate of potash (K20).
Lambda cyhalothrin (Karate 25 EC) at rate of 60mis per 13itres knapsadk sprayer was
applied to effedively control insed pests at the vegetative, pre-flowering, flowering and pod
development stages. The treaments were assigned to four row plots in a block. Plots were 4
meters long by 1.8 meters wide. Plants were spacel 60 centimeters between rows and 20
centimeters within rows. Data was colleded in the two inner rows for analysis.

Results and Discussion

Participatory farmers from were brought to the on-farm trials to observe the performance of the
treaments at vegetative growth stages and at harvest and to seled their preferred lines as part
of a leaning and techndogy dissemination process. The farmers were organized into four
groups. Two high performing lines (IT9K-112 and 1T98-628 were preferred and seleded
by al four farmer groups indicating that farmers will readily adopt these varieties when
relessed. Among the criterion used by farmers in seleding good performing lines were grain
and biomass yield, colour of the seal coat and size of the seed. Varieties with bold or large
grain size and white seed coat were preferred.
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Variety maintenance

It is mandatory for breelers in the public reseach institutes to produce breeders' seel of
released varieties to supply foundation seed growers and also to maintain the genetic purity of
these varieties over time. During reporting period we embarked on breeder seed production of
al released varieties and elite cowpea lines (Table 2). This was done under the supervision of
the breader.

Table 2. Charaderistics of cowpea varieties and quantity of breeder seed produced, 2012

Yield potential Quantity
of sed
Grain yield Fodder Matur ity produced
. (Kg/na) yeld (cays) . :
Crop Variety (kg/ha) (Kg) Spedal Attribute
Name
High yielding, striga
resistance
Cowpea Songdra 2,000 3,600 60-65 200
Higher grain and
fodder yields,
moderately resistant
to aphids and striga
Cowpea Padi-tuya 2,400 5400 65-70 350
Cowpea 2,500 3,200 55-60 150 Highly tolerant to
Apagbada heat/drought
Highly resistant to
striga gesnerioides
Cowpea Baawutawuta 2,200 4,200 75-80 50

THE WAY FORWARD

Thoudh AGRA -Cowpea projed has ended, we shall continue to identify/develop and screen
more genotypes for resistance to the mgjor biotic and abiotic stress fadors which the projed
seeks to address. About 20 F4 generations of crosses that combine important traits such as
drought tolerance, ealiness, Striga and thrips resistance have been developed and would be
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advance to yield trials this season. Sewnd field inspedion plot of the candidate cowpea
varieties proposed for released will be established during this cropping season to invite the
NVRS for the second and final field inspedion. The programne shall continue to improve the
genetic makeup of seleded genotypes through hybridization to incorporate traits relevant for
the attainment of the cowpea programne reseach objedives. Reseach will be conducted to
upscde the promotion, dissemination and diffusion of aready developed tedhnodogies
(varieties) through establish partnerships with existing legumes projeds espedally the new
AGRA projed on rhizobium inoculants production. The production of breeder and foundation
sedal of Padi-tuya, Songdra, Apagbada and Zaayura would be enhanced to med the sedl
requirement of the cowpea out scaing projed.
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SOIL MICROBIOLOGY

Putting Nitrogen Fixation to Work for Smallholder Farmers in the
Northern Region of Ghana

Principal Investigator: Rev.-Dr. Benjamin D.K. Ahiabor
Collaborating Scientists: Nil

Estimated Duration: 1yea

Sponsor: IITA, Ibadan, Nigeria

Location: Northern Region, Ghana

Background and Justification:

Cowpea and groundnu are the principal grain legume crops and source of dietary protein for
human nutrition in Ghana. These legume crops are able to noduate with rhizobium baderia in
the soil and benefit the plant through biologicd N2 fixation. Besides these two legumes is the
more recently introduced soybean whose production has fast caught up with those of cowpea
and groundnu and has even almost outstripped the production of cowpea and groundnu in
many places. Farmhousehold average yield outputs of soybean, groundnu and cowpea have
been found to be 737 kg grain/ha, 712 kg pod’ha and 365 kg grain/ha. These are woefully low
and therefore agronomic interventions neal to be introduced to closethe yield gaps and to raise
these yields to an average of at least 2 t/hafor all the three crops on farmerso fields.

During the reporting period under review (April, 2014 to March, 2015, both on-station and on-
farm exeriments geaed towards the development of variety X inoculants x nutrient
management recommendations for soybean, cowpea and groundnu were conduwcted. These
included various varieties of soybean inoculated or not inoculated or a single variety of eadh
(soybean & cowpea) inoculated or not in combination s with different nutrient amendments like
TSP, KCl, and Boost Xtra. For groundnd, the input requirement trials included the
combinations of lime (CaO) with other nutrient amendments like TSP, KCl, and Boost Xtra.

Objedives:
Activity 1 objedive: To determine the growth, yield and biologicd nitrogen fixation (BNF)
responses of different soybean varieties to rhizobium inoculation with or without P fertili zer

application

Activity 2 objective: To determine the response of cowpea (Songdra) to Rhizobium
inoculation and manure

Activity 3 objedive: To determine the growth, yield & biologicd nitrogen fixation (BNF)

responses of soybean, cowpea and groundnu to integrated applicaions of P (TSP, K (KCl)
and Boost Xtra at different locations
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Expeded Beneficiaries
Farmers, Agro-input Producers, Agro-input Deders, Legume Processors, Certified Seed
Growers, Agricultural Reseachers, Academia

Materials & Methods

Activity 1: Evaluation of different soybean varieties for yield and biological nitrogen fixation
(BNF) in the Northern Region

Test varieties, trial locations and implementers

Three soybean variety trials involving the varieties Jenguma, Afayak, Suong Pungun and
Songda were established on-farm at Zakoli (Yendi Municipality) and Nangurkpang (Karaga
District) and on-station at Nyankpala (Tolon District) in the Northern Region (Table 42). Apart
from the Nyankpala and Zakoli trials which were established and managed by SARI and SARI
& EPDRA (Evangelicd Presbyterian Development and Relief Agency), respedively, all the
other soybean variety trials were implemented jointly by SARI and the respedive district
directorates of the Ministry of Food and Agriculture. The trials were established on June 24,
2014 July 3, 2014 and July 7, 2014 at Zakoli, Nyankpala and Nangurkpang, respedively.

Table 50: Locations of thetrias in the Northern Region

rial type Mandate area Community No. of Responsible partner
trials institution
Yendi Municipality | Zakoli 1 SARI, EPDRA
Soybean
variety Karaga District Nangurkpang 1 SARI, MoFA
trial Tolon District Nyankpala (on- | 1 SARI
station)

At every locaion the land was ploughed with a tracor and then harrowed with a hoe after
which the fields were demarcated into plots acwrding to the type of trial. Soybean plots were
45 mlong and 3 m wide giving a plot area of 135 m?. The trials were laid leaving an alley of
15 m between inoculated and un-inoculated plots within a replicae and a distance of 20 m
between two replicates. The distance between two plots within a row was 0.5 m Planting was
dore at a spadng of 50 cm between rows and 10 cm between plants at 2 seals per hill (this
gives 400000 plants/ha). There were nine lines or rows per plot.

Wedy falow plots were included in the lay-out to alow the sampling of the natural re-growth
(wedals) as reference plants for the assessment of biologicd nitrogen fixation (BNF) of the test
legumes by the Total N Difference method.

A split-plot arrangement in a randomized conplete block design at four replicaions was used

for the soybeen variety trials at al locaions with inoculation as main plot and soybean variety
as sub-plot. The soybean varieties used were Jenguma, Afayak, Songda, Suong Pungun
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All the plots recaved basal applications of organic manure (fertisoil) at a moderate rate of 4
t/ha(= 5.4 kg/plot) and P and K in theforms of TSP and KCl, respedively at the rates of 30 kg
P (= 202 g TSHplot) and 30 kg K /ha(= 81.0 g MoP/plot). The organic manure (fertisoil) was
broadcast and incorporated in the soil by shallow tillage 1-2 weeks before planting whereas the
P and K fertilizers were band-placel 2-3 weeks after sowing (WAS) in atrench dug 5 cm away
from the hill and 5 cm deep and covered after application.

The soybean seal was inoculated with the comnercial inoculants Rhizobin (Bradyrhizobium
strain 53Z) before sowing. Appropriate guantity of water was used to moisten the seal and
stirred well and the inoculants added at the rate of 5 g/kg sead. The mixture was stirred
thoroughly after which the inoculated seed was air-dried in the shade for at least 30 minutes
before planting.

A pre-emergence herbicide fiButa pluso was applied at planting to control weeds on the fields.
Subsequent manual wealing with a hoe was done as and when necessary. The crops were
monitored and sprayed against insed pests as and when necessary by the staff from the
Entormology Sedion of SARI acording to recommended spray regimes.

Data colleded during the reporting period under review included, shoat biomass, root biomass,
and noduation at full pod fill (R4) stage, yield and some yield components. Biomass sampling
and noduation assessment were done at full pod stage (R4) by indicaing the sampling area
and five (5) hills of plants (i.e. 10 plants) were selected randomly for sampling after counting
and reoording the total number of plants in the indicaed sanpling area The field (fresh)
weight of the 10 plants was determined and a sub-sample of five plants were then taken from
the ten plants, weighed and then oven-dried at 80°C for 48 h to constant weight and the weight
recorded.

The roots cut from the five plants were washed and air-dried and the nodues removed and
counted before oven-drying them at 80°C for 48 h to constant weight and the weights recorded .

Harvesting: All the varieties were harvested 19 WAP apart from Soung Pungun which was
harvested a week ealier. Harvesting was done when all the pods turned brownish or tan. All
the plants within the 3 inner rows were counted and recorded. These plants within the 3inner
rows were harvested in al treament by uprooting the plants with the hand. 10 plants were then
seleded at random for ead treament and the pods detached from the plants, weighed and
counted and the average pod number per plant (i. e. pod load) was cdculated. The pods were
then threshed and winnowed to obtain the grains which were sun-dried for about 1 week and
their weights measured on a digital scde. One thousand (1000 seeds were then counted from
the dried grains for all the treatments to determine sedal size which was recrded as 1000-seed
weight.
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Activity 2: Determination of appropriate input requirements for cowpea in northern Ghana
Objedive 2: To determine the response of cowpea (Songara) to Rhizobium inoculation and
manure

The cowpea variety, Songadra was used for this trial. This trial was installed at Tusani (Yendi
Municipality), Tong (Karaga), and Nyankpala. In the Northern Region, SARI and EPDRA or
MoFA collaborated to establish and manage the trials. At every locaion, soil sampling and
land preparation were done as reported under adivity 1. The trial plots were 4.2 mlong and 3
m wide and the planting distance was 60 cm x 20 cm at three seeals per hill and thinned to two
per hill (i.e. 1666& plants/ha). The cowpea variety used was Songadra and there were seven
lines or rows per plot. Weedy fallow plots were included in the lay-out to alow the sampling of
the natural re-growth (weeds) as reference plants for the assessment of biologicd nitrogen
fixation (BNF) of the test legumes by the Total N Difference method.

A split-plot arrangement in a randomized conplete block design at four replications was used
for the cowpea-fertisoil trials at all locaions with inoculation as the main plot and fertisoil rate
as sub-plot An aley of 0.5 mwas maintained between two adjacent plots whereas the distance
between ead set of replicates was 1.5 m.

Basal applicaions of TSP (30 kg PPlha= 183 g TSHplot) and MoP (KCl) (30 kg K/ha= 756 g
MoP/plot) were applied to al plots in bandsin atrench dug 5 cm away from the hill and
covered after application.

The manure (fertisoil) was applied as atreament at four different rates of 0, 2, 4and 6t /ha (=
0, 252, 5.04, 7.56 kg/plot) by broadcasting and incorporating into thesoil on July 23, 2014
July 28 and August 2, 2014 at Tusani, Tong and Nyankpala, respedively. The respedive
planting dates were August 01, July 28 and August 12, 2014 respedively.

Inoculation of cowpea was done using the one-step method. Sugar solution (20%) was
prepared by using a 100 m measuring cylinder into which 80 ml of water and 20 g of sugar
were measured and thoroughy mixed giving a 20% (w/v) sugar solution. A small quantity of
the sugar solution was sprinkled on the seads to moisten them before mixing the seals with the
inoculants (strain BR3267 obtained from EMBRAPA, Brazl. The inoculated seeds were air-
dried briefly and then sown.

Data coll edion

Data colleded during the reporting period under review included, shoat biomass, root biomass
and nodulation at full pod fill (R4) stage, yield and some yield comporents.
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Activity 3: Determination of appropriate input requirements for soybean, cowpea, and
groundnut in northern Ghana

Objedive: To determine the growth, yield & biologicd nitrogen fixation (BNF) responses of
soybean, cowpea and groundhut to integrated applications of P (TSP, K (KCl) and Boost Xtra
at different locaions

Soil sampling, land preparation and field lay-out

These adivities were caried out simlaly as in the soybean variety and
cowpedinoculants /fertisoil trials. The plot sizes for the soybean input trials were 45 mx3.0m
and those for both cowpea and groundnu input trials were 42 mx 3.0 m at all the locations.
Wedaly fallow plots were laid to alow the sampling of the natural re-growth (weeds) as
reference plants for the assessment of biologicd nitrogen fixation (BNF) of the test legumes.

Test varieties, trial locations and implementers

The legume varieties used in the soybean, cowpea and groundnu input trials were Jenguma,
Songdra and Sarmut 22, respedively. Thetrial locations are shown in Table 43 below.
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Table51: Locations, trial type, dates of plantingand i mplementer s of soybean, cowpea and
groundnut input trialsinthe Northern Regionin 2014

Type of Mandate Area Community No. of Responsible
trial trials partner institution

Yendi Municipality: Zakoli, Tusani, SARI, EPDRA

Gundogu

Soybean/Cowped Groundh 9

ut

(TSRKCI/BoostXtra)

Cowpea + Fertisoil Tusani 1

Karaga District: SARI, MoFA
Input trials

Soybean/CowpedGroundh | Nangurkpang,

ut Karaga, Tong 9

(TSARKCI/BoostXtra)

Cowpea + Fertisoil Tong 1

Tolon District: SARI

Nyankpala (On-| 3
Soybean/CowpedGrounch | station)
ut

(TSARKCI/BoostXtra)

Cowpea + Fertisoil On-station 1

Total 24

Experimental design and treatments

The soybean, cowpea and groundnu input trials were installed using a split -plot arrangement
in a Randomized Conplete Block Design (RCBD) at four (4) replicaions acoss all the
locations. Inoculation was the main plot and the fertilizer type was the sub-plot for soybean and
cowpea whereas lime (CaO) at 500 kg/ha (630 g/plot) was the main plot and fertilizer type as
sub-plot for groundnu. The fertilizer types used were TSP (30 kg P/ha), KCl (30 kg K/ha),
Boost Xtra {a foliar fertilizer; at 4 L/ha (121 ml/5L of water)} and the treament combinations
for the input trials on the three legumes acaoss all the locaions were: Control, TSP, KCl, Boost
Xtra (BX), TSP+KCl, TSP+BX, KC+BX and TSP+KC+BX. Generally, TSP and KCl
treaments were imposed two weeks after sowing aaoss the regions by depositing them in
trenches dug 5cm away from the hill (band application) and covered with soil. Boost Xtra was
applied at flower initiation and subsequently at two weeks interval after the first application till
full pod stage.

107




A wed falow treament of same plot size was provided for ead crop. Insed infestation
(influence of biophysicd fadors) was monitored and controlled on al the test crops by the staff
of the Entonology Sedion of SARI.

Farmer Field Day

A farmer field day was held on 13" September, 204 at Karaga. This field day was organized
jointly with the AGRA Soil Hedth Projed on inoculants production. The field day was
generally a day-long event held at an input trial (involving soybean, cowpea & groundnu) and
AGRA®G soybean demonstration field at Karaga in the Karaga District. The objedive of the
farmer field day was to empower farmers with knowledge and skills to enable them incresse
their productions. The programnme was organized to sharpen the farmers6 ability to make
criticd and informed dedsions that renders their farming profitable and sustainable.

Content of the Field Day

Farmers were taken through the treaments on the field for them to appredate the performance
of the techndogies on the field. The method of inoculation of soybean & cowpea seals was
demonstrated to the farmers who were also educated on the applicaion of mineral and organic
fertilizers. The participants were taught the corred method, the mode and time of applicaion of
these fertilizers. They were particularly asked to dibble or drill and burry al mineral fertili zers
to ensure that when it rains water doesndé cary the fertilizers to other fields.

Results/Major Findings

Inoculation had no positive effed on all the parameters measured in al the varieties. Pod yield
(weight) even seamed to have been suppressed by inoculation. The variety Afayak appeaed to
have a higher noddating cgpadty (28 nodues/plant; 1124 mg nodue/plant) than the other
varieties tested espedally Jenguma (20 nodues/plant; 669 mg nodue/plant) and Songda (18
noddes/plant; 794 mg nodue/plant) with Jenguma being the least in terms of noduation.
Suong Pungwn had 20 nodues/plant and nodde dry weight of 102 mg/plant. Jenguma had a
higher pod load (116 pods/plant) than the other varieties and this might be due the interacion
between this variety and inoculation. Root dry biomass production did not depend on
inoculation nor on type of variety but Afayak produced the highest dry shoat biomass (9.1 t/ha)
thoudh the value was similar to that of Jenguma (7.8 t/ha) with Songda and Suong Pungun
having similar biomass yields of 6.7 t/haand 6.2 t/ha, respedively.

Inoculation again had no effed on the growth and yield parameters of Jenguma in the various
input treaments. When Jenguma was subjeded to the application of the various fertilizer
inputs, only the combination of TSP with Boost Xtra significantly stimulated a higher
noddation (36 nodues/plant; 1193 mg nodues/plant) compared with the control thoudh these
were statisticaly similar to the other input combinations except the KCl + BX treament (25
nodues/plant; 761 mg nodue/plant). Root yield in Jenguma responded to TSP+KCI (829
kg/ha) and TSP+KCI+BX (797 kg/ha) treaments when compared to the control (694 kg/ha) as
well as to KCl only (626 kg/ha), BX only (69 kg/ha) and KCI+BX (618 kg/ha) treaments.
This indicaes that TSP was the input responsible for the positive root yield responses under
these treaments. However, the fad that TSP only treament produced similar root growth to
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the control treagment indicates that the P in TSP required some other nutrient elements to
balance it in order to fully express its effed on root growth in Jenguma. Neither inoculation nor
input addition enhanced shoat dry biomass production in Jenguma and applicaion of a
combination of KCl and BX (i.e. KCl + BX) even suppressed shoat growth (6.03 t/ha) when
compared to the control treagment (9.6 t/ha).

Pod and grain yields of Jenguma were gredly enhanced with P fertilizer application, whether
alone or combined with other nutrients {Pod: Control (2.84 t/ha), TSP (3.39 t/ha), TSP+BX
(350 t/ha), TSP+KCL (352 t/ha), TSPtKCL+BX (3.84 t/ha); Grain: Control (1.36 t/ha), TSP
(166 t/ha), TSPBX (155 t/ha), TSP-KCL (1.68 t/ha), TSP-KCL+BX (1.70 t/ha)}. Jenguma
grain size was, however, not affeded by rhizobium inoculation or input application.

Though Rhizobium inoculation tended to enhance noduation and root growth in cowpes it
tended to suppress shoat growth when the crop was fertilized with fertisoil. Applicaion of 6
t/ha of fertisoil had a significant positive effed on root growth in cowpea (401 kg/ha) when
compared with the control (30 kg/ha) and even thoudh the same rate produced bigger seeds
than the 2 t/ha and 4 t/ha treaments, seads from the 6 t/ha treament were of the same size as
those from the control. Single combinations of BX with either TSP or KCl significantly
stimulated shoat biomass growth when cowpea was subjeded to the various input applications.

Groundnu root growth was increased by all the inputs applied to groundnu in contrast to the
other parameters measured which were not increased by any of the inputs applied. However,
applicaion of lime, whether singly or in combination with the fertilizer inputs did not produce
any benefit to groundnu.

Conclusions/Recmmendations

Generally, rhizobium inoculation did not have any remarkable effed on the test crop varieties
either alone or in integration with the fertilizer types used as epeded. This might be attributed
to the low quality (3.6 x 10°cells/m) of the inoculants used as against the recommended cell
count of 1.0 x 10° cdls/ml). Wherever any effeds were produced by the inputs applied, they
were by either TSP or TSP in combination with KCl or BoostXtra. It is therefore recomnmended
that the trials be repeaed in the 2015 growing season using avery high quality inoculants. This
shoud be done using only TSP and TSP-conbined inputs used last yea becaise where any
effeds were produced by the inputs applied, they were by either TSP or TSP-combined
fertili zers.
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SOIL FERTILITY

Boosting maize-based cropping system productivity in northern savannah
zones of Ghana through widespread adoption of Integrated Soil Fertility
M anagement

Principal Investigator: Drs. Mathias Fosu& SK Nutsugah

Collaborating Scientists: Drs. BDK Ahiabor & SSJ Buah, F Kusi & WK Atakora
Estimated Duration: February 1, 2010 - November 30, 2014

Sponsors: The Alliance for aGeen Revolution in Africa (AGRA)

Location: Northern, Upper West & Upper East regions

Badkground

Northern Ghana, considered as the breadbasket region of the country has over 40% of the
agricultural land. However, the area is plagued with high levels of food inseaurity and poverty.
This is a mgjor concern to the government and its development partners. The main reason for
the extreme poverty and high food inseaurity is that the bulk of the popuation are small -scde
resource-poar farmers who rely mainly on rain fed agriculture to improve their livelihoods
under low farm input conditions. The soils of the area are degraded and infertile. To address
this problem, an important intervention is the neal to increase the wid e-scale use of improved
sedls and fertilizers within the context of integrated soil fertility management.

The important food crops in Ghana are maize, rice, sorghum, millet, cassava and legumes such
as groundnu and cowpea Anmong the cereds, maize is the most important with about 750000
ha alocated to the crop annually. Cowpea and groundnu are very important legume food crop
with soybean becoming important as cash crop. Ghana meds only 51% of its maize neeals, and
only 25% of its rice suppiies (MOFA, 2007). The yields of these crops are however low
because of low soil fertility and low applicaion of exerna inputs. Integrated Soil Fertility
Management (ISAM) is the approach advocaed by AGRA to improve the fertility status of
African soils. ISAM pradices include appropriate fertilizer and organic input management in
combination with the utilization of improved crop varieties, and adaptation to locd conditions.
This approach has grea potential to increase food production in northern Ghana but the
techndogy needs to be widely disseminated to the small-scde farmers.
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The purpose of this projed was to contribute to increased food production and poverty
aleviation in rural comrunities in northern Ghana through strengthening partnerships and the
cgpadty of farmers6 organizations, agro-input deders and reseach and development (R&D) to
promote ISAM techndogies.

Objedives:

1. To incresse productivity of maize-legume cropping systems through scding up
proven ISAM techndogies

2. To strengthen farmers organization and exension systems for wide scde
dissemination of ISAVI technadogies

3. To monitor and assess impads of ISAM techndogies on small-scade agricultural
productivity and livelihood of rural people

4. To update and refine profitable fertilizer recommend ations for meize and grain
legumes in northern Ghana (Sudan and Guinea savannah zones)

Activities

Nineteen key adivities involved in the boosting of maize-based cropping system productivity
in northern savannah zones of Ghana through widespread adoption of Integrated Soil Fertility
Management (ISAM) were implemented during the three yeas and on cost-extension period.

Objedive 1: To increase productivity of maize-legume cropping systems through up-scaing
proven ISAM techndogies

Activities

Demonstrations, FFS and On-farm testing of seleded ISFM options acdoss two different agro-
ewmlogicd zones (Guinea and Sudan savannah), focusing on soil nutrient requirements, nutrient
use efficiency, biologicd nitrogen fixation and crop productivity.

Monitoring soil hedth and establishing the costs, benefits and tradeoffs required for ISAM
pradices involving grain legumes in small-holders 6 cered-legume intercrops and rotations.

Feld days and exchange visits to display the advantages of ISFM relative to current pradices.
Radio and TV documentaries and production of technicd ledlets on ISAM

Training in composting and fertilizer use

Testing of ISFM options

A set of best-bet and best fit ISRV options, including germplasm, fertilizer management, and
agronomy components that are also respondng to market demands, were tested with partners
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in the first yea for ead of the Action Sites. These options will be evaluated with farmer
associations at two levels: 1) Farmer managed demonstration plots with seleded range of
different options to be implemented at seleded sites; 2) Farmer Field Schods (FFS made up
of preferred ISAM option(s) seleded by individual farmer associations in the three northern
regions.

Demonstrations

There was a total of 100 demonstrations per year with 50 demonstrations per yea for Northern
region, 20 for Upper East and 30 for Upper West Region.

The demonstrations were instaled with partners, maintained by farmer associations and
managed by reseachers and MoFA extension officers on 0.5 to 1.0 ha plots depending on
number of components. Each yea, 25t of maize seals, 1.6 t of cowpea seeds and 1.6 t of
soybean seals were required for the demonstrations. Total fertilizer required per yea for the
demonstrations is 37.6 t. All these resources were provided by the projed. However, sowing,
weed control and other management operations were performed by farmers through their
association, including farmers field schodls.

Farmer Field Schools (FFS)

Community-based Farmer Feld Schods were organized for farmer groups within a
community. There were about 20 to 30 farmers forming FFS group. Each yea, 2.0 t of maize
sedads, 1.5t of cowpea seads and 1.5t of soybean seads were required for the Farmer Field
Schoadls. Tota fertilizer required per yea for the Farmer Feld Schods was 15 t. All the inputs
and fadlitation costs for organizing the Farmer Feld Schods were provided by the projed.
However, farmers provided the land, did the planting, weeding, fertilizer application,
harvesting and processing and other acivities that were required for running the Farmer Field
Schoals.

The test crops were maize in rotation or intercropped with cowpea or soybean
with applicaion of fertiizer, compost and manue. The high lysne maize
Obatampa was promoted within the projed along hybrids that were released.
Four cowpea varieties developed by SARI and [ITA that are adaptable to
intercrop systems was promoted within the projed and linked up with AGRAG
PASS to produce and distribute certified sealsto farmers at low cost.

The projed provided all the seeds and fertilizer for the demonstrations and also paid for the
preparation of the land. Planting, weeding, harvesting and processing operations were done by
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farmers. The farmers also provided the land for the demonstrations. The contribution of
farmers ensured that they owned the demonstrations and suppated themadively.
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Monitoring soil health and financial analysis for ISFM practices involving grain legumes
in small-holders6 cereal-legume intercrops and rotations

The emnomic returns to dfferent ISAM and grain legume production strategies
were cdculated to determine profitability in light of increasing fertiizer prices.
Total costs were computed from the cost of fertiizer applied, cost of sedls,
labour and other miscdlaneous costs or fees. Gross returns were cdculated
from crop yield and comnodity prices. Profit was the difference between
returns and costs.

Monitor changes in soil health resulting from ISFM practice (1 MSc student)

AGRA& Soil Hedth program idertifies low soil fertiity and low use of
externd inputs as the main causes of low agricultural production in Africa As
this program see&ks to promote agricultural production and enhance
development through poverty adleviation, soil hedth maintenance and
improvement was paramourt. Basal information on soil hedth was obtained at
the begnning of the program Subsequently, the physcd, chemicd and
biologicd indicaors of soil hedth were monitored through rigorous soil testing
as follows:

Physical: Eroson hazard, percent gravel, bulk densty, aggegate stabiity and
infiltration rates will bemonitored annually.

Chemical: The levels of N, P, K, Ca, Mg, S, B, would be monitored anntally.
Sail aadity (pH), OC were aso be monitored.

Biological: The level of soil maaofaura (eathworms, termites etc.), perasitic
wedals such as diriga (S. hermortica, S. gesneroides, and S. adatica) were
monitored.

Biologicd nitrogen fixation (BNF) in the soil was monitored in legume plots
from nodule asessment. One MSc student was furded separately by AGRA to
collea this data.

Farmer field daysand exchange visits

Two farmer fiedld days and exchange vists were organized per vilage for
members of farmer asociations at vegetative and crop harvesting phases to

observe effed of sdeded ISAM tedhologes on crop production and
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productivity. Farmer forums a the end of ead field vist were important
feaure in this adivity.

Radio and TV documentaries and technical leaflets production

Radio and TV programs on ISFM were produced. All farmers have radio and
would be readed easly usng the radio. Tedncd ledlets were produced and
distributed through agro-input deders and AEAS.

Training in composting

The organic carbon content espedaly in northern Ghana is very low, usually
less than 1.0%. Soil hedth management in this area must go hand in hand with
the incorporation of organic matter into the soil. Use of crop residues has been
very limited in this area as it has several competing uses including use as
fuelwood, handicraft production (basket weaving), dry season animal feed etc.
Compost production is pradiced to some extent in northern Ghana and large
potential exists for widespread production and use. The main limitation is ladk
of adequate knowledge in production and handling About 500 households
were trained within the projed to produce and use compost.

About 120000 households are expeded to adopt the ISAM techndogies by the end of the
projed. The 120000 households required about 45000 t of fertilizer for maize and 9,451 t for
soybean meking a total of 54451 t per yea. About 3,000 t of maize seed and 10 t eat of
cowpea and soybean seeds were required annually.

Some farmers acquired their inputs through the FBO/agro-deder network. The project
suppated farmer associations in establishing networks and developing protocols for such
transadions. In comnunities where fertilizer use is very low becaise of extreme poverty, small
padcages were supplied to a number of farmers espedally women farmers as entry point for
ISAM up-scding. The Projed linked up AGRA PASS for supply of seeds to FBOs at cost.
Projed funds set for credit suppat were also used to help all farmers in the target area access
credit from locd banks.

Objedive 2: To strengthen farmers organization and extension systems for wide-scae
dissemination of ISAM technadogies

Activities
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i Training in ISAM Tecdhnoogies. Both farmer associations and extension
agents (including NGOs) will betrained in ISAM tedhndogies

ii. Training in exension communication and tedindogy dissemination
methods. This training will be for extension agents and lealers of FBOs

iii. Training in FBO management. This training will be for leaders of farmer

associations.

iv. Training in management of demonstrations. This training will be for
extension agents and leaders of farmer associations.

V. Motivation. The projead will sign MoU with MoFA extension agents for

goad delivery for which they will be paid per diems. Motor bikes will be provided for
regional liaison officers who will be agricultural exension agents that will have
region-wide supervisory role. They will also receve dop upd allowances from the
projed. A number of locd coordinators will also be supplied with bicycles to
fadlitate movements. The projed will also sponsor medings of FBOs where
necessary and fadlitate reporting through provision of basic supplies such as
stationery.

The projed liaised with IFDC, AfNet, MCA-Ghana and other organizations
offering training smilar to what this projed was doing whenever possble.
About 50 persons were trained at ead training sesson and a total of about
5000 stakeholders were trained over the 3 yeas of the projed. Other topics
covered within the training were identified by the locd coordinators.
Informetion ledlets on ISAM products, techmology padkages, spedficaions
and timing were produced and distributed to trainees and other stakeholders.

Objedive 3: To monitor and assessimpads of ISAV techndogies on small-scde agricultural
productivity and livelihood of rural people

Activities

i. Develop and adapt PM&E training meterials for usein implementation sites
ii. Design a PM&E system at the projed and comnunity level that can be used
to monitor and evaluate the performance, process and inpads on livelihood

iii. Build cgpadty of comnunities and tears to establish and fadlitate PM&E
processes

iv. ldentify loca and scientific indicators for monitoring livelihood and
environmental impads of ISAM.
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v. Conduwt baseline studies to colled data on the baseline situation of
developed indicators
vi. Develop tools and methods for colleding and analysing data on indicaors

Objedive 4: To update and refine profitable fertilizer recommendations for maize and grain
legumes in northern Ghana (Sudan and Guinea savannah zones)

Activities
i. ldentify and seled benchmerk soils for fertilizer recommendations

ii. Condwct participatory yield response trials or adaptive trials
iii. Soil testing in the field with simple but cdibrated kits

Identify, seled and map benchmark soil s and make fertili zer recommendations

Benchmark soils are the most important soils on which seleded crops are grown. Their
identification, seledion and mapping are essential for maeking locaion spedfic fertilizer
recommendation for the crops seleded. Some work was started by Soil Reseach Institute
under the Soil Fertility Management Action Plan to map out benchmark soils and make
fertilizer recommendations. This work was not conpleted due to ladk of funds. One MSc
student was used to work with Soil Reseach Institute to review the work done and fill
important gaps to conplete the mapping and fertilizer recommendations with the use of crop
models and the involvement of Prof. Gerrit Hoogenboam of University of Horida, USA.

Conduct participatory yield response trials with farmers and fertili zer importers.

Participatory fertilizer trials were conduwted at the adion sites to validate the fertilizer
recommendations. Economic analysis was key conmporent of the validation. Fertilizer
recommrendations would be made for the seleded agro-emlogies and disseminated as part of
the padkage for ISAM promotion. The projed collaborated with AfNet, YARA and CHEMICO
to develop suitable fertilizer blends for farmers at different sites depending on
recomnendation.

Soil testing in the field with simple but calibrated test kits and participatory yield response
trials

Sail test kits are not used in Ghana but they offer a quick and less expensive
way of diagnosng nurient deficiencies for efficient and targeted fertiizer use.
The kits for soil nurients typicaly rely on fitered extradion folowed by
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colored readions, and then the results are real from a color chart. Led or some
other organ extrad of the plant may be analyzed to confirm deficiencies for
growing crops.  Soil test kits need cdibration for spedfic locaions and this
was done for the sdleded agro-emloges of Ghana. These andyses are
generaly quartitative and reliable.  However, complex and urexplained
nurient relations were investigated through laboratory analyses conducted at
the SARI or SRI soil chemistry laboratories. There was an opportunty to also
use 1 MSc Student.

Achievements

The AGRA Soil Hedth projed started in 2010 cropping season in Upper East, Upper West and
Northern regions and was expeded to end on 31%t January, 2013 However, due to availability
of residual funds and non-conpletion of some adivities, &o cost extensiond was approved for
the period 1%t February, 2013 to 318t January, 2014 and then subsequently from 18t February,
2014 to 30th November, 2014 to complete the projedt adivities. The main achievements of the
projed since its inception in February 1, 2010 include the following scientific findings:

Averaged acaoss al districts, the fertilizer rate NPK 60-40-40 gave maize yield of 24 t/ha
Adding 15kgN/ha over the recommended N rate did not significantly increase the yield of
maize except in UER. Applying haf the recommended rate of fertilizer (NPK 30-20-20)
resulted in maize yield of 14t/ha which was significantly higher than yield with no fertili zer
but simlar to national average for maize yield, (MoFA, 2008. Where no fertilizer was applied,
the yield was less than 0.5t/ha.

Obatanpa (medium maturing OPV) out-yielded the medium maturing hybrid meize Etubi
significantly at all levels of fertilization except where no fertilizer was applied. The full
fertili zer rate gave rise to yield above 3t/ha for Obatanpa but the yield of the hybrids was below
25t/ha. Theyield of unfertilized maize whether hybrid or OPV was about 0.5 t/ha

The yield of short season drough tolerant maize varieties, Aburohema and Omankwa, were
similar when compared at spedfic nutrient levels. However, both varieties had lower yields
compared with the medium maturing variety, Obatanpa at fertilizer rate of NPK 60-40-40. The
yield without fertilizer was about 0.5t/ha and similar for all varieties.

Mixture of farmyard manure at 2.5t/ha or commercial organic fertilizer (Fertisoil) at 3t/ha with
half the recommended rate of mineral fertilizer or 26 kgN/ha resulted in maize yield above
3t/ha which was significantly higher than maize yield (2.2 t/ha) with full recommended rate of
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mineral fertilizer alone. In some comnunities the yield with the organic and inorganic fertili zer
mixtures was as high as 4t/ha.

Inoculation of soybean with rhizobium without addition of P and K significantly incressed
soybean yield over the un-amended control. Rhizobium inoculation alone on-station on addic
soil increassed soybean yield by 36% and incressed soybean yield on nea neutral soil on-farm
by 43%. The yield of soybean with addition of NPK 0-60-30 on-station and on-farm was 67%
and 16%, respedively. The ladk of synergy between rhizobium inoculation and PK fertili zation
on-farm is not clea.

Tedhnology Developed

Integrated soil fertility management technoogies were transferred in 150 communities in 35
districts in northern Ghana. Hghteen thousand (18,000) farmers were readed through
demonstrations, FFS and Feld days.

Rhizobium inoculation was also transferred to farmers. For the first time, a good number of
soybean farmers inoculated their soybean seeds before planting.

Conclusions/Recommendations

When best pradices are followed for fertilizer application, maize yield of up to 3 t/ha can be
achieved with inorganic fertilizer and up to 4 t/ha with organic and inorganic fertilizer
mixtures at recommrended rates. Inoculation of soybean with rhizobium can increase yield by
30-40%.

The soil fertility improvement techndogies increased maize yield from 1.2t/ha to 3 t/ha on
average. This yield increase for 117,000 farmers surveyed had injedced GH¢163800,000 into
the Ghanaian economy during the projed life span.

Soybean yield was increased from 0.8 t/ha to 1.5t/ha with inoculation. This techndogy
injeded additional GH¢10,000,000 in the economy from 20,000 far mers.

Cowpea inoculant techndogy was promoted in SARI and incressed yield of cowpea from

0.45t/ha to 1.2 t/ha. Integrated over 26,000 farmers, contribution to the econamy is
GH¢18200,000. It is hoped that inoculant techndogy would reduce nitrogen fertilizer import
by nealy 25% if farmers rotate cereds with legumes. The total savings from fertilizer import
is estimated at $30,000,000. SARI with suppat of AGRA would put up an inoculant facory
this yea and capable of producing GH¢250000 worth of inoculants per season.

The assembling of minimum data set needed to predict fertilizer recommendation for maize
production in Northern Ghana was concluded during 2014 as shown in Fig. 13
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Figure 17: Recommended N fertilizer for Ghana

The model result indicated 0-120 kgN/ha is suitable for maize production in Ghana. However,
it indicated 120 kgN/ha as the most efficient rate to be applied in most part of northern Ghana.

The Table below gives a stepwise summary of the actual achievements of the projed against
planned projed objedives, outputs and outcomes as they are set out in the approved proposal.

OBJECTIVE
(List each objedive)

ACTIVITY
(Describe what has
been done, how and
when.)

OUTPUT (Provide
quantifiable
indicators of what has
resulted or been
produced and when.)

OUTCOME (Indicate
who has used the
immediate outputs, what
steps have been taken to
ensure their use, what
benefits have resulted
from using them,
quantify the benefits as
much as possible.)
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Objedive 1: Incresse
productivity of
maize-legume
cropping systems
through scding out
proven ISFM
Technadogies

Activity 1.1:
Establish ISAM
demonstrations and
Farmer Field
Schoadls. Five
different
demonstrations on
fertilizer rates
(organic and
inorganic, crop
rotation, maize
varieties including
hybrids, use of
rhizobium inoculum
on soybean)

Activity 1.2:
Establish Farmer
Feld Schods (FFS.

1.3: Training of
Agrodeders on
ISAM, Agro-input
business
management, product
knowledge and legis
lation concerning
productsin
collaboration with
IFDC/GABIC,
PRMED &
Environmental
Protedion Agency
(EPA)

Activity 1.3:
Negotiation for
Credit for farmers
from Stanbic Bank

Output 1.1.1: One
hunded and thirty-
seven (137
demonstrations
installed and managed
by 137 FBOs and
monitored by projed
teanin 30 districtsin
the 3 northern regions

Output 1.1.2: Eghty-
seven (87) FFS
established; About
2,612 farmers trained
in ISAM at FFS

131 Hghty-five (85
Agrodeders from 10
districts were trained

13122 DECO!,
private secor SME
organic fertili zer
producer trained in
business plan
development in
collaboration with
Engineeas without
Borders

Qutput 1.3.1: Two
thousand (2,000
farmers recaved atotal
of GH 27000000 =

1.1: 1: About 4,000
farmers aoquired in-depth
knowledge on ISFM
pradices and 25,000
farmers linked to
demonstrations through
their households

Outcome 1.1.2.1: Over
2,600 farmers improved
their skills in ISAVI;
interest of farmers in
projed increased

13.1.1: Eghty-five (85
agrodeders aquired
knowledge on ISAM, agro
inputs and legislations
regarding importation and
sales of various agro-
chemicas

13.1.2: DeCO! acquired
knowledge in business
management

Outcomes 1.3.1.3: 6,000
bags of fertilizer wass
upplied to farmers
Outcome 1.3.1.1: 6,000
bags of fertilizer was
supplied to farmers
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Activity 1.4: Radio
broadcast on ISAM
on regional FM
stations in English
and 8 mgjor locd
languages in northern
Ghana

Activity 1.5: Feld
Days for farmers and
the genera public

Activity 1.6:
Exchange visits
conducted for farmers
in al the three
regions

Activity 1.7: Produce
and distribute 4
videos on maize

Activity 1.8: Produce
and distribute ledlets
and production

guides for maize,
soybean, cowpea and
groundnu.

Activity 1.9: Show
training videos on
land preparation, seed
seledion, planting,
wedd control,

US$ 18500000 as
credit

Output 1.4.1: Twenty-
eight (28 radio
broadcast were doneon
AGRA SHP, ISRV,
Storage and marketing
in 8 locd languages

Output 1.5.1: Forty-six
(46) Field Days were
held which was
attended by about 4000
people

OQutput 1.6.1. Twenty-
four (24) exchange
visits held

Output 1.7.1: One
thousand-five hunded
copies of 4 videos
produced and
distributed to MoFA,
FBOs and others

Output 1.8.1: About
1000000 ledlets and
production guides
distributed.

Output 1.9.1: About
3,264 farmers made up
of 1,575 males, 971
females and 718
children watched the

Outcome 1.4.1.1: Large
number of peogde
including politicians,
opinion leaders and
farmers leant about
AGRA SHP, ISRM,
Storage and marketing

Outcome 1.5.1.1: Non
participating farmers,
policy makers and other
stakeholders gained
knowledge on ISFM
techndogies and their
effed on crop yield
Outcome 1.6.1.1: About
six hundred and thirty
farmers updated their
knowledge on ISFM
pradices, AGRA SHP,
ISAM, produce storage and
marketing.

Outcome 1.7.1.1:
Reference document for
the enhancement of
extension delivery

Outcome 1.8.1.1:
Reference manual for
extension delivery

Outcome 1.9.1.1
Knowledge of Farmers and
AEAs improved on land
preparation, sedl seledion,
planting, weed control,
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harvesting and
storagein all the 3
regions

Activity 1.10:
Assemble al data
colleced over projed
period

Activity 1.11:
Produce manuscripts
from data generated

video shows

Cutput 1.101: Data
basecreaed and
submitted to AGRA

Output 1.11.1: Write s
hop organized and 5
manuscripts developed

harvesting and storage

Outcome 1.101.1: AGRA
using data base

Outcome 1.111.1: Project
staff working on 5
manuscripts. Additionally,
5 manuscripts arealy

published
Objedive 2: Activity 21: SARI Output 2.1.1: Seven (7) | Outcome 2.1.1.1: Capadty
Strengthen Farmer- AGRA SHP Team SARI staff trained in of 7 SARI staff

based organizations
and Bxtension
systens for wide
scde dissemination
of ISAM
Technoogies

trained in market
fadlitation by
Engineeas without
Borders and
ADVANCE

Activity 2.2 Produce
and distribute training
manuals to FBOs and
AEAs

merket fadlitation.

OQutput 2.2.1.: Five
hunded (500 copies
of manual on
fiOrganizational
strengthening and
Enterprise development
for FBOsO produced
and distributed.

strengthened in market
fadlitation

Qutcome 2.2.1.2:
Capadties of FBOs
strengthened in
governance and credit
management

Objedive 3: Monitor
and assess impads of
ISAM Techndogies
on smell-scde
agricultural
productivity and
livelihood of rural
people

Activity 3.1: Study
benefits of ISAM and
adoption rate as
influenced by credit
and crop insurancein
northern Region.
Study caried out by
Innovative Poverty
Action (IPA), an
NGO in collaboration
with SARI AGRA
SHP team

Activity 3. 2:

Output 3.1.1: Fifteen
(15 farmers from 3
communities in 3
districts studied for
impad of ISAM and
changein farmer
behavior

Output 3.2.1: One

Outcome 31.1.1: More
partnerships formed

Qutcome 3.1.1.2:
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Condut final impad assessment Knowledge on ISAVI
adoption/impad report and one Journal techndogies and their
survey. publication on adoption | effed on crop yield
of ISAM in northern available to guide farmers
Ghana
Objedive 4: Update | Activity 4.1: Output 4.1.1: Ten (10 Outcomes 4.1.1.1: Projed
and refine profitable Benchmark soils benchmark soils from staff and other
fertili zer charaderized in 37 sites were described | stakeholders informed
recommendations for | Northern, Upper East | in 6 districtsin about benchmark soilsin
maize and grain and Upper West Northern Ghana Northern Ghana
legumes in northern Regions
Ghana
Activity 4.2: Soil Output 4.2.1: Soil maps | Outcomes 4.2.1.1: Project

Map generated for
surveyed districts

Activity 43 Runs
imulations and
develop GS map of
fertili zer
recommendation
domains

produced for 3 districts

Output 4.3.1: DSSAT
files generated for
benchmark soils.

staff and other
stakeholders awareness of
properties of Benchmark
soils

Qutcome 4.3.1.1: Farmers
using fertili zer
recommendation domain
of 120 kgN (2 bags of 50
kg + 20kg Ureg which
translates to 11 bags of
Amnonia and 5 bags of
Uredha
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Challenges in carr ying out the projed - New Directions

- Difficulty in moving and housing large numbers of AEASs for training

- Very bad roads in projed areas and ladk of adequate hotel accomnodation for projed
staff in most districts

- Some MOFA AEAs have too many responsibilities and are unable to give the projed
full attention

Measures to deal with Chall enges

- More decentralized monitoring put in place to cut down on travelling

- Decentralized training

- Basic tools procured for MOFA staff inplementing project adivities in their
operation zone

- Training cut down to acomnodate funds obligated and disbursed

Lessons lear ned

In the absence of MoOFA extension agents, Junior and/or Senior High graduates in some
commnunities were effedive in supervising demonstrations with some training. Performance of
MOFA staff increased with frequency of monitoring by SARI staff. Quarterly review medings
were planned to ded with any lapses observed in the implementation process.

The projed developed ISAM techndogies which include the use of hybrid seals, organic and
inorganic fertilizer and/or conmbination of half rate ead of organic and inorganic fertilizer.
The projed relied on the collaboration with MoFA staff that helped to mount several ISAV
techndogy demonstrations in the projed adion sites. Demonstrations remained t he focd point
of dired contad with farmers within FBOs that participated in the projed. Furthermore,
techndogy dissemination was caried out using radio broadcast, Farmer Feld Schodls,
community video shows of good agronomic pradices.

Four maize varieties were used for the demonstration namely Obatanpa, Etubi, Omankwa and
Aburohema.
The following fertilizer combinations can be recommended and/or promoted at farm level for
maize and legume: NPK 80-60-60, NPK 90-60-40 and NPK (100-120-40-40.
The 2009 SHP 005 projed successfully demonstrated that the following techndogies can be
promoted in the projed adion sites:
i Use of farm video van to disseminate information on good agronomic pradices
i Use of both organic and inorganic fertilizer to boost maize yield
i Use of legume-cered rotation to improve soil fertility

Working closely with our strategic partners to implement the ISAM techndogies has been
largely successful. The strategy used combines the applicaion of soil fertility management
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pradices, participatory extension methods, innovation financing and establishing linkages with
agro-input deders and produce markets.

The partnership will build on this strategy through the establishment of locd Innovation
Ratforms in which farmers, extension staff and private sedor identify issues, prepare and
implement adion plans for the demonstration and dissemination of ISFM techndogies in
future work.

Update and refine of site-specific fertilizer recommendation for maize in
Ghana

Principal Investigator: W. K. Atakora

Callaborating Scientists: M. Fosu, M. Asante, A Nurudeen, F. Tetteh, S. Dwomoh, F. Kusi, J.
Kugbe

Estimated Duration: 3yea

Sponsor: AGRA

Location: Northern Region, Ghana

Introduction

Maize is the most inportant cered crop produced in Ghana and it is also the most widely
consumed staple food in Ghana with increasing production since 196 (FAO, 2008 Morris et
al., 1999. In Ghana, maize is produced predominantly by smallholder resource poor farmers
under rain-fed condtions (SARI, 19%). Low soil fertility and low application of external
inputs are the two mgjor reasons that acount for low productivity in maize. The soils of the
major maeize growing areas in Ghana are low in organic cabon (<15%), total nitrogen
(<0.2%), exchangeable potassium (<100 mg/kg) and available phosphorus (< 10 mg/kg) (Adu,

1995 Benneh et al. 1990.

From 198 to 1972 UNDP/FAO caried out series of fertilizer trials with Ministry of Food and
Agriculture (MoFA) under UNDP/FAO Chana Projed filncreased Farm Production through
fertilizer use.0 Fertilizer recommendations were therefore made for maize and other crops. Soil
condtions have changed over the yeas and the old recommendations are not the most efficient
today hence the need to update fertilizer recommendations for meize (and other crops) in
Ghana It is therefore necessary to quickly update fertilizer recommendation for maize using
modern tools that will not only evaluate the profitability of crop productions but also the
quality of the environment within which crop production is caried out, and combine crop, soil
and genetic componrents of crop production. Decision Suppat System for Agro-Technoogy
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Transfer (DSSAT) model is one of such tools. The objedives of this study is to use DSSAT
and other softwares to model fertilizer recomnmendations for spedfic sites in Ghana.

Methodol ogy
This recommendation work covered all regions in Ghana except comnunities mostly in
Western, Eastern and Greaer Accra Regions of Ghana.

Minimum data set, which includes weather, crop genetic coefficients and soil fertility status for
seleded communities, located as polygons on the shape file (Figure 13) were colleded and
analyzed between 2010 and 2014 Soil information used for credion of a unique file needed to
run the model included total nitrogen, phasphorus, potassium, organic matter/organic carbon
and caion exchange capadty. Secondary weaher data was colleded from meteorologica
station aaoss the seleted areas and all the weaher files necessary to run the model was creaed
using Weaherman incorporated in the DSSAT model. These were however incorporated into
the Climate Information and Analysis Tools (CIAT) and aso Arc GIS with a unique
identification number. The model was therefore run on combination of information that was
supplied by ead polygon which comprise soil identification code, weaher identification code,
meteorologicd station identification code, GPS coordinate and a record number for ead
community represented on the shape files as polygons to arrive at arecommendation . The use
of crop growth simulation models such as CERES-Maize model incorporated into Dedsion
Suppat System for Agro Techndogy Transfer (DSSAT), Climate Analysis information Tools
(CIAT) and ArcGS are useful tools for assessing the impads of crop productivity under
various management systems. Therefore, for this study, it was used to predict fertilizer
recommrendation for maize (Zea mays L.) under different agro-eologicd conditions in Ghana.
Site spedfic information obtained on soil, weaher as well as crop genetic cultivar coefficients
were merged together to predict the most efficient total nitrogen required by Obaatanpa maize
to obtain maximum and ewnomc yield. The cultivar coefficient was cdibrated with data
colleded from field experiment conducted at Kpalesawgu in Northern Region in 2010
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Results and Discusions

The results showed NPK 0-40-40, 100-40-40, 12040-40 and 60-40-40 kghal.yr?l, as the most
efficient fertilizer recommendation for maize in the transitional, Volta Region, Northern and
Upper West Regions of Ghana respedively while yield obtained ranges between 700 and 3000
kghal.

However, applicaion of N between 60 and 100 kg.ha?l resulted varying grain yield.

Application of 100 kghaN did not show any significant difference (P > 0.5) in grain yield
compared to yield obtained when 60-80 kgha® N was applied. In al grain yield obtained
ranged between 600 kghal for poarly drained soil, low annual rainfall areas and 2890 kgha'!
for aress with favorable condtions when 80 kgha' N was applied. However, this was not total
significantly different from when 60 kgha' N was applied. The differences in grain yield with
N levels could be attributed to differences in initial N content and also weaher conditions at
various locaions. Although N is required in higher amounts in al locaions, the transitional
zone contain adequate amount that is economicdly feasible acwording to the Gni coefficient
method to produce meximum grain yield and that resulted in no N recommended.
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POST HARVEST

Reducing post-harvest lossesin cowpea and maize through improved on-
farm storageoperations in the Northern region of Ghana.

Principal Investigator: Abubakari Mutari
Collaborating Scientists: Issah Sugri, Francis Kusi
Estimated Duration: Two yeas

Sponsors: IITA AfricRISING

Location: Northern Region

Table 52 Summary of comnunities where experiments were established

Region District Communities Number of Tota
par ticipating par ticipating
farmers farmers
Northern Tolon Tibonaayili and 2 for maize 3
Region Gbanjong 1 for cowpea 3
Savelugu Tibali and 2 for maize 3
Nanton Botingli 1 for cowpea 3
Total 4 12 12

Background Information and Justification

Managing pests of stored grains may also be exacebated due to intensification and
introduction of hybrid cultivars. Stored grains can be damaged by insed pests if they are not
properly condtioned and proteded. In Ghana, most cereds (maize, rice, cowpea soybean,
millet and sorghum) are harvested toward the cessation of rainy season and stored during the
drier months of the year. The conditions favourable for grain storage are as well suitable for
insed pest reproduction. Currently, most cered grains are bulked from small-scde producers
who pradice different levels of farm hygiene. Pre-harvest pest infestation of notorious storage
pests such as larger grain borer (Prostephanws truncates), lesser grain borer (Rhyzopertha
dominica), maize weevil (Sitophylus zeamais), rice weevil (S. oryzae), granary weevil (S
granaries) cowpea weevil (Callosobruchus maculatus) as well as mycotoxins acamulation,
may have occurred. Indiscriminate use of comnon grain protedants such as Actellic
(Pirimiphos methyl), bioresmethrin (pyrethroid) phostoxin, Gastox (Aluminium phosphate) and
Wander77 powder is widespread among small-holder farmers. Most farmers acquire agro-
chemicds from non-acaedited informal sources withou training on responsible use of
chemicds. Due to increasing consumer rights, environmental and hedth issues, there is the
neal for integrated production and postharvest pradices that give quality food produce with
minimal effed on consumers and environment. Integration of appropriate pre-harvest
operations, integrated pest management and good warehouse sanitation to minimize pest
damage must be preferred to indiscriminate use of chemicals.
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Objedives
1. To evauate and demonstrate the appropriate use of jute sacs, Purdue Improved
Cowpea Storage (PICS) sacs and hermitic plastic tanks with/without grain protedants
for prolong storage in beneficiary communities.
2. To evauate the effed of seleded treaments on insed pest incidence physico-
chemicd and sensory properties of maize and cowpea

Expeded Beneficiaries: Small scde farmers

Materials and Methods: A total of 12 on-farm postharvest storage demonstrations to serve as
leaning centers for farmers were established in 4 comrrunities in the Tolon and Savelugu -
Nanton districts of the Northern region. Training and Farmer Field Schods were organized on
good storage management, integrated pest management, proper drying and appropriate use of
grain protedants inall the communities.

Maize and cowpea grains were bulked from seleced farmers during the harvesting season in
October to November 2013 For eat padage, 40kg of maize and 20kg of cowpea were stored
in jute and Perdue Improved Cowpea Storage (PICS) sacs with/without grain protedants. Jute
is a natural fiber whiles the PICS sacs has 2 inner plastic layers which provides hermitic
condtions for content stored. Two comnon grain protedants, Actelic Super EC and
phostoxin, were applied at recomnmended rates of the manufacturers. Actellic Super ECis food -
grade chemicd containing 80g PFirimiphos-methyl and 159 Permithrin/L as emulsifiable
concentrate. The application dose provided by the manufacturer is 3007 in 15L of water per
20 maxi bags of maize. Phostoxin is a food-grade fumigant

Bi-monthly sampling of grain and participatory assessment of grain quality during with the
stakeholders was caried out. Data colleded included weight and number of damaged and
undamaged grains (used in cdculating weight loss), number of live and dea inseds present at
sampling. The data colleded were then statisticdly analysed in order to arrive at a scientific
conclusion on the data.

Results/Major Findings: Jute sadks were found to be leastin conferring protecion to grains
against storage pest attadk whether the grains were treaed with chemicas or not.

PICS and the plastic polytanks were able to prevent damege due to pest infestation. It was
observed that the few dameged grains found in these storage materials could be due to latent
infestation from the field. However, these did not procea further as the hermetic conditions in
the storage made it uncondcive for the survival of the pests.

Conclusions/Recommendations: From the experiments, it could be observed generally that,
weight losswas higher in the grains (both maize and cowped stored in jute sadks whether they
were treded with grain protedants ornot. There was relatively minimal losses with the PICS
and theplastic druns irrespedive of the treament imposed on thegrains though thisdid not
follow aparticular trend. It could be concluded therefore that the storage material used for the
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produceto alarge extent determined thequantum of weight lossbut not necessarily the
treament.
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NUTRITION

Evaluation of a small-scale postharvest technology (Zero Energy Cool
Chamber 1 ZECC)

Principal Investigator: Hora C. Amagloh

Collaborating Scientists: Lizanne Wheder (WFLO), Lisa Kitinoja (PEF), Francis Amagloh
(UDS)

Estimated Duration: 1yea

Sponsors: Postharvest Educaion Foundation (PEF), World Food Logistics Organization

(WFLO)
Location: CSIR - SARI

Background Information and Justification

The ZECC is a smal-scale postharvest techndogy for farmers, traders, processors and
consumers. It is designed to minimize the chalenge of the short shelf-life of produce,
espedally fruit and vegetables. The ZECC can kee produce at a temperature of 10-15°C
below ambient temperature, while maintaining a relative humidity of about 95%. This implies
longer shelf-life, resulting in more profits for farmers, processors and marketers. In addition,
there is no ned to rely on eledricity or any other form of power to keep the produce.

Objedives: The objedives of the study were to:
1. store tomatoes in the ZECC at 10-15°C below ambient temperature and 95% relative
humidity
2. exdend shelf-ife of the tomatoes in the ZECC for one week, without significant
deterioration (appeaance and quadlity), compared to tometoes stored in ambient
conditions

Expeded Beneficiaries: farmers, processors, marketers of highly-perishable fruits and
vegetables

Materials and Methods: Fresh tomatoes that had just arrived from a farm in the Upper East
Region were obtained from a tomato market queen in a locd market. The tomatoes were
transported in a plastic crate overnight to the experimental site. Percentage loss was determined
as:

(Weight of damaged tomatoes) X 100

(Total weight of tomatoes)

The good quality tomatoes were sorted and graded based on the visual quality rating scde (9=
excdlent, 7= good 5= fair, 3= poar, 1= extremely poor) and randomly padkaged into 12 plastic
crates, weighed and labelled as: ZECC. 1,2,34,56 for ZECC treament and AMB: 1,2,34,5,6
for ambient treament. The six crates for ead of the two treaments were then arranged in their
treament locations acording to the map below:
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Table53
Crate #1 Crate #3 Crate #5 - Datalogger
Crate #2 - Datalogger | Crate #4 - Datalogger Crate #6

Crates # 2, 4 and 5in ead treament locaion were used as sanmple crates.

Results/Major Findings

Table54: Trial 1

Parame | Crate 2 Crate 4 Crate 5
ters
ZECC AMB ZECC AMB ZECC AMB
Init | Fina | Init | Fina | Init | Fina | Init | Fna | Init | Fina | Init | Fna
ial I ial I ial I ial | ial | ial I
Temp 30. | 243 | 30. | 329 [30. (259 |30. | 330 |30. |251 | 30. | 340
(°C) 0 3 4 6 4 1
Weight | 13. | 53 12. (715 [(11. |50 13. | 81 13. | 4.2 13. | 83
(kg) 0 5 2 4 3 3
Visua 7 25% | 7 8%= | 7 38% |7 14% | 7 17% | 7 18%
qua“ ty = 5 = = = =
75% 19% 62% 23% 83% 23%
=1 = =1 = =1 =
73% 63% 59%
=1 =1 =1
Crate 65 99 52 54
RH
%)
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Table55: Trial 2

Parame | Crate 2 Crate 4 Crate 5
ters
ZECC AMB ZECC AMB ZECC AMB
Init | Fina | Init | Fina | Init | Fina | Init | Fina | Init | Fina | Init | Fina
ial I ial I ial I ial | ial | ial I
Temp 30. | 271 [30. | 335 |30. | 273 | 30. | 336 |30. [258 | 30. [342
(°C) 3 3 3 2 3 4
Weight | 71 | 6.9 88 | 54 68 |64 76 | 57 69 |67 73 | 67
(k9)
Visua 7 73% | 7 66% | 7 2% | 7 65% |7 68% | 7 62%
quality =7 = =7 = =7 =
21% 30% 23% 35% 32% 31%
6%= A%= 5%= 7%=
3 1 3 1
Crate 63 100 | 58 57
RH
%)
Table56: Trial 3
Parame | Crate 2 Crate 4 Crate 5
ters
ZECC AMB ZECC AMB ZECC AMB
Init | Fina | Init | Fina [ Init | Fina | Init | Fina | Init | Fina | Init | Fina
ial I ial I ial I ial | ial | ial I
Temp 29. | 262 | 29. | 315 [29. (268 | 29. | 320 |29. | 259 | 29. | 313
({®)) 7 7 8 9 6 8
Weight | 51 | 51 57 | 49 61 |59 59 | 34 51 |48 53 | 43
(kg)
Visual 7 31% | 7 45% | 7 42% | 7 35% |7 41% | 7 3%=
quality = = = = = 7
24% 34% 18% 25% 22% 23%
40% 21% 36% 40% 37% 27%
5%= A%=
1 1
Crate 67 100 | 60 64
RH
%)
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Generally, the ZECC was able to reduce the tenperature of the tomatoes by about 4°C while
the tomatoes stored in ambient conditions generally increased in temperature by about 3°C. In
Trial 1, the tomatoes was attacked by rats during storage in the ZECC, hence after the trial,
they had deteriorated from a Grade 7 (good) to mostly Grade 1l(extremely poor) and a few
Grade 3 (poar). However, in the ambient storage in Trial 1, there were a few Grade 5 (fair)
tomatoes in addition to Grade 3 and Grade 1.

In Trials 2 and 3, in which rat infestation had been overcome by pladng a gauze barrier over
the ZECC, it was observed that the ZECC tomatoes had a better quality than the ambient
tomatoes. In Trial 2, all the ZECC crates were able to meintain a high percentage of Grade 7
tomatoes (73%, 72% and 68% in Crates 2, 4 and 5 respedively) while none of the ambient
crates had Grade 7s at the end of the one week storage period. A similar trend occurred in Trial
3, where, with the exception of Ambient Crate 5 which had 3% Grade 7, the other ambient
crates had only Grade 5, 3 and 1. Conparing this to the ZECC, there were 31% (Crate 2), 42%
(Crate 4) and 41% (Crate 5) of Grade 7 tometoes at the end of the storage. In this experiment
(Trils 2 and 3), there was a dired correlation between tenperature and percentage
deterioration, for e.g. ZECC Crate 5 of Trial 2 recorded the lowest temperature of 258°C and
the lowest deterioration rate, resulting in the tomatoes being 68% Gade 7 and 326 Grade 5
with no Grades 3 and 1.

Relative humidities increased considerably in the ZECC crates while not much difference was
recorded in the ambient crates. The ZECC crates had a relative humidity (RH) of as high as
100%, inferring complete saturation. This condtion can cause mould growth in the stored
produce. However, tomatoes require RH of about 95% and temperature of about 15°C if the
shelf-life is to be exended to one week.

Conclusions/Recommendations

While the ZECC promises to be agoad techndogy for extending the shelf-life of perishables, it
is recommended that the trials should be repeaed in the dry harmattan season when the relative
humidities are lower.

References
Publications (at the end of all activities or last page)

Journal articles and Book Chapters; Conference/ Workshop
Papers/Procedalings; Abstrads, Newsletters, Thesis, etc.
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Diversification of Household and Industrial Utilization of Maize in the
Mionand West Gonja Districts

Principal Investigator: Hora C. Amagloh

Collaborating Scientists: B. Maziya-Dixon (IITA), JK. Addo (CSIR-CR), M. A. Boateng
(CSIR-CRI)

Estimated Duration: 3 yeas

Sponsors: African Development Bank, [ITA

Location: CSIR i SARI, Mion and West Gonja Districts of Northern Region

Background Information and Justification

The projed seeks to diversify the uses of maize, both at the household level and at the
industrial level. Two districts eady have been chosen in the Ashanti Region, Brong-Ahafo
Region and Northern Region. CSIR i Crops Reseach Institute is responsible for the Ashanti
and Brong-Ahafo regions while the Northern Region is being handled by CSIR-SARI. Focus
Group Discussions (FGDs) were caried out in three randomly chosen comrmunities in eat
district and the aim of this was to identify which maize products are of comnercial value, and
whether there was the need to develop new products and padkage existing ones appropriately to
make them appeding to consumers, while generating income for processors and marketers.

Objedives: The objedives of the FGDs were to:
1. capture information on different meize uses in the communities with a focus on
products with commercial value/market potential
2. identify comnmunity members who process and sell maize-based products
3. identify potential neals for diversification

Expeded Beneficiaries: community members, food processors, marketers of maize-based
products

Materials and Methods: FGDs were conduwcted in 6 communities in the Savanna, 3 in eadh
district. Comnunities chosen in Mion were DC Kura, Puriya and Gunsi. The West Gonja
communities were Agric. BExtension, Mempeasem and Achubunya. The participants were
mainly farmers, traders, and processors.

Results/Major Findings
Ranking of crops cultivated inthe communities
Regarding crop importance and area under cultivation, maize ranked first in all three West

Gonja comnmunities. On the other hand, in the three Mion commnunities, maize ranked second
to yam (Table 49).
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Table57: Ranking ofcropsin communities

COMMUNI TIES

CROPS Mion West Gonja
Agric.

DC Kura Puriya Gunsi Bx. Mempeasem | Achubunyo
Maize 2 2 2 1 1 1
Yam 1 1 1 6 5 3
Mill et 3 8 10 X X 7
Sorghum 8 7 5 2 X X
Rice 9 3 6 X 7 X
Cassava 4 4 7 7 3 2
Groundnu 6 5 3 3 2 4
Cowpea 5 9 8 4 6 8
Soybean 7 6 4 8 4 X
Vegetables
(eg.
Tomatoes,
pepper, okra) X 10 12 X X 6
Ledy
vegetables X 11 X X X X
Bambara
groundnu X 12 9 5 X 5
Pigeon pea X X 11 X X X

Forms in which maize is utilized at the household and commercial level, availability and
affor dabili ty

Maize is utilized in the comrunities in forms ranging from raw flour, roasted and milled
fermented and unfermented dough roasted grains, dehulled and boiled grains. These forms are
processed into products like kenkey, banku, tuozadi (TZ), infant food (Weanimix), maasa,
apiti, porridge, pito, nyomeka, kada, apapransa and yasana

In al 6 communities, TZ, kenkey, banku and porridge are popuar household products, while
some products are consumed in spedfic communities, e.g., kada is processed in Gunsi both at
the household and commercial levels, nyomeka (steamed maize flour) is peauliar to Agric Ex.,
and yadana (maize flour made into balls and boiled) is processed in Puriya households.
Generally, porridge, kenkey and maasa are maize prodwcts that are processed for sale acoss all
the communities. These products are easily available, affordable and acceptable to comnunity
members. Table 50 below shows the forms in which maize is utilized in the 6 comnunities,
both at the household and commrercial levels and Table 51 shows the preference ranking of
commercial maize products in the communities. Porridge, kenkey and massa are very popuar
commercial products in the comnunities.

138



Table 58: Formsof maize utili zation

Type of Househol d/
Form pr oduct Commercial Comments Community
porridge both All
Mostly
Fermented/ kenkey comnercial All
unfermented Usually mixed with
corn douch banku both cassavadouch All
Tuozadi
(TZ) household All
Deep-fried balls added to
porridge; usually eden
maasa comrrercial for breakfast All
Corn flour
Achubunya,
Maize flour, moulded Agric. Bx,
apiti both and fried Gunsi
Maize flour, moulded
yagana and boiled Puriya
Mostly Mixed with groundnus,
Roasted corn infant food household soybeans etc. All
flour apapransa household Puriya, Gunsi
Salted and mixed with
Roasted grains | snadk household groundnus DC Kura
Malted and Comrmunity members DC Kura,
fermented pito comnercial prefer sorghum Agric. BExt
Achubunya,
Dehulled and Popuar among West Mempeasem,
boiled grains snadk household Gonja comnunities only [ Agric. Bx.
Table59: Prefared commercial maize products in thecommnunities
DISTRICT COMMUNITY 1st 2nd 31 4th
Mion DC Kura pito porridge maasa kenkey
Puriya kenkey maasa porridge
Gunsi porridge kenkey banku kada
West Gonja Agric. BEX. banku kenkey maasa pito
Mempeasem porridge kenkey maasa
* Achubunya X X X X

* Comrmunity members in Achubunya had the same level of preference for kenkey , porridge,

banku, apiti, Weanimix and maasa
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Processing Methods
The comnunity members narrated the processes involved in the preparation of some
commercial maize-based products as indicated in Table 52

Table 60: Processing methods

PRODUCT | PROCESSING METHOD

Clean and soak maize grains for 2-4 days, drain, mil, add water and
mix to form dough Allow doudh to stand for a full day or overnight to
1 Ga kenkey | ferment. Preaook half of the dough add salt and mix with the remaining
fresh dough mould into balls, wrap with dried maize husks and bail the
balls till cooked

Clean and soak grains for 1-3 days (some comnunities soak for a day,
drain and cover with moist jute sads to germinate) drain, mill together
2 Mazsa with preferred spices, meke porridge from part of the dough add
remaining doudh and mix; then leave it overnight. Add sugar, stir,
mould and deep-fry

Clean, soak grains for 1-3 days, drain, mill together with spices, add

3 I(Dl:;rlilc()j)ge water to make dough ferment douch for a day (optional), add water,
filter through cloth, cook by stirring continuosly till it boils
Clean and soak grains for 2-3 days, drain, mil, make dough leave
overnight to ferment (optional), add cassava dough (about athird to half
4 Banku of the quantity of corn dough, add water to form a thick paste and stir
till cooked. Water is added bit by bit while cooking until the dough
softens
Clean and soak dried maize grains, drain and put into cane basket or
5 Pito cover with jute sadk to sprout, sun dry, mill, soak in water to ferment,
and boil to brew
6 | Apiti Winnow dried grain, grind, add sugar and mx together, while
incorporating small amournts of water. Mould and deeg-fry
Clean and soak grain for 2 days to soften, grind, sieve, soak in excess
7 Kada water overnight, decat water, boil with fresh water to cook. Mould

when cooked

Members of the various communities who process and/or sell the maize-based products were
identified and their contads documented. Table 53 below shows the number of processors per
community and what products they process and sell. Gunsi had the highest number of maize
processors (11) and Puriya had the least (3). Interestingly, both Gunsi and Puriya are in the
same district. Of the 2 women who sell porridge in A chubunya, one does it in the morning and
the other in the afternoon From Table 53, it can be observed that kenkey is the most popuar
commercial product followed by porridge and masa. Roasted maeize and apiti are processed
only in one community ead.
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Table61: Number of processor s’imarkete sidentified in each community

District Community . Kenk ey Banku | Maasa | Apiti Pito Rogsted Kagfa Total
Porr idge maize
DC Kura 1 2 1 1 0 1 0 0 6
Mion Puriya 0 2 0 1 0 0 0 0 3
Gunsi 3 5 1 0 1 0 0 1 11
Agric BEx. 0 1 1 2 0 1 0 0 5
West
Gonia Mempeasem | 2 2 0 1 0 0 0 0 5
g Achubunya | 2 1 1 1 1 0 1 0 7
Totals per product 8 13 4 6 2 2 1 1 37
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Proposed Products for Diversification

The study reveded that products such as Weanimix and maize flour for TZ could be padkaged
for the market. This will make the products appeding to consumers while generating income
for processors and marketers. Some communities also expressed interest in leaning how to
process some nmaize-based products which are popuar in Southern Ghana, e.g. ekuegbem in
Achubunya, apapransain Agric. Bxt., wasawasain Puriya and Gunsi, akple in Gunsi

New products like maize biscuits, bread were also suggested by some community members.

Conclusions/Recommendations: Maize is widely consumed in the communities but there is
the neead to develop appropriate padcaging for the products to make them more appeding to
high-end consumers, while generating income for the comnunity menbers.

References

Publications (at the end of all activities or last page)

Journal articles and Book Chapters; Conference/ Workshop
Papers/Proceealings; Abstrads, Newsletters, Thesis, etc.
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NORTHERN REGION FARMING SYSTEMS RESEARCH
GROUP

The Northern Region Farming Systems Reseach Goup (NR-FSRG) is tasked with analyzing
the farming systems of the Northern Region with the view to generating appropriate
innovations that could bring about improvement in thelivelihoods of the people. The group has
out-stations at Damongg, Yendi and Salaga. The work focuses on charaderizing and describing
the farming systems of the region, identifying and prioritizing constraints to increase
sustainable agricultural production and generating suitable interventions to address the
prioritized problems of the farmers through adaptive on-farm as well as on-station reseach.
Besides, the team also has oversight responsibility of coordinating Reseach, Bxtension and
Farmer Linkage Committee (RELC) adivities in the NR. This report highlights adivities
caried out in 2014 cropping season.
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COTTON IMPROVEMENT

Confined Field Trial of Roundup Ready cotton varieties in Ghana

Principal Investigator: EB Chamba

Collaborating Scientists: Ramson Adombilla, Michad Mawunya
Estimated Duration: 2 yeas

Sponsors: MONSANTO

Location: CSIR-SARI, Nyankpala and CSIR-SARI, WA

Background and Justification:

Wedl is amgjor constraint to cotton production in that it reduces seed cotton yields, lint quality
and farmer income. Manua hand weeding has been the predominant weed control pradice but
several constraints including limited cash, labour unavailability espedally at pe&k seasons limit
among others the effecive use of the control method. The spraying of chemicad herbicides is an
aternative method to hand weed control. Reseach has shown that herbicides produce greder
yield at less cost than the typicd pradice of hand weeding. Since the mid-198G Monsanto
Conmpany has been developing genes to confer crop tolerance to glyphosate [N-
(phosphonarethyl) glycingl and as a result Roundiyp Realy cotton varieties expressing
vegetative tolerance to over-the-top applicaions of glyphosate herbicide are now commercially
available. This gives cotton farmers an additional tool to use against the problem of weed
infestation. There is the nead to evaluat e the performance of Roundy Realy cotton varieties
under the Ghanaian cotton growing environment. Thus two main studies were caried out for
the evaluation.

Objedives:

1. The Eficag trial was to evaluate the efficagy of two glyphaosate formulations [Round up®
PowerMax (540 g ae/l) and Roundu® Turbo 45K (450 g ae/l)] on weeds when
applied on FK MON 88913 and/or FK MON 88913 x MON 15985

2. The Seledivity trial was to assess the seledivity of two formulations of glyphosate
[Roundu® PowerMax (540 g a.e/l) and Roundu® Turbo 45K (450 g a.e/l)] applied on
MON 88913 and/or MON 88913 x MON 159& cotton.

Expeded Beneficiaries: Cotton Producing Companies and Cotton farmers
Materials and Methods:

a) Hficacy tria
The study was conduwcted as an on-station confined field trial. The geneticaly modified (GM)
cotton varieties MON 88913 (with herbicide tolerant trait) and MON 88913 x MON 159%
(with both herbicide tolerance and insed pest protedion traits) were planted. The farmer
variety FK 37 (conventional cotton) was used as control. Gyphosate products used were;
Roundy PowerMax 540 g ae/l at 2.0 I/ha and Roundy Turbo 45K (450 g ae/l) at 2.4 I/ha
The reference product was Roundyp 3605L (360 g ae/l) and was applied at 3.0 I/ha. Nine
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treaments comprising conmbinations of varieties and herbicides were used (appendix 1). The
experimental design was randomized complete block design with 4 replicaions. Plots were 4
rows of 10 m length with inter-and intra-row spadng of 0.8 x 0.4 m The trial area was
surrounced by a 5 m falow, 12 m zone planted to conventional cotton and a 25 misolation
zone with crops not sexualy conpatible with cotton. The herbicides products were applied
twice- at 25 days after emergence and 30 days after the first application. Agronomic pradices
were followed as in the protocol and inseds pest controlled. MON 88913 x MON 159&%
variety was sprayed three times and all other variety was sprayed sixtimes. Data was colleded
from plants within the 2 middle rows.

b) Seledivity trial
The experimental sites and design were similar to those of the efficagy trial. However, the
treaments were 13 in number (appendix 2) and herbicide products were applied at single and
doube rates.

Results/Major findings:

Mean see cotton yield for the efficagy trial ranged from 47.30 to 160750 kg/ha at Nyankpala.
The unweeded control gave the lowest yield and the farmer pradice the highest. The first
herbicide application was late due to delays in obtaining permits for the herbicides from the
regional Environmental Protedion Agency (EPA). Plants on the herbicides plots were stressed
as a result of severe competition from weealds before the first application and that probably
acounted for the yield trend. There was effedive weed control with the application of the
herbicides. Generally the mean seeal cotton yield was higher although not significant with the
single trait variety MON 88913 than the doube trait variety MON 88913 x MON 159& and
sedd cotton yield was highest with Roundyp Realy 360 SL (360 g.a.e. /l). Results of mean seal
cotton yield at Wa was similar to that of Nyankpala except that the yields were comparatively
higher at Nyankpala. The late planting at Wa (5 August 2014 probably acwmunted for the
lower sedd cotton yields at the site.

The seledivity trial had no observable herbicide damage on the two cotton varieties even when
the herbicide concentration was doubled at both locaions. Smilar to the efficag trial, mean
sedal cotton yield was higher for single trait variety MON 88913 and recommended herbicide
rate. Over 2.0 and 1.0 tons /ha of see cotton respedively were obtained at Nyankpala and Wa
with single trait variety MON 88913 and recommended herbicide rate. Yields of MON 88913
X MON 159& with the recommended rate of herbicide was over 1.0 ton/ha at Nyankpala and
less than 1.0 ton/ha at Wa. Furthermore, the single trait variety MON 88913 obtained higher
number of open bolls at harvest than the doube trait MON 88913 x MON 159& at both
locations and probably accounted for the trend in yield.
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Table 62: Treatments for efficacy trial at locations

Trt code |Trait Treament

1 MON 88913 x MON 159% |Untreaed Control

2 MON 88913 x MON 159& |Hand Weeded Control

3 MON 88913 x MON 159% [Roundip PowerMax (540 g.a.e/l) at 2.0 I/ha

4 MON 88913 x MON 159& |Turbo 45k (450 g.ae€/l) at 2.4 I/ha

5 MON 88913 x MON 159% [Roundip 3605L (360 g.ae/l) at 3.0 I/ha

6 MON 88913 Roundip PowerMax (540 g.a.e/l) at 2.0 I/ha

7 MON 88913 Turbo 45k (450 g.a.€l/l) at 2.4 I/ha

8 MON 88913 Roundip 3605L (360 g.ae/l) at 3.0 I/ha

9 Farmer variety FK 37 Pre-emergence herbicide (Alligator 400 EC)
(conventional cotton) only

Table 63: Treatments for selectvity trial atlocations

Trt code | Trait Treament
1 MON 88913 hand weeded control
2 MON 88913 Roundy PowerMax (540 g.a.e/l) at 2.0 I/ha+ hand
weeding
3 MON 88913 Roundwp Turbo 45k (450 g.ae/l) at 24 |/ha+ hand
weeding
MON 88913 Roundp 3605L (360 g.ae/l) at 3.0 I/hat+ hand weeding
MON 88913 Roundp PowerMax (540 g.a.e/l) at 4.0 I/hat+ hand
weeding
6 MON 88913 Rounduy Turbo 45k (450 g.ae/l) at 4.8 I/hat+ hand
weeding
7 MON 88913 Roundp 3605L (360 g.a.e/l) at 6.0 I/ha+ hand weealing
8 MON 88913 Roundp PowerMax (540 g.a.e/l) at 2.0 I/ha+ hand
MON 159&% weeding
9 MON 88913 Roundup Turbo 45k (450 g.ae/l) at 24 |/hat hand
MON 159&% weeding
10 MON 88913 Roundp 3605L (360 g.ae/l) at 3.0 I/hat+ hand weealing
MON 159%
11 MON 88913 Roundp PowerMax (540 g.a.e/l) at 4.0 I/ha+ hand
MON 159&% wedaling
12 MON 88913 Roundip Turbo 45k (450 g.aell) at 4.8 I/ha+ hand
MON 159&% wedaling
13 MON 88913 Roundup 3605L (360 g.a.e/l) at 6.0 I/ha+ hand weeding
MON 159%
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Conclusion:

The preliminary results have shown that the herbicides products effedively controlled weeds in
the two GM cotton varieties without affeding crop hedth even when the herbicide
concentration was douled. Further studies have to be conduwcted to evaluate and confirm the
efficacy of the herbicide products.

Effect of topping onthe growth and yield of cotton

Principal Investigator: EB Chamba

Coll aborating Scientists: Ramson Adombilla
Estimated Duration: 2 yeas

Sponsors: Cotton Improvement Programme
Location: CSIR-SARI, Nyankpala

Background and Justification:

Topping (the bre&king of the terminal shoat of the cotton plant) is a comnon pradice among
some cotton farmers. Farmers are of the view that topping improves seeal cotton yield and in
some cases reduce pest incidence. A farmer participant in the 2013 Bt cotton demonstrations
topped the conventional field that was being compared with the Bt cotton field. It turned out to
be the only site out of six that the seal cotton yield of the conventional cotton was higher
(athough not significant) than the seed cotton yield of the Bt field and thus necessitated the
nedl for studies into the subjed of topping.

Objedive:
The objecive of the study was to determine the effeds of different stages of topping on the
sedl cotton yield of cotton.

Expeded Beneficiaries: Cotton Producing Companies and Cotton farmers

Materials and Methods:

The trial was conduwcted on-station at CSIR-SARI, Nyankpala. The experimental design was a
randomized complete block design with 4 replications. The five treament s were topping at 65
days after planting (DAP), 75 DAP, 85 DAP, 95 DAP and no topping as control. Topping on
individual plants was done below the uppermost node with secaeurs. Plot sizes were 4 rows of

10 m length with inter and intra-row spadng of 0.9 x 0.3 m Alleys of 1.0 m separated plots.
Agronomic pradices were followed and insed pests controlled.

Results/Major findings:

Mean seal cotton yield ranged from 207270 to 248550 kg/ha with the no topping control
giving the lowest yield and topping at 65 DAP the highest yield. There were no statistica
differences among treament neither was there differences among the number of opened balls,
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boll weight and lint percent. The experiment has shown that there could be yield advantage in
topping and it should probably be done ealier than 65 DAP in subsequent studies.

Conclusions/Recmmendations :
Seal cotton yields were similar for treaments. Topping ealier than 65 days after planting

should be considered in subsequent studies.

Effect of planting dates on growth and yield of cotton

Principal Investigator: EB Chamba
Collaborating Scientists: Ramson Adombilla
Estimated Duration: 2 yeas

Sponsors: Cotton Improvement Programme
Location: CSIR-SARI, Nyankpala

Background and Justification:

Cotton is one of the mgjor cash crops in Ghana. It is a perennial plant that is produced as an
annual and therefore very responsive to environmenta conditions (Yucd and Gormus, 2002.
The optimum sowing date for a cultivar in a region is considered to be the most imp ortant
manageable fador in cotton (Bozbek et al., 200§. However, farmers in the cotton growing
areas of northern CGhana are unable to predict sowing dates properly due to the inconsistent
rainfall pattern over the yeas caused by the increasing change in climate. According to Ali et
a. (2009, ealy sowing of cotton expresses higher yield potential than late sowing. In view of
the immerse effed of sowing date on seeal cotton yield, the study was conducted to determine
the optimum sowing period of promising cotton varieties under the climatic conditions of
Northern region.

Objedive:
The objective of the study was to determine the response of three cotton varieties to different
planting dates.

Expeded Beneficiaries: Cotton Producing Companies and Cotton farmers

Materials and Methods:

The trial was conduwcted on-station at CSIR-SARI, Nyankpala. The experimental design was a
3 x 4 fadoriad treament arrangement in a randomized conplete block design with four
replications. The 12 treaments comprised a combination of three varieties and four planting
dates. The varieties were FK 37 (farmer variety), SARCOT 1 and SARCOT 5 and planting
dates were 21 June, 5 July, 17 July and 6 August, 2014 Plot sizes were 8 rows of 10 mlong
with inter-and intra-row spadng of 0.9 x 0.3 m Good agronomic pradices were followed and
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insed pest controlled acordingly. Data was colleded from the 4 middle rows, managed and
analyzed using the statisticd padage GenStat 12 edition.

Results/Major findings:

The mean seal cotton yield ranged from 43520 to 230309 kg/ha (Table.56). SARCOT 5
planted on 5 July gave the highest yield and FK 37 planted on 6 August, the lowest. Except for
SARQOT 1, the varieties recorded higher yields when planted on 5 July. SARCOT 5 planted
later on 17 July recorded higher yield than planting of farmer variety (FK 37) on 21 June and
SARCOT 1 on 5 July indicaing that SARCOT 5 can be planted as late as 17 July but planting
of FK 37 and SARCOT 1 later than 5 July shoud be avoided. SARCOT 5 could be the
candidate variety to fit into the deaeasing number of rainy days per yea.

Table 64: Mean seal cotton yield, kg/ha asaffectal by variety and ganting date

Varidies Panting date
Planting date FK 37 SARCOT 1 SARCOT 5 meas
21-June 163183 171794 206681 180553
5-July 182431 148570 2308B.09 187103
17-duly 129994 123462 164533 139330
6-August 43520 54689 76865 58358
Variety means 129782 124629 169597

Planting cate: LSD a P=5%:29025 kgha, Variety: LSD a P =5%:251.36 kfha

Conclusions/Recommendations :

Planting date and variety had a significant effed on the mean seal cotton yield. With the
exception of SARCOT 1 the varieties recorded higher yields when planted on 5 July. However,
the yield of SARCOT 5 planted as late as 17 July is comparable to planting FK 37 and
SARCOT 1o0n 21 Juneand 5 July.
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RICE IMPROVEMENT
Africa Rice Breeders Task Force (ARBTF) Trial-2014

Principal Investigator: Dr. Wilson Dogbe
Collaborating Scientists: Samuel Opporg Abebrese
Estimated Duration: 3 yeas

Sponsors: WAA PP

Location: Nyankpala, Libi and Manga

Background Information and Justification:

Rice has bemme a mgjor staple food in Ghana. The per capita rice consunmption is around 63kg
per annum (JCA, 2007) and keeos rising steaily. Ghana spends over $ 500 million annually
on importation (MoFA, 2010Q. The availability of improved higher yielding varieties is key for
farmers to increase production and productivity.

Objedive:

To evauate for yield and other inportant agronomic traits of 13 lines advanced from multi-
sites analysis of Africa rice breader £ taskforce trials in 2012 in Northern Savanna agro-
ewmlogica zones of Ghana.

Expeded Beneficiaries: Small holder rice farmers, Ghana's ecnomy

Materials and Methods:

The trials were laid out in a Randomize Conplete Block Design (RCDB) with four replicates
at three locaions Nyankpala, Libi and Manga. Data were taken on yield, yield componrents and
other important agronomic traits.

Results/Major Findings:

The yield acoss locaions for 2014 is presented in Table 57. Entries (WAB 208-WAC B-
TGR4-B and WAB 20%-2-FKR2-5-TGR1B) have proved very promising. They were the top 2
yielders in 2013 and have meintained same positions in 2014

Conclusions/Recommendations: The trial to be repeaed the third time in 2015 to seled

suitable entries for on-farm Further field testing shoud be proceeled by milling and sensory
evaluations
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Table 65: Yield (t/ha) acrosslocations

Mean
Variety Nyank pala Libi Manga Across

JASMINE 85 (CHECK) 284 275 6.63 4.07
WAB 208l-WAC2-2-T GR2-WAT B3 372 2.85 7.32 4.63
WAB 20B8-WAC2-1-T GR2-WAT B2 314 281 6.64 419
WAB 208l-WAC B-TGR4-B 6.18 354 8.35 6.02
WAB 205%-2-FKR2-5-T GR1-B 457 4.26 8.69 584
DKA-M2 333 441 8.00 5.25
WAB 20/6-WACIL-T GR1-B 4.06 3.75 8.67 5.49
WAB20B-WAC3-1-T GR1-4 420 327 723 490
WAB215WAC B-1-TCR3-WAT B1 450 2.86 7.99 512
FAROX 508-3-10-F43-1-1 3.80 420 7.95 5.32
IR841 (chedk) 4.66 3.10 9.59 5.79
FAROX 508-3-10-F44-2-1-1 4.04 3.06 5.58 423
TXD 88 3.28 321 4.46 3.65
WAB 208)-3-FKR1-WA C2-TGR4-B 321 319 6.79 4.40
Mean 397 3.38 7.42 492
P-Value 0.003 <0.001 <0.001

LSD 140 0.66 198

Ccv 24.60 1380 1870
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AGRA-PVS Evaluations

Principal Investigator: Wilson Doghbe
Collaborating Scientists: Samuel Oppong Abebrese
Estimated Duration: 3 yeas

Sponsors: WAA PP

Location: Nyankpala, Libi, Manga

Background Information and Justification: Rice has bemme a staple food in Ghana. This is
aresult of the rapid change in lifestyle and food habit; particularly in urban centers (Nyanteng,
1987 Balasubramanian et al., 2007). Ghana produces 30-40% of its rice needs (MoFA, 2010
and spends over 500 million US dollars annually on importation (IRRI, 2012. The per capita
rice consunmption is around 63kg per annum and keeps rising steaily (JICA, 200%). There is
therefore the need to increase locd production to contribute to foreign currency saving and
improve farmersé incomes. The rice program of the CSIR-SARI develops and evaluate new
rice genotypes to identify yielding varieties for farmers to improve production and
productivity. Against this badkground, twenty (20) genotypes were obtained from CRI- AGRA
sponsored rice program in 2010 for evaluation in the savanna agro-emlogicd zones of Ghana.

Objedives: To evaluate twenty (200 genotypes obtained from CRI- AGRA sponsored rice
program for yield and general adaptability in the northern savanna agro eclogicd zones of
Ghana.

Materials and Methods: The trials were laid out in Randomize Conplete Block Design
(RCBD) with 4 replicates at 3 locaions, Nyankpala, Libi and Manga

Results/Major Findings:

The entries over the yeas have not been able to demonstrate yield superiority over the locd
chedks. IR841 (AGRA) was seleded from this colledion and probably affirms it superiority.
Thoudh not statisticdly significant, IWA 10 and Sahel 210 were able to out yield AGRA in
2014.
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Table66: Yield (t/ha) acrosslocations

Mean
Variety Nyank pala Libi Manga Across
Jasmine 85 277 209 229 2.38
Sahel 201 210 367 3.27 301
Sahel 209 274 304 231 270
Sahel 210 421 340 318 359
WAS 127-12-1-2-3 193 257 2.00 217
WAS127 -12-1-6-3-1 3.28 231 2.69 2.76
Mean

Variety Nyank pala Libi Manga Across
Nerica-L-19 ex Togo 283 232 262 259
Nerica-L-20 301 2.80 2.27 2.69
Nerica-L-41 451 285 218 318
Nerica-L-42 2.85 2.89 251 275
DKA4 252 1.60 251 221
Marshall 269 357 293 307
Jasmine 85 304 263 291 2.86
IR841 34 3.20 291 322
IWA 10 425 343 253 340
NIL2 334 273 246 284
NABOGU 2.25 * 231 2.28
Mean 3.05 2.82 258 282
P-Value 0.08 <0.001 0.33

LSD NS 0.72 NS

Ccv 37.30 17.90 2190

Conclusions/Recommendations: IWA 10 and Sahel should be considered for on-farm trial.
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Breading rice for Drought Tolerance in the Northern Savanna zones of
Ghana

Principal Investigator: Dr. Wilson Dogbe
Collaborating Scientists: Samuel Oppong Abebrese
Estimated Duration: 3 yeas

Sponsors: WAA PP

Location: Nyankpala

Background Information and Justification: Erratic rainfall pattern as a result of climate
change has made drought the number one abiotic constraint to rice production in the rainfed
emlogy. The rainfed emlogy constitutes about 78% of the total rice production emlogy in
Ghana (MoFA, 2010. Developing drouglt tolerant rice varieties is the most viable strategy to
safeguard rice production in the rainfed eology. The CSIR-SARI rice program initiated
drough tolerance brealing in 2013 Twenty (20) drought tolerant lines were introduced from
IRRI.  Another 20 were aos introduced from Mali. The IRR materials were planted in
replicated yield trial to assess thier performance under normal rains. Fifteen grams (15 g) rice
seals obtained from Mali were multiplied to obetain adequate seeds for droutght stress
experiments.

Objedives
1 Screen toidentify drought tolerant parent from the introduced meterials.
91 Incorporate Drougtht tolerance into 2 farmer preferred drought susceptible varieties

Expeded Beneficiaries: Small holder rice farmers, Ghana's ecnomy

Materials and Methods: Introduce new drought tolerant rice genotypes. Screen the introduced
meterials for drought tolerance under both and controlled uncontrolled conditions to identify
suitable drought tolerant parents. Make crosses to improve the drough tolerance of 2 localy
farmer preferred varieties. The IRRI meterials with enouch quantities of seals were evaluated
in replicaed yield trials under normal rainfall in 2014 Ffteen grams (15 g) of seals obtained
from Mali were also multiplied to obtain adequate seeds for both field controlled and
uncontrolled screenings.

Results/Major Findings: Reorded yield for IRRI meterials is presented in Table 59. Amount
of seals obtained from multiplying the 15 g seals from Mali materials is also presented in
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Table 60. The IRR materials have appredable yields under normal rainfall. Enough seeds
have been obtained for the Mali meterials for controlled field screening.

Table 67: Yield (t/ha) at Nyankpala for IRR materials

Variety Yield (t/ha) | Variety Yield (t/ha)
UPL RI5 437 | IR 749632-6-2-5-1-3-3 4.40
UPL RI'7 491 | IR 7729814-1-2-10 333
N22 1.25 | IR 79913B-179-B-4 473
KALIAUS 051 | IR 772985-6-18 314
KALIA 0.95 | IR 743714-1-1 4.30
IR 80413491 416 | VANDANA 298
IR 81412B-B-82-1 435 | WAY RAREM 359
IR 7437146-1-1 453 | APO 4.03
IR81023B-116-1-2 467 | AGRA 480
IR 7437270-1-1 579 | Mean 377
IR 72667#16-1-B-B-2 4,03 | P-Value <0.001
IR 5541904 425 | LSD 1.401

cv 263

Table 68: Amountof seals (kg) obtained from multiplication of the 15 g ofMali materials at Nyankpala

Variety Grain Yield (kg) Variety Grain Yield (kg)
SIK 350-A150 12 DKA-M 8 05
SIK 353-A10 01 DKA-M 9 10
DKA 1 0.8 DKA-M 11 14
DKA 3 0.3 DKA-M 13 11
DKA 4 10 MLI 6-1-2-3-2 08
DKA 21 12 MLI 20-4-1-1-1 04
DKA 22 0.7 MLI 251-2 0.6
DKA 23 0.8 MLI 253-2 05
DKA-M 2 05 MLI 204-3-1 05

Conclusions/Recommendations: The materials are to be screened for controlled drought.
Make crosses toimprove the drought tolerance of 2 locdly preferred drought susceptible
varieties
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Hybrid RiceBreeding

Principal Investigator: Samuel Opporg Abebrese
Collaborating Scientists: Dr. Wilson Doghbe
Estimated Duration: 3 yeas

Sponsors: WAAPRWACC

Location: Nyankpala

Background Information and Justification:

Ghana produces 30-40% of its rice neads and spends over $ 500 milion on importation
annualy (MoFA, 2010Q. Hybrid rice techndogy is one of the promising, sustainable, and
proven techndogies for enhancing rice productivity, with a yield advantage of 157 30% over
inbred varieties (Virmany et al, 2003. To find out the prosped of hybrid rice in Ghana, the
rice program of the CSIR-SARI began arice brealing program with these two objedives:

Objedives:
1. Todevelop/introduce high yielding hybrids for evaluation and release to farmers.
2. Toidentify maintainers and restorers from loca germplasm that could be used for hybrid
development.

Expeded Beneficiaries: Small holder rice farmers, Ghana's ecnomy

Materials and Methods: Eight hybrids were evaluated against two inbred cheds (Gbewaa
and AGRA) for yield and other important agronomic traits in a Randomized Complete Block
Design (RCBD) with three replicates at four locaions Nyankpala (field), Nyankpala (micro
plot), Navrongo and Golinga. Eighty -five (85 locd germplasm maintained at the CSIR-SARI
rice program were screened with functional merkers linked to fertility restoration to identify
potential maintainers and restorers. Testcrosses were caried out to confirm potential
maintainers and restorers.

Results/Major Findings: Yield acoss locaions are presented in Table 61 There were no
significant difference between the tested hybrids and the inbred cheds aaoss locaions.
Though some hybrids yielded higher than the chedks, their recorded percent yield advantage
was not above the 20% required for the commercialization of hybrids. The moleaular
screening identified 30 potential restorers and 55 potential maintainers. Twenty -three (23)
testcrosses were made between seleded lines and two CMS lines introduced from AfricaRice
A testcross nursery has been established for the resulting Fis. Results yet to be realy.
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Table 69: Yield (t/ha) across locations

Nyankpala Navrongo Golinga Nyank

Yield (t/ha) Yield (t/ha) Yield (t/ha)  (micro-plot)
Variety Yield (t/ha)
AGRA RICE 449 550 5.69 6.08
GR-1 537 5.06 558 7.48
GR-2 371 563 5.60 6.80
GR-3 477 6.76 561 784
INDAM 100-001 4.27 6.11 5.85 6.27
INDAM 100-012 3.02 324 5.69 6.79
INDAM 200-022 6.12 148 6.02 6.52
JASMINE 85 4.38 6.20 507 6.51
S716806'6 5.16 5.66 6.48 7.30
S72180M@2 5.00 5.66 6.42 6.80
Mean 4.63 5.13 58 6.84
LSD NS NS NS NS
cv 34.9 357 158 117

Conclusions/Recommendations. More hybrids are to be tested to identify superior hybrids for
commercialization. Hybrids are known to respond better to higher Nitrogen. The hybrids are to
tested with higher doses of N 120N and 150N to ascertain their yield
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Agricultural Value Chain Mentorship Project

Principal Investigator: Wilson Dogbe

Collaborating Scientists: Robert Owusu, Prince Maxwell Etwire, Abdu Basit Tampuli, Mr.
Inusah Baba, Edward Martey

Estimated Duration: 3.5 years (May 2011 to February 2015

Sponsors: DANIDA through AGRA

Location: 16 Districts in Northern Region of Ghana

Background

MAJOR FINDINGS /ACHIEVEMENTS
The achievements can be captured under the three main outcomes of the projec
1 Inproved Entrepreneurial Capadty of FBO& and their Member farmers
1 Improved Capadty of institutions to upscde Integrated Soil Fertility Management
(ISAV1)
1 Increassed awareness and use of ISFM techndogies among smallholder farmers.

Outcome 1: Improved Entrepreneurial Capacity of FBO& and their Member farmers

The AVCMP revived many dormant FBOs by assisting them to put in place the necessary
leadership structure. This happened alongside training on leadership and group dynamics and
assisting them in the drafting of Constitutions, formal registration and drafting of business
plans

FBO reoord keeping has improved through the use of symbols. FBOs can now prepare crop

partial budgets as well as profit and loss acaounts using symbals.

Colledive adivities of FBOs like bulk procurement of inputs, mutual labour suppat for
wedaling and for other agronamic adivities, and welfare adivities has increased.

Over 60% of beneficiary FBOs is now operating adive bank accounts with some community
banks. FBOs Access to equipment services, inputs and aggregators has improved.

Outcome 2: Improved Capacity of institutions to upscale Integrated Soil Fertility
Management (ISFM)

The four partner radio stations (Bishara, Savanna radio, radio kitawoln and Simli radio), aired

360 discussion programs and documentaries on ISAM reading an estimated 360 listeners.
Heven print materials on ISAV were produce and distributed to more than 112® farmers.
ISAM drama was performed in 8 projed districts attracing more than 2000 farmers. The video
was later filmed and shown to more than 300® viewers in projed comnunities using the
award wining tricycle video van.

A video van innovated by CSR-SARI and Countrywise communicaion to read remote
projec communities was nominated and won two awards (Gold and Chairmans Award) at the
2013 International Video Comrmunication Association CLARION awards in the United
Kindom SARI and Countrywise were presented the award at the event held in London
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According to the Diredor of Radach Menwrial Centre the partnership has had significant
impad on the caree development of his personnel and the image of his business. The CEO of
Countrywise Ghana shared similar sentiments.

Outcome 3: Increased awareness and use of ISFM technologies among smallholder
farmers

An estimated 280® farmers from 260 communities receved awareness on ISAM through the
use of the award wining tricycle video van innovated by CSIR-SARI and Countrywise
Comrrunication Gh., 2500 farmers through the on-stage ISAM drama show, and about 6000
through the OFDGs. Listeners to 360 radio programs on ISFM aired by partner radio stations
during the projed life were estimated at 36000 Twelve thousand one hunded farmers were
reated through the printed ISAM materials. Even thoudh the most preferred means acarding
to the survey was the use of OFDGs, it came out as the most expensive (Table 62). The most
cost effedive means in terms of the number of farmers read per cedi was found to be drama as
a video followed by print and radio. Farmers participation in OFD was found to have positive
impad on productivity. Average yield increase as a result of farmer sdparticipation in AVCMP
demonstrations were 71% for rice, 32% for soybean and 26% for maize (Table 63.).

Table 70: Empirical Analysis of Awareness Creation Tedhniques

Awareness creaion | Number of Total Cost (GHC) per | Cost per

strategy beneficiaries readed | program/'yea beneficiary (GH¢)
per yea

Drama filmed and 15000 22050 147

showed as video

Print materials 12100 21659 179

Radio 6000 26000 4.33

On stagedrama 2400 14880 6.2

Farmer leaning 600 16500 275

Center (FLC)

Individual OFD& 4000 125000 3125
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Table71: Effed of farmersd rpicigation in ISFM demonstration onyields (kg/ha) for rice, soybean and
maize

Type of Farmer
Farmers who participated in
Yield level | demos Non demo par ticipants
No of farmers Yield No of farmers
surveyed (kg/ha) surveyed Yield (kg/ha)
RICE
Max 7 4259 IS 2511
Min 75 1402 75 822
Mean 75 2747 75 1611
SOYBEAN
Max 75 1382 75 990
Min [ 554 [ 296
Mean s 839 s 637
MAIZE
Max 15 2750 15 2261
Min 15 853 15 622
Mean 15 2056 15 1626

Reasons attributed to incressed yield recorded by farmers were adherence to recommended
pradices as taught during PLAR-ISAM trainings at the demo sites eg dibbling to ensure
optimum popdation, and timely weed control and fertilizer management. Some farmers
observed that even thoudh they were not able to afford the recommended fertilizer rate the
timely applicaion and burying of fertilizer made the difference in yield espedally for rice. For
soybean some farmers said the timely harvesting made the difference
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LOWLAND AGRONOMY

Development of low input sustainable rice cultivation systemin flood plain
in Africa

Principal Investigator: Inusah Baba

Collaborating Scientists: Dr. Hirohiko Morita, Dr. Wilson Dogbe, Abraham Fuseini
Estimated Dur ation:

Sponsors: JRCAS

Location: Buibe (Zaw)

Evaluation of wead emergence and growth pattern in no-tilled and tilled rice fields in the fourth
yea, using Fields 1 and 2 - F1 & F2 (2019 1m / m2 of herbicide, glyphosate (41% a.. )
mixed with 200m of water was sprayed at one week before ploughing. At one week after
glyphosate application, plough or till (cultivate) except for no-tillage plots (A) was pradiced,

with fertilizer application in standard rate and method of SARI. After land preparation, on  rd

July seed paddy of c.v. @asmine856 was sown at a rate of 2g/2m in row seeding in standard

way of SARI.

Weds in 02 (05 x 04m) and rice plants on 1Im (0.5m x 2rows) were colleded on 11th
September to identify the spedes, density of plants and DMW

Results

Ground total of seeds was not different between two places and that in Weed free plot was
approximetely 2/3 of Weealy plot in both places. However, number of seeds of grasses,
particularly of Paspalum scrobiculatum, was smaller in less weedy place Sown at August than
in weedy place sown at July. A large number of seed of Cleome viscosa was colleded in less
wedly place

As short seed longevity was reported in P. scrobiculatum and Digitaria ciliaris , it was
considered as a fador causing the phenomenon observed in 2013 that the seed bank size of
these grass spedes was deaeased in less weady place through herbicide treament and hand -
wedling.

Results Through the observation of weel flora in/faround Field 3 and Field 4, it was considered
that the DB could cover the weed and plant spedes growing in the habitats including F3 and
F4. Around 10 spedes including spedes given below could be added to the DB. Infestation of
Chromoleana odorata and Tithonia diversifolia, Pan-tropicd noxious invasive spedes was
observed, along the main road at south of Chiranda, nea Kintampo and Kumasi, respedively.
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Warning Invasion of these spedes to Northern Districts should be monitored.

No. Side Family Scientific name :

184 Pedaliace® Sesamum indicum L. Dicot. broadleave Annual Upland

185 Malvacea& Malvastrum coromandelianum Garcke. Dicot. broadlease Perennial Upland
186 Leguminosae Crotalaria retusa L. Dicot. broadleave Annual Upland

187. BEuphabiaceae Acalypha segetalis Mill. Arg. Dicot. broadleave Annua Upland

188 Amaranthace& Pupaia lappacea A. Juss. Dicot. broadleare ? Upland

189 Gamineee Eragrostistenella Roem B Schult. Grass Annual U & Rice

190 Leguminosae Alysicarpus vaginalis DC. Dicot. broadleave A & P Upland
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Effect of priming, soil moisture & elevation on Yields of rice in the Flood

Plains of the White Volta at ZAW

Field Experiment -1 ZAW
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Figure 23: Locaion of Trials

Treatments:

1) Priming (12 hrs) & 2) No Priming; Plot size: 32m X 32m =102 Number of plots: 9 X2;=18
plots; Rice Variety: Digang (110 days maturity)
Cultivation method used: Disc plow was proceeded by broad cast of rice seeds and then hand

leveling

Determination of Parameters: Soil moisture (profile probe 100-400 mm)
Germination, Plant height, Yields of whole plots were the parameters measured
Objedive 1. To getred yield of arelative productivity index map
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Results

Effect of priming, soil moisture and elevo
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Figure 24: Effed of priming, soil moistureand elevation

Outcome 1was the construction of a model productivity index map to be rea as:

The index was matched off asfollows.
0.7Y 20 (t/ha)a 04Y 0.3 (t/ha)
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Figure 25: Relaive productivity index vs Red Yields

Plant ht. cm Yield kg-1
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Figure 26: Effed of priming, soil moistureand elevation
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Conclusions

Soil moisture was correlated more strongly.

Yields were correlated most strongy to elevation.

Priming was not effedive under the pradica conditilions at Zaw WhiteVolta Flood Plains
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UPLAND AGRONOMY

Introduction

The Upland Agronomy is charged with the responsibility of carying out adaptive or on-farm
trials of al mandate crops except cotton, rice and root and tuber crops. In order to provide
adequate badkstopping of the on-farm trials, the sedion also caries out limited number of on-
station agronomic trials were caried out at Nyankpala, Yendi, Damongo and Walewale.

Three mgjor adivities were carried out in 2014 These were made up of:
9 Intercropping studies involving Jatropha and some food crops (cereds and legumes)
funded by the European Union

9 Yield of Jatropha as affeded by Three different methods of propagation also funded
by the European Union

1 The Productivity of maize and rice as affeded by different levels of newly formulated
fertilizers (Funded by YARA, Ghana).

Yields of Cereals (M aize and Sorghum) and legumes (cowpea and
Sorghum) as affected by Jatropha in intercropping systems

Principal Investigator: J. M. Kombiok

Callaborating Scientists: S. K. Nutsugah, Jerry Nboyine, Haruna Abduai, Ramatu Alhassan
Estimated duration: 4 yeas (2010 i 2014)

Sponsors: European Union

Location: Nyankpala

Background and Justification

Jatropha has aways been used in the Northern part of Ghana as a border plant or as alife fence
of gardens and other portions of the house or farms for some time now. It has never been
considered as a crop until of late when the issue of it being one of the plants used to produce
fuel in some countries. This has however encouraged entrepreneurs and governments of some
courtries to initiate the establishment of Jatropha plantations with the aim of producin g fuel.

With the inception of an EU-Sponsored Jatropha Projed which is a community development
projed in 2009 SARI among other things was mandated to cary out field trials involving
jatropha. One of the trials was to find out how conpatible Jatropha is as an intercrop plant with
food crops. This is because farmers in the sub-region pracice intercropping widely of which
Jatropha will not be left out if it is acceted as a bio-fuel crop. It was therefore based on this
resson that it becare necessary in 2010 to introduce a long term intercropping systems
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involving the Jatropha plant and the commonly grown legumes (Soybean and Cowped and
cereds (Maize and Sorghum).

Objedive
To determine the best cered (meize and sorghum) and legume (soybean and cowp eg as inter-
cropping partners in terms of grain yield with Jatropha

Beneficiaries: Scientists, Agric. Extension staff and farmers

Materials and methods

The two sets of trials involving legumes and cereds were conduwted at the Savanna
Agricultural Reseach fields, Nyankpala since 2010 and repeded till date. Each of the trials
was laid in a Randomized Conplete Block design (RCBD) and replicated three times. Regular
wedling was caried out on both trials to make sure the plants were weed free at most of the
stages of crop growth.

Treatments:

a. Jatropha/cereal inter cropping system
Crops: meize, Sorghum and Jatropha
i Sole Jatropha spaced at 2by 3m

ii. Sole maize

iii. Sole sorghum

iv. Jatrophal/ maize

V. Jatropha/sorghum.

b. Jatropha/Legume intercropping system
Crops: Soybean, cowpea and Jatropha
i Sole Jatropha spaced at 2by 3m

ii. Sole Soybean
iii. Sole Cowpea
iv. Jatropha/ Soybean
2 Jatropha/ Cowpea

Results of intercropping trialsin 2014

Yields of Cereals (Maize and Sorghum) and Jatropha

The yields of both cereds (maize and sorghum) show that there were significant differences
between the yields in the sole systens of the cereds and their inter crops suggesting that the
presence of Jatropha in the system significantly reduced the yields of these food crops. There
was over 36 % reduction in maize yields when it was intercropped with Jatropha while for
sorghum it went up as high as 43 %. It was however found that there were no significant
differences in jatropha yields between the sole and when intercropped with ead of the cereals.
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b. Vields of legumes (Soybean and cowpea) and Jatropha

Comparably, the yields of both legumes were very low and this could be due to high insed
infestation in the cowpea and the intermittent drought that existed during the pod fill ng stage
of the soybean. Even thougdh the yields were low, there were no significant differences in yields
between the sole systenms of both cowpea and soybean and their intercrops. Smiarly, the
yields of jatropha both in the sole and when intercropped with the legumes (cowp ea and
soybean) were similar suggesting that the presence of the food crops in Jatropha had no
negative influence on the yield of Jatropha

Conclusions

From the results of intercropping Jatropha with cereds and legumes, it can be concluded that
when Jatropha was intercropped with cereds (maize and Sorghum) in the spadng of 3 by 2m,
yields of the cereds were significantly reduced but for legumes (soybean and cowped there
was no significant reduction in yield. However, the yield of Jatropha was not aff eded by both
the legumes and cereds in the trials indicating that there were no negative influences of the
food crops on the yield of Jatropha.

Yield of Jatropha asaffected by three different methods of propagation in
the Savanna Zone of Ghana

Principal Inwvestigator: J. M. Kombiok

Colaboratting Scientists: S. K. Nutsugah, Jerry Nboyine, Haruna Abdulai, Ramatu Alhassan
Estimated duration: 4 yeas (2010 i 2014)

Sponsors: European Union

Location: CSIR 7 SARI Reseach farm, Nyankpala

Background and Justification

Jatropha can be propagated using the seads (dired sealing), use of cuttings from meture plants
as well as nursing the seals and transplanting the seedlings on the field. All the propagation
methods have their merits and demerits. Dired seeding has been found to lower production
cost as there is no money spent in raising the sedallings in the nursery. With the use of
sedllings, the establishment of nurseries, funds are nealed for labour and other cepital
equipment like water pumps and pipes which are absent if dired seeding is used. However,
with poor land preparation and poor seed quality, farmers tend to lose grealy if care is not
taken to intensify the monitoring of the planted sedals to re-fill ealy and to remove wedls.

Also the use of cuttings even thouch does not require nurseries; it also requires funds and
technigues for labour in cutting and conveying the cuttings to the fields. However, it is
advantageous to use sedllings and cuttings becaise growth and development of the plants
continue from the stages/ages of the sedllings and the branches cut which make the plant
develop faster than the dired seading method.
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Objedive
The objedive was to establish a trial using the three propagation methods to determine which
of them give(s) the best performance in terms of yield.

Expeded Beneficiaries: Scientists, Agric. Extension staff and farmers

Materials and Methods

The long term trial which was established in 201Q is made up of three planting methods: i)
dired sedling, i) planting using cuttings and iii) using seedlings as the third option

Each the propagation method was considered a treament which was ead laid in a randomized
block design and replicated three times.

Rows were spacel at 3 mand planting within rows was 2 m for each of the treaments (seels,
sedllings and cuttings) and cultural pradices such as thinning out in the case of the dired
sedaling to meking sure it was one plant/stand. Weeds were also removed regularly using a
hand hoe.

Results

The results in 2014 showed that the dired sealing treament recorded the highest number of
branches/plant resulting in the highest pod yield. The transplanting method was next in value
which recorded 26 branches/plant and a pod yield of over 2.8 tons/ha. However, there were no
significant differences in the number of branches and fruit yield between the dired seeding and
the transplanted methods (Table 64).

Table 72: Jatropha yield and number of branches as affeded by the planting method

Treatment Number of branches Pod yield (kg/ha)
Dired Sedling 28 295210
Transplanting 26 285625

Cuttings 18 187656

LSD (0.05) 6 19220

However, planting using cuttings resulted in significantly lower number of branches and fruit
yield than from the dired seeding and the transplanting methods. Number of branches/plant is
one of the comporents of yield of Jatropha and therefore it was not surprising that the higher
the number of branches, the higher the pod yield recorded.

Conclusion

The results for the first yea of yield data analysis show that the performance of jatropha in
terms of yield is higher for both the transplanted and thedired sealing methods than the use of
cuttings.

It is recommended that the trial is repeded for several yeas to confirm or otherwise of this
result since this was just one yea data.
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The productivity of maize and rice asaffected by different fertili zer
combinations in four agro-ecological zones of the Northern Region of
Ghana

Principal Investigator: J. M.Kombiok (Agronomist)

Collaborating Scientists: M. S. Abdulai, Iddrisu Sumani, Haruna Abdulai
Estimated duration: 2 yeas (2014-2015)

Sponsors: YARA Ghana Ltd

Locations: Nyankpala, Damongo, Yendi and Walewale

Background and Justification

The traditional ways of replenishing soil nutrients through bush falow can no longer be
pradiced as arable lands are now limited due to increased popuation in Ghana. However, low
soil fertility continues to be a constraint affeding crop production in the country. The farmers
in the northern Ghana are therefore unable to obtain reasonable yields of most of the crops
without fertilizer application espedally the cereds (meize and sorghum), which are considered
to be their staple food crops.

One of the ways to replenish the soil with its nutrients is by fertilizer application which YARA
Ghana Company Ltd has always been the lead organization in formulating and distributing
balanced nutrition fertilizers for both cereds and legumes to farmers to incresse the
productivity of the mgjor crops in order to ensure food seaurity. As these formulated products
are new to the farmers and have never been used in this part of Ghana, it becare necessary to
test these fertilizers within our environmental set-up for the first time using meize by rice as
test crops.

This on farm testing is always dore in order to confirm or otherwise the validity of these
formulations before they could widely be distributed to farmers acoss the region to help raise
their crop yields. It is based on this reason that that YARA Company Ltd in collaboration with
CSIR-SARI dedded to set up adaptive trials at four sites (districts) representing the different
ewlogica zones of the Northern region.

Objedive
The objedive of the trial was therefore to validate the performance of maize and rice in terms
of grain yield as affeded by the application of newly formulated fertilizers by YARA Ghana

Materials and Methods

Experiment 1 (Maize)

The experiments involving maize and rice were conduwcted at four sites representing different
Agro-emlogies of Northern region. These are Nyankpala, Walewale, Damongo and Yendi. At
eat site, the experiment was laid in Randomized Conplete Block Design (RCBD) with 5
treaments (plots) replicated three times giving atotal of 15 plots per site.

These are:
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Actyva@250kg/hat+A ctyva@125kg/ha.
Actyva@125lg/hatA ctyva@250kg/ha.
T15@250ky/ha + Amidas@125kgy/ha.
T15@250kg/ha + SOA @125kg/ha.

No fertili zer(control)

Note: SOA is Suphate of Ammonia and T15 istriple15

aswbdPE

The mode of application of the basal fertilizers was the same for al the types of fertilizers.
Both the Triple 15 and the Actyva which were used as basal applicaion were buried by the
side of the maize seallings about 2 weeks after planting. The top-dressing was also done by
opening up holes nea the plants as dee as 5 cm and putting the Actyva, Amidas and the
sulphate of Amnonia and covering the holes with soil just before the plants tasseled.

Data colleded included plant establishment (germination %), Plant height at harvest, 100 grain
weight and grain yield (per hedare) but only grain yield will be reported here.

(@ Results and discussion of the maize trials

The results of maize grain yields at four sites as affeded by the applicaion of basal and top-
dressing of different types of fertilizers at all the sites show that the application of Actyva at
250kg/ha and top-dressed by adyva at 125kg/ha gave the highest grain yield of maize
compared to the rest of the treaments.

It was further observed that the highest maize grain yields which were obtained at Nyankpala,
Yendi and Walewale from the first treament (Actyva@250kg/hat+Actyva@125kg/ha) was
similar to the yields obtained from the application of adyva at 125kg/ha as basa and top-
dressing with adyva at 250kgy/ha (T2) as well as the application of T15 at 250kgy/ha and top-
dressing it with Amdas a 125kg/ha (T3). However, at Damongo this was different.
Eventhoudh the highest grain yield of maize was also obtained from T1 at Damongo, it was s
ignificantly higher than in T2 and T3. However, the lowest maize grain yields were obtained
from the treament where no fertilizer was applied to maize (T4) at al the 4 sites.

(b) Resultsand discussion of the Rice trials

The treaments used for the rice trial were different from the treaments used for the maize trial
above. Below are the treaments for the rice crop as follows:

Actyva@125lg/hat Actyva@125hat+Amdas 125kg/ha
T15@125kg/hatT15@125/ hatUreal 25kg/ha
T15@125lg/ha+T15@125hatA midas125kg/ha
Actyva@125lg/hat+A ctyva@125hatUrea@125kg/ha
No fertilizer (Control)

g s wdhN P
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The methoddogy so far as land preparation, planting and all the cultural pradices except the
planting distances are concerned were all similar to that carried out in the maize trial.

The results show that Actyva at 125kg/ha, top dressed with Actyva at 125kg/ha and followed
by Amidas gave the highest yields at all the four locaions. Also, the lowest rice yields at all the
locaions were obtained when no fertilizers were applied to therice crop.

At al the locaions except at Damongo, the highest rice yields were obtained from
Actyva@125kg/hatActyva@129hatAmidas@125 kg/ha, T15@125 kg/ha+t T15@125ha +
Urea @125 kg/ha and T15@125 kg/hatT15@125hatAmidas @125 kg/ha which were
statisticdly simlar, while the application of Actyva@125kg/hat+Actyva@125hat+Urea @125
kg/ha treament gave significantly higher rice yields than no fertilili zer applied (Control), but
lower than the first three tregments above.

At Damongo however, all the treaments gave significantly different rice yields with the no
fertilizer application resulting in the lowest rice yields. This could be due to the abundant and
regular rainfall experienced at Damongo which helped ead of the treaments to be able to
express their potentials. The lowest yields obtained from the no applicaion (control) suggests
that the soil is low in nutrients and might require the application of external inputs such as
fertilizers (organic and in-organic) before afarmer can get reasonable crop yields

Conparatively, Damongo had more rain followed by Nyankpala, Yendi and the least and more
erratic rainfall was observed at Walewale and that might have resulted in the low rice yields
observed at that location.

Conclusions

In preliminary conclusion, at Damongo, there were significant differen ces in maize yields with
the application of the various treaments (T1, T2, T3 and T4). The application of T1 resulted in
the highest grain yield while T4 gave the lowest yields. The application of the same treaments
at Nyankpala, Yendi and Walewale did not result in any significant yield differences in maize
yields. However, the lowest yields were also obtained at all the sites when no fertilizers
(Treament 4) were applied to the maize crop.

Smilarly for rice, with the exception of Damongaq the first three treaments for the rice trial
also gave high but statisticdly similar rice yields also indicating that the applicaion of any of
the three treaments will give simlar yields.

In both trids, the no application of fertilizers (control) resulted in the lowest rice grain yields at
al thelocaion.

The two trials will be repeded next cropping season to either confirm the results or otherwise
since the result of only one cropping season is not adequate enouch to draw conclusions.
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FIELD ENTOMOLOG Y

The goal of the entonology program of the Northern Region Farming System Reseach Group
is to identify insed pest problems of mgjor food and fibre crops and develop appropriate
techndogicd options for their management to inprove food production and quality for
enhanced food seaurity in a sustainable environment.

Four mgjor adivities were caried during 2014 as follows:
1. Hfed of time of planting (ealy and late) and pre-harvest management pradices on
agronomic performance, incidence and severity of aflatoxin mycotoxin
2. Efea of cdcium on podfiling and aflatoxin mitigation in peanut
3. Hfed of drying techniques on aflatoxin contamination of peanut
4. On-station evaluation of peanut germplasm for yield potential and tolerance to
aflatoxin

Effect of time of planting and pre-harvest management practices on
agronomic performance, incidence and severity of aflatoxin mycotoxin

Principal Investigator: Mumuni Abuduai

Collaborating Scientists: J.B. Na&, Israd Dzomeku, Ahmed Seidu, and D. L. Jordan
Estimated duration: 4 yeas (2014 i 2017)

Sponsors: USAID Peanut Mycotoxin Innovation Laboratory

Location: On-farm (Kpalbe and Zankali)

Introduction

Groundnu is an important component of diets in Ghana with production most prominent in
northern regions, where conditions are also favorable for aflatoxin development (Craufurd et
a., 2006. Aflatoxin, caused by Aspergill us flavug/parasticus fungus is a potent toxin and
cacinogen. Aflatoxin levels are often high in peanut and other crops in northern Ghana
(Craufurd et al., 200§. Peanut in the supply chain continues to contain aflatoxin at levels
excealing those defined as safe for human consunption. Inefficient and marginaly effedive
production and pest management strategies are responsible for some of these high levels of
contamination. Late sowing can also exposure the crop to droughts which exacebate aflatoxin
(Craufurd et al., 2009.

Objedive
To determine theeffeds of time of planting and field management pradices on incidence and
severity of aflatoxin mycotoxin
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Materials and Methods

This study was conduwcted on-farm at Zankali and Kpalbe in the Northern Region. In eath
village, eight (8) cooperating farmers were seleded for a conparative study of current Farmer
Pradices (FP) versus reseacher managed intervention pradices/integrated pest management
(IPM) throughou the production cycle of peanut. The most popuar peanut cv Chinese grown
in northern Ghana was used in the study. Treament plots were planted in two blocks of ealy
(June) and delayed (July). Early planting was done from 6-18 June aaoss locaions while the
delayed planting was done from 10-24 July 2014 Farmer Pradice and intervention pradice
plots were planted side by side in 20-row by 20 mlong plots. Reseacher managed plots were
protected against led spot diseases using chlorothalonil applied at 2 | ha! and against soil
arthropods using in-furrow applications of chlorpyrifos at the rate 2.2 kg ai ha 2.

The treaments were sampled for aflatoxin analysis using the protocol designed by the Food
Science Laboratory at KNUST. Data also were taken on nunmber of pods per plant, number of
matured pods, pod yield, percentages of scaified and bored pods by soil arthropods, led spot
severity. Led spot severity rating was based on the Horida scde of 1-10.

Summary of Results and Discussions

Kpal be

The results showed that the number of pods per plant, number of matured pods and pod yield
were significantly higher in the IPM than the FP. These yield parameters also were
significantly higher in the June than in the July planting times. Interadion of planting date and
management pradices was significant for number of pods per plant and number of matured
pods. The number of matured pods per plant and number of pods per plant were sig nificantly
higher in the IPM plots and in the June planting times.

Zankali

As at Kpalbe, the results showed significantly higher number of pods per plant, number of
matured pods per plant, and pod yield in the IPM than FP. Severities of ealy and late leaf spot
diseases were significantly lower in the IPM than FP plots. Also percentages of soil arthropod
scaified and bored pod dameges were significantly lower in the IPM than FP plots. For this
locetion, the effea of planting time was significant only for led spot disease severities and pod
yield. Severities of ealy and late led spots were significantly lower in the July than in the June
plantings. Led spot diseases are more pronourced during wet weaher. The June planting had a
longer exposure to more humid weaher than the July planting, which explains the high
severities recorded in the June than in July. Pod yield was significantly higher in the June
planting time compared to the July planting time..

The results for aflatoxin contamination levels in the various treaments were not available at
the time of writing this report.
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Effect of Calcium on Pod Filling and Aflatoxin Mitigation in Peanut

Principal Investigator: Mumuni Abuduai

Collaborating Scientists: JB. Na&b, Israd Dzomeku, Ahmed Seidu, and D. L. Jordan
Estimated duration: 4 yeas (2014 i 2017)

Sponsors: USAID Peanut Mycotoxin Innovation Laboratory

Location: On-station at Nyankpala

Introduction

Poor soil fertility and susceptible cultivars creae high risk conditions for contaminati on by
aflatoxinin in groundnu. Althoudh groundnu is able to fix some amount of atmospheric
nitrogen, it requires well fertilized soils for optimum performance. It performs best in soils that
are rich in cdcium Calcium deficiency leals to high percentage of aborted seeds (enpty pods
or fipops0) and improperly filled pods. Also, cdcium is the only nutrient that is known to limit
Aspergill us growth and Aflatoxin contamination in groundnu.

Objedive.
To evauate the effed of cdcium on pod filling and aflatoxin mitigation in peanut

Materials and Methods

The test was conduwcted on-station at Nyankpala. Treaments comprised of two peanut varieties
(Chinese and Nkatiesari) in whole plots and cdcium treament (treaded and untreaed) in
subplots. The treaments were laid in split-plot in a randomized complete block design and
replicated three times. Calcium was applied as YARA legume fertilizer (O-18-13-29 NPKCaO)
at flowering around the root zone at a depth of 3-5 cm at the recommended rate of 3705 kg ha
1

Sanples were taken after harvest and sent to the Food Science Laboratory at KNUST for
aflatoxin analysis.

Summary of Results and Discussion

The effeds of variety and cdcium were significant for number of pods per plant, and pod yield
as well as on ealy and late led spot disesse severities. The effeds of cdcium only were
significant for percentages of pods with scarified and bored pod damege. Significant
interaction effeds of variety and cdcium treament was measured for pod yield and for both
ealy and late led spot severities.

Pod load was significantly improved while scaified and bored pod damages were significantly
reduced in cdcium treaed plots. These resulted in significantly improved pod yield. Pod yield
in cdcium treament improved three-fold over untreated control. The numbers of pods per
plant and pod yield were significantly higher in Nkatiesari than Chinese. Severities of ealy and
late led spot diseases were significantly lower in cacium treament and in Nkatiesarit
compared with Chinese. Also, pod yield was significantly incressed in cdcium treament and
higher in Nkatiesari. The results for aflatoxin contamination levels in the various treaments
were not available at the time of writing this report.
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Effect of drying techniques on aflatoxin contamination of peanut

Principal Investigator: Mumuni Abuduai

Collaborating Scientists: JB. Naeb, Israd Dzomeku, Ahmed Seidu, and D. L. Jordan
Estimated duration: 4 yeas (2014 i 2017)

Sponsors: USAID Peanut Mycotoxin Innovation Laboratory

Location: On-station

Introduction

Poor post harvest handiing during drying expose the pods and kernels to aflatoxin
contamination in groundnu. Poorly dried pods and kernels with moisture content above 8% are
more prone to contamination by aflatoxin. Also pods that are dried on the bare ground are more
likely to come into contad with the aflatoxin causing fung that are in the soil and thus get
contaminated by aflatoxin.

Objedive
To evaluate drying tedhniques for their efficiency in minimizing aflatoxin contamination in
groundnu

Materials and Methods

The tests were condwcted on-station at Nyankpala. Three different drying methods viz
traditional drying on the ground drying on tarps, drying on A -frame (See Figure 1) were
compared for their effed on aflatoxin contamination in the peanut varieties chinese and
nkatiesari. Samples were taken after drying for two weeks to a 5-6% moisture level and
deposited at KNUST for aflatoxin analysis.
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Drying on A-frame

Drying on tarp

Drying on bare ground

Figure 1. Drying techniques evaluated to minimize aflatoxin contamination in groundnu.at
Nyankpala.

Summary of Results and Discussions

No results of aflatoxin analysis for contamination levels at the various drying techniques were
available at the time of writing this report.
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On-station evaluation of peanut germplasm for yield potential and
tolerance to aflatoxin

Principal Investigator: Mumuni Abuduai

Collaborating Scientists: J.B. Na&b, Israd Dzomeku, Ahmed Seidu, and D. L. Jordan
Estimated duration: 4 yeas (2014 i 2017)

Sponsors: USAID Peanut Mycotoxin Innovation Laboratory

Location: On-station

Introduction

Groundnu yields in Ghana are low averaging less than 100 kg/ha compared to an average of
25 kg/ha obtained in developed countries. Early and late led spot disesses caused
respedively by Cercospora arachidicola S. Hori and Cercosporidium personatum Berk. &
M.A. Curtis, are mgjor diseases of groundnu that can reduce yield by as much as 50% (Shokes
and Culbreah 1997.

Also most of the groundnu cultivars grown in Ghana are susceptible to the Aspergill us fung
and hence aflatoxin contamination. High levels of contamination are often reported in
groundnu grown in northern Ghana

Objedive

To screen groundnu cultivars and genotypes for their yield potential and tolerance to aflatoxin.
This will enable us to seled for and advance cultivars that are resistant and better adapted to
the farming conditions of northern Ghana.

Materials and Methods

Feld tests were conducted at Nyankpala to evaluate 20 peanut genotypes and cultivars (Table

65) for yield potential and tolerance to aflatoxin. The genotypes were also evaluated for led
spot resistance on the Horida scae of 1-10 and yield. The genotypes included those from
ICRISAT and relessed varieties from CSIR-SARI and CSIR-CR. There were three
replications of ead genotype.

Samples from the harvest are also yet to be sent to KNUST for aflatoxin analysis. The most

promising lines from this test will be aimed for release, multiplication, and distribution to
farmers and will be tested in the villages outlined in Experiment 1.
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Table 73 List of peanut genotypes or cultivars and aigin evaluated for yield potential andtolerance to
aflatoxines in Nyaarkpala, 2014.

Entry Identity of genotype or cultivar
1 NC 7
2 F-MIX
3 NKATIESARI
4 ICGV-IS 9684
5 ICGV-IS 920%
6 ICGV 9718
7 ICGV-86024
8 ICGV 8612
9 F-MIX x SINK-24
10 ICGV (FDRS)20xFM [X-39
11 CHINESE
12 GM 1%
13 GM123
14 GM 656
15 ICGV 86015
16 Otuhia
17 Yenyawoso
18 PC 7979
19 TS321
20 DOUMBALA

Summary of Results and Discussions

The results showed significant difference among the cultivars in percentage scarified pods and
pod yield. No significant differences were messured in led spot severities, percentage bored
pod damage and number of pods per plant. Percentages of scarified pods were significantly
lower in ICGV-97188 Is-32-1, Fmix x Sink 24, ICGV 86124 and Yenyawoso compared to the
cultivars. Yields were significantly higher in ICGY 86015 GM 155 ICGV IS 96814
Nkatiesari, PC-7979 NC 7 and Fmix x Sink 24 compared to the other cultivars.

The results for aflatoxin contamination levels in the cultivars were not available at the time of
this report
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SOCIO-ECONOMICS

Improving Food Safety, Food Quality and Income of Poor Actresses and
Actors of the Groundnut Value Chain in West Africa by reducing
Aflatoxin (GestAflAr) T Reference Survey of Groundnut Actors

Principal Investigator: Edward Martey

Collaborating Scientists: Nicholas Denwar, Prince M. Ewire, Alexander N.Wiredu, SSJ
Buah, Mumuni Abuduai, Issah Sugri

Estimated Duration: Two (2) months

Sponsors: CORAFWECARD

Location: Northern, Upper East and Upper West Regions

Background Information and Justification

In the 2008-2013 strategic plan of CORAFWECARD, non-staple crops have been considered
as a sedor that can play an important role in achieving the objedive of this operationa plan
which is a sustainable improvement in productivity, competitiveness, and agricultural markets
in WCA. Based on this plan, the following two projeds were identified and funded:
"Improving food safety, food quality and income of poor adresses and adors of the groundnu
value chain in West Africa by reducing aflatoxin (GestAflAr)"; and "Fadlitating sustainable
intensification of smallholder cocoa farming systems in West and Central Africd'. Burkina
Faso, Ghana, Mali and Senegal are mgjor groundnu producers in West Africa Groundnu is
consumed in various forms throughou the regions and is one of the main sources of income for
millions of poor adresses/adors. The presence of aflatoxin in groundhuts produced in Burkina
Faso, Ghana, and Madli has serious implications on hedth and food seaurity. The study was
caried out to generate relevant information on the awareness and level of aflatoxins aaoss the
groundnu value chain in northern Ghana. Finally, the projed also seeks to establish an
innovation platform, build cegpadty and foster collaboration among the stakeholders
represented on the platform for joint action.

Objedives
The spedfic objedives of theprojed are to:
1 Establish a baseline information on the level of aflatoxin awareness among groundnu
value chain adors in the study area
1 Generate inventory of information on groundnu pradices among the value chain
adors in the study area

Expeded Beneficiaries
1 Goundnu farmers, traders and processors
1 Ministry of Food and Agriculture
1 Non-governmental Organizations
1 Private Sedors engaged in groundnu business
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Materials and Methods

The study was undertaken in northern Ghana. The study relied mainly on primary data
colleded through household survey. The seledion of the respondents followed a multi-stage
sampling tedinique. Both purposive and random sanpling tedhniques were employed to
sample 500 respondents consisting of 320 producers, 90 traders and 90 processors in northern
Ghana. Key informant interviews were also caried out to establish key information on the
groundnu value chain. Descriptive statistics like frequencies and mean were used to describe
the various adors as well as their knowledge on aflatoxin.

Results/Major Findings

The results show the sampled adors of the groundnu value chain are relatively young which
implies that the adors can stay in business for the next three (3) decales all things being equal.
A typicd household in northern Ghana consists of 11 members on the average of which 5
members eah are ecnomcdly adive and educated. The average production volume of
groundnu per household in northern Ghana is 57029 kg out of which 40.66 kg is affeded by
aflatoxin.

With resped to the traders, an average of 63kg of groundnu is processed per week and the
total annual household income is GHE39%4 out of which GH¢667 is generated from the sale of
groundnu. The average quantities of shelled and unshelled groundnu purchased by the
sampled traders are 393172 kg and 1,78543 kg respedively whereas 78166 kg is exported.
The average market price per kilogram of groundnu is GH¢245. On the average, 22434 kg of
the purchased groundnu is infested with aflatoxin.

A large proportion of farmers produce groundnu using traditional methods of production.
Most of the producers buy seed from the open market whereas others purchase from reseach
institution and friends. Almost all the producers do not apply fertilizer on groundnu plots and
do not tred the seals before sowing. The use of bare ground and cemented platform in the
house are the most comnon structures used for drying groundnu before threshing.

Prevention of mycotoxins is a chalenge as recorded by 70 percent of the sampled processors.
Majority (90%) of the processors in Upper East do not have knowledge of mycotoxin
prevention. It is also observed from the study that almost 70 percent and 52 percent of the
traders have observed fungal growth on purchased and stored groundnu respedively. The use
of mud and wood in the construction of storage structure is comnmon among the female
producers whereas the males resort to the use of cement and mud. The storage structure usually
has a multi-purpose use as indicated by 8% of the respondents. Sorting of the groundnu was
the comnon pradice acoss a large sedion of the farm households in the prevention of
aflatoxin.

Based on findings and results of the reference survey, the projed team conducted farmer
trainings on ways of reducing aflatoxins in groundnus. The training workshop was organized
in order to explain aflatoxin to participants; expose participants to the harnful effeds of
aflatoxin to humans, animals and plants; educae participants on the economic importance of
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aflatoxin contamination; train participants on methods to minimizing aflatoxin contamination;
and finaly enlighten participants on the importance of aflatoxin-free crops. Following the
training is the establishment of innovation platform in the Upper West Region that brought
together al the various stakeholders to deliberate on ways of making groundnu sub-sedor a
competitive business.

Conclusions/Remmmendations

The study which set out to reduce aflatoxin along the groundnu value chain comnenced with a
reference survey of key actors. Results of the study have shown different levels of farming and
storage practices among the key adors. Most of the adors are aware of the aflatoxin but unable
to effedively control it. Based on the survey results, training modules were designed to address
the spedfic needs of the adors. About 400 adors and 49 extension officers acoss the three
regions in the northern Ghana have been trained on farming and storage pradices to enhance
their skills in the reduction of aflatoxin. An innovation platform has also been established to
bring together stakeholders for dialogue and joint acion.

References
WHO (2009. Inpads of Aflatoxins on Hedth and Nutrition Report of an Bxpert Group
Meding Brazzaville, 24i 27 MAY 2005

Impact of Agricultural Value Chain Mentorship Project on Technical
Efficiency and Income of Smallholder Farmers in Northern Region of
Ghana

Principal Investigator: Edward Martey

Collaborating Scientists: Wilson Dogbe, Prince M. Eiwire, Alexander N. Wiredu
Estimated Duration: Two (2) months

Sponsors: AGRA/DANIDA

Location: Northern Region

Background Information and Justification

The CSIR-Savanna Agricultural Reseach Institute (CSIR-SARI), International Fertilizer
Development Center (IFDC), and the Ghana Agricultural Associations Business Information
Centre (GAABIC) are grantees implementing the Agricultural Value Chain Mentorship Project
(AVCMP) funded by the Danish International Development Agency (DANIDA) through the
Alliance for a Geen Revolution in Africa (AGRA).

The AVCMP has 3 main sub comporents: A) Productivity B) Input Access and C) Market
Access. CSIR-SARI is responsible for the implementation of the productivity component of the
Projed, which has the objedive of improving entrepreneurial and technicd skills of Farmer
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Base Organisation (FBOs) and their menmber farmers to upscde ISAM techndogies for rice,
soybean and maize production. The productivity componrent just like the other two components
is designed to achieve 3 main outcomes 1. Increase smallholder farmers6access to farminputs
(sedls and fertilizers) and ISAM techndogy; 2. Improve capadty of national institutions to
upscde ISAM; and 3. Increase awareness on and use of ISAM techndogies among smallholder
farmers. Capadties of key stakeholders have been built through the implementation of projec
adivities such as trainings, demonstrations, and partnership with the media to improve the
fadlitation and scding up of ISAM techndogy adoption in the target zones. In order to justify
the investment in the AVCMP, an impad study was necessary to establish empiricd evidence
on the exent to which the projed has influenced farmersé technicd efficiency and farm
income. The present study souglt to assess the impad of the AVCMP on the efficiency and
faam income of smalholder farmers in Northern Region and aso meke policy
recommendations.

Objedives
The spedfic objedives of theprojed are to:
1 Determine the impad of the projed on the technicd efficiency and income of farmers
in the study area

Expeded Beneficiaries
1 Farmer Based Organization
1 Ministry of Food and Agriculture
1 Reseach Institutions
1 Non-governmental Organization

Materials and Methods

The study was undertaken in the Northern Region of Ghana The study relied mainly on
primary data colleded through household survey. A multi-stage sanpling tedchnique was
employed in the seledion of the respondents. In al, a total of 200 respondents were
interviewed. The study combined both qualitative and quantitative analytic tools. Regression
technigques such as probit, propensity score matching and stochastic production frontier were
used for analysis. Descriptive statistics subjeded to the Students t-test was also utilized for
analysis.

Results/Major Findings

About 26 percent of the sampled farmers participated in the AVCMP. Based on the results, it is
observed that significant differences exist in the means of sex, age, use of production credit,
access to extension services, and technicd efficiency of participants and non -participant
farmers. Participant farmers are relatively younger; receéve more production credit, and have
higher access to extension services. The area and output from soybean is however almost the
same for both participant and non-participant farmers.

It is observed that most of the non-participant farmers recorded a technicd efficiency score of
less than 0.5. Beyord less than 0.5, the participant farmers recorded relatively higher efficiency

184



score agoss the caegories of efficiency scores. Majority (29%) of the participant farmers
recorded efficiency score between 051 and 0.60. Non-participant farm households on the
average rewrded a relatively higher income (USD70.83) conpared to the participant farm
households (USD56.80).

Participation in AVCMP was determined by yeas of farming experience (5%), number of
yeas of education (10%), use of production credit (5%), access to exension services (5%),
number of training recaved (5%), total labour alocated for soybean production (5%), and
access to eledricity (10%). Results from the propensity score matching show that farmersé
participation in farmer mentorship projed impads positively on farmerso technicd efficiency
and farm income by 28 percent and USD18 respedively athough the latter is not significant.

Conclusions/Recmmmendations

This study provided empiricd evidence of the impad of participation in A VCMP on technicd
efficiency and farm income of soybean farmers in Northern Region of Ghana. It showed that
participation in the projed incresses tedchnicd efficiency significantly. The impad of
participation on farm income may be redized in the long run with continuows use of the
knowledge aaquired from the mentorship projed. The main recommendation is that, there
shoud be conscious efforts to enhance participation in such projeds/programs by designing the
programmes in such a way that it addresses spedfic neals of the farmers. Agricultural projed
implementation must be harmonized to creae synergy and avoid duplicaion of efforts, as well
as dona and farmer fatigue. There is the need for continuous exposure of farmers to improved
techndogies, builds cepadty, and fadlitates access to credit and market to increase
productivity.
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Empirical Analysis on the Capacity of ACM P Stakeholders in Northern
Region

Principal Investigator: Edward Martey

Collaborating Scientists: Wilson Dogbe, Prince M. Eiwire, Alexander N. Wiredu
Estimated Duration: Two (2) months

Sponsors: AGRA/DANIDA

Location: Northern Region

Background Information and Justification

The CSIR-Savanna Agricultural Reseach Institute (CSIR-SARI), International Fertilizer
Development Center (IFDC), and the Ghana Agricultural Associations Business Information
Centre (GAABIC) are grantees implementing the Agricultural Value Chain Mentorship Projed
(AVCMP) funded by the Danish International Development Agency (DANIDA) through the
Alliance for a Geeen Revolution in Africa (AGRA).

The AVCMP has 3 main sub componrents: A) Productivity B) Input Access and C) Market
Access. CSIR-SARI is responsible for the implementation of the productivity component of the
Project, which has the objedive of improving entrepreneurial and technicd skills of Farmer
Base Organisation (FBOs) and their member farmers to upscae ISAM techndogies for rice,
soybean and maize production. The productivity component just like the other two components
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is designed to achieve 3 main outcomes 1. Increase smallholder farmers6access to farminputs
(sedls and fertilizers) and ISAM techndogy; 2. Improve cgpadty of national institutions to
upscde ISAM; and 3. Increase awareness on and use of ISFM techndogies among smallholder
farmers. Capadties of key stakeholders have been built through the implementation of projed
adivities such as trainings, demonstrations, and partnership with the media to improve the
fadlitation and scding up of ISAM techndogy adoption in the target zones. The study sought
to assess the cgpadty of stakeholders with resped to participation in the AVCMP.

Objedives
Spedficdly, the study sough to
1 Establish level of capadty of stakeholders prior to AVCMP intervention,
91 Identify various types of interventions benefitted from AVCMP and with what
outcomes
9 Establish level of improvement in capadty of stakeholders after AVCMP intervention
and make recommendations for present and future collaborations.

Expeded Beneficiaries
1 Farmer Based Organizations
1 Media Personnel
1 Ministry of Food and Agriculture
1 Non-governmental Organizations

Materials and Methods

The study was undertaken in northern Region of Ghana. The approach enployed in the
redization of the objedives of the study are desk study, sampling of zones, development of
survey instrument, reauitment and training of enumerators, data colledion, analysis and report
production.

Results/Major Findings

The results show that farmers have benefited from myriads of agricultural development
projeds which have impaded positively on some of the farmersé technicd abilities. A large
sedion of the sampled farmers have knowledge on the AVCMP. However, the level of
awareness varies significantly acoss the sampled zones. Farmers have expressed high level of
satisfadion in the projed implementation despite some few bottleneds which neels to be
addressed. The demonstrations on the various GAPs have been rated to beneficia by majority
of the farmers. In terms of satisfadion, mgjority (5%6) mentioned that they were satisfied
whereas 39 percent of the farmers were very satisfied. However, 2 percent and 1 percent of the
farmers were indifferent and not satisfied with the demonstrations respedively. About 63
percent of the farmers mentioned high cost of adoption as the mgjor constraint in the use of
farm techndogies. Unavailability of inputs such as fertilizer and improved seed also served as
a constraint to 22 percent of the farmers. Difficulty to adopt without supervision and labour
were other constraints to adoption of good agricultural pradices. Business development among
farmer based organization is not well understood thouch some of the farmers are using the
business modules.
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About 40 percent of the farmers assessed their collaboration with reseach institute to be very
good wheress 20 percent rated their collaboration to be excedlent. Variation in terms of
assessment was recorded aaoss the zones with Tolon recording the lowest collaboration effort
with reseach institutions. Farmerso collaboration with financial institutions has been cordial
despite the challenges financial institutions have with the farmers. According to the farmers,
financial institutions have provided them with loans, whereas others who apply for credit
where turned down due to several reassons. Most of the farmers have also enjoyed partnering
the NGOs in the area of agricultural development.

The media has played a mgjor role in creding awareness of farm techndogies. About 18
percent and 23 percent of farmers rated their collaboration with the media to be excdlent and
very good respedively. The strong collaboration was attributed to education on goad farming
pradices, good understanding of the content of message and appropriate feedbadk as well as
goaod display of farm techndogies. The AEAs and some of the media personnel rated their
collaboration with the projed to be between 51 percent and 70 percent whilst other media
personnel rated their collaboration to be greaer than 71 percent.

Despite the efforts being put in ISFM dissemination, motivation of staff, organization of
farmers, and inadequate means of transportation continues to be a mgjor chalenge among all
the respondents. The challenge has impaded on some of the collaborators such that they are
not able to continue disseminating al the ISAM techndogies to farmers. However some of the
responcents are doing quite well in their dissemination efforts.

Conclusions/Recmmendations

The capadty survey reveded that membership of farmer organization enhances farmersbaccess
to tecdhndogy and market information. Educaion on the other hand impads positively on
techndogy adoption. Generaly, the study has reveded that farmers have knowledge of the
AVCMP and have also benefited from trainings and farm demonstrations on good agricultural
pradices. Technicd competences with resped to farming as a business and some GAPs of the
farmers have been enhanced as well as other stakeholders. Lad of staff motivation, regular
medings and funding are the mgjor constraints militating against the ISAM dissemination
efforts of the media and AEAs. Farmers in Tolon and Chereponi must be given much attention
with regard to demonstration on good farming pradices. High cost of adoption of good farm
pradices has been found to be a mgjor constraint to adoption rate. Awareness needs to be
further creaed espedally among farmers in al the zones. Per the study, it is very important that
the various stakeholders work together to avoid duplicity of efforts. In addition, it is strongly
recommended that periodic training organized for the media personnel and the AEAs in order
to upscde the dissemination of ISFM in the target aress.
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FBO Development under AVCM P

Principal Investigator: PM Etwire

Collaborating Scientists: Dogbe W., R. Owusu, A. B Tanpuli, E Martey, N. A Jinbahni, R.
Akimo, W. Kutah, B. Inusah, A. Siise, EO. Krofa and E. Halolo

Estimated Duration: Conpleted (May 2011-March 2015

Sponsors: DANIDA through AGRA

Location: Northern Region of Ghana

Background Information and Justification

The Alliance for a Green Revolution in Africa (AGRA) has awarded the AVCMP suppat
grant to the International Fertilizer Development Center (IFDC) and its collaborating partners,
the Ghana Agricultural Associations Business and Information Centre (GAA BIC) and Savanna
Agricultural Reseach Institute (SARI) of the Council for Scientific and Industrial Reseach
(CIIR).

The Productivity componrent is contributing to address the following underlying fadors to low
agricultural productivity, and income, food inseaurity and poverty in the Northern Region of
Ghana:
i. Low use of improved seals and fertili zers

ii. Poor soil hedth

ili. Low agricultural land use and poor crop management pradices by farmers

iv. Inadequate extension services and wegk-reseach extension linkages.

v. Poor farmer access to cultivation equipment services

vi. Limited access to credit dueto high interest rates and stringent collateral requirements

and low investment in agriculture

Objedives

The overall goa of the AVCMP is to contribute towards the Government of Ghanafs objedive
of adhieving food seaurity and becming an agro-industrial economy by strengthening the
cgpadty of agro-deders, SMEs, Farmer Based Organizations and farmers in the agricultural
sedor of Chana throughou the value chain turning it to a highly productive, efficient,
competitive and sustainable system The objedive of the productivity component being
implemented by CSIR-SARI is to improve entrepreneurial and technicd skills of Farmer-
Based Organizations and their member farmers to scade up applicaion of Integrated Soil
Fertiity Management (ISAV) techndogies for rice, meize and soybean cropping systems while
also strengthening their linkages with adors aaoss the agricultural value chain spedficaly
agro-deders, SMEs, commercial banks, seal and fertilizer producers and suppliers, and
extension agents.

Expeded Beneficiaries

Farmer based organisations and their member farmers
Agricultural Extension Agents

Agro-based SMEs
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Materials and Methods

AVCMP has 3 main intervention aress: A) Farmer mentorship B) Mentorship of agro input
deders and C) Mentorship of SMEs. The main adivities of IFDC and GAABIC focus on
Intervention areas B and C with linkages to intervention area B. CSIR-SARI is responsible for
the mentorship of farmers (FBOs) of the Projed.

Results/Major Findings

During the projed lifecycle, a total of 1643 registered farmers participated diredly in the
projed. Numbers of these beneficiaries disaggregated by district, crop and sex is presented in
the table below.

Table 74: Agricultural Value Chain Mentorship Projed Beneficiaries disaggregated by
districts, Crop and Gender

Crop Sex
District Total
Maize Rice Soy Female Male
Bunkprugu-Yunyoo 351 29 160 201 339 540
Cenral Gonja 158 94 108 144 252
Chereponi 1877 894 983 1877
East Gonja 65 552 261 356 617
East Mamprusi 534 96 205 303 532 835
Gushegu 182 10 44 48 188 236
Karaga 433 147 294 371 503 874
Kpandai 15 73 754 365 477 842
Nanumba North 410 16 770 547 649 1196
Nanumba South 35 114 68 81 149
Saboba 2649 889 1760 2649
Savelugu Nanton 668 349 168 542 643 1185
Tamale Metro 441 403 88 438 494 932
Tolon Kumbungu 465 584 23 535 537 1072
West Mamprusi 560 353 490 660 743 1403
Yendi 78 1715 805 988 1793
Total 4059 2396 9997 7035 9417 16452

All registered farmers either benefited from, linked to or participated diredly in at least one of
the following projed adivities; Farmer training, demonstrations, radio discussion programs,
yield cut studies, inputs, trador services, market linkages etc.
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A platform, dubbed District Event was organized at the beginning of the production season
throughou the projed lifespan. This event brough together the various adors working along
the rice, maize and soya bean vaue chains in the Northern Region who also been working
diredly with the AVCMP. Each event comprised of FBO representatives, agro-deders,
aggregators, trador services providers and MoFA staff. Apat from the FBOs, ead
representative of the other groups made short presentation about their adivities, the
communities they are, the farmers they are working with and their roles in the value chains.
The MoFA staff took the oppatunity to exlain the modalities for acquiring input under the
government subsidy program. There was an open forum session where plenary discussions on
issues affeding the value chains were discussed. As aresult of these events, 443 farmers were
able to procure 1,341 bags of fertilizer in bulk. The tean was able to closely and intensively
mentor a total of one thousand seven hunded and eighty (1780 farmers in 85 FBOs in 8
projed districts as shown below.

Table 75: Number of FBO6 andfarmerstrained

District Number of Number of farmers

FBOs Male Female Total
Yendi 8 252 107 359
Tamale 6 87 96 183
Savelugu 15 252 96 348
West Mamprusi 10 134 65 199
Tolon-Kumbungu 29 175 143 315
East Gonja 7 70 49 119
East Mamprusi 6 70 49 119
Karaga 4 94 44 138
Total 85 1131 649 1780

Major topics discussed during the mentoring sessions were: Farmer groups and their
importance, stages of group development, charaderistics of strong groups, causes of poor
group dynamics, strategies for improving group dynamics, lealership, fadors and principles of
leadership, aauiring leaders, leadership styles, functions of spedfic group leaders, conflict in
groups, causes and effeds of conflict and deding with conflicts.
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Socio Economic Evaluations under DTM A

Principal Investigator: PM Etwire

Collaborating Scientists: T. Abdodaye, E Martey, K. Obeng-Antwi, RA.L Kanton, M. S.
Abduai, S. S. Buah, H. Haruna, A.N. Wiredu

Estimated Duration: Completed

Sponsors: ITA

Location: Upper West and Brong-Ahafo Regions of Ghana

Background Information and Justification

Maize (Zea mays L.) is one of the most important food cereds in the developing world. It is not
only the largest staple crop in Ghana but also the most widely cultivated crop acomurting for

50-60% of total cered production. Additionally, maize is the largest comnodity crop in the

country seamnd only to cocoa (Millennium Development Authority, MiDA, 2010Q. Therefore,
the importance of meize to the emnamy of Ghana cannat be overenphasized. The crop is a
major source of food, feed and cash for many households in Ghana.

Ghana is, however, not self-sufficient in the production of maize because its production is
faced with a number of constraints including low soil fertility, erratic rainfall pattern, drougtt,
inadequate ladk of access to certified seed, poor agronamic pradices, among others. It has
therefore becme important to develop and disseminate maize varieties that are high yielding
and tolerant to the mgjor stresses in the country in order to boost its production. The Council
for Scientific and Industrial Reseach of Ghana (CSIR) has been collaborating with the
International Institute of Tropica Agriculture (IITA) in developing and evaluating improved
maeize varieties suitable for various agro-emlogicd systems in Ghana. Two CSIR institutes,
namely Savanna Agricultural Reseach Institute (CSIR-SARI) and Crops Reseach Institute
(CSIR-CR) are responsible for developing improved maize varieties for the northern Guinea
savannah, and forest and transitional zones, respedively.

Since 2008 promising high yielding, drought and striga tolerant maize varieties are being
evaluated in participatory on-farm trials and demonstrations. These trials serve as important
tool to showcasing the potential of new maize varieties to farmers. Additionally, the
participatory on-farm testing of the varieties is also a means of fadlitating rapid dissemination
and adoption of these improved meize varieties by farmers.

Objedives
Farmer charaderistics, institutional fadors and more importantly DT maize charaderistics are
key fadors influencing the dissemination of the DT varieties. This study focused on the
preferred and non-preferred traits of DT maize varieties. Spedficdly, the objedives of the
study were;

1. Identify farmer-preferred and non-preferred hybrids and open-pollinated varieties.

2. ldentify reason for farmer preference on non-preference of the DT varieties.
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Expeded Beneficiaries

Maize farmers

Maize brealers and agronomist

All other adors along the maize value chain

Materials and Methods
The study colleded data on trait (and variety) preferences of farmers on DT maize varieties
being promoted. The evauation was done when the crop was still on the field. Farmers
(consisting of 20 males and 20 females) in eath comnunity viewed all the plots before they
were made to seled the variety/plot they like most and the variety/plot they dislike most from
the entire plots. The reseach team then conduwted a careful discussion with female and male
participants on why they liked or disliked a plot/variety based on the courts of like and dislike.
Chrondogicdly, thereseach team;

1 Bgplained the objedive of the on-farm triadl and the purpose of the variety/trait
preference ranking
Allowed farmers to view al the plots before making their choices
Allocated onefil like cardo to ead farmer.
Asked the farmers to drop the card on the plot they like most
Asked for reason for preference
Allocated one fil dond like cardo to ead farmer
Allowed the farmers to place their cards on the plot they do not like most

1  Asked for reason for none preference
A total of 120 farmers (60 females) from 3 communities in 3 districts participated in the study.

=A =4 =4 -8 -4 -9

Results/Major Findings

Farmersd Preference Assesament

Kintampo Sotth District

The most preferred farmer varieties in Kintampo South District are presented in the figure
below. M112%6 was the most preferred varieties by both men and women farmers. There was
however slight gender differences on farmers ranking of their second and third most preferred
varieties. Whereas male farmers preferred M0926-2 and M102%6-7 as their second and third
most preferred maize varieties, the oppacsite was true for female farmers. Farmersé preferences
were influenced by cob size, number of eas per stock, beautifulness of the grain and ability of
the plant to tolerate lodging.

The least preferred varieties seleded by maize farmers in Kintampo South District is presented
in the figure below. Both male and female farmers showed non-preference for the same
preference in similar proportions. The least preferred varieties seleded were TZEI-124 X
TZEl-25 TZE-Y DT STR Cl14 and TZE-W-POP. Neaness of cob to the ground small cob
size and short height of plant thereby making the crop susceptible to rodent attac, were
reported by the farmers to be the main reason for non-preference.
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H Male ™ Female

M0926-2 M1126-5 M1026-7

Figure 27: M ost preferred farmer varieties in Kintanpo

TZE-Y DTSTR

c14
35% .

—4—Male
== Female

TZE-W-POP “—

Figure 28: Least preferred farmer varieties in Kintarrpo

322  Tedciman Municipality
In Techiman Municipality, male and female farmers only agreed on the third most preferred

variety (M0826-1). The most preferred variety seleded by males (11C170 was ranked second
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by females and vice versa as shown in the figure below. Tall plants with big cobs, plants with
two eas per stock and plants with broad leaves that produce good cobs were what the farmers
looked for in showing preference.

—&—Male —ll—Female

50%

20%

10%

11C170 M1026-10 MO826-1

Figure 29: M ost preferred farmer varieties in Tedhiman

The least preferred variety seleded by farmers in the Techiman Municipality was TZEB-21 as
presented in the figure below. Males seleded TZEH-4 and 11C17 as their second and third
least preferred varieties respedively, with femdles seleding TZEB-15 and 11C175 as their
sewnd and third least preferred varieties respedively. Short plant height making the crop
easily susceptible to rodent attadk, small cob size and unattradive cobs with small grains were
the reasons for non-preference.

323  SismlaWest District

Farmers preference for DT maize varieties in Sissala West is presented in the figure below.
Male farmers seleded TZEH 29 X TZEH 49 as their most preferred variety because it is
drought tolerant, has goad grain filli ng, uniform cob size as well as big stalks. This variety was
seleded as the third most preferred variety by females. TZEE Y POP STR CS X TZEH 82 was
seleded by females as their most preferred variety due to its ability suffer less from lodging,
ealy maturing and attradive grain colour. This variety was seleded by males as their second
most preferred variety. Wheress DT STR W SYN 2 was seleded by males as their third most
preferred variety (due to its cob size, striga and drought tolerance), abontem was seleded by
femeles (since it is ealy maturing, has attradive grain colour and has high potential market
demand dueto its ealiness and colour).
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H Male ™ Female

TZEEI-21 TZEEI-4 11C175 TZEEI-15

Figure 30: Least preferred farme varieties in Techiman

TZEEI 29 X TZEEI

TZEEY PoPSTR ~ —Male
CSXTZEEI82  — Female

DT STR W SYN2

Figure 31: M ost preferred farme varieties in Sssala
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Male farmers in Sissala West District seleded 2000 SYN-EE as their least least preferred
maize variety as presented in the figure below. High lodging potential and small cob size was
the reason for non-preference. Both male and female farmers seleded TZEH 29 X TZEEI 21
astheir second least preferred variety due toits high lodging potential and thin stalks that could
easily breakdown under intense rainfall or wind. The least preferred maize variety seleded by
femeles was TZEH 8 X TZEB 24 dueto its small cob size, grain and thin stalk.

H Male ™ Female

2000 SYN-EE

TZEEI 29 X
TZEEI 21

TZEEI 6 X TZEEI
4 TZEEI 8 X TZEEI

24

Figure 32: Least preferred farmer varieties in Sssala

Conclusions/Recmmmendations

Maize varieties that are ealy meturing and drought tolerant are most preferred by farmers in
the savannah and transition zones of CGhana respedively. Brealing for other important maize
traits such as striga tolerance, high yielding, resistance to lodgng among others, should also
take into acount ealiness, drough tolerance and women considerations.
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Establishing and Facilitating Innovation Platforms (1Ps): The Case of
Savelugu I P in the Northern Region of Ghana

Principal Investigator: P. M. Etwire

Collaborating Scientists: Jocelyn Davies, Ibrahim D. K. Atokple, Ernest Asiedu, Tony
Webster, Lamissa Diakite and Kenneth Opare-Obuoh

Estimated Duration: Conpleted (2012-2014)

Sponsors: AusAid through CORA FWECARD

Location: Northern Region of Ghana

Background Information and Justification

The seal system in Ghana faces a variety of techndogicd, institutional, policy, legal and
socioemnomic constraints which significantly reduce the supply and flow of improved seed to
farmers. The ladk of market infrastructure for seed, seed spedalists and technicd staff, seed
laboratory equipment, condtioning centers, funding to maintain breeder seed and seal
multiplication units among others are the primary constraints to seed multiplication and
distribution (Ndjeunga et a. 2006 Alemu et al., 08 Ewire et a., 2013). Consequently,
adoption of improved crop varieties is quite low with associated low productivity.

A survey of the seal system by Ewire et al., (2013 shows that oppatunities exist for
increasing the efficiency of seed production and marketing through the hybrid system of the
formal and informal seed sedors in collaboration with relevant national and international Non-
Governmental Organisations (NGOs), civil society and reseach institutions. There however
appeas to be little or no evidence of strong verticd integration between inputs and product
markets. Appropriate linkages between seed and grain producers as well as grain producers and
processors, are necessary to drive the private sedor entry into the seal industry (Hossain et al.,
2007).

Objedives

This case study highlights the establishment of an Innovation Patform (IP) at Savelugu
(Northern Region, Ghana) demonstrating the inplementation of the Integrated Agricultural
Reseach for Development (IAR4D) approach in building a foundation for resolving some of
the constraints associated with the seed systemin Ghana.

Expeded Beneficiaries: All adors of the agricultural value chain

Materials and Methods

Data for the case study was obtained from varied sources including experiences and
observations of members of the Innovation Suppat Team (IST), baseline survey and published
sources. The IST is basicdly R&D (reseach scientists and agricultural extension agents)
stakeholders of the platform who initiated, fadlitates and badkstops the operations of the IP.
Different sedions of the case study were written by different IST members based on a
combination of their own refledions as well as experiences of a cross sedion of the IP solicited
through key informant interviews.
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Results/Major Findings

In order to establish the IP, there was the nedd to bring together the various acors of the cered
and legume value chains within the district that have a comnon goal. The IST in consultation
with Agricultural Bxension Agents of the Ministry of Food and Agriculture (AEAS) based in
the district invited interested value chain acors to deliberate on the formation of an Innowetive
Ratform (IP) where they can share their concerns, opportunities and challenges as well as build
a consensus on how best to tadle those challenges. The IST with assistance from the AEAs
convened and fadlitated the first IP meding, on 4" October 2012 The IP is composed of
various actors including farmers, traders, input deder, agricultural extension agents,
reseachers, trador service providers, Seed Company and processors.

The goals and priorities of the IP are to:
i) Make improved sedl reaily available by partnering Heritage Seed Company through
an out-grower scheme
ii) Incresse crop production by adopting the use of good agronomic pradices and
improved crop varieties.
iii) Incresseincome levels through seal and grain production
A total of 118 farmers have had dired access to cetified seed of cowpea sorghum and
soybean through the IP. An additional 96 non-IP members have had indired access to these
ceatified seeals through their interadions with the benefitting farmers. The livelihoods of 57
farmers (41 males and 16 females) who partnered Heritage Seed Company as out -growers were
able to get additional income to suppat their household expenditure (the remaining 63 farmers
who registered in 2014 did not report any additional income). Two farmers were for example
able to buy a notorbike ead through a combination of the additional income from the sedl
production and their savings.

IP members have developed a sense of ownership and are changing behaviours to operate in a
more business like way. With the exeautives in place the business linkage with Heritage Seel
Company would continue with fadlitations from the IP exeautives. The IP is aso being
sensitized by the IST (with badstopping from the GRAD suppat tean) to undertake a joint
eoonomic or income generating adivity such as cultivation of an IP seed farms in eat of the
four communities to keep the IP running after the term of the projed. This is in addition to
levying of ead member to generate funds to keep the IP functional.

Conclusions/Recommendations

Working with the IP has provided first-hand informetion on the oppatunities and challenges
that stakeholders face This provides room for interacion and instant feedbadk for reseachers
to set reseach priority aress which will mee farmersd needs. This is better than the usual
approach of reseacher-extension-farmer linkage which is one-way diredional and only
involves few adors of thevalue chain. Other aspeds such as relationships between adors have
been enhanced. There is much cordidlity to the extent that farmers are now interading with
reseachers even on non-IP meding days.
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UPPER EAST REGION FARMING SYSTEMS RESEARCH
GROUP (UER-FSRG)

AGRONOMY PROGRAMME

General Introduction

The Upper East Region Farming Systems Reseach Group (UER-FSRG) was established in
May 1998 and based at the Manga Agricultural Reseach Station about 4 km South-East of the
Bawku Municipal. The Team currently has a membership of five Reseach Scientists made up
of two Agronomists, 1 Entonologist, 1 Post Harvest spedalist and 1 Socio-emnomist. The
Tean also has two Reseach Scientists on study leave. The team also has four Technicians and
four supervisors. The Group has oversight responsibility for the Co-ordination of Research,
Bxension and Farmer Linkage Comrmittee (RELC) adivities in the region. The Team also
coordinates a number of projeds jointly with colleagues at Nyankpala on the AGRA Soil
Hedth Projed, Rice Sedor Suppat Projed. The Tean also provides badkstopping to technicd
staff of non-governmental organizations such as the CARE International Climate Change
Projed, NORTHFIN Foundation onion bulb size improvement Projed in the Bawku West
District, Garu Presbyterian Agriculture Station, Bawku East Women Development Association
and Action-Aid Ghana for the improvement of food seaurity in the region.

AGRONOMY

Effects of contrasting sources of organic and inorganic fertilizers on the
growth, development, yield and its components of maize in adry agro-
ecologyin northern Ghana.

Principal Investigator: Roger A.L. Kanton

Collaborating Scientists: Prasad, P. V. V., Ansoba, E, Peter, A.Asunge, Lamini, Sand
Mahama, G

Estimated Duration: The Projed has ended

Sponsors: WAA PR2A/SANREM

Location: Manga Station

Background information and Justification

Maize (Zea mays L.) is now an important food crop in the Upper East Region, both in terms of
the mouths it feaeds and also in terms of areas devoted to its cultivation fast out stripping the
traditional staple crops of millet and sorghum contrary to what used to pertain in the region
before the mid-2000 However, low soil fertility has always been identified by farmers in the 3
northern regions of Ghana as the number one constraint to incressed and stable cered
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productivity and production in the savanna agro-emlogies. Loss of soil organic matter, plant
nutrients, low water infiltration and water holding cgpadty of soils are among the fadors that
have resulted in poor soil productivity (FAO-RAF, 2000. The use of organic manure and
compost has been shown to improve the soil organic matter content (Adani, et al., 2007,
Sounmare et al., 2003, water infiltration and retention (Agassi et al., 2004 Bationo et al., 1998
and the available water content of soils by 58-86% (Celik et al., 2004.

Objedive: To determine the most optimal source of organic and inorganic sources of fertilizer
for increased and stable maize production in the Savanna agro-eologies of northern Ghana.

Expeded Beneficiaries
Maize growers in northern Ghana, the general public and the Ghana Government as the
country would save hard eaned foreign currency on maize exports

Materials and methods

The experiment was conduwcted at the Manga Agricultural Reseach Station nea Bawku, in the
Upper East Region (11° 016N, OC° 160 W, 249 m above sea level). The mean annual rainfall of
the experimental site was mm, it is mono-modal, starting in June and ending in October. The
experimental fador was different sources of organic and chemicd fertilisers. Sources of
organic fertilizers are: Cowdung Poultry dropping, Goat dropping, Sheg dropping, Compost,
Town waste and Fertisoil and the sources of the chemicd fertilizers are: 151515
2110102S;, Actyva (23105:3S2Mg:0.3Zn). The experimental design was a randomised
conplete block with 4 replicates. Plot size for ead treament will be 45 mx5 m The test crop
was maize variety CSIR-Abontem, an extra ealy maturing variety, which is drough tolerant,
striga hermonthica resistant and has quality protein. Maize was hand sowed by dibbling on 11th
July 2014 on ridge seedbeds made by bullocks at 0.75 m wide and maize seeds sowed at 0.40
m between hills at a depth of 5 cm using 3 to 4 seeds per hill and thinned to plants per hill at
exadly 2 weeks after sowing (WAS). Componrents were taken throughou the season. All other
agronamic pradices were as recommended for maize in Ghana. Maize was harvested at on 27th
October 2014 growth, development, grain yield and its component were subjeded to standard
statisticd analysis.

Results/Major Findings

Both grain and straw yields were very low under town waste and higher under Actyva
(N23:P10:K5:35:2Mg0:0.3Zn), poutry manure, shee droppings, NPKS (201G0102), NPK
(151515 and Fertisol (Table 68). Generaly the chemicd fertiliser treament plots recorded
greder maize grain yields compared to their organic sources counterparts. However, maize
fertilised with compost, poultry manure and sheeg dropping produced the highest (P < 0.05)
grain yield under the organic sources. Maize straw yield followed a similar trend like their
grain counterparts with Actyva (N23:P10:Ks:35:2M@g0:0.3Zn) and NPKS (21:10102) reocording
the highest straw yield followed by poutry manure, shee droppings, Fertisol and NPK
(151515).
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Table 76: Themean g owth, grain andstraw yields resporseof maize to soil fertility managmentoptions
in 2014.

Pant Stem Stover Gain 1000
Fertility option Days.to height girth yield yield I-!arvest kernel
tasseling (cm) (mm) (kg/ha) (kg/ha) "9 weight (g)
NPKS (20:10:10:2) 5725 1836 1631 5833 3983 0404 2734
Actyva 5725 1749 1687 5917 3566 038l 26.35
Compost 5700 1702 1548 3917 3075 045 2433
Cow dung 5000 1624 1436 3500 2008 0349 2279
Fertisol 5550 1786 1745 5042 3475 0406 2492
Goat manure 5000 1723 1538 3417 1966 0362 2507
NPK (15:1515) 5825 1798 1672 5167 3492 0407 27.36
Poultry 5800 1841 1638 458 3375 0428 26.76
Sheep manure 5625 1805 1629 4750 2800 0362 2581
Town waste 5025 1554 1352 2833 2017 0414 2402
Urea 6025 1709 1501 _ 3583 _ 2025 _ 0.360 2230
LSD NS 1373 2209 17404 1388 NS NS
CV. (%) 37 55 97 274 334 163 103

NS means not significant at 5% level of probability.

Poultry manure and shee droppings recorded the highest straw yield amongst the organic
sources followed by compost and cow dung Generally, the chemicd sources of fertiliser
produced higher straw yields as compared to their organic counterparts with the exception of
Ureg which produced the lowest straw yield amongst the chemicd fertili sers.

Conclusion

The chemicd sources also produced superior grain and straw yields than their organic
counterparts. 23105:3S52Mg:0.3Zn; 21:10102S and 151515 were the best sources of
chemicd fertilizer, whilst Poultry manure; Sheep dropping and Cow dung were also the best
sources among the organic soil amendments evaluated in the current study.
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Effect of crop rotation using grain legumes onthe growth, development,
yield and its components of maize in a semi-arid agro-ecology in northern
Ghana.

Principal Investigator: Roger A.L. Kanton

Collaborating Scientists: Prasad, P. V. V., Ansoba, E, Peter, A. Asungre, Lamini, Sand
Mahamg, G

Estimated Duration: 3yeas

Sponsors: WAA PR2A/SANREM

Location: Manga Station

Background information and Justification

Crop rotation is well known for its yield improvement effed on crop yield and reduction of
financial risk (Nel and Loubser, 2009, consequently it is recommended as a countermeasure
for financially sustainable crop production (Ferreira et al., 200). Earlier attempts by the
Ministry of Food and Agriculture, Gobal 2000 and other non-governmental organisations, who
started the promotion of maize production, suppated farmers with highly subsidized fertili sers.
These endeavours appredably increased maize yield to about 1.2 t hal as against the average
maize yield of 0.6 t hal under peasant farmersé pradice of using 200 kg ha! of NPK (UER-
IFAD/LACOSREP, 1992. Average maize yields per unit of land have falen in Africa since
the 197G partly because maize production has exanded into drought prone areas, semi-arid
areas and partly due to dedining soil fertility (Glbert et al. 1993. With appropriate tillage and
rotation meize roots can also absorb water from the subsoil at 40 to 50 cm depth (Ghuman and
Lal, 1991).

Objedive: To determine the best grain legume rotation partner for increased and stable maize
production in the Savanna agro-emlogies of northern Ghana.

Materials and methods

The experiment was conduwcted at the Manga Agricultural Reseach Station nea Bawku, in the
Upper East Region (11° 016 N, 00° 160 W, 249 m above sea level). The experimental
treaments are as follows: Cowpeas, Groundnus, Soybeans, Pigeon peas, Mucuna and a control
plot of maize after maize, which is the farmers pradice The test crop was maize variety CSIR-
Omankwa. The experimental design was a randomised conmplete block with 4 replicates. Plot
size for ead treament will be 45 m x 5m Maize was sowed on ridges made by bullocks at
0.75 m wide and maize seeds sowed at 040 m between hills using 3 to 4 seeads per hill and
thinned to plants per hill a exadly 2 weeks after sowing (WAS). All agronomic pradices are
as recommendd for maize production in Ghana. Maize was harvested at harvest maturity, yield
and its componrents would be taken for statisticd analysis. All crop data were subjeded to
analysis of variance (ANOVA) and where there were significant differences among
treaments, means were separated using the LSD test at the P =0.05 level.
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Results/Major Findings

Grain yield was significantly (P<0.01) influenced by treament. Maize after groundnus
produced the highest grain yield followed closely by meize after cowpea and maize after
pigeon pea whilst maize after maize produced the lowest grain yield (Table 69). Maize after a
grain legume produced significantly (P<0.01) greaer grain yield compared to meize following
maize. Maize after a grain legume produced appredably higher grain yields as compared to the
average well fertilized maize yields reported in the Region, which is in the range of 1,200 kg
hal to 15 kg hal. All treaments with the exception of meize after maize and meize after
greengram produced grain yields that were above the trial mean. Maize straw yield followed a
similar, trend like their grain counterparts with maize after groundnu producing the highest
straw yield followed by maize after cowpea and greengram whilst maize after maize recorded
the lowest straw yield. Straw yield of maize after groundnu; cowpea greengram and pigeon
pea was significantly (P<0.01) higher than that obtained for maize after meize (Table 68).

Table 77: Effed of crop rotation of maize with grain legumes on maize grain yield andits comporents in
a semi-arid ag o-emlogy in nathern Ghana duing the 2014 croppng season

Maize legume Cobs at 100-kernel  Harvest Grain Straw Rainfall use
rotation harvest weight index yield yield efficiency (kg
(kg/ha) (ka/ha)  (ka/ha) mn? hal)

Maize-Cowpea 89 26.25 0.45 2093 2567 325
Maize-Greengram 76 2198 0.40 1788 2547 277
Maize-Groundnu 84 2717 0.45 2137 2600 331
Maize-Mucuna 82 26.95 0.46 1642 1917 255
Maize-Pigeon pea 85 24.62 0.48 2020 2233 313
Maize-Soybean 82 26.14 0.47 1792 1983 278
Maize-Maize 69 2365 0.44 1040 1283 161
Mean 81 2525 0.45 1787 2157 277
s.ed. 6.39 170 0.072 286 339 0.44
CV. (%) 1120 95 1220 226 223 226
Conclusion

This season is the first cycle of rotation and maize grain yields were highest when maize
followed groundnu; cowpea and pigeon pea as compared to the other rotation. Maize
following meize gave the lowest grain yields due to the depletion of soil nutrients as compared
to the grain legumes that have the ability to fix soil nitrogen and also the addition of crop
residue to the soil for improve in growth of the precaling maize crop.
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Introduction of ICRISAT Sorghum Trials for Adaptation to Northern
Ghana.

Principal Investigator: Roger A.L. Kanton

Collaborating Scientists: Saga S. J. Buah and Kenneth Opare-Obuohi
Estimated Duration: 2 yeas

Sponsors: USAID/AfricaRising

Locations: Manga Station and Bonia nea Navrongo

Background information and Justification

Sorghum (Saghum bicolor L.) is one of the most important staple cereds in northern Ghana,
in terms of area cropped to sorghum and the number of people who consume. However, the
lack of improved varieties has led to a dedine in sorghum yields and a drop in area of
cultivation of this important cered over the yeas. Farmers and the Ministry of Food and
Agriculture (MoFA) Saff and Non-governmental Organisations (NGOs) participating in the
Annual Review and Planning Sessions have always identified the ladk of improved crop
varieties as the next most important constraint only next to low soil fertility. However, the case
of sorghum is even more desperate as compared to other cered crops such as maize and rice,
which have over 15 or more varieties released by the National Variety and technicd
Comnittee for massive cultivation. Reseach efforts at breeding stable, high yielding and
disease resistant/tolerant varieties is crucial if current production levels are to be increased to
med the ever increasing demand for peal mill et.

Objedive: To test, adopt and to recommend promising sorghum hybrids for adaptation by
sorghum farmers increased sorghum productivity and production in Ghana.

Materials and methods

An on-station field trial was established at the Manga Agricultural Reseach Station. Land
preparation was done by the Stationd pair of bullocks on 12" June 2014 and the field was laid
out and planted on the 25t of July. Thinning to two plants per stand was done on the 27t of
June 2014 to maintain the optimal plant popuation as recomnmended for maize in Ghana. Basal
fertiliser in the form of compourd fertiliser 151515 was applied on the 9t of July 2014 at the
rate of 30 kg nitrogen; 30 kg phaosphorus in the form of (P.Os) and 30 kg potassiumin the form
of (K20) were applied. Hand weeding was done on 16t of July 2014 and top-dressed with
sulphan a new nitrogen fertiliser formulation with high nitrogen content and sulphur than t he
usual sulphate of amnmonia on the 6th of August 2014 Due to continuous rains, the ridges have
been reduced in size and therefore have to be re-shaping and prevent plants formroot lodgng.
Data on plant establishment, assessment of germination, plant height, stem girth measurement,
determination of chlorophyll content using a SPAD Meter, were al taken. Farmers6
appredation of panicle and grain desirability data were taken on 27" of November 2014 after
harvest. The Diredorates of the Ministry of Food and Agriculture for the Binduri District and
Bawku Municipal would asked to invite farmers to participate in the assessment of the
sorghum hybrids. Sorghum growth, development, grain and straw yields were subjeded to
appropriate statisticd analysis.
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Results/Major Findings

500-grain weight was influenced significantly (p<0.001) by genotype with the Early Locd
producing the boldest and Sewa the smallest grain. The Early Locd; Soumalemba and Mona
produced considerably bolder grain compared to those produced by the rest of the genotypes.
The conversion of dry matter from biomass to grain was considerably low for al genotypes.
However, there were significant (p<0.001) differences amongst genotypes with regards to
harvest index The Early Loca recorded significantly the highest harvest index than compared
to the rest of the treaments except for those recorded for Sewa and Fadda. Agronomic score
was significantly (p<0.001) affeded by genotype with Caufa and Fadda recording the highest
score and followed closely by Sewa and the Late Locd.

Table 78: Onethousandker nd weight, harvestindex agronamic scoregrain yield, averagepanicle and
grain appecition at Manga $ation in 2014

1000 Agronomic  Grain Average Average
Sorghum hybrids kernel score yield panicle grain
weight (g) (ka/ha) appredation _appredation
Caufa 2156 80 1767 28 35
Fadda 2044 80 2675 30 27
Grinkan Yerewolo 1876 7.3 1600 33 33
Mona 24.40 4.0 1033 28 33
Pablo 2332 6.3 2067 28 35
Sewa 17.92 7.0 2075 38 35
Soumalemba 2564 25 2317 43 40
Yamasa 2044 25 1517 30 40
Early Locd 2740 40 1650 25 38
Late Locd 1992 7.0 1458 33 4.0
Mean 2200 5.7 1816 31 36
LSD 0.627 313 612 1.09 0.96
CV. (%) 7.90 381 2320 24.0 1870
P<0.00 0.001 0.002 0.001 0.08 NS

Grain yield was significantly (p<0.001) affeded by genotype. The highest grain yield was
produced by Fadda and followed closely by Soumalemba, whilst Mona produced the lowest
grain yield (Table 70). Only the exotic genotypes; Fadda; Soumalemba, Sewa and Pablo
produced grain yields that were higher than that recorded for the trial mean. The mean
sorghum grain yield recorded in this study is far greaer than the average sorghum grain yields
generaly reported in the country, which stands at around less than 100 kg per hedare.

Conclusion

There is the neal to repea the trial in 204 to enable us draw to confirm or rejed the current
findings. If the best four genotypes, namely Pablo; Serwa; Fada and Soumalemba should be
consistent in their grain yields, then we would recommend them to the National Variety and
Tedchnicd Comnittee for release to boast sorghum production and productivity in Ghana
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Integrated soil fertility management effect on grain and fodder yields and
soil chemical and physical properties in soybean-maize rotation in
northern Savanna of Ghana.

Principal Investigator: Roger A.L. Kanton
Collaborating Scientists: Saga S. J. Buah
Estimated Duration: 5yeas

Sponsors: USAID/AfricaRising

Locations: Manga Station and Bonia nea Navrongo

Background information and Justification

Maize (Zea mays L.) is now an important food crop in the Upper East Region, both in terms of
the mouths it feeds and also in terms of areass devoted to its cultivation fast out stripping the
traditional staple crops of millet and sorghum contrary to what used to pertain in the region
before the mid-2000 However, poor soil fertility has always been identified by farmers in the 3
northern regions of Ghana as the number one constraint to incressed and stable cered
productivity and production in the savanna agro-ewlogies. Crop rotation is well known for its
yield improvement effed on crop yield and reduction of financial risk (Nel and Loubser, 2004,
consequently it is recommended as a countermeasure for financially sustainable crop
production (Ferreira et al., 200). Average maize yields per unit of land have fallen in Africa
since the 197G partly because maize production has expanded into drough prone areas, semi -
arid areas and partly due to dedining soil fertility (Glbert et al. 1993.

Objedive: To determine the best grain legume rotation partner for increased and stable maize
production in the Savanna agro-emlogies of northern Ghana.

Expeded Beneficiaries: Maize growers in Ghana, the general public and also the Government
of Ghana.

Materials and methods

The experiment was conduwcted at the Manga Agricultural Reseach Station nea Bawku, in the
Upper East Region (11° 016 N, 00° 166 W, 249 m above sea level). The experimental
treaments are as follows: Soybean with no soil amendment (Control); soybean with inoculant
only; soybean with inoculant plus PK (60 kg P20s/ha and 30 kg K20; soybean with inoculant
plus fertisol; soybean plus inoculant plus PK plus fertisol and soybean plus reco mmended
fertiliser rate (25-60-30 as N P20s and Kz20) and the control meize after maize. The test crop
was maize variety CSIR-Omankwa. The experimental design was a randomised complete
block with 4 replicates. Plot size for ead treament will be 4.5 m x 5m. Maize was sowed on
ridges made by bullocks at 0.75 m wide and maeize seeds sowed at 0.40 m between hills using 3
to 4 seals per hill and thinned to plants per hill at exadly 2 weeks after sowing (WAS). All
cultural pradices were as recommended for meize production in the courntry. Maize was
harvested on the 30th of October 2014 Maize was harvested at harvest meturity, yield and its
componrents would be taken for statisticd analysis. All crop data were subjeded to analysis of
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variance and where there were significant differences among treaments, means were
separated using the LSD test at the P =0.01 or 0.05 levels.

Results/Major Findings

The 100-kernel weight recorded by maize that was rotated with inoculated soybean and fertisol
was significantly (p<0.05 higher than that recorded under the rest of the treaments with the
exception of meize after inoculated soybean, plus P and K and recommended fertiliser of
soybean treament (Table 71).

Table 79: Integrated soil fertility management effed on grainyield and its components of
maize in the Sudan savannah agro-eology inthe2014 cropping season

Meancob  No. of 100- Harve Grain Straw
Treament diameter cobs grain st yield yield

(cm) harvested weight index (kg/ha)  (kg/ha)

(9)

Control 40.86 82 2361 0.50 3388 3250
Maize after soybean 39.85 71 2281 0.52 2479 2333
Maize afterinoculated 40.39 80 24.28 0.58 3046 2250
soybean
Maize afterinoculated 4322 85 26.61 0.54 4117 3458
soybean + Fertisol
Maize after inoculated 42.17 81 2413 0.52 3625 3292
soybean +PK
Maize afterinoculated 4311 86 24.87 0.52 3625 3221
soybean +PK +
Recommended Fertili ser
Maize after soybean + 40.56 81 24.02 0.57 3121 2333
Recommended fertili ser
rate
Mean 40.56 81 24.33 0.54 3329 2877
LSD 249 921 1.90 0.049 796 321
CV. (%) 4,00 7.70 530 6.20 16.10 19.20

Harvest index of maize recorded in this study were generally, comparable to those usually
reported for maize in the literature. Maize after inoculated soybean recorded the highest harvest
index, which is significantly (p<0.05) greder that those recorded when maize was followed by
maize; meize after sole soybean and meize after inoculated soybean plus P and K with
recommended fertiliser for soybean (Table 71). Generally, maize grain yields reported in this
study were far higher than those reported aaoss the region. Maize planted after inoculated
soybean with application of fertisol produced the highest grain yield whilst maize after sole
soybean gave the lowest (Table 71). Generally, maize following inoculated soybean that has
recaved a soil amendment gave higher yields than their counterparts that were neither
inoculated nor inoculated without a soil amendment. Maize following inoculated soybeans with
fertisol produced yields that were significantly greaer than those produced when maize
followed sole soybean or when soybean was given the recommended fertili ser rate. Maize that
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followed inoculated soybean with the applicaion of a soil amendment resulted in considerably
higher maize yields than their counterparts and also greaer than the trial mean. Maize straw
yield followed a similar, trend to that of maize grain yield, with maize after inoculated soybean
and application of fertisol producing the highest straw yield followed by maize aft er inoculated
soybean with P and K (Table 71). Straw yield recorded by maize after inoculated soybean with
fertisol was significantly (p<0.01) greaer than those recorded by maize after inoculated
soybean; meize after non-inoculated soybean and maize after soybean with recommended
fertiliser rate (Table 71).

Conclusion

Theseresults suggests that, in addition to the inoculation of soybean it is important to add a soil
amendment; such as fertisol; P and K and the recomnmended fertiliser for soybean so as to
obtain good maize grain and straw yields. Thoudh these prelimnary results hold promise for
increased and stable meaize yields in northern Gnana, there will be the need to repea the study
S0 as to enable us confirm or rejed these current results.

On-farm evaluation of extra-early and medium drought tolerant maize for
Africa (DTMA) varieties and hybrids in a semi-arid agro-ecology in
northern Ghana.

Principal Investigator: Roger A.L. Kanton

Collaborating Scientists: Saska S. Buah; John K. Bidzakin, Alidu Haruna, Gloria Boakyewa
Estimated Duration: 5yeas

Sponsors: USAID/AfricaRising

Locations: Garu-Tempane and Binduri Districts

Background information and Justification

Maize (Zea mays L.) is one of the most important food cereds in the developing world
(CIMM YT, 1990. However, production is lower than demand and bridging the gap requires
large increases in production mainly through yield improvement (Crosson & Anderson, 1992.
In sub-Saharan Africa, maize is produced mainly under rainfed condtions which are
charaderized by highly variable rainfall, both in quantity and distribution. Consequently, the
crop frequently suffers from moisture stress at some stage during its growth period (Johnston &
al., 1989 with the ultimate result of reduced yields. In the three northern regions of Ghana,
farmers participating in the Annual Planning Sessions under the auspices of the Reseach
Bxension Farmer Linkage Comrmittee (RELC) have aways identified low soil fertility,
insufficient and erratic rainfall as the mgjor constraints to maize production in the area
Althoudh several water harvesting techniques, such as tied ridges, have been proposed to
address the problem of water stress, their efficiency could be enhanced with by drough -
tolerant varieties which can use the harvested rainwater more efficiently. Participatory Variety
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Seledion (PVS) is a nmore rapid and cost-effedive way of identifying farmer-preferred
cultivars if asuitable choice of cultivars exists (Witcomebe et al., 1996.

Objedives:
i evaluate drough-tolerant meize varieties and hybrids on farmerso fields;
ii. solicit farmers impressions in the seledion of the best drought -tolerant maize varieties
or hybrids;
iii. determine the ecnomic benefits of planting drought -tolerant meize compared with
farmerso varieties.

Materials and methods

In 2014 field trials were condwcted at Garu-Tempane and Binduri Districts of the Upper East
Region (in the Sudan Savanna agro-emlogy). The trials evaluated drough -tolerant maize
varieties and hybrids under the Drought Tolerant Maize for Africa (DTMA)/International
Institute of Tropica Agriculture (IITA) and the International Centre for Whea and Maize
Reseach (CIMMYT) Mexco initiative. Farmers were seleded based upon their previous
experience in conduwting on-farm adaptive trials with the Savanna Agricultural Reseach
Institute Station at Manga and their wilingness to collaborate in this particular study. The
Mother and Baby concept of on-farm experimentation was adopted whereby all the maize
entries were tested in a replicaed trials in one farmer field, which is the Mother trial while 2
or 3 entries were planted by 5 other farmers in ead of the 2 Districts for the Baby trial. The
exdra-ealy hybrid maize were: TZEEEW Pop STR C5 x TZEE 121, TZEE-Y Pop STR C4 x
TZEB 17, TZEE 6 x TZEB 4; TZEE-Y Pop STR C5 x TZEH 82 TZEH 29 x TZER 24
TZEH 29 x TZEH 49 TZEH 18 x TZEH 24, TZH 7 x TZE 76, CSIR-Abortem and the
Farmers variety and for the medium maturity hybrid maize tested were: M 0926-8; M 1026-3;
M 102610, PAN 12 PAN 53 and the Farmersd variety. The randomised conplete block
design was adopted for the mother, with 4 replications; whilst for the baby trials the design was
an incomplete block, with three farmers ead serving as a replicate. Plot dimensions for the
mother trial was 4.5 m x 5m and the baby trial was 18 ridges by 10m long. This comprised of 6
ridges spaceal at 0.75m apart and 5 mlong with data recorded fromthe 4 central ridges with the
outer rows serving as guard rows for the mother trial. All agronomic pradices with regards to
meize production as recommended were adhered to. The trials were harvest on the 30t of
October 2014 The data was then subjeded to statisticd analysis.

Results/Major Findings

The cobs produced by the Farmersd variety and the CSIR-Abontem were significantly bigger
than those produced by TZEE-Y Pop DT STR C4 x TZEH 17, TZEE 6 Xx TZER 4; TZEH 8 X
TZEB 24, TZEE-Y Pop STR C5 x TZEH 82 and TZER 29 x TZEH 49 (Table 72). There
were significant (P<0.05) differences among treaments with regards to 100-kernel weight. The
CSIR-Abontem and TZEE-W Pop STR C5 x TZEH 21 produced significantly (P<0.05) the
boldest kernels than all the inproved genotypes (Table 72). The Farmersod variety produced
kernels that were significantly (P<0.001) bigger than those produced by TZEE-Y Pop DT STR
CA x TZEBH 17, TZEE 6 x TZEBH 4; TZEE-Y Pop STR C5 x TZEH 82 TZEH 29 x TZEH
24 and TZEH 8 x TZEH 24 Maize harvest indices this yea were generally higher as
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compared to those recrded in 2013 cropping season. There were no significant (P<0.0.05)
differences amongst genotypes with regards to maize harvest index However, TZEH 8 x
TZEB 24 reworded the highest harvest index and TZEE 6 x TZEH 4 the lowest (Table 72).
Maize grain yields this yea were generally greder than those reported in the 2012 and 2013
cropping seasons. The Farmersd variety produced the highest grain yield followed closely by
the TZEE-W Pop STR C5 x TZEH 21 and TZEE-Y Pop STR C5 x TZEH 82, whilst TZEH 8
x TZEB 24, produced the lowest grain yield (Table 72).

Table 80: Sandcountat harvest; cobsharvested; cob length; cob grth; 1000-kerne weight; harvest
index and gain yield of exra-early droughttolerant hybrid maize evaluated on-farm at the Garu-
TempaneDistrict in nathern Ghanain 2014

Stand No. of Cob Cob 1000- Harvest Grain

Hybrid maize countat cobs length girth  kernel index yield
harvest harvested (cm) (cm) wt (g) (kg/ha)
TZEE-W Pop STR C5 x 85 84 115 3987 304 0.62 4104
TZEBR 21
TZEEY PopDTSTRC4x 82 82 155 3263 235 0.62 3681
TZEB 17
TZEE6 x TZER 4 70 70 135 3819 219 051 3806
TZEE-Y Pop STR C5 x 71 70 14.3 3806 246 0.60 4090
TZEBR 82
TZEH 29 x TZEB 24 70 69 113 3892 250 0.63 3959
TZEH 29 x TZEH 49 79 78 118 3809 266 0.64 3826
TZEH 8x TZEH 24 58 58 14.0 3514 210 0.65 3633
TZH 7x TZEl 76 52 51 145 3991 286 0.61 3703
CSIR-Abontem 54 53 14.0 4239 304 0.63 3920
Farmersovariety 64 63 153 4247 289 0.60 4192
Mean 68 68 136 3857 257 0.61 3891
LSD (1%) 16.80 172 1.30 364 2690 0125 695
CV. (%) 16.90 17.40 6.60 6.50 7.2 14.10 12.30
Conclusion

TZEEEW Pop STR C5 x TZEH 21 and TZEE-Y Pop STR C5 x TZEH 82 produced
considerably greaer grain yields than the rest of the hybrids tested. If these two hybrids should
repea their superior performance in the 2015 sesson they would be recomnended to the
National Variety Releasse and Registration Comrmittee for relesse to increase maize
productivity and production.
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Participatory Varietal Selectionof Improved Rice Crop (Gbewaa) Under
Different Nitrogen Levelsin the Upper East Region of Ghana

Principal Investigator: Julius Yirzagla

Collaborating Scientists: Mrs Benedicta Atosona, Mr Jonathan Agawini, Mr Alem Albert
Estimated Duration: 5years (2012-2016)

Sponsors: AfricaRISING Proed

Location: On-farm (Nyangua, Samboligo and Bonia in Upper East Region)

Background Information and Justification

In the Upper East Region of Ghana, the weaknesses of rice farmers as identified in 2012 Rice
Yield Gap Survey, included the use of locd rice varieties or impure improved varieties and
inadequate fertilizer use (AfricaRISING 2012. These farmers therefore need to maintain seal
quality and appropriate agronomic pradices (N supply) for enhanced productiv ity of paddy
yields. It is against this badkground that the present on-farm adaptive trial was initiated to
evaluate the performance and acceptance of a new improved rice variety, Gbewaa receaving
different N rates under farmersd conditions using the mother-baby trial approach.

Objedives
i To increase the speead of adoption of an inproved rice variety (Gbewad by involving
farmers in variety needs assessment, seledion and testing of the new lowland cultivar
ii.. To sensitize farmers on the economic benefits of the rice varieties recaving optimal N
application

Expeded Beneficiaries
Rice farmers, traders, aggregators

Materials and Methods

Mother baby trials were established in Bonia, Nyangua and Samboligo in the Upper East
region (UER). In all, 12 farmers were involved and ead farmer was provided with 5kg of seed
of Gbewaa rice varieties and also provided same quantity of farmer variety. At ead location
the 2 varieties were evaluated using reseacher-managed nmother and farmer-managed baby
trial design.

Results/Major Findings

Paddy yield was generally low for the farmer variety and or nonfertilised treaments compared
to CGhewaa and or fertilized treaments aaoss the 3 locaions. The farmers provided
guantitative feedbad on ther evaluation of technodogies (treaments) through technology
rating. Qualitative feedbad was obtained from medtings between farmers and reseachers and
comments recrded at field days. The mother trials were evaluated more informally during
discussions held at field days. This made it possible to integrate the farmersd assessment.
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Conclusions/Recmmmendations

The trials were successfully implemented with farmers adively involved in ead stage of the
evaluation processes. By fadlitating hands-on experience for farmers, the mother and baby
trials provided a relatively rapid approach to adopting improved varieties and soil management
(N supply) techndogies.

References
AfricaRISING Annual Report 2012

Quality Rice Development Project (QRDP)

Principal Investigator: John Kanburi Bidzakin

Collaborating Scientists: Mr. Julius Yirzagla, Dr. Wilson Dogbe, Mr. Williams Atakora, Dr.
SK Nutsugah, Mr. Michad Maweya, Mr. Isagh Sugri ,Mr. Inusah Baba and Mr. Robert K.
Owusu.

Estimated Duration: 3 yeas (2014-2016)

Sponsors: AGRA

Location: On-farm (Northern and Upper East Region)

Background Information and Justification

The Ghanaian rice market is increasingly driven by premum rice, with growing demand of
40% per annum while the medium segment is shrinking at 4% per annum. Urban consumers in
particular, prefer rice that is clean, perfumed, low percentage of bresage, and nice colour
(mostly white). Locdly produced rice fail to meda consumer preference charaderistics while
imported rice continue to dominate the markets. It is against this badground that the Quality
Rice Development Projed was initiated by AGRA to contribute to Government of Ghanafs
objedive of achieving food seaurity and improved livelihood of smallholder farmers in the rice
value chain by strengthening their capadty for sustainable and conpetitive quality rice
production

Objedives
i To increase productivity of rice in smallholder farming systenms in the Northern
and Upper East Regions of Ghana,
ii. Strengthen institutional and organizational cgpadty of Farmer Organizations
(FBOs) to enhance access to services and
ii. To incresse marketing of locdly produced rice by smallholder farmers in the
Northern and Upper East Regions.

Expeded Beneficiaries: Rice farmers, traders, aggregators, processors and input deders
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Materials and Methods
Conduwct of field demonstration, capadty needs assessment of Farmer-based organizations
(FBOs), training processors and marketers on agricultural marketing and distribution

Results/Major Findings

Feld demonstrations were successfully conducted, training of trainers, farmer field schods and
fields days were successfully organized for the Extension staff, FBOs, processors etc during
the 2014 cropping season. By fadlitating hands-on experience for farmers, the demonstration
fields provided a rapid approach to adopting quality rice production techndogies. Farmers
were trained on Good Agronomic Pradices and Integrated Soil Fertility Management (ISAM)
through Farmer Feld Fora (FFP concept. Farmers where readed using community video
screening (Farm video van). Scientists and extension officers were trained on the rice advice
software. Comrrunication materials were produced.

Conclusions/Remmmendations
The demonstrations and the training programmes were successfully implemented with all
stakeholders (FBOs, processors, marketers etc) adively involved. The pro

M ulti-locational evaluation of red rice genotypes

Principal Investigator: Dr. Wilson Doghbe

Collaborating Scientists: Julius Yirzagla, Jonathan Agawini, Albert Alem, Benedicta
Atosona

Estimated Duration: 4 yeas (2011-2014)

Sponsors: RSP

Location: On-station (Nyankpala, Libi and Manga)

Background Information and Justification

Rice has bewmme a symbol of food seaurity world-wide. Red coloured caryopsis (the dehulled
rice grain) has a particular place in the Ghanaian society. This is due to the unique role it plays
in most Ghanaian culinary preparations in most cultures. More importantly, red coloured
caryopsis genotypes of rice have comparative nutritional and hedth advantages; good source of
iron and znc; anthocyanins (the pigment that gives leaves and grains the deep iron red, blue
and purple colours) have anti-oxidant properties which lower the risk of heat problems.
Reseach into the yield potential and agronomic attributes of red rice will thus lead to improved
food seaurity and hedth status of rice farmers.

Objedives
To evauate the yield potentials and general agronomic adaptability of eight red rice genotypes
(including one control) to the rice growing emlogies of northern Ghana.

Expeded Beneficiaries: Rice farmers, traders, aggregators, processors and input deders
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Materials and Methods
Multi-locational trial at three locations (Nyankpala, Libi and Manga) in an RCBD fashion with

four replicaions.

Results/Major Findings

The top three yielding genotypes aaoss locaion based on the results of 2014 are jasmine 85
(red), Matigey and GH 1837

Conclusions/Recommendations :
Thetrial will continue in 2015
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FIELD ENTOMOLOG Y

Deployment of the cowpea aphid Resistance gene for cowpea
Improvement in Ghana

Principal Investigator: Francis Kusi

Collaborating Scientists: M. Zakaria, S. Lamini, A.Y Agyare, FJ. Awuku and G. Rashida
Estimated Duration: 3years

Sponsors: Kirkhouse Trust

L ocation: Nyankpala and Manga

Background Information and Justification

The projed adivities during the reporting period include genotyping of five BCAF1
popuations using the SNPs platform for badkground selection. The five BC4 popuations were
developed between SARCIL-57-2 and ead of IT9K-573-1-1, IT9K-573-3-2-1, Nhyira,
Asetenapa and Zaayura. These genotypes were identified as susceptible to cowpea aphid which
the current projed seeks to improve using SARC 1-57-2 in marker-assisted badkcrossing. The
badground seledion aimed at seleding individuals that has recovered greder percentage of
the reaurrent parents in course of the marker-assisted badground seledion. The seleded
individuals were multiplied and are currently being evaluated in multi locaions (Tumu in
Upper West, Manga in Upper East and Golinga in Northern Regions).

Objedives
i. Toimprove field resistance of 5cowpea varieties to cowpea aphid
ii. To evaluate theimproved lines in multi-location trials

Expeded Beneficiaries
The projeda will benefit cowpea farmers, consumers, traders and transporters. The improved
varieties will also serve as breading materials for cowpea brealers within and outside Ghana

Materials and Methods
The following protocol was used for the badkground selection:
The parents were sent in zip-lock bags containing desiccant padks for genotyping to
identify polymorphic markers
A The BC4F1s popuations were tested rigorously for aphids resistance, prior to the
aphid infestation, led samples were collected and sent for genotyping
A The final seledions (in the BC4F2) were tested with aphids just to be sure that they
are still resistant, and then fix the aphid resistance in the BC4F3

Results/Major Findings
The data were recaved under the following healings:
A SNP name
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A SNP flanking sequences/calls
A positions on cowpea consensus genetic map and
A SNP genotypes

150 SNPs were found to be polymorphic between Zaayura and SARC 1-57-2 and spacel at
least 0.5 cm from ead other throughou 11 linkage groups of the cowpea consensus genetic

map.

Some of them also flank aphid-resistance QTLs from an IITA line that was mapped in a
different cowpea popuation grown in California, whose relationship to our resistance (SARCL1-

57-2) is not known. The plant with label number 148 (Table 73) was found to be resistant and
has remvered 95% of the reaurrent parent& badkground Althoudh there were other resistant
plants like 145 180 and 337, they had recovered relatively lower percentage of 93% and 92%
of the reaurrent parent& badkground

Table 81: SNPs results on background seledion

Plant % Reaurrent BG Aphid
214 100% R
272 97%

446 96% S
148 95% R
190 95% S
280 94% S
239 94% S
441 94% S
145 93% R
180 93% R
337 _92% R

Conclusions/Remmmendations

The breeding work will continue to further improve the improved lines that are susceptible to
Striga with the Striga resistance gene in a marker-assisted badcrossing. However, the five
improved varieties are currently being evaluated in multi-locaion trials in the three regions in
the north.
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Feed the Future Legume Innovation Lab for Climate Resilient Cowpea

Principal Investigator: Francis Kusi

Collaborating Scientists: IDK Atokple, M. Haruna, M. Zakaria, S. Lamini, A.Y. Agyare, F.J.
Awuku and G. Rashida

Estimated Duration: 4 years

Sponsors: USAID (University of California Riverside)

Location: Nyankpala and Manga

Background Information and Justification

The climate resilient projed& adivities will include the development of genetic resources
including DNA sequencing of 30 diverse cowpea accessions relevant to African breding,
discovery of at least 25000 SNP markers, and design of a high-density genotyping assay. In
addition, SNP genotyping will be performed on about 100 biparental reconmbinant inbred
lines. This will suppat construction of a new consensus genetic linkage map and refinement
of QTLs. In addition, up to 48 location -spedfic preferred breeding accessions will be chosen
by ead host country partner (including Ghana). Seed of the chosen accessions will be
increased in the host courtries and ead accession will be sanpled for tissue that will be SNP
genotyped. Host country partners will conduct preliminary phenotyping to gather data on these
and other meterials for the purpose of refining and expanding ead partner sdset of preferred
breeding accessions.

Objedives
i To identify polymorphic SNPs markers for important triats
ii. To improve the brealing cgpadties of NARS
iii. To enhance access to brealing materials of the partner institutions

Expeded Beneficiaries: Breeders, consumers, farmers, traders and transporters

Materials and Methods

Genotyping of 44 preferred breeding lines on SNPs platform

CSIR-SARI sent samples of led tissue of 44 preferred breading lines to UCR DNA extradion
was done by the UCR Team and genotyping on SNPs platform has been completed and the
results shared with us.

The flapjadk software was used on the results to chedk similarity matrix which has shown
relative closeness or otherwise of our lines and Gf conditiond on exce also used to select SNP
markers that show polymorphism among the lines

Screening for drought and other traits

Both seed box and field screening methoddogy were used to evaluate the 44 preferred
breading lines for drought. In the seed box screening, the seedlings were watered up to two
weeks after planting, when the first trifoliate leaves started to emerge. Watering was stop at
this stageto impose drought stress for 15 days. The seadlings were then classified into resistant
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and susceptible groups. Watering was then resumed 15 days after the drought stress and the
sedllings were further assessed based on their rate of recovering from the damage caused by
the drought stress.

Results/Major Findings

Although the lines were classified into resistant and susceptible groups, all the lines screened
eventualy survived the drought stress, however, the difference was observed in the rate of
reavery and the effed on days to flowering, maturity and grain yield. The results were
confirmed by the field screen. The field planting was done with the few rains in September for
good germination and crop establishment. The terminal drought coincided with the advanced
vegetative stage prior to flower bud initiation. Single row of 2 mlong in 3 replication of the 44
lines in RCBD. Two plots were established in 2 weeks interval to ensure that at least one of
them will suffer the terminal drought.

Conclusions/Remmmendations

Nineteen of the cowpea lines were found to be tolerant to drought, these will be further screen
by prolongng the water stress period. Those that will be seleded will serve as donas to
improve the field tolerance to drought of elite cowpea lines in Ghana using marker -assisted
breeding.

The 44 lines are currently on the field been evaluated for their hea tolerance The lines have
been subjeced to both the high day and night temperatures in March and April to assess the
effed of hea on their growth and development.

Legume Innovation Lab: SO1.A5 Genetic improvement of cowpea to
overcome biotic stressand drought constraints to grain productivity

Principal Investigator: Francis Kusi

Collaborating Scientists: IDK Atokple, M. Haruna, M. Zakaria, S. Lamini, A.Y. Agyare, F.J.
Awuku and G. Rashida

Estimated Duration: 4 years

Sponsors: USAID (University of California Riverside)

Location: Nyankpala and Manga

Background Information and Justification

The primary projed focus is to 1) discover insed tolerance and resistance QTL for cowpea
breading; 2) increase African and US cowpea productivity by improved varieties with
resistance to insed stresses, drought tolerance or disease resistance 3) expand farmer
marketing oppatunities with improved cowpea varieties with desirable grain charaderistics;
and 4) provide training and cgpadty building in modern cowpea breeding. The projedé plan
includes the FTF focus countries Ghana and Senegal, and also Burkina Faso, which offers
regional importance from an agro-ewmlogicd perspedive for cowpea yield gain in the Sudano-
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Sahel region. Strategicdly, these countries represent the primary agro -emlogies underpinning
cowpea production in this region.

Objedives

In addressing these primary constraints, the objedives are well aligned with Feed The Future
reseach strategic priorities of 1) crop resistance to hed, drought, salinity and flood; 2) West
African Sudano-Sahelian systems with emphasis on insed-resistant cowpeg and 3) grain
legume productivity.

Expeded Beneficiaries: Breeders, consumers, farmers, traders and transporters

Materials and Methods

Among the adivities under this projed is testing the genetic relatedness of five sources of
cowpea aphid (Aphis cracdvora) resistance Feld observations in Africa and California
indicae differential effeds of resistance sources on aphid popuations from different cowpea
production areas. Cowpea lines IT97K-5566, KvX29%5-2-124-99, an IITA wid dona line,
UCRO1-11-52SARCI-57-2, and 58-77 representing a set of resistance dona genotypes plus
known susceptible control lines were sead-multiplied and used in uniform screens in locations
acoss al projed NARS (Burkina, Ghana, Senegal) and California.

The uniform test design for the aphid resistance assessment was developed by the projed team
during 2013 We adopted a fieldi based screen developed in California. This is being used in
conjunction with a screenhouse-based assay developed by SARI, Ghana in which 5 aphids are
placed on aonewee-old sedlling.

Led samples of over 200 individual plants from Thrips/Striga popuation were sent and
recaved in good form at UCR for genotyping on the SNPs platform. The entire popuation
have also been phenotyped for Thrips and Sriga at Manga station of CSIR-SARI

Results/Major Findings

A preliminary screening of some of these lines from our lab at Manga has shown different
sources of genes for aphid resistance. The way forward is to confirm these and other sources of
resistance and start a crossing programto pyramid these genes.

Four individuals out of 9 that were found with no Striga attachment also recorded Thrips
popuation of 2, 6, 7 and 10 out of ten flowers sanpled. These are currently being evaluated to
vdidate the results and the five improved lines will be the redpients of these genes and
markers are finally identified for these genes.

Conclusions/Recommendations

Collaboration in the charaderization (moleaular fingerprinting) of the aphid sampled from the
different zones has been established with University of Illinoi. Sanples of aphids, parasitic
wasp, Thrips, Maruca and pod sucking bugs from the projed site in Upper East Region have
been sent to US for genotyping. The results from the different West African courtries on the
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projed is expeded to explain the variation in the performance of the different sources of aphid
resistant cowpea lines in different zones.

Increasing accessto Frafra Potato Germplasm Diversity by Farmers and
Breeadersin Ghana

Principal Investigator: Francis Kusi and Stephen K. Nutsugah
Collaborating Scientists: | Sugri, A. Peter, RAL. Kanton, M. Zakaria, S. Lamini
Estimated Duration; 3years

Sponsors: WAAPP 2A

Location: Manga

Background Information and Justification

The frafra potato projed seeks to out-scae integrated crop and pests management strategies to
frafra potato growers. Increase frafra potato production by deploying €lite varieties to farmers,
increasing scae of production by stem cutting techndogy, to colled and document germplasm
of frafra potato and multiplication and evaluation of frafra potato varieties with farmer
participation. The adivities caried out during the reporting period include multiplicatio n of
frafra potato germplasm, demonstrations to out-scde proven techndogies for frafra potato
production. Other adivities include frafra potato morphdogicd charaderization,
demonstration of planting frafra potato by stem cutting, farmer field schod, field days. A
survey was also conducted to identify current on-farm storage operations of Frafra potato and
critically develop strategies to improve postharvest storage of the tubers. Postharvest handling
and evaluation of storage methods to prolong the food quality of months after harvesting was
studied.

Objedives
i Provide training and extension services on integrated crop and pests management

strategies to frafra potato growers

ii. Increase frafra potato production by deploying elite varieties to farmers

iii. Colledion and documentation of frafra potato in areas identified as geographicd gaps
in collection

iv. Development of database of frafra potato germplasm

V. Multiplication and evaluation of frafra potato varieties with farmer participation

Expeded Beneficiaries: Breeders, consumers, farmers, traders and transporters
Materials and Methods

i. A survey to identify current on-farm storage operations of Frafra potato and criticaly
develop strategies to improve postharvest storage of the tubers.
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ii. Cemplasm Multiplication: Colledions from PGRRI, farmers in Upper East and
Upper West Regions were multiplied at Manga station of CSIR-SARI

iii.  On-Farm Demonstration to out-scae proven techndogies for frafra potato production
to farmers.

iv. Frafra Potato Morphdogicd Characterization, gathering data on agronomic and yield
parameters.

v. Demonstration of planting Frafra potato by stem cutting. The techndogy was out -
scded to Frafra potato farmers as one of the means to solve the constraint of
inadequate planting meterials that has limited their scae of production.

vi. Farmer field schod (FFS and field days: the germplasm multiplication site and the
demonstration site were used to organise field days and FFS to train the farmers.

vii.  Postharvest handling evaluation: Post harvest evaluation is currently on-going at
Manga station which is looking at different crop residues as storage materials and
the use of partial evaporative cooler to exend the food quality of frafra potato
months after harvest.

Results/Major Findings

Planting of frafra potato by stem cutting is one of the success stories of the projed. The
techndogy has been identified as one of the mgjor means to solve the constraint of inadequate
planting materials that has limted the scde of production of most of the farmer. There are also
good number of farmers who are not into frafra potato farming just becaise of lack of planting
materials. The techndogy on planting by stem cutting is therefore a mgjor intervention towards
increased Frafra potato production in Ghana.

The demonstration of the improved technadogies for frafra potato production saw an increase in
tuber yield of over 100% in the improved technodogy field over the farmer pradice The
increased in tuber yield was as result of combined effeds of recommended spadng, timely
weed control, fertilizer application, pests and diseases management and timely harvesting

The survey found that storage in eath pots mixed with sorghum or millet husk is the dominant
method. The small tubers are mixed with ash or millet husk or sorghum husk, put in airtight
clay pots or gourds and stored in a cold room. The pot is open only prior to planting in the next
season. The sewnd dominant storage methods is where the setts are wrapped in a thatch mat
and hanged under tree shade or under shade of summer hut. The nature of damage during
prolong storage ranged from sprouting (411%), excessive shriveling (181%) and tuber rot
(8.5%). Despite the high losses incurred, farmers use only indigenous methods to reduce
losses.

A total of 51 gernplasm of frafra potato were multiplied and charaderised at Manga station
during the reporting period. These were colleded from Plant Genetic Resource Reseach
Institute (PGRRI) Bunso, farmers in Upper East and Upper West regions. The data on
morphologicd charaderisation of these lines together with agronomic and yield parameters are
being conpiled for analysis. The projed team anticipate to seled at least 10 promising lines
which will be criticd evaluation in a participatory approach and release as variety. Ten
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demonstrations were established on-farm to demonstrate proven technadogies for frafra potato
production, planting by stem cutting was also demonstrated to the farmers. The farmers were
trained on the demonstration plots using farmer field schod approac. Field days were also
held both at the demonstration sites and the germplasm multiplication site. A total of 2,525
farmers were read out by the projed during the reporting period.

Conclusions/Recmmmendations

Evaluation of postharvest handling and storage using different crop residues and storage under
ambient temperature and under partial evaporative cooler condition are currently on-going. The
preferred lines from the two regions and PGRRI will be put into participatory evaluation trials
in the comnunities as part of the effort to release elite varieties for the farmers. The
demonstration of the proven techndogies, including the stem cutting propagation method will
also be out-scaed to 20 comnunities.
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PEARL MILLET IMPROVEMENT

Deployment of improved early maturing genotypes of Pearl mill et to
farmers

Principal Investigator: P. A.ASungre
Collaborating Scientists:R. A. L. Kanton, | Sugri
Estimated Duration: 5 Yeas

Sponsors: WAAPP 2A/SARI core

Location: Upper East Region

Background Infor mation/Justification/Intr oduction:

Peal millet is among the important staple cereds in northern Ghana. However, the ladk of
improved varieties and proper intensificaion systems led to adedine in peal millet yields over
the yeas. Reseach efforts in breeding stable, high yielding and disease resistant/tolerant
varieties as well as appropriate agronomic packages are crucial if current production levels (<1
t/ha) are to be increassed to med the ever increasing demand for food in the region. Rainfall
amounts on annual basis continue to fluctuate with souring temperatures due to climate change.
The ability of peal millet to reliably produce under hot, dry, low and erratic rainfal conditions
on infertile soils of low water-holding capadty where other crops generaly fail, makes it a
better choice for the region. The CSIR-SARI has developed ealy maturing, inseds, pests and
diseases resistant peal millet varieties which are being evaluated for subsequent relesse for
production.

Objedive:
To release and intensifying the promotion and utilization of improved peal millet varieties
developed by the CSIR-SARI.

Expeded Beneficiaries:
Food and comrercial farmers and input deders of Upper East Region .

Materials and Methods:

Five (5) improved genotypes of ealy millet developed over the yeas using reaurrent selection
and subjeding the materials to very high seledion pressures were used. These are Bongo Short
heal, Tongo Yellow, Arrow hea, Bristled head and SOxSAT. Manga nara was used as alocd
ched. A conplete dossier on al five improved genotypes developed over five yeas and tested
aaoss al the districts of Upper East region was compiled following the required guidelines
was subjeded to intense editing and critique to ensure that the document could stand the test of
time. The dossier contained information on morphoogicd charaderistics, economic
importance, sensory evaluation, preference by farmers and proximaete analysis among others.

One aae ead of breeder seal field of the proposed genotypes was planted at the Manga station
during the 2014 cropping season. This was done following the recomnendation that see field
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should be at least 30 meter apart to prevent cross pallination or contamination. The seeds will
be made available to seleded seed growers in the region for multiplication for incressed seed
production.

Major finding/Results

The conplete dossier was submitted to the NVRRC as part of the requirement for inspedion
24" September 2014 Issues that were pointed out during the first visit were addressed and
presented again on the 30" March 2015 for final inspedion.

Bredaler sedals of all five candidate genotypes (SOXSAT, Arrow, Tongo Yellow, Bongo Short-
heal and Bristled head) and three late millet lines (Langbense, Salma | and Salma Ill) were
processed and stored at Manga.

Table 82: Brealer seed production in2014 at Manga

Genotype Brealer seed produced
(Kg)
Bongo Short-Head 56
Tongo Yellow 98
Bristled Long-Head 72
Arrow Hed 54
SOXSAT 48
Sama | 45
Sama 11 51
Langensi 41
Total Seal 465

Conclusion/Recommendation

Final inspedion fields were established in Manga during the 2015 cropping season. It was
expeded that the NVRRC would visit the field in July, 2015 for the final inspedion and
recommendation for relesse. The outcome would pave the way for breeder seal of the
improved genotypes to be produced ead yea to med the demand of farmers and see
growers.
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Evaluation of Pearl millet hybrids for adaptation to the semi-arid agro-
ecology ofnorthern Ghana

Principal Investigator: Asunge Anabire Peter

Collaborating Scientists: IDK Atokple, SK Nutsugah, K Oboul, and RAL Kanton
Estimated Duration: June, 2012 - Decerber, 2014

Sponsors: SARI & Sugars Projed

Location: Manga and Nyankpala

Background Infor mation/Justification/I ntr oduction:

Peal millet is one of the most important cered crops in the Upper East Region of Ghana where
it serves as a hunger-breaker immediately after the long dry season and is the only cered that
reliably provides grain and fodder under dry conditions on shallow, addic and sandy soils with
low fertility and low water holding capadty. Over the yeas, farmers have been growing their
locd materials which have lost their potentials due to long period of use without improvement.
Hybrid millets have not been used in Ghana as a way to mitigate the poor performance of the
open-polinated varieties (OPV) farmer variety. Peal millet breading in Ghana has
concentrated on the development of OPVs. A new initiative is underway to evaluate hybrids
adapted to the West African sub region as these are likely to have at least 25-30% grain yield
advantage over OPVs (Andrews and Rajewski 199Q 1991 Dave 1986. It was therefore in the
light of this that this evaluation was caried out.

Materials and Method:

The exerimental materials were GB 8735 ICTP 8203 Tabi-B9, NBH 4599 NBH 498 and
Bongo Short Head (chedk). The experimental design was Randomized Conmplete Block with 4
replications. Bullocks were used to ridge the experimental field during land preparation. The
plots consisted of 6 rows of 5 m length. Inter-row spadng was 0.75 m and intra-row spadng
was 0.30m. Four to six seals were planted per hill and later thinned to one plant per hill to
obtain a plant popuation density of approximately 44,445 plants/ha. Split application of
fertilizer was done at a rate of 40 kg N/ha and 30 kg P20s and 30 kg K20 per hedare. Some
standard agronomic pradices and data as recommended for peal millet production in Ghana
were strictly adhered to and included growth and development, yields and pests and diseases
data.

Major Findings/Results: All materials except GB 873 showed resistance to downy mildew
disease which was significant in 2013 (Fig. 29).
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Figure 33: Responseof themaerial to Downy mildew incidences over twoyeasin Manga

However, in 2014 ICTP 82 had significantly lower incidence compared with al the others.
The introduced meterials were not significantly different from the locd ched for the trait of
downy mildew resistance even though the hybrids tended to show more incidence than the rest
in 2014 season. On the average, al the materials including the chedk showed resistance to
downy mildew over the two yea period even thoudh GB 8735 recmrded an average value
above 10% in the 2013 season. In 2013, TABI-B9, NBH 49(B and ICTP 82@ had seel size
less than 10 cm while in 2014 it was only NBH 49® (Table 75). Again NBH 4903 and ICTP
820 were similar in grain size but different from the others while mean grain yield for TABI-
B9 was significantly lower than the others.

Andrews and Rajewski (1990 1997 and Dave (1986, report that good hybrids will yield 20 to

30% more than the best open-pollinated cultivars of comparable maturity. Grain yield levels of
up to 5.3 t/ha have been recorded for hybrids (Christensen et al. 1984.All the others did not
show significant variation in grain yield among themselves in 2013 However the yields for all
the materials were low in 2014 recording yield less than one ton per hedare except the two
hybrids. Since 2012 NBH 459 (2.1, 1.7 & 1.1t/ha) and NBH 49 (2.6, 1.6, & 1.0t/ha) have
consistently recorded yield above one ton per hedare. The results indicae that these two
hybrids can conpete favourably with the improved locd chedk for grain and stover yields, and
thousand sead weight (Tables 75).
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Table 83: Performance of hybrid mill et under the emlogy of northern Ghana

Var/Yea Grain Grain 1000 1000 Panicle Panicle Panicle Panicle
yield/ha yield/ha seadwt sed girth girth length length

(kg) (kg) (9) wt (@) (cm) (cm) (cm) (cm)
2013 2014 2013 2014 2013 2014 2013 2014
GB 875 1468 958 1099 1111 898 9.30 2223 24.85
ICTP 1297 938 7.92 1011  7.08 7.75 3198 27.15
8203
NBH 1709 1108 1050 1164 1023 935 2390 2470
4599
NBH 1555 1000 9.05 1046  9.60 9.40 2585 2640
4903
TABI-B9 727 650 7.75 9.15 6.38 6.55 34.00 3475
BSH 1773 1246 1197 1081 1115 1045 1203 16.15
Mean 1421 983 9.70 1054 8.90 8.80 2500 2567
Lsd (0.05) 515**  ns 1.42* ns 0.64**  1.12*%  422% G G5%*
CV% 241 255 97 195 4.7 8.4 112 144

Conclusions/Recmmmendations

The results have clealy shown the impressive performance of the hybrids NBH 459 and NBH
4903 Their superior grain yield can be further tested on-farm to validate the results and
possibly recommended for relesse.

Preliminary Yield Trials for Early, Medium & Late maturity groups

Principal Investigator: PA Asunge

Collaborating Scientists: F Kusi, SLamini, RAL Kanton
Estimated Duration: 3 Yeas

Sponsors: WAAPP 2A

Location: Manga Reseach station

Background Information and Justification: In 2010, a total of 126 peal millet germplasm
was colleded throughou Upper East, Upper West and Northern regions of Ghana Initia
charaderisation was done in 2011 and 2012 30 core seledion of the accessions were put into
early, medium and late meturity groups for further charaderization and evaluation work on-
station under Preliminary Yield Trials at the Manga station.

Objedive: To evaluate the available peal millet landraces adoption by farmers
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Expeded Beneficiaries:
Food and comnercial farmers and input deders of Upper East region and other interest groups
as well as neighbouing courtries.

Materials and Method

Thirteen genotypes eat of the ealy, medium and late maturity groups constituted from the
2011 charaderisation work, were composed into three different trials based on meturity groups.
The experimental design was Randomized Conplete Block with 2 replications. Bullocks were
used to ridge the experimental field during land preparation. The plots consisted of 4 rows of 3
m length. Inter-row spadng was 0.75 m and intra-row spadng was 0.30m. Split application of
fertilizer was done at arate of 40 kg N/ha and 30 kg P.Os and 30 kg K2O/ha

Major Findings/Results:

PYT 1 Early maturity group

The results (Table 76) show that there were no significant differences among the genotypes in
resped of threshing per cent. However downy mildew incidence (%), grain yield, panicle girth
and thousand seed weight all were highly significant. The improved genotypes tended to record
relatively lower values of downy mildew than the accessions though not statisticaly
significant. Again Bongo Short head, SOXSAT and Tongo Yellow gave average yiel ds above
one ton per hedare. One of the accessions falled to germinate after a number of refilling.

PYT 1 Medium maturity group

The medium meturity group did not show any statisticd difference among the accessions for
traits such as downy mildew, grain yield, panicle length, thousand seed weight and threshing
per cent (Table 77). Seven out of the thirteen acaessions had average grain yields above
thousand kilograms. All the accessions with grain yield values less than thousand kilograms
recorded values less than the overall average of 937 kg hal. SARMIL 095 with the least yield
vaue of 341 kg ha' also had the least threshing percentage of 34.40%. Except SARMIL 05
whose thousand seal weight was less than 10g (9.86), al other accessions had values ranging
from 1066g for SARMIL 09 to 1294g for SARMIL 124 The range for Panicle length was
215 cmand 268 cm with an overall mean of 238 cm

PYT 1 Late maturity group

With the late group it was observed that except for grain yield and panicle length, there were
no significant differences among the accessions for downy mildew, thousand seed weight and
threshing percentage (Table 78). Grain yield among the accessions showed varied levels of
significance with yields as low as 528 kg ha! (SARMIL 024 and SARMIL 036 to as high as

222 kg ha'l (SALMA 1ll). Beept for SARMIL 024 which had downy mildew incidence of

19.3%, all the others had values less than 10.0%. The three improved late millet genotypes

(Langbense, Salma | & IlI) all had grain yield values of 200 kg ha and above.
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Table 84: Performance of Early maturing group in 2014 at Manga

Genotype DM Grain Panicle 1000 Sed Threshing %
Incidence Yield per girth Weight (g)
% ha (k) (cm)

1 SARMIL 077 1518 128 6.94 135 417
2 SARMIL 08 1102 235 1077 157 582
3 SARMIL 092 1016 151 106 144 389
4 SARMIL 102 9.79 512 83 144 56
5 SARMIL 104 815 517 1256 187 617
6 SARMIL 113 1093 99 834 132 505
7 Arrow 377 666 8.32 123 604
8 Bristled 282 653 1136 168 47.3
9 BSH 365 2018 1133 131 67.6
10 SS 219 1008 9.29 128 55
11 TY 292 1762 1147 187 719
12 FVv 381 906 1183 165 633
Grand Mean 7.3 721 10.04 17.34 56
LSD(0.05) 391*  6747** 2.263** 257** NS
CV% 252 425 10.2 6.7 18.2

** =p<0.01, *=p<0.05, ns=Not Significant, BSH=Bongo Short Head, SS=SOXSAT,
TY=Tongo Yellow, FV=Farmer Variety

232



Table 85: Paformance of Mediummaturing g-oupin 2014 atManga

Genotype DM Grain Panicle 1000 Sed Threshing %
Incidence Yield per Length Weight (g)
% ha (kg) (cm)
1 SARMIL 02 472 1381 26.8 1088 437
2 SARMIL 05 7.76 792 244 9.86 527
3 SARMIL 09 4.39 1009 234 1066 404
4 SARMIL 110 7.72 803 22 1118 519
5 SARMIL 121 1174 398 245 1283 425
6 SARMIL 124 787 903 234 1294 544
7 SARMIL 016 4.13 1100 254 1098 59
8 SARMIL 044 6.61 1107 218 1248 574
9 SARMIL 053 7.03 706 215 10.09 478
10 SARMIL 070 3.88 1441 238 1188 55.4
11 SARMIL 082 37 1004 22 1229 548
12 SARMIL 091 6.12 1194 278 1221 514
13 SARMIL 095 4.18 341 226 1115 344
Grand Mean 6.14 937 238 1149 49.7
LSD(0.05) NS NS NS NS NS
CV% 39 346 154 16.3 184

** =p<0.01, *=p<0.05, ns=Not Significant
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Table 86: Performance of Late maturing goupin 2014 atManga

Genotype DM Grain Panicle 100 Sed Threshing
Incidence Yield per Length Weight (g) %
L % ha (kg) (cm)
1 LANGBENSE 30 2111 2330 9.70 56.9
2  SALMA | 36 2000 2530 1175 55.0
3  SALMA I 22 2222 2575 1084 60.1
4  SARMIL 024 193 528 2025 1089 40.4
5 SARMIL 026 38 1167 24.00 1109 539
6 SARMIL 036 6.1 528 16.80 7.09 458
7 SARMIL 050 49 1583 24.80 9.18 50.8
8 SARMIL 04 9.2 1000 2820 9.85 54.4
9 SARMIL 060 35 1222 2190 8.49 300
10 SARMIL o&4 7.6 878 2220 1126 529
11 SARMIL 069 49 583 24.70 1018 436
12 SARMIL 074 52 611 22.60 1070 408
13 SARMIL o&4 83 1017 2350 1029 59.7
Grand Mean 6.3 1188 2333 10.10 49.6
LSD(0.05) NS 10054* 4.91* NS NS
CV% 944 39.2 9.7 137 215

** =p<0.01, *=p<0.05 ns=Not Significant
** =p<0.01, *=p<0.05 ns=Not Significant, BSH=Bongo Short Head, SS=SOXSAT,
TY=Tongo Yellow, FV=Farmer Variety

Conclusion/Recommendations :

The results indicae that the improved ealy and late genotypes are superior to the core
seledion from the accession. However, there are traits that can be explored from the core
seledion for further breeding purposes. The medium maturity group has a good number of
accessions with yield potentials that can be advanced further through seledion against downy
mildew. The three late maturing genotype (Langbense, Salma | & Sama lll) are being
prepared for on-farm evaluation during the 2015 cropping season.
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Breeding Local Pearl millet varieties for resistance to diseases and bird
attacks

Principal Investigator: PA Asungre

Participating Scientists: RAL Kanton, SLamini, F Kusi, | Sugri
Estimated Duration: 6 Yeas

Sponsors: SARI Core and WAA PP 2A

Location: Upper East Region

Background Information and Justification

Bird and Insed attadk on Peal millet has been a mgjor hindrance to large scde production of
the crop in the its natural emlogy. As an ealy maturing crop that often matures in July -August
every yea, it is proneto bird and insed attadk due to unavailability of feed for such pests at the
time. To be able to overcome this problem, a breading programme was started to introduce the
bristle trait found in one locd genotype, which has been prepared for release in the region into
some other genotypes. These other genotypes have equally good traits and are accepted by
most farmers in the region.

Objedive: To Develop varieties resistant/tolerant to abiotic and biotic facor militating against
millet production in the region

Expeded Beneficiaries:
Peal milet breaders and curators and other interest groups within and outside Ghana.

Materials and Method: Using Full sib and half sib crosses, a number of F1 were generated
form BSH x Bristled head and Soxsat x Bristled head. The work is transfer the bristle trait to
the BSH and Soxsat genotypes. Some of the desired F1 plants were used to backcross with the
parents to generate new popuations. These are being screened through seledion to come out
with the best five for further evaluation

Results and findings:

1. The F5s (BSH x Bristled) are going through segregation process as part of getting
disesse resistant and high yielding millet varieties for adoption by farmers. This
process will continue till a fairly stable popuation is achieved with the bristles fixed
on the heals

2. Badkcross work on F2 sedals (bristled SOXSAT) of Bristled x SOXSAT to produce
BC1 using both half-sib and full-sib methods conpleted and seed harvested. Another
cycle to produce BC2 under irrigation is on-going at the Manga station. The essenceis
introgress to bristle trait into the SOXSAT variety to control bird and insed attadk

3. A new popuation of brown-seeded BSH is at the F3 stage as well

Conclusion/Recommendations: The Breeding programne is on-going as it is a process
through which new and interesting traits can be discovered for more brea-through in breeding
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work. Some of the line would be subjeded to intensive seledion pressure to come out with
good meterials for evaluation and further testing.
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POST HARVEST

Participatory evaluation of some improved storagemethods to reduce
postharvest lossesin maize and cowpea

Principal Investigator: I. Sugri

Participating Scientists: M. Abubakari, A. Larbi, S.SJ. Buah, SK Nutsugah, M. Zakaria
Start Date: June 2013

Estimated Duration: 3 Yeas

Sponsors: IITA/Africa Rising

Location: Upper East and Northern Region

Introduction

Insed pests continue to be amgjor constraint in the production of food and fibre crops. Attadk
of these pests can result in complete crop failure if not properly managed. Most of the inseds
in storage are caried over from the field due to delayed harvesting, poor drying and handling
at storage. Stored-product arthropods can cause serious postharvest losses up to 20% if the
produce is not properly conditioned for storage. These losses represent a huge mass of grain
that could be made available for food without use of additional land, seed, labour, water and
other inputs. Most storage methods are unable to proted the produce from biologicd, physicd
and environmental hazards such as insed pests, rodents, disease pathogens, water imbibition
and fire, among others. These pests therefore have to be controlled for improved yields and
quality in order to improve income and livelihood of farmers.

Objedive: To conduct participatory on-farm evaluation of different storage methods and grain
protedants for prolong storage of maize and cowpea

Beneficiaries: The study was expeded to deploy and disseminate some improved methods to
farmers in order to reduce on-farm storage losses. The communities include Bonia, Tekuru and
Samboligo in the Upper East region (UER) and Gbanjong, Tibograayili, Duko and Tabali in
Northern region (NR).

Materials and Methods

A total of 21 experimental set ups consisting of 12 farmers from 4 communities in Northern
Region (NR) and 9 farmers in Upper East Region (UER) were established. Initial samples were
obtained and subsequent sampling was conducted in February, May 2014 and November,

2014 Data colleded included moisture content, weight and number of damaged and

undameged grains for caculating weight loss, and insed court.

Results

Losses in maize

The estimated postharvest losses (%) of meize after 12 months of storage in NR and UER are
summarized in Tables 79 and 80 respedively. After 4 months of storage, grain stored in PICS
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sacs and plastic druns recorded no or very minimal damege. By 12 months after storage acoss
comnunities, grain stored in PICS sacs and plastic drum recorded similar low losses (%). High
losses were observed in the jute sacs irrespedive of the method of grain protedion acoss
locations and communities. The treament effed showed no significant difference between
phostoxin and adellic, but the two types of protedion were consistent better the control. Some
variation in losses was noticed between Northern and Upper East regions. Weight loss in jute
sacs, the comnmon method of storage ranged from 395 to 77.2% at 12 MAS aaqoss
communities in NR. Somehow lower range of 0.95 tol7 % was recorded at 12 MASin the UE

Table 87: Estimated postharvestlosses (%) in maize after 12 months of storagein UE region

Storage Type of gran Communities Total
method protection Bonia Tekeru Samboligo
Jute sacs Control 6.64 1.08 1794 8.55
Actelic Supper 0.95 0.39 0.56 0.63
Phostoxin 0.46 2.08 7.56 3.37
PICS sacs  Control 138 01 04 0.63
Actellic Supper 0.37 0.93 014 0.48
Phostoxin 0.27 0.89 1.18 0.70
Plastic Control 0.07 031 1.70 0.69
drum Actelic Supper 037 12 0.56 0.66
Phostoxin 0.00 0.87 7.56 0.38
115 0.87 335 179

LSD 0.05 (Community * Storage method * protedion)= NS

Table 88: Estimated postharvest losss (%) in maize after 12 months of storagein Narthern Region

Method of Method of Communities

storage protedion Botingli Gbanjong Tibali Tiborgnayili

Jute Control 69.8 756 395 705
Actellic 726 744 618 67.2
Phostixin 763 772 565 69.7

PICS Control 0.00 050 0.00 0.29
Actellic 0.19 0.20 0.50 0.19
Phostixin 0.00 0.19 0.00 0.23

Plastic Control 0.00 031 0.40 0.19

drums Actellic 0.00 0.30 0.00 021
Phostixin 0.00 0.30 0.00 0.70

LSD 0.05 (Comnunity * Storage method * protedion)= 4.5

Lossesin Cowpea

The extent of reduction in postharvest losses (%) of cowpea after 12 months of storage is
summerized in Tables 81 and 82 The results and trend of infestation were similar to the study
involving maize. Overall, the method of storage was the most criticd determent of grain
quality after the 12 months period. By 12 nonths after storage acoss communities, grain
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stored in PICS sacs and plastic drum recorded low losses of 0.00 to 182%. Across
communities high losses (46.1 to 999 %) were observed in the jute sacs irrespedive of the
method of grain protedion. The treament effed showed no significant difference between
phostoxin and adellic, but the two types of protedion were consistently better than the control.
The high losses (up to 18 %) in the two hermitic method (PICS sacs and plastic drums) could
be due to pre-storage infestation which is related to poor pre-harvest operations including
delayed harvesting and inadequate drying.

Table 89: Estimated postharvest losses (%) in cowpea after 12 months of storage in UE region

Storage Type of grain Communities Total
method protedion Bonia Tekeru Sambaligo

Jute sacs Control 999 99.9 17.7 723

Actellic Supper 738 724 461 64.1

Phostoxin 950 623 623 732

PICS sacs  Control 84 9.8 39 7.37

Actelic Supper 502 0.22 5.12 345

Phostoxin 0.26 0.24 4.2 294

Plastic Control 83 73 132 345
drum Actellic Supper 7.6 0.25 0.37 2.8
_Phostoxin 026 026 262 11

226 155 173 291

LSD 0.05 (Commuhitv * Storage method * proted'ion): NS

Table 90: Estimated postharvestlosses (%) in cowpea after 12 monthsof storagein Na'thern Region

Method of Method of Communities

storage protedtion Botingli Goanjong Tibali Tiborgnayili

Jute Control 728 781 60.2 723
Actellic 744 744 528 765
Phostixin 729 578 711 685

PICS Control 0.00 5.8 27 10
Actellic 0.00 114 0.00 121
Phostixin 0.00 7.0 0.00 109

Plastic Control 0.00 9.2 6.8 179

drums Actellic 0.00 105 0.00 182
Phostixin 0.00 4.1 55 0.00

LSD 0.05 (Comnunity * Storage method * protedion) = 6.62

Conclusion

To a large exent therefore, the method of storage was the most criticd determent of grain
quality after the 12 months period. The response of the two hermitic method (PICS sacs and
plastic drums) suggest the criticd role of good pre-harvest operations and clean grain prior to
storage. Grain infestation in hermitic storage units is highly related to pre-storage grain
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quality. It appeas that programnes initiated by the Ministry of Food and Agriculture (MoFA)
to develop long term programmes to assist farmers to reduce storage losses through
dissemination of improved postharvest techndogies have several chalenges. Our interadions
showed that farmers were aware of the peauliar high losses in cowpea storage, but they showed
generally poor knowledge of the appropriate control strategy to adopt. Ongoing programmes
such as the IITA- Africa Rising Projed and WAAPP2A may neal to provide access to
particularly PICS sac to reduce current on-farm losses in the intervention communities

Prevalence study for aflatoxins contamination in maize and groundnut in
farm stores

Principal Investigator: 1. Sugri

Participating Scientists: M. Osiru, A. Larbi, S.SJ. Buah, S. Lamini, Y. Asieku
Start Date: June 2013

Completion Date: June 2014

Sponsors: ICRISAT/IITA/Africa Rising

Location: Upper East and Upper West Regions

Collaborating Institutions: CSIR-SARI, IITA/ICRISAT/Africa Rising, MoFA

Introduction

Maize and groundnu are essential conporent of the diet for many households in Ghana
However, aflatoxin contamination in maize and groundnu grain is still a mgjor food safety
concern due to a myriad of pre-to-postharvest fadors. Aflatoxin contamination in grain is
considered as a magjor non-tariff barrier to international trade since agricultural products that
exceal the permissible levels of contamination (4-15pb) are banned. About $12 billion in
commerce is lost annually due to AF contamination, with African ecnomies losing $450
million ead yea (IITA, 2013. The fung responsible for the production of toxins are mainly
Aspergillus flavus, A. parasiticus and A. nomius (Waliyar et al., 2008. Fadors influencing
high incidence of aflatoxins include poor agricultural pradices during planting, harvesting,
drying, transportation and storage (Moss, 1999. The extent of contamination may vary with
geographic locaion, agronomic pracdices, and the susceptibility of comnodities to funga
invasion during pre-harvest, storage, and/or processing operations.

Objedive: To assess aflatoxin contamination in maize and groundnu value chain in order to
determine consumer risk to aflatoxins in Ghana

Materials and methods

The study was conducted in 6 districts in the Upper East and Upper West Regions of Ghana
from November to Decamber 2013 to assess AF levels under farmer storage conditions. A total
of 240 respondents in 24 comnunities were covered, and grain maize (240 samples) were
obtained for AF analysis. Grain sanples (240 sanples) were obtained from farmer storage
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units: granaries, cribs, barns, bags or silos of the respondents. The samples, ead weighing up
to 50-100g, were analysed for total aflatoxin at the Plant Pathology Laboratory of ICRISAT,
Mali, using the Indired Enzyme Linked Immunosorbent Assay (ELISA) method.

Results

Aflatoxin prevalence in maize

Generally, wide variations within and acoss comnunities and districts was noticed (Fig. 31).
Thoudh no regional variation was noticed, AF prevalence in Garu-Tempane and Wa-West
districts was generally high compared to counterpart districts. The general range was from

0.011 to 308ph. Overall proportion of samples based on various standards for safe limits of

total AF (ppb) is sumnmarized in Table 83. Using various standard limits, up to 189 sanples

(78.8%) fell within EU Standards of <dppb, 220 samples (917%) fell under USA Standards of

<15pb and 224 samples (929%) had AF levels within safe limits by the WHO Standard of

<20ppb. However, these samples were obtained within 2 months after harvest.

35

30.5
30

25

=
g
—= 20
= 17.
=
o
= 15 13
=
o E
E 10 E
= 7 =
5 =
2.3 =
0o 77 1511 1412 1113 E 1
0 = = _= = o =2 o= = = E = = = =
£ 7 2 £ 525 £ 5558 E:EE2 B2 3
© =4 = c o | o 2 £ | = a @ = © e = S 1= T o o
£ & = g El® & = § E ¥ = ©9|= E s © = L
c = © = | = = o [G] =}
2 = g =4 B ] s
= =) =
Garu Bongo Nabdam lirapa Wa-west Nadowli

Figure 34: Afflatoxin prevalence (ppb) in maize samples from 24communities
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Table91: Digtrict analysisof the proportion of samples considered safe for consumption based
on various safe limits for total aflatoxins (maize)

EU USA WHO Animal Excessive
Districts Standar d Standar ds standar ds Feal Levels
(<4ppb) (<15pph) (<20pph) (20to (> 100pph)
100ppb)
Bongo 33 (825) 38 (95 39 (97.5) 1 (25 -
Gar u- 11 (275) 33 (825) 34 (85 6 (15 -
Tempane
Nabdam 40 (100 40 (100 40 (100 - -
Jirapa 38 (95 39 (97.5) 39 (97.5) - 1 (25
Nadowl i 37 (925) 37 (925) 37 (825) 1 (25) 2 (5
Wa-West 30 (75 33 (825) 34 (85 3 (75 3 (75
Total Freq. 189 220 223 11 6
Oweral (%) 788 917 929 46 240

(a) Values in parenthesis are valid percentages (%) of responses; (b) number of respondents was 40 per
district; (c) 240sanples were collected in Noverrber to Decenber 2013;about 4-8 weeks after harvest.

Aflatoxin prevalence in groundnut

A similar trend was noticed in groundnu aaoss comnunities and districts (Fig. 32). The
prevalence range was from 0.2-15469ppb with wide variations occurring within and acoss
commnunities and districts (Table 84). Based on various standards for safe limts of total AF
(ppb), up to 173 samples (721%) fell within EU Standards of <4ppb. Another 216 (89.6%)
samples fell under USA standards of <15ppb. Cunulatively, 223 samples (929%) had AF
levels within safe limits by the WHO Standard of <20ppb. However, these samples were
obtained in less than 2 months after harvest.
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Figure 35: Afflatoxin prevalence (ppb) in groundnutsanples from 24 communities
Table 92: Propartion of total aflatoxins based onvariousstanda ds(groundnu)
EU USA WHO Animal Feed Excessive
District Standard Standards standards (upto Levels
(uptodppb) (upto 150phb) (upto20ppb) _10Qopb) (> 10Qpb
Bongo 26 (65) 38 (9H 38 (95 40 (5)
Garu-Tempane 3 (7.5) 21 (525) 27 (67.5) 9 (225) 4 (10
Nabdam 39 (975 40 (100 - - -
Jirapa 35 (87.5) 38 (99 - - 2 (B
Nad owli 38 (95 40 (100 - - -
Wa-West 32 (80 39 (975 40 (100 - -
Freq. 173 216 223 11 6
% 721 89.6 925 4.6 29

(8 Vaues In parenthesis are valid percentages (%) of responses; (b) number of responcents
was 40 per district; (c) 240 samples were colleded in November to Decerber 2013 about 4-8
weeks after harvest.

Conclusion

Integrated approaches consisting of food safety awareness campaigns and strengthening
collaboration among stakeholders in maize/groundnu value chains will be necessary to achieve
ressonable success. . Although quite substantia information exist on risk of AF, the
respondents did not generally perceive AF as acriticd food safety issue. This is contrary to the
several fragmented projeds on AF management which were being inplemented by different
agencies in those districts. Thus requiring the need for greaer collaboration among the
partners to achieve considerable progress in this regard. The Food and Drugs Board, the main
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food regulatory agency in Ghana, should be strengthened to provide periodic testing for AFin
grain markets in addition to food safety education.
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SOCIO-ECONOMICS

Quality Rice Development Project (QRDP)

Principal Investigator: John Kanburi Bidzakin

Participating Scientists: Wilson Dogbe, Williams Atakora, S. K. Nutsugah, Julius Yirzagla,
Michad Maweya, Isagh Sugri and Inusah Baba

Estimated Duration: 36 months (January 2014 i Decarber 2016

Sponsors: AGRA

Location: Northern and Upper East Regions

Objedives

The goal of the projed is to contribute to the Government of Ghanaé objediv e of achieving
food seaurity and improved livelihood of smalholder farmers in the rice value chain by
strengthening their capadty for sustainable and conpetitive quality rice production.

The spedfic objedives of the projed are: (i) To incresse productivity of rice in smallholder
farming systems in the Northern and Upper East Regions of Chana, (i) Strengthen
institutional and organizational capadty of Farmer Organizations (FBOs) to enhance access to
services and (i) To increase marketing of locdly produced rice by smalholder farmers in the
Northern and Upper East Regions.

Materials and Methods: To adiieve these objedives, Farmers will be trained in good
agricultural pradices (GAP) including ISRV using demonstrations. Further, farmers will be
sensitized and trained on the benefits to be derived from using high quality premium rice
variety seeds. They will be linked to sources of quality seals and other inputs. Access to
appropriate financing for farmers will be given important consideration in the projed. Value
chain financing through partnership with aggregators and processors offers a good oppatunity.
In order to improve the quality of milled rice and hence its price, farmers will be linked to
aggregators and processors and trained in post-harvest handling, processing, branding and
padaging of rice In undertaking projed adivities, the inclusion of women at different levels
of the rice value chain is crucial to food seaurity and the increase of family income.

CSR-SARI, AMSIG Resources and TRIAS Ghana are the main partners to inplement this
projed with ead partner addressing one objedive. CSIR-SARI who will lead the projed will
also address issues related to objedive 1 that includes access to quality sedls, building the
cgpadties of farmers in good agronomic pradices for quality rice production and creding
awareness on Integrated Soil fertility management (ISFM). TRIAS will ded with Farmer
Organization cagpadty building issues in objedive 2 and AMSIG Resources will address
merket related issues in objedive 3 including post-harvest management, processing and
marketing. The projed will work with other partners like Premium food, Irrigation Company
of Upper Region (ICOUR), Bontanga irrigation Nucleus Farmers and FBOG&G with at least

10,000 farmers, aggregators, rice processing companies, and locd rice marketers along the rice
value chain. The projed will use the following promising models
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Results/Major Findings
Objedive One: To increase productivity of rice in small holder farming systemsin the
Northern and Upper East Regions of Ghana

=A =4 =4 -4 -4 -8 -4

Forty-four On-farm denmonstrations fields were established

All demonstration sites were visited and soil sampling done

2870 farmers in 18 projed communities were trained on GAP

Trained 10 Scientist and 15 AEASs on Rice Advice Software

Identification and production of 22 extension materials

Identify 4 quality seed producers and distributors and linked themto farmers

Creaed awareness on the importance and the profitability of the use of quality seed s
and other inputs through field demonstrations and comnunity video shows (1841
farmers participated)

Objedive Two: Strengthen institutional and organizational capacity of Farmer
Organizations (FBOs) to enhance access to services

il

f
f

144 FBOs comprising of three thousand six hunded and eighteen farmers (3,618
were profiled

Needs assessment of FBOs was carried out to identify capadty gaps

Formation of apex (district level) rice producer groups in Bontanga and Golinga
schemes

Training of apex Leadership on FBO Management

Training of Trainers (TOT) on Group Development and Leadership Dynamics
Community level training of Goup BExeautives on Group Development and
Leadership Dynamics

Fadlitate the formation and strengthening of women rice processors groups

Training of processors on group development and leadership dynamics

Training of Trainers (TOT) in Business Development Services and Financial
Management

Community level training of Group Exeautives on Business Development Services
and Financial Management

Provide technicd assistance to RCBs to design adapted and appropriate financial
products for FBOs

Objedive Three To increase access to market for locally produced rice by small holder
farmers in the Northern and Upper East Regions

il

f
f
f

Trained Farmers On Improved Harvesting, Post-Harvest, Storage Tecdhniques and
Quality Management

Training of Rice Farmers in favorable lowland and Irrigation Sites

Fadlitation of Accessto Post-Harvest Management Equipment

Train Aggregators, FBOs, and Processing Units on the use of ESSOKO and M Farms
as aManagement Tool

Identify and Seled Sites for Aggregation Points in Consultation with FOs and
Processors
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I Traned Farmers in Contrading, Colledive Marketing and Piloted the E-Zwich
Payment System
9 Training in inventory credit and Warehouse recapt system
1 Trained Producers and marketers in colledive Agricultural marketing and distribution
9 Training in procurement and contrading
9 Training in Padkaging and Branding
1 Training in Improved Parboiling Methods
Conclusion:

We will continue with this adivities in the next quarters and also expand our adivities by
bringing on board more communities to benefit from the projed. Two small scde enterprises
involved in rice processing cgoadties will be enhanced by suppating them with two
15MT/Hour rice mills.
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UPPER WEST REGION FARMING SYSTEMS RESEARCH
GROUP

The Upper West Region Farming Systems Reseach Goup (UWR-FSRG) is based at the
CSIR-SARI Wa Station in the Wa Municipaity. Currently the team has a membership of three
reseach scientists, Soil Scientist, Entonologist and Agricultural Economist. The teanG work
focuses on charaderizing and describing the farming systems of the region, identifying and
prioritizing constraints to increase sustainable agricultural production and generating suitable
interventions to address the prioritized problems of the farmers through adaptive on-farm as
well as on-station reseach. Besides, the team also has oversight responsibility of coordinating
the Reseach, Bxension and Farmer Linkage Comnitt ee (RELC) adivities in the UWR. This
report highlights adivities carried out during 2014 cropping season.

AGRONOMY

Integrated soil fertility management effectsongrain and fodder yields and
soil chemical and physical properties in cowpea-maize rotations

Principal Inwvestigator: S.S J. Buah

Coallaborating Scientists: Asamoah Larbi (IITA/Africa RISING-Ghana)
Estimated Duration: 20132016

Sponsors: IITA/Africa RISING

Location: Coriyiri, Nadowli District, Upper West Region

Background Information and Justification

Crop rotation involving cereds and grain legumes has been shown to increase grain yield, alter
soil stored water, increase soil N, inprove soil physicd properties (Bagayoko et al., 1992
Gakale and Clegg, 1987, and reduce yield variability. Organic nutrient resources such as
manure has been showed to improve soil physicd properties, increased water and nutrient
holding cgpadty (Sweden and Mathers, 1989, improved soil nutrient levels (Binder et al.,
2002, and increased grain yields. An experiment was initiated in 2013 to evaluate integrated
soil fertility management effeds on grain and fodder yields of maize and soil chemica and
physicd properties in a 2-yr cowpea-maize rotation in Goriyiri in the Upper West region of
Ghana

Objedives
Spedfic objedive were to:
(i) Evaluate the responseof cowpeato organic, minera fertilizers as well as Rhizobium
inoculants in rotation with meize;
(i) BEvaluate the performance of maize when grown in rotation with cowpea that receaved
different soil amendments.
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Expeded Beneficiaries

Dired beneficiaries: reseachers, agricultural extension agents and farmers.

Seonday beneficiaries: dependents of the farmers and reseachers, seal producers,
nutritionists, policy makers as well as NGOs.

Materials and Methods

In 2013 Integrated Soil Fertiity Management (ISAM) trial involving cowpea-maize rotation
was initiated in 2013 in Goriyiri in the Upper West Region to evaluate the response of cowpea
to organic (fertisoil) and minera fertilizers as well as Rhizobium inoculants in rotation with
maize. The experimental design was randomized complete block design with four replicaions
and seven treament combinations: (i) no soil amendment (Control); (ii) seed inoculation only;
(i) inoculants plus 60 kg P20s and 30 kg K2O/ha; (iv) inoculants plus fertisoil; (v) inoculants
plus PK plus fertisoil and (vi) recommended fertilizer rate (25-60-30 kg/ha as N, P-Os and
K20. The 7t treament was a continuous maize plot. The 2013 cropping season was the set-up
yea in which cowpea response to the various treaments was measured. However, rotation
effed of maize following cowpea that recaved the different fertilizer treaments was evaluated
in the second yea (2014 cropping season) alongside continuows maize in 2014

Farmers in the region do not usually apply fertilizer to cowpea hence the no soil amendment or
control represented the farmers pradice. Rhizobium inoculants (5g/kg of seead) and 1.5 t/ha of
fertisoil were applied at planting. In all trials, 60 kg P.Os/ha as Triple Superphosphate (TSP
and 30 kg K20 as Muriate of Potash (MOP) were applied at planting to plots that recaved
fertilizer P and K. Recmnmended fertilizer rate was 25-60-30 kg as N, P20s and K2O/ha was
added to cowpea in 2013

In 2014 planting of maize was delayed until third week of July due to pre-season drough.
Maize was sowed in rows spaced 0.75 m apart and 3 seads of maize were sowed at 040 m
between hills and later thinned to 2 plants per hill at 2 weeks after sowing (WAYS). Fertili zer
was applied at a rate of 84-38-38 kg/ha as N, P20s and K20, respedively. Nitrogen fertili zer
was split applied to increase N efficiency. Recommended cultural pradices were caried out on
time. Farmers were adively involved in the planning, implementation and monitoring
processes. Maize was harvested at physiologicd meturity. Grain yield and its componrents as
well as all agronamic data were subjeded to analysis of variance (ANOVA) and where there
were significant differences among treaments, means were separated using the LSD test at the
PO0.05).

Results/Major Findings

The soils in the savanna zone are generaly low in plant available N and P, hence the use of N
and P fertilizers in this zone would increase crop yields. The effeds of the preceding cowpea
on maize grain yields were measured in 2014 at Coriyiri. On average, maize grain yield ranged
from 2611 to 4333 kg/ha (Table 85). Maize following cowpea that receved soil amendment in
the previous yea tended to have higher yields than maize following itself or maize following
cowpea that did not recaeve any fertilizer. Highest maize yield was obtained when maize
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followed inoculated cowpea plus fertilizer NPK. This was followed by a combination of
inoculants, minera fertilizer (PK) and organic fertilizer (fertisoil). Maize following inoculated
cowpea + fertisoil had conparable yields as maize following inoculated cowpea + PK and
fertisoil. Preliminary results of this study corroborates the fad that maize grain yield could be
increased if grown in rotation with cowpea with appropriate fertilizer addition rather than
growing meize yea dafter yea. Maize grain yield was more associated with cob weight (r =

0.99) than cob number (r = 0.65). In addition, grain yield was positively correlated with harvest

index (r = 0.94).

Maize plants on the no fertilizer treament plots looked less vigorous as the soils at this site
looked less fertile and the presence of several trees shaded the crops and probably affeded
photosynthesis and ultimate plant growth. This coupled with late planting of the experiment as
a result of pre-season drought significantly reduced grain yields at this site. The soils colleced
from these sites are yet to be analyzed. More data is required to confirm cowpea response to
Rhizobium inoculation in the Guinea savanna zone and preceling effed of cowpea treaed with
various soil amendments on subsequent maize yields in a two yea maize-cowpea rotation.

Table 93: Sane agronamic traits of maize asinfluences by soil amendmentin acowpea-maize rotation
experiment at Goriyiri, Nadowi district, UWRin 2014.

Treamenty DFT DFS Pant Grain yield  Biomass yield
height (m)  (kg/ha) (kg/ha)

Maize following cowpea 50 53 157 2900 4334

with no fertili zer

Maize following cowpea 48 51 193 3467 4656

treaed with inoculants

only

Maize following cowpea 47 52 181 3289 4570

treaed with inoculants +

fertilizer P and K

Maize following 47 52 1.76 3877 4426
inoculated cowpea +

fertisoil

Maize following 47 52 1.90 3978 4534
inoculated cowpea +

PK+ fertisoil

Maize following 47 50 179 4333 5102
inoculated cowpea with

fertilizer NPK

Maize following maize 49 52 149 2611 4798
with recommended rate

of fertilizer for maize

LSD (0.05 2 NS NS 1241 NS
CV% 27 22 121 239 146
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DFT =daysto 50%tassl emagence DFS =daysto 50%silk emagence NS= not significant a 5%
level of probability

y Rnd K were gpplied a therate of 60 kg POs/haand 30 kgK20/ha, respedively to cowpeain 2013;
Recommended fertili zer rate for cowpeawas 25-60-30 kgas N, P2Os and K2O/haand fertisoil was
applieda theraeof 1.5t/ha

Conclusions/Recmmmendations

The 2013 season was the setup yea as such rotation effed could only be measured in 2014
Preliminary results showed that maize following cowpea that recaved soil amendment in the
previous yea tended to have higher yields than maize following itself or maize following
cowpea that did not receve any fertilizer. Highest maize yield was obtained when maize
followed inoculated cowpea plus fertilizer NPK. More data are required to confirm cowpea
response to Rhizobium inoculation in the Guinea savanna zone and preceling effed of these
treaments on subsequent maize yields.

Evaluation of Sorghum Hybrids for Yield Potential in the Upper West
Region

Principal Inwvestigator: S.S J. Buah

Callaborating Scientists: RA.L Kanton, Eva Weltzen-Rattunde (ICRISAT-Mali, Bamako),
Asamoah Larbi (IITA)

Estimated Duration: 20132015

Sponsors: ICRISAT-Mali/Africa RISING

Location: Wa, Upper West Region

Background Information and Justification

Sorghum (Saghum bicolor L.) is one of the most inportant staple cereds in northern Ghana.
However, limted availability of improved varieties and/or hybrids has led to a dedine in
sorghum yields and a drop in area of cultivation over the yeas. Reseach efforts at breeling
varieties and/or hybrids with high and stable yields aswell as disease resistant/tolerant varieties
is crucial if current production levels are to be incressed to med the increasing demand for
sorghum grain. It is against this baddrop that elite sorghum hybrids were evaluated in on-
station trials in Upper West region in order to identify the most adapted hybrids for release.

Objedives
Spedfic objedives were:
(i) To familiarize farmers with available sorghum hybrids and varieties with staple and
high yield in order to fadlitate the adoption of the varieties
(i) To demonstrate and promote the application of modern techndogies for the
production of promising sorghum varieties and hybrids

251



Expeded Beneficiaries

Dired beneficiaries: reseachers, agricultural extension agents and farmers.

Semnday beneficiaries: dependents of the farmers and reseachers, seed producers, brewery
industry, policy makers as well as NGOs.

Materials and Methods

A field experiment was initiated in 2013 and continued through 2014 at CSIR-SARI reseach
station in Wain the UWR to evaluate the performance of sorghum hybrids for adaptation to the
northern savanna agro-emlogy systems. Ten (10) hybrids were evaluated at Wa and Piisi both
in the Upper West region. These hybrids were compared alongside the comnonly cultivated
locd sorghum (cv. Kadagn) in the area The experimental design was an Alpha design, V = 10
k =2 and r = 4. The hybrids were sown in six rows of 5 min length and 0.75 mapart. The field
was ploughed and harrowed at least 2 weeks before planting. The previous crop was soybean.
Three seeds per hill were planted at 0.40 m apart and later thinned to two plants per hill. Basal
fertilizer application in the form of compourd fertilizer 151515 was applied at the rate of 38-
38-38 kg/ha as N, P20s and K20 and top-dressing was dore 4 weeks after planting at the rate
of 26 kg N/ha using Urea Weeding was done twice. The rains were late and when they finally
arrived they were followed by a prolonged dry spell, which resulted in delayed implementation
of some cultural pradices on schedule.

Data were colleded from the centre 2 rows. The data taken included seedling vigour, plant s
tand after thinning, days to half bloom (days to 50% flowering), plant height (cm), farmer
preference, number of panicles harvested, number of enpty panicles from midge, number of
empty panicles from bird damage, panicle weight at harvest (g/plot), straw weight (kg/plot),
grain weight (g/plot) and 100 kernel weight (g). Harvest index was computed from primary
data.  However, only data for haf bloom, plant height, 100- kernel weight, harvest index
values and grain yields are reported in this report.

Results/Major Findings

In general, pre-season drouglt adversely affeded sorghum growth and development as well as
ultimete yield in Wa and Piisi. Genotypic differences were deteded for days to half bloom,
plant height, grain yield and harvest index (Table 86). Days to heading for the sorghum hybrids
ranged from 63 to 92 days. Mona, Caufa and Kapada on one hand flowered ealier than the
rest of the genotypes. In Wa, the locd ealy chedk, Kapada was severely affeded by bird
damage. Moreover, it had poor sealling establishment due to poor seal quality. Days taken to
panicle exertion followed a simlar trend like days to 50% flowering, with significant
differences among the sorghum genotypes. Plant height among the hybrids was quite variable.
The shortest genotypes were the ealy locd (Kapada), Grinkan-Yerewolo and Sewa. In Wa,
plant height of six genotypes (Soumalemba.Caufa, Mona, late locd, Pablo and Yamasa) was
higher than 3 m Grain yield in Wa ranged from 544 kg/ha for the ealy locd to 247 kg/ha for
Pablo. Low yields associated with the ealy locd was as a result of a combination of poor
sedlling establishment and bird damage as it was the ealiest to flower and produce grain.
Grain yield was positively correlated with plant popudation at harvest (r = 0.75), number of
panicles per hedare (r = 0.60) and panicle weight (r = 0.92).
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At Piisi, the experiment was established on the demonstration farm of a locd NGO, Agri
Access. Genotypic differences were deteded for plant height, panicle weight and grain yield
(Table 87). The shortest genotypes were the ealy locd (Kadaga), Grinkan-Yerewolo and
Sewa. At Piisi, plant height of six genotypes (Caufa, Soumalemba, Mona, late locd, Pablo and
Yamasa) was higher than 3 m Mean grain yield for the sorghum genotypes ranged from 400
kg/ha for Grinkan-Yerewolo to 147 kg/ha for Caufa. In general, Soumalemba, Grinkan-
Yerewolo, Sewa and ealy locd (Kadaga) had similar but lower yields (< 100 kg/ha) when
compared to late locd, Mona and Caufa which recorded mean grain yields of more than 120
kg/ha. Grain yield was positively correlated with plant height (r = 0.66), plant popuation (r =
0.67), number of panicles ( r = 0.78 and panicle weight (r = 0.94). Farmers genera preferred
ealy maturing sorghum genotypes because of the erratic rainfal pattern. Grinkan -Yerewolo.
Sounmdlemba and the loca variety were the most preferred by farmers whilst Yamasa was the
least preferred. Most farmers appredated the grain quality of Soumalemba but expressed fears
about its ability to withstand drought considering the fad that it is late maturing. Kadaga was
preferred for its brown grain that is preferred for brewing the locd bee cdled Pito.

Table 94: Days to 50% paiitle emergence plant height and gain yield of sorghumgenotypes evaluated
in Wa, 2014

Sorghum hybrids Days to 502 Plant height (m) Grain yield (kg/ha)
heading
Early Locd (Kapada 70 192 544
Fadda 80 251 1411
Caufa 76 <3 978
Mona 75 <3 1288
Late Locd (kyere) 63 <3 1400
Sewa 83 1.65 1156
Pablo 74 <3 1322
Sounmalemba 2 <3 2478
Grinkan-Yere wolo 81 173 767
Yamasa 80 <3 700
LSD (0.05 20 518
CV. (%) 15 276

253



Table 95: Plant height, paricle weight and gain yield of sorghumgenatypes evaluated in Piisi, 2014

Sorghum hybrids Plant height (m) Panicle weight (kg/ha Grain yield
(kg/ha)
Pablo <3 1811 1078
Yamasa <3 1833 1189
Grinkan-Yere wolo 1.69 800 400
Caufa <3 2567 1478
Fadda 249 1867 1133
Soumalemba <3 1667 989
Mona <3 2144 1344
Early Locd (Kadaga) 177 833 578
Late Locd (kyere) <3 1667 1289
Sewa 1.86 1267 533
LSD (0.05 815 546
CV. (%) 340 326

Two NGOs (Agri-Access and Concern Universal) operating in the UWR have shown interest
in evaluating sorghum hybrids in the region. Thus, Agri-Access evaluated some sorghum
hybrids from ICRISAT-Mali with 15 farmers in the UWR. They aso produced seed of
Soumalemba (270 kg), Fadda (150 kg) and 667 kg of Kapada seal. In addition, 500 kg of
Fadda seed have been produced at the Babile Agricultural Station by the MoFA extension staff
and Fadda fodder have been stored for an intended livestock feading trials. Concern Universal
also got funding from Alliance for a Green Revolution in Africa (AGRA) for the development
a sorghum vaue chain in northern Ghana. These two NGOs are interested in screening
sorghum hybrids and sorghum seed production so as to meke quality seal available to sorghum
producers who intend to produce grain for the brewery, Guinness Ghana Ltd.

Conclusions/Recmmmendations

Farmer s general preferred ealy maturing sorghum genotypes becaise of the erratic rainfall
pattern.  Grinkan-Yerewolo. Soumelemba and the locd variety were the most preferred by
farmers whilst Yamasa was the least preferred. Most farmers appredated the grain quality of
Sourmalemba but expressed fears about its ability to withstand drought considering the fad that
it is late maturing. Kadaga was preferred for its brown grain that is preferred for brewing the
locd bee cdled Pito. The promising hybrids will be seleded for on-farm trials in 2015
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On-farm Testing and Demonstration of Drought Tolerant M aize Varieties
and/or Hybrids

Principal Investigator: S.S J. Buah

Collaborating Scientists: RA.L Kanton, Prince M. Etwire, Alidu Haruna, M.S. Abdulai, K.
Obeng-Antwi (CSIR-CRI)

Estimated Duration: 20082015

Sponsors: ITA/IDTMA Projed

Location: Goriyiri in the Nadowli District, Chinchang in the Sissala East District, and Silbelle
and Sorbelle in the Sissala West district

Background Information and Justification

The Maize Improvement Program of Ghana has been collaborating with the International
Institute of Agriculture (IITA) over the yeas to develop and evaluate improved maize varieties
and hybrids suitable for various agro-emlogicd systems in Ghana. Since 203, promising high
yielding and drought tolerant maize varieties and hybrids seleded based on trial results were
evaluated in farmer participatory on-farm trials and demonstrations. These trials served as
important vehicle to showcase the effediveness of new techndogy to farmers. Additionally,
the participatory on-farm testing of the varieties could also fadlitate the rapid transfer and
adoption or acceptance of these drought tolerant maize varieties by farmers. The nother-baby
on-farm testing approach has been widely adopted by the Drought Tolerant Maize for Africa
(DTMA) Projed as a strategy for testing and promoting the release and adoption of maize
varieties and hybrids. It is a new approach consisting of a central reseacher-managed fimotherd
trial comprising all tested varieties and satellites or fibabyd trials, which are farmers managed
and test a subset of varieties from the mother trial. Through this process, several drought
tolerant varieties have so far been released in Ghana

Objedives
The objedives of the on-farm testing were:
(iif) To familiarize farmers with available drought tolerant varieties with staple and
high yield in order to fadlitate the adoption of the varieties
(iv) To demonstrate and promote the application of modern techndogies for the

production of promising drought tolerant maize varieties and hybrids

Expeded Beneficiaries

Dired beneficiaries: reseachers, agricultural extension agents and farmers.

Seonday beneficiaries: dependents of the farmers and reseachers, seed producers, policy
mekers as well as NGOs.

Materials and Methods

In 2014 nine mother trials (4 exra-ealy and 5 medium trials) and eighteen baby trials (10
exra-ealy and 8 medium trials) composed of improved extra-ealy and intermediate maturing
open pollinated varieties (OPVs) and hybrids were evaluated by CSIR-SARI, Wa station in
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partnerships with MoFA and farmers in four districts (Wa municipal, Sissala East, Wa East and
Jirapa) in the Upper West region using the mother and baby methoddogy. The mother baby
trials is a new approach consisting of a central reseach er-managed fimothero trial comprising
al tested varieties and satellites or fbabyo trials, which are farmersd managed and consist of
varieties from the mother trial.

The intermediate maturing genotypes consisted of 10 hybrids and 2 chedks. The exra-ealy
genotypes consisted of 9 hybrids and a locd chedk. In addition to DT varieties/hybrids
developed at IITA, two hybrids from the CSIR-CRI in Ghana and three hybrids from Pionee
Seal Co Ltd were included in the medium nother trials. Results of analyses of these data sets
for eadh trial conducted in ead district are summarized in this report.

Mother Trials

In 2014 nine sets maize mother trials managed by reseachers, comprising exra-ealy (80-85
days to maturity) and intermediate/medium meturing (110 days to meturity) varieties and
hybrids were planted in farmersé fields at Jirapa-Da-Uri in the Jirapa district, Sriyiri in Wa
West district, Chinchang in the Sissala East district as well as Kpongu and Wa in the Wa
Municipal with funding from the DTMA projed. There was no sufficient seed for the ealy
meturing varieties hence no trial was conduwcted involving this maturity group. The mother
trials consisted mostly of elite varieties involving yellow and white source popuations
obtained from ITA which were compared with a locd chedk. The extra-ealy mother trials
were planted between 161 and 27" July, 2014 while the intermediate mother trials were planted
between 3¢ July 2014 and 15t August 2014 The intermediate maturing mother trials consisting
of 4 hybrids from IITA, three hybrids from CSIR-CR in Ghana, three hybrids from Pionee
Sedal Co Ltd and two locd cheds were planted in Wa.

The local chedks for all maturity groups were the best available varieties in the location, which
differed among locations. A randomized complete block design (RBCD) with four replications
per site was used for the nother trial of eadh maturity group. Each plot consisted of 6 rows,
eatch 50 m long, spaced 0.75 m apart. Row and hill spadngs were 0.75 and 040 m,
respecively. Three maize seeds were planted per hole in ead tria. The maize crop was
thinned to two plants per hill about 2 wk after emergence to give a final popuation density of
66,600 plants/ha. Observations recorded in the mother trials included days to 50% silking and
anthesis, plant height, ea number, percentage root and stalk lodgng, grain yield and grain
moisture content (%), Grain yield was cdculated based on 8% (800 g grain /kg ea weight)
shelling percentage and adjusted to 150 g/kg moisture content. In addition, data were colleded
on host plant Striga damage score and the number of emerged Striga plants were made at 8 and
10 wk after planting (WAP). Striga-tolerant plants normelly retain green leaves and exhibit
restricted mild purplish chlorosis, with little effed of Striga on ea and stalk development.
Highly susceptible plants, on the other hand, show grayish led colour and led scorching after
initial led wilting. These symptoms are usualy acompanied by poor development of stalk and
eda, resulting in lodgng. About 64 kg N/ha was split applied at planting and at about 35 DAP.
Reocomnmended cultural pradices were followed. The total fertilizer rate was 64-38-38 kg/ha as
N, P20s and K20, respedively.
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Field days were organized at planting and when the maize plants readed physiologica
maturity so farmers could view the experiments. At one week before harvest, interested
farmers were invited to see the varieties and to dvoted for the ones they liked. The farmers
walked through the trial and indicated the plots containing the varieties they liked. Reseachers
viewed the participantsd choices as fivotesd and assumed that the higher the percentage of
farmers voting for a maize variety, the more potentially valuable it was to them Then they met
to discuss what they though were the important criteria for seleding a given variety. The
criteria were ranked and top ranking criteria were used. Each criterion was scored on a scde of

1to 5 (1 =very good 2 =good 3 = average, 4 = poa and 5=very poa) for eac variety. The

reseach team also independently evaluated both mother trials for yield and other agronomic
traits. Analysis of variance was dore for ead location.

Satellit e or baby trials

Eghteen baby trials composed of improved exra-ealy and intermediate maturing open
polinated varieties (OPVs) and hybrids were evaluated. Ten (10) sets of baby trials for extra-
ealy maturity group and eight (8) intermediate sets of maize hybrids were conducted on
farmers' fields at Chinchang n the Sissala East district. Farmersé fields nea to nother sites
were seleded for ead baby trial. Farmers evaluated a subset of three varieties from the mother
trials alongside their locd varieties which were the best available variety at ead evaluated site,
which differed among locaions and farmers. Three drought tolerant hybrids from both extra-
ealy and intermediate sets were respedively, evaluated aongside the farmersé varieties as
locd chedks. Planting was done between 13" and 31st July, 2014 The data presented for
farmersd variety are, not necessarily from one variety but the mean of several farmer varieties.
Farmers managed all plots similarly. Overall, the genotypes tested were the same as those
grown in the mother trial and ead genotype was tested by four farmers. Each plot measured 20
x 20 m Farmers evaluated the genotypes at physiologica maturity.

Results/Major Findings

Planting was significantly delayed until July due to prolonged pre-season drough. However,
after mid-July, we experienced wet conditions. Wet conditions reduced sealling emergence of
the trials and this necessitated refilling. The variable weaher affeded plant growth and
development and ultimate grain yield at most sites. In general, highly variable rainfall from
yea to yea mekes it difficult for farmers to plan, and the wrong dedsion on which crop to
plant, and when to plant it, may lead to disaster for ahousehold

Mother and baby trials for extra-early maturing genotypes

Mother trialsfor extra-early maturing genotypes

Nine hybrids were tested alongside a chedk (Abontem) in a mother trial at Chinchang in the
Sissala East district. In this extra-ealy mother trial, the genotypes flowered in 47-52 days after
planting, producing dry grains in about 85 days (Table 88). Three hybrids (TZEH 29 x TZEH
21, TZEH 29 x TZEB 49 and TZEE W POP STR C5 x TZEHR 21) were the ealiest to flower
while two other genotypes including TZEH 7 x TZEH 26 and TZEE Y POP STR C4 x TZEH
17 were the latest to flower (Table 88). Differences among the varieties for plant height,
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aboveground biomass production and grain yield were not statisticdly significant. However,
grain yield ranged from 2119 to 28®8 kg/ha. Grain yield tended to be highest for TZEE Y POP
STR C5 x TZEH 82 TZEE Y POP STR C4 x TZEH 17 and TZEEL 29 x TZEEL 21 which
had grain yields above 2.8 t/ha. Grain yield was correlated with harvest index (r = 0.58) but had
no significant correlation with plant height. Also grain yield was more associated with cob
weight ( r = 0.99) than number of cobs per hedare (r = 0.46). In addition, no significant
differences were deteded among the genotypes for Striga cournts at 10 weeks after planting (10

WAP). The Striga emergence counts were generally very low, probably because the fields were

not Striga endemic plots.

Table 96: Extra- early maturing varieties evaluated in a mother trial at Chinchang, $ssala West district,
2014

Genotype Daysto  Daysto Plant Grain Biomass
mid mid silk height yield (kg/ha)
anthesis__emergence (m) (ka/ha)
TZEEL 29 x TZEH 21 47 51 168 2887 5617
TZEEL 29 x TZEH 49 47 50 157 2553 4511
TZEE W POP STRC5 x TZEH 21 47 50 162 2300 4107
TZEE Y POP STR C5 x TZER 82 50 52 168 2898 5084
TZEE Y POP STR C5 x TZER 67 49 52 163 2791 3911
TZEEL 6 x TZEH 4 50 52 162 2119 4680
TZEEL 8 x TZER 24 48 52 164 2279 2956
TZEE Y POP STR C4 x TZEH 17 51 53 157 2862 3978
TZEB 7x TZEB 26 52 54 170 2788 4302
Abontem 49 52 161 2172 3711
Lsd(0.05) 10 10 NS NS NS
CV(%) 10 16 4.6 276 212

NS= not sonificant at the 0.05and 0.01%Tevel of Sgnificant

At Dokpong in Wa, nine hybrids were evaluated alongside a locad chedk (Abontem) in a
mother trial (Table 89). The genotypes flowered in 48-56 days after planting. The hybrid
(TZEEL 29 x TZEB 49) was the ealiest to flower while TZEB 7 x TZEH 26 was the latest to
flower (Table 89). Differences among the varieties for plant height were not statisticdly
significant. However, genotypic differences for grain yield were significant. Grain yield ranged
from 2276 to 4658 kg/ha. Grain yield was significantly highest for TZEEL 29 x TZEH 49 and
least for TZEEL 8 x TZER 24. All genotypes, except TZEEL 8 x TZEH 24 and TZEH 7 x
TZEB 26 had yields above 3 t/ha. Grain yield was more associated with cob weight (r = 0.99)
than number of cobs per hedare (r = 0.83). In addition, Striga emergence courts were generally
very low.
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