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Executive Summary
Background

T

he International Maize and Wheat
Improvement Center (CIMMYT, by
the abbreviation of its Spanish name)
is an international, non-profit, agricultural
research and training center with its
headquarters in Mexico. Its mission is to help
alleviate poverty by increasing the
productivity, profitability, and sustainability of
maize and wheat farming systems.

To accomplish this, CIMMYT conducts the
following activities:
• Develop and disseminate new maize and
wheat varieties with built-in resistance.
• Develop and promote better and more
sustainable crop production systems.
• Elucidate the natural resource dynamics of
maize-and wheat-based cropping systems.
• Based on economic analysis and impact
studies, formulate policy recommendations
and research priorities.
In Africa, CIMMYT has regional offices in
Nairobi (Kenya), Harare (Zimbabwe), and
Addis Ababa (Ethiopia). Research and
development activities typically involve
interdisciplinary teams consisting of breeders,
agronomists and economists. Most of the
activities are joint projects with NARS of the
region. CIMMYT has worked in Kenya, one
of our most important regional offices, for
the past quarter century. Some of the
achievements:

• CIMMYT and Kenyan researchers have
developed numerous superior varieties of
maize and wheat, including the first maize
hybrid variety in 1964.
• Maize and wheat agronomy research with
Kenyan counterparts--especially research
on soil fertility and weed control has
bolstered productivity at the farm level.

• Kenya and CIMMYT have a long history
of innovation in research with farmers.
Some of CIMMYT's first forays into onfarm research took place in Kenya.
• The crop management research training
(CMRT) curriculum at Egerton University,
originally developed with CIMMYT, has
made Kenya the regional focus for handson, analytical training in field agronomy.
• The Kenya Agricultural Research Institute
(KARI) and CIMMYT led a pioneering
effort to use geographic information
systems (GIS) for maize research
nationwide.

• Kenya and CIMMYT participated in a
highly successful regional network that
broadened the skills of socioeconomists,
especially in policy analysis, resource
economics, and gender studies.

Activities in 1999-2000
Africa Maize Stress Project (AMS).
The development objective of the project is
to increase food security and income
generation of African farm families by
increasing the productivity and sustainability
of maize-based cropping systems subject to
drought, low and declining soil fertility, Striga,
and maize stem borer attack. The project
provides a bridge from more strategic
research at CIMMYT and advanced research
institutions worldwide, through Africa's
national research programs, to the ultimate
beneficiaries - farmers and consumers.

The AMS project also has a strong capacitybuilding component for the NARS. It
provided support in the development of
screening and test sites, as well as training for
scientists. Eight key regional sites were

developed in East Africa: three regional
screening sites for drought, three for low
nitrogen stress, one for Striga and one for
stem borers. Fifty-seven screening and testing
sites in East Africa including hot spot sites
for insects and unstressed sites used for
selection for general adaptation were
identified and are being characterized, and
over 200 on-farm trial sites selected around
screening and testing sites in 9 countries.
More than 5,000 materials including exotic
source populations, local materials, progenies
and various crosses have been screened and
tested in the region. NARS scientists, in
collaboration with the AMS project, have
been able to effectively utilize this
germplasm, as well as their local germplasm,
in their breeding programs. The most
promising selections are also promoted for
national multilocation testing or regional
testing through the Eastern and Central
Africa Maize and Wheat (ECAMAW)
research network before being subjected to
on-farm testing for eventual release. Useful
secondary traits, such as anthesis-silking
interval (ASI), small tassel size, ear per plant
(EPP), plant height, lodging resistance, staygreen leaves or delayed leaf senescence,
absence or lack of detection of abscisic acid
(ABA) in stay-green plant leaves, increased
root capacitance and leaf toughness, have
been identifi~d and are currently incorporated
in selection indices and used by scientists in
the region for maize breeding. They help
speed the accumulation of favorable genes in
breeding populations and the development
of improved and agronomically suitable
cultivars.
The AMS project uses a team approach,
including maize breeders, agronomists, Striga
specialists, entomologists, phyto-pathologists
and socio-economists. The NARS teams also
include extension workers, non-government
organizations (NGOs) and farmer
communities. Members of the groups consult
each other regularly during workshops, field

visits and monitoring tours, training sessions,
as well as in work planning, research
reporting and discussion sessions. The overall
result of the methodologies used by the AMS
Project is the improved efficiency of breeding
work carried out by NARS scientists and a
quick transfer of technologies from
experiment stations to farmers. Agronomic
trials mainly by national scientists were
funded by the competitive grants scheme of
AMS and EACP. Trials were conducted onand off-station. Experiments focused on
moisture stress management, especially using
the tied ridges technology, and nutrient
management.

Eastern Africa Cereals Project
(EACP)
The present Phase of the EACP, the fourth
since 1985, was initiated in 1996 to enhance
the productivity, effectiveness, and efficiency
of crop and natural resource management
research and technology dissemination by
NARS scientists addressing the constraints of
maize - and wheat-based cropping systems in
Eastern Africa; and to develop and
disseminate improved agronomic practices
that will be adopted by farmers throughout
the region. The project consists of five
principal components (outputs) including: (i)
institutionalization of regional networking for
greater economy, productivity, quality and
efficiency in maize and wheat research among
regional NARS, (ii) capacity building of
NARS maize and wheat researchers, (iii)
development of improved agronomic
systems adapted to the major agro-ecologies
of the region and which increase the
productivity and production of maize and
wheat while protecting the natural resource
base used for production, (iv) more effective
dissemination of improved maize and wheat
crop management practices, and (v)
incorporation of gender awareness into the
research process and training women
researchers in national maize and wheat
research programs.

The ECAMAW network, which was formed
by the EACP, has been the framework for
implementation of all succeeding project
components, as well as other regional projects
such as AMS. During 1999-2000, some 87
NARS scientists have received training either
in short 1 or 2-week specialized courses or
the longer 6-month crop management
research training (CMR1) course. Research to
increase productivity in maize-based systems
in the region has been undertaken in a small
grants program administered through
ECAMAW, which has provided support to 54
projects during the 1999-2000 period. Many
of these projects were implemented by

Efforts were made to introduce maize leaf
tissues containing Bacillus thuringiensis (Bt)
genes into Kenya for the purpose of
identifying which Bt transgenes are effective
against Kenyan stem borers. Development of
insect resistant germplasm was initiated by
screening germplasm, from diverse sources,
with host plant resistance developed through
conventional breeding approaches.
Identification of germplasm to be
backcrossed to the Bt maize commenced
with the initiation of germplasm screening by
KARI and CIMMYT breeders for tolerance
to drought and low nitrogen; disease

women scientists or addressed issues

harvest resistance to weevils.

particularly relevant to women farmers. This
report summarizes the major activities of the
EACP during 1999-2000, including the salient
results of the NARS small grant projects.

The Insect Resistant Maize for
Africa Project
The Insect Resistant Maize for Africa (IRMA)
Project is a joint venture between CIMMYT
and the Kenya Agricultural Research Institute
(KARI), with financial support from the
Novartis Foundation for Sustainable
Development, and aims at reducing the
damage incurred by the •region's major insect
pest of maize, stem borer.
Activities of IRMA project in 1999 in Kenya
covered mainly planning and infrastructure
establishment. A project concept meeting was
held in Nairobi in June 1999 and a planning
workshop organized in August 1999, resulting
in a strategic work plan with broad objectives,
logframe matrices, time lines, and
responsibilities for each project objective:
product development, product dissemination,
impact assessment, technology transfer, and
project documentation and communication.
During 2000, development continued on
second generation events that carry only the
gene of interest ("clean genes" events).

resistance; resistance to stem borers; and post

Ecological work during the past year focused
on establishing the diversity and relative
abundance of target and non-target
organisms that might be affected by the
introduction of Bt maize. Studies were also
initiated on developing an insect resistance
management (IRM) strategy that incorporates
both vertical resistance mechanisms (through
the "pyramiding" or "stacking" of resistance

genes and the development of refugia) and
horizontal resistance through more
conventional crop development and
agronomic measures.

Economic impact assessment was initiated
with a study of the seed sector. Farmers'
estimated the losses due to stemborers at
15%, with a value of US$ 90 million. Group
interviews with farmers in all agroecological
zones revealed that stemborers are always
placed among the three most important pest
problems for maize. Farmers are very
interested in testing resistant varieties. In
project documentation and communication,

considerable effort has been given over the
past year to creating dialogue and raising
public awareness about Bt and insect resistant
maize, and about biotechnology in general.
Approximately 100 participants and members
of the media attended the IRMA
Stakeholders Meeting in March 2000.

Developing Striga Control
Strategies
The BMZ CIMMYT-KARI project on Striga
Control in Kenya was conducted in Western
Kenya for 5 years from 1995 to 2000. Its
activities focused on the development of
improved agronomic S triga control methods
(crop rotation, catch and trap cropping, and
other practices) adapted to local cropping
systems and socio-economic conditions. Onstation and participatory on-farm research
produced a basket of options of S triga
control methods for small-scale subsistence
farmers in the region.
Based on these achievements and in
collaboration with the major stakeholders
(NARS, NGOs, farmer groups), training
materials and training strategies were
developed for the dissemination and
increased adoption of the new farming
methods.

Engineering Striga-resistant Maize
With funding from the Rockefeller
Foundation, CIMMYT and IITA, the
Weizmann Institute of Science, the University
of Sheffield, and KARI have undertaken
several innovative biotechnological
approaches, both short- and long-term, to
address the problem of Striga parasitism of
maize in Africa.
A promising short-term approach involves
treating seed of herbicide resistant maize

-

varieties with small doses of herbicide prior
to sowing. In this way, as little as 30-45
grams of active ingredient per ha, costing
less than US$4/ha and adding about 8% to
the cost of purchased seed, has provided
season-long control of Striga and more than
doubled maize yield, in experiments at Kibos
in western Kenya. Furthermore, field trials
showed that the technology .allowed farmers
to continue intercropping maize with
herbicide sensitive legumes such as beans or
yellow gram.
In a search for alternative sources of S triga

tolerance/ resistance, researchers screened 30
accessions each of maize's wild relatives,
teosinte and Tripsacum, from CIMMYT's
germplasm bank under artificial S triga
infestation at Kibos. Three teosinte and three
Tripsacum accessions were identified as having
near immunity to S triga infestation. These are
being further evaluated with the aim of
incorporating the resistance into maize.
A very promising longer-term approach for
Striga control may be through the
incorporation of transposon-induced
tolerances in maize. Mutator-containing
families with Striga-free phenotypes have
been identified and verified through stringent
genetic and lab-based assays. CIMMYT is
investigating the potential value of those
resistant alleles, both at the phenotypic and
molecular levels, with the goal of introducing
the most promising ones into adapted
materials.

. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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1. CIMMYT-Kenya' s Activities 1n Eastern Africa
- an Overview
Alpha Diallo (liaison officer), Dennis Friesen, Hugo De Groote, Stephen Mugo, Fred Kanampiu

1.1 Introduction
he International Maize and Wheat
Improvement Center (CIMMYT, by
the abbreviation of its Spanish name)
is an international, non-profit, agricultural
research and training center with its
headquarters in Mexico. Its mission is to help
alleviate poverty by increasing the
productivity, profitability, and sustainability of
maize and wheat farming systems.

T

To accomplish this, CIMMYT conducts the
following activities:
•

Develop and disseminate new maize and
wheat varieties that possess durable
resistance to environmental stresses.

•

Develop and promote better crop
production systems, suited to our clients'
needs, focusing on soil fertility
maintenance and water/ pests
management, while conserving natural
resources and increasing productivity.

•

Elucidate natural resource dynamics
(nutrient fluxes and system outputs) of
maize-and wheat-based systems at the
field, farm, and watershed levels, thereby
contributing to sustainable land use
management policy initiatives and maize
and wheat research strategies.

•

Based on economic analysis and impact
studies, formulate policy
recommendations and research priorities
for improved maize and wheat farming
systems in sub-Saharan Africa that
address gender and equity concerns.

In developing countries, over 55 million
hectares are planted to CIMMYT-related
wheat varieties (about 80% of total
production), and more than 21 million
hectares are planted in CIMMYT-related
maize (50% of the area devoted to
improved varieties in those countries).
CIMMYT is focusing increasingly on subSaharan Africa, currently allocating around
40% of its budget (some US$ 15 million per
annum) to research and extension activities
in the region. CIMMYT began its program
in Kenya more than 25 years ago. It signed
its first memorandum of understanding
(Moll) with the Government of Kenya in
1975, and concluded a new MoU in 2001. In
this country, maize is the most important
food crop, accounting for 60% of the
calories consumed. Demand for maize is
growing at 7% annually. Wheat
consumption has increased at 3.5% annually,
with 90% of increased consumption in the
past two decades provided by imports.
The impact of CIMMYT's work in Kenya in
the last decade is reflected in maize varietal
releases from that period, 60% of which
contain CIMMYT germplasm and which
include varieties that possess tolerance to
drought and low-N conditions and
resistance to maize streak virus (MSV) and
stem borers (Hassan et al. 2001).

1.2 Current Activities
Current activities of CIMMYT-Kenya
include:

•

for tolerance to drought, low-N,
Striga and maize streak disease.

•

Developing and disseminating improved,
locally adapted maize cultivars, with

Funded by CIDA since 1984; Phase
IV ends in 2002,
Focuses on improved agronomic
practices and cropping systems for
maize and wheat, networking and

tolerance to various stresses - drought,

low-nitrogen soil conditions, Striga, MSV,
and turcicum.

•

Developing and extending to farmers
sustainable cropping systems that control
Striga and improve maize production in

gender awareness .

•

\'irestern Kenya.

•

maize with resistance to stemborers.

Mapping and marker assisted selection of
host plant genes for resistance to insect

pests (Chilo and Busseola species) of maize
in the field.

•

•

•

•

Developing and deploying transgenic
resistance to Chilo spp., Busseola spp., and
other lepidopteran pests of maize.
Screening teosinte, Tripsacum, and maize
accessions for resistance to S triga spp.;
identifying resistance genes, and
developing molecular markers for them.

Agronomic strategies for Striga
Control
Funded by BMZ from 1995-2001,
with PRGA-NRM (CIAT) since 1999,
Focuses on the evaluation and

dissemination of agronomic methods
(cultural practices) for controlling
Striga in maize.

• Striga

Control via Herbicides

F uncled by the Rockefeller
Foundation from 1997-1999,
Focused on S triga control through
application of herbicides as seed
dressings on IR maize.

Mapping and marker assisted selection of
genes affecting tolerance to drought in
maize.

•

Insect Resistant Maize for Africa
Project (IRMA)
Funded by the Novartis Foundation
since 1999,
Focuses on developing and deploying

Strengthening the national capacity to
conduct wheat breeding and pathology
research.

•

Eastern Africa Cereals Program
(EACP)

Developing low-dose herbicide seed
treatments of herbicide-resistant maize

for Striga control.

CIMMYT projects currently coordinated
through the Nairobi, Kenya, office and with
key technical support from staff posted there
include:

•

Africa Maize Stress (AMS) project
Funded by UNDP, IFAD and Sida
since 1997,
Focuses on germplasm improvement

•

Engineering Striga-resistant maize
Combined Phase II of previous two
projects, funded by Rockefeller
Foundation since 2000.

•

Developing Striga resistance through
wild crosses (teosinte/Tripsacum) and
induced mutations
Funded by the Rockefeller
Foundation since 1998
Focuses on incorporating resistance

to striga through biotechnology.

Three projects were managed from the
CIMMYT regional office in Addis Ababa
(Ethiopia), and had activities in Kenya. These
projects are summarized here but will not
further be presented in this report.

interactions among socio-economics

Recently published maize seed
industry studies highlight the
institutional structures and policies
needed to bring the benefits of
research to farmers.

•

Highland Maize Gene Pools Project
Funded by BMZ since 1997
Focuses on introduction and
improvement of maize with
adaptation to highland ecologies

•

Strengthening economics and policy
research in NARS
Funded by EU, ended in 2000
Focuses on collaborative research,
networking and training to strengthen
priority setting capacity of NARS,
interactions with policy arena, and

Recently published case studies on
factors influencing adoption of new
maize production technologies
indicate the constraints to further
development of the sector.

•

East African Wheat Breeding Project
Funded by EU, ended in 2000
Facilitates regional collaboration
between NARS for Wheat breeding,
technical information exchange, and
enables external and regional training.

2. Developing and Disseminating Stress
Tolerant Maize for Sustainable Food
Security in West, Central and East Africa
Alpha Diallo (coordinator), Dennis Friesen, Stephen Mugo, Hugo De Groote

from drought, low soil nitrogen, Striga
and stem boring insects pests.

2.1 Introduction
2.1.1 Background and Obiectives
he objective of the Africa Maize
Stress (AMS) proj~ct is to increas~ the
food security and mcomes of African
farm families by increasing the productivity
and sustainability of maize-based cropping
systems subject to drought, low and declining
soil fertility, Striga, and insects. The project is
implemented collaboratively by CIMMYf,
the International Instirute of Tropical
Agriculrure (ITTA), the West and Central
Africa Collaborative Maize Network
(WECAMAN) operating under the subregional organization, CORAF, and the East
and Central Africa Maize and Wheat
Network (ECAMAW) of the Association for
Strengthening Agricultural Research in East
and Central Africa (ASARECA). Using
efficient and proven methods, the project
develops environmentally sound, stress
tolerant maize cultivars and management
practices suited to the needs of resourcepoor farmers of the target region. At the
same time, the project continues to invest
in the development of improved selection
methodologies and genetic materials with
improved resistance to drought, low soil
nitrogen and fertility, Striga and stem
borers.

T

•

Promote the dissemination of such
improved germplasm to African farmers.

•

Strengthen NARS' capacities to develop
stress-tolerant maize.

The project started in 1997.·The East African
component, managed by CIM1YIYT, is staffed
by one full-time maize breeder, supported
partly by an agriculrural economist since
1999. It is active in the eight ASARECA
countries, and activities are conducted jointly
with the respective NARS. The first phase,
funded by the United Nations Development
Program (UNDP), the Swedish International
Development Agency (Sida) and the
International Fund for Agricultural
Development (IFAD) ended in 2000. An
external review took place in the beginning
of 2001, after which a proposal for a second
phase was submitted to the donors.

The main activities of the project are to:
•

Develop maize varieties, lines,
synthetics, and hybrids with improved
yield stability when grown under stress

Figure 2. 1 Drought affecting maize

2.1.2 Activities prior to 1999
Results of the previous years include progress
in plant breeding, the development of
improved crop management systems, and
capacity building.
Key results from 1998 project activities (AMS
1998) included the development of locally
adapted cultivars of maize with increased
tolerance to drought, low soil nitrogen and
Striga, and with resistanc::e to stem borers:

• More than 2,000 genotypes (extra-early,
early open-pollinated varieties, top-cross
and single-cross hybrids) were developed
in East Africa and/ or introduced from
CIMMYT-Mexico, CIMMYT Harare, and
ITTA, and tested under drought, low N
and/ or Striga in Kenya; 23 extra-early and
29 early varieties were identified for
regional evaluation under low-N and
drought conditions as well as under
unstressed conditions in East Africa.
•

Fifty-four inbred lines of midaltitude and
lowland adaptation and synthetics were
identified as tolerant to drought and low
N at Kiboko, Kenya.

•

As part of improving locally adapted
germplasm, reciprocal recurrent selection
for improving tolerance to low N and
drought was initiated with AMS support
in 9 local improved maize populations in
participating countries.

•

Four inbred lines of midaltitude
and lowland adaptation and one
synthetic variety were identified
as tolerant to dr~ught and low N
and Striga at Kiboko, Kenya.

•

Nine hybrids, including seven of
lowland tropical adaptation and
two of midaltitude adaptation,
were identified as tolerant to
Striga hermonthica at Alupe,
Kenya.

•

Six inbred lines, including four
lo.wland tropical and two
rnidaltitude genotypes, were

identified as tolerant to Striga hermonthica at
Alupe, Kenya.
•

Three CIMMYT-Mexico materials and
one local material were found to be
resistant to Chilo partellus, Busseola fusca,
grey leaf spot disease, and turcicurn blight.

Crop management research was included
through a competitive grants component, in
collaboration with EACP. A study in the
highlands of western Kenya on the effect of
legume green manure and the management
of the residue on maize yield indicated that
Crotalaria and Canavalia can replace
inorganic N fertilizers to increase maize grain
yield up to 1.9 t/ ha (a' 34% increase) in
relatively less N -depleted soils and by 3.0 t/ ha
in severely N depleted soils, provided
phosphorus is not limiting. The legume
residue could be surface-mulched to reduce
labor without reducing grain yield
significantly. A second study in the Rift Valley,
Kenya, on the effects of tied ridging for
water conservation and enhanced soil fertility
through farmyard manure to improve maize
yield in drought prone areas indicated that
applying manure at 12 t/ ha, when combined
with tied ridging, substantially increased
yields. Farmyard manure is available locally
among the pastoralist communities and is
more affordable to farmers in drought prone
areas than inorganic fertilizers.
The AMS project also has a strong capacity

Figure 2. 2. Low nitrogen conditions affecting maize

building component for the NARS. It
provided support in the development of
screening and test sites, as well as training for
scientists. Eight key regional sites were
developed in East Africa: three regional
screening sites for drought, three for low-N
stress, one for Shiga, and one for stem borers.
Fifty-seven screening and testing sites in East
Africa, including hot spot sites for insects and
unstressed sites used for selection for general
adaptation, were identified and are being
characterized.
Twenty-five national scientists participated in
training events focused on breeding and crop
management under drought, low N, Shiga,
and insect pests. Seventeen scientists took
part in a short training course on breeding
for drought and low-N tolerance and Shiga
resistance held in Arusha, Tanzania (1998).
Two visiting scientists spent four months at
CIMMYT-Harare to learn applied
methodologies of breeding for tolerance to
drought and low nitrogen. Thtee research
scientists attended the annual course offered
at the Crop Management Research Training
(CMR1) Center at Njoro, Kenya. Finally,
three scientists attended the advanced maize
breeding course in CIMMYT-Mexico (1998).
The project also disbursed competitive grants
to link research and development activities.
Seventy-six small project proposals were
received from 7 countries in East Africa, 22
of which were funded, in addition to 6 longterm site-accompanying projects. Approved
projects involved activities such as the onfarm evaluation of stress-tolerant maize
cultivars and complemenrary crop
management practices, screening and testing
of stress-tolerant germplasm and community
seed production.

2.2 Activities in
1999-2000
2.2.1 Development of locally
adapted stress tolerant maize
varieties
Efforts continued to develop new stress
resistance/ tolerance sources and incorporate
these traits into existing maize materials. Seed
of outstanding hybrids and varieties from the
past year was increased, and the best lines
were crossed to appropriate testers. Seed of
selected lines, hybrids, and varieties from this
effort were distributed on request to AMS
participants in Africa.
To support this development, a practical
mechanism was put in place to develop
germplasm thtough population improvement
and line development, as well as an exchange
mechanism for regional testing. The screening
and testing of new stress tolerant maize
continued on a large scale and the regionwide sharing of promising experimental
varieties intensified. Project participants from
the 8 ASARECA member countries grew 232
sets of trials comprising 2,578 drought, low
N, and Shiga tolerant inbred lines and hybrids
adapted to the lowland and midaltitude
ecologies of eastern Africa to identify
outstanding genotypes. In addition, 20 sets of
trials comprising 231 different genotypes
developed at CIMMYT-Zimbabwe and
Mexico were included to identify new
tolerance sources. Hundreds of other
assorted, stress tolerant inbred lines from
Mexico were simultaneously evaluated there
and in Africa.
Significant accomplishments in breeding
include the identification of promising
genotypes for all target stresses. Fifty-four
medium-to-late-maturing materials tolerant to
different stresses, and 16 extra-early streak
resistant varieties with 10-20% better yield
under stressed and unstressed conditions
were ready for on-farm testing in 2001. The
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project is also actively involved in seed
multiplication. A Kenyan seed company
nominated two double and four 3-way cross
hybrids for the 2001 National Performance
Trials (NPT, last step before the release),
while the breeders from the Kenya
Agricultural Research Institute nominated
four extra-early varieties and 5 streak resistant
varieties for NPT in 2000.
Progress was also made in improving the
selection techniques for stress tolerant
varieties. Four secondary traits were found to
be of major importance in the selection:
anthesis-silking interval (ASI), leaf rolling,
leaf senescence, and the number of ears per
plant (EPP). The use of those secondary
traits was refmed to improve selection
efficiency. CIMMYT scientists also identified
root capacitance - the ability of root tissue to
conduct electric current - as related to traits
that affect tolerance to drought and low-N
conditions.
Finally, to screen maize plants for insect
resistance, participants have begun to use leaf
toughness, a trait identified at CIMMYTMexico to be associated with maize resistance
to leaf feeding, and have acquired the
necessary equipment.

2.2.2 Improve crop management
practices
Mechanisms are now in place within the
ECAMAW Research Network to ensure an
impartial and transparent review of small
grants proposals, as well as for assessing
progress and continued disbursement of
funds in on-going small grants projects.
Nearly US$75,000 was disbursed from the
East Africa Cereals Project and the AMS in
support of small projects to develop and
disseminate improved crop management
practices that complement stress resistant/
tolerant maize. The following complementary
practices were found promising:
•

Using tied ridges increased maize yields
by 73% in Jijiga, eastern Ethiopia.

•

The tied ridge technology was also found
to be effective in Kenya and northern
Tanzania.

•

Early maize varieties at 50% population
density showed highest yield in the
drought prone areas of eastern Tanzania.

•

Cowpea intercropping for S triga control
proved effective in Tanzania. However,
high labor requirement for planting,
weeding, thinning, harvesting and high
pest infestation was found associated
with it. This technology would be
accepted only by households that have
sufficient labor and in areas where
cowpeas have a high market value.

•

In Uganda, it was found that maize
infestation by stem borers and resultant
losses in grain yield can be significantly
reduced by applying a foliar spray of
synthetic pyrethroid at a threshold of 12
larvae per 100 plants. The 2-4 weeks after
germination appear to be the ideal period
for intensive sampling of stem borers,
because chemical application at flowering
and latter stages led to significant
reductions in predator activity. Sampling
for larvae incidence is greatly aided by
using a pegboard.

2.2.3 Strengthen NARS' ability to
develop stress-tolerant mai:z:e
During 1999-2000, the project put a lot of
emphasis on strengthening the NARS
collaborators' research capacity, developing
new sites and providing software and other
equipment. Training was also a major
component.
Excellent progress was made in site
development: new sites were added, and
others were made more operational. The
project now has all the sites needed to do the
work proposed, with 13 screening sites now
operational in East and Central Africa. Four
sites are operational for screening drought
tolerant material, seven sites for low-N

screening, and two for S triga screening. In all,
60 testing sites have been identified and
characterized (Fig. 2.3). A subtropical, low-N
screening facility was also developed at
Tlaltizap:in, Mexico.

of insect resistant germplasm and to increase
the number of genotypes that can be
evaluated in a given cycle.

The project was involved in various types of
formal and informal training, including
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fellowships for visiting
scientists from NARS to work
at CIMMYT, and regular visits
of CIMMYf scientists to
research sites to backstop and
share experiences with
collaborators. A standard
approach involving in-field
training and workshops on
breeding and screening of
stress tolerance in maize has
been established in the region.
The approach consists of
formal training courses, a crop
management research training
(CMR.1) course, a basic maize
improvement course, an
advanced maize breeding
course, and visiting scientist
fellowships.
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The project provides computers as well as
specialized software for maize breeding. The
maize program activities have been
computerized at five sites (Kiboko, Embu,
Kakarnega in Kenya; Nazareth in Ethiopia;
Selian in Tanzania). Moreover, the first
edition of the East and Central Africa Maize
Research Atlas, an information tool on CD
ROM, has been completed (Hodson et al.
2000). CD and manuals have been distributed
to NARS, including policy makers, and copies
are available at the CIMMYT office in
Nairobi.
The project also provides transport were
needed, such as pick-up trucks for Bako
(Ethiopia) and Kiboko (Kenya). A leaf
toughness meter was purchased for Kenya
and the EA region to facilitate pre-screening

With funding from the AMS and the
Southern Africa Drought and Low Fertility
(SADLF) projects, 17 Scientists from East
Africa and 18 from southern Africa attended
a short training course on selection for
drought, low N, and Striga, as well as seed
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production and nursery and data
management. Two scientists attended the
CIMMYT-Mexico. Two others (one from
Madagascar and one from Kenya) attended
the CMRT course at Egerton University,
Kenya. In collaboration with the Ethiopia
Agricultural Research Organization (EARO),
the AMS project organized a short training
course on the use of FieldBook and Alpha
Software for 26 Ethiopian Agricultural
Research Organization (EARO) researchers.

11 new proposals were approved in
collaboration with the EACP A minisymposium gathering 27 maize agronomists,
breeders, entomologists and pathologists
from the region was organized in Nairobi to
address (i) seed increase and national
multilocation testing, (ii) the role of
agronomists in pre-screening germplasm for
drought and low-N tolerance, (iii) a strategy
to organize on-farm and demonstration trials
to take improved germplasm to farmers, and
(iv) a strategy to develop and test promising

Two visiting scientists from Democratic

cultural practices for moisture conservation

Republic of Congo and Tanzania joined
CIMMYT Nairobi in March 2000 to spend 6
months with the AMS coordinator to
familiarize themselves with methodologies for
breeding maize for tolerance to drought, low
N, and Striga.

and soil fertility management for small
farmers.

basic maize improvement course at

Dr. Shivaji Pandey - Director of the
CIMMYT Maize Program - led a two-week
traveling workshop in Kenya, Uganda and
Ethiopia in August 2000. The workshop was
organized by the AMS and EACP projects,
under the umbrella of ECAMAW (of
ASARECA), and with funding from the
Rockefeller Foundation. The team consisted
of 35 scientists including the ECAJ'v1AW
Steering Committee and national scientists
actively involved in maize research from eight
countries (Kenya, Uganda, Tanzania,
Burundi, DRC Congo, Ethiopia, Sudan and
Madagascar) and several CIMMYT scientists.

2.2.4 Transfer of research outputs to
farmers and promotion of
linkages with development
prolects
During the period covered by this report, the
Steering Committee reviewed 34 on-going
competitive grants projects (on-farm trials of
stress-tolerant maize cultivars and
complementary crop management practices,
the screening and testing stress-tolerant
germplasm, and community seed
production). Twenty-five proposals were
approved for continued funding in 2000, and

A regional trial "On-farm evaluation of tiedridge technology for improved maize
production in semi-arid zones of Kenya,
Ethiopia and Tanzania" was launched. In
Kenya, on-farm trials were set up in three
districts in eastern Kenya to evaluate the use
of tied ridges as a soil moisture conservation
practice.
Farmers are increasingly involved in breeding.
A handbook on farmer participatory
breeding was produced (De Groote et al.
2001), and training provided to NARS
scientists. Participatory breeding activities
were begun and baseline studies completed in
several communities in semi-arid zones of

eastern Africa. The baseline findings will be
essential for a proper assessment of impacts
later on. Farmer participatory breeding has
also been initiated in the semi-arid
midaltitude zone of Kenya.
The project pays increasing attention to seed
production. A strategic document on
community based seed production in Kenya,
Ethiopia, Tanzania and Uganda was
produced by consultants. Community-based
seed production schemes have been initiated
in three countries (Kenya, Burundi, and
Tanzania). Twenty NGOs have been
identified in four countries as potential new
partners for the dissemination of new stress
tolerant germplasm and technologies for

moisture and soil fertility conservation.
Baseline surveys have been conducted and
documented in three distinct maize growing
zones of Kenya: (1) the dry midaltitude
(DMA) zone; (2) the dry transitional (DT)
zone; and (3) the moist midaltitude (M.MA)
zone.
A manual, " Breeding for drought and
Nitrogen Stress Tolerance in Maize-From
Theory to Practice", was printed and
distributed to all project participants as a joint
output of the AMS and SADLF (CI.MMYTZimbabwe) projects.

2.3 An external review
The project was originally conceived as a
long-term effort, requiring 10-15 years to
show full results in farmers' fields. Phase I
(1998-2000) has therefore emphasized
establishing the research infrastructure in the
African NARSs needed to conduct stress
breeding. An expert review of phase I was
carried out in February, 2001, by Ors.
Duncan Spencer, Nyanguila Muleba, and
Fred Wangati. Their report rated the project
as one of the top three projects currently
funded by UNDP worldwide. Excerpts of
the evaluation report are reproduced below
(AMS 2001):

Infrastructure development:
Screening sites are appropriate and adequate
for achievement of project's objectives. The
contribution by the AMS project tq the
infrastructure and operations at the sites is
highly appreciated by the NARS. The
improvements in infrastructure and the
resultant increase in research momentum
should be safeguarded.

Provision and evaluation of improved
maize germplasm:
More than 5000 materials have been screened
and tested in the region. NARS scientists in
the AMS project were able to effectively
utilize germplasm supplied to them as well as

their local germplasm that included landraces
and popular farmers varieties. They used the
germplasm in breeding programs and
recombined exotic and local genes in new
stress tolerant breeding populations which are
likely to produce good quality varieties that
meet farmers' requirements in different
recommendation domains. This is now
enabling NARS scientists to directly tackle
abiotic and biotic constraints that reduce
maize productivity under farming conditions
in Africa.
Within the AMS project's very short lifespan
of three years, some improved stress tolerant
cultivars have already been identified. The
project has thus accelerated the release of
some cultivars on the pipeline before its
inception. The achievements of AMS project
in cultivar developments can only be
described as tremendous.

Applied biotechnology tools:
Marker-assisted selection should soon be
possible to backstop breeding for Shiga and
streak virus resistance selection.

Seed distribution:
Many attempts have been made to develop
Community Based Seed Systems (CBSS) and
small seed companies in many of the
countries in the AMS project with the
assistance of government agencies as well as
NGOs, with varying degrees of success. AMS
is contributing to developing appropriate
CBSS in both WCA and ECA. AMS may
need to devote increased resources to this
area as it releases stress tolerant varieties in
the near future.

Agronomy:
[In ECA] The Review Team found little
evidence of adequate ex-ante evaluation of
many of the agricultural experiments
conducted. Consequently, results in many
cases merely confirm well-know agronomic
advantages of many of the treatments, but
are not likely to produce technologies that are

adoptable by farmers in the short to medium
term. The Review Team commends the
quantity and distribution of complementary
agronomic and on-farm trials undertaken in
WCA. The WECAMAN requirement that all
on-farm research teams should have a breeder,
an agronomist and a socio-economist, and
economic analysis of the results should be
undertaken is commendable. However, it is
clear to the Review Team that such provisions
are not always followed, sometimes for lack of
availability of the appropriate staff The same
concerns expressed about treatments in trials
in ECA, and the need for insightful ex-ante
analysis also apply in WCA. Furthermore, the
lack of adoption of standard experimental
designs for on-farm trials may compromise
comparative analysis across the region. AMS
in WCA is encouraged to explore this
possibility.

Farmer participatory research (FPR):
The AMS project in ECA has made very
commendable progress with FPR. Farmers
and scientists are making use of the results,
thus obtaining information on the suitability
of new cultivars for different agro-ecologies
and their acceptability to farmers; farmers
were quite pleased with the whole exercise.
Farmer participatory variety selection has also
been well institutionalized in WCA. The
Review Team supports the model of PB that
is being experimented with in WCA. As
indicated for agronomy trials earlier, the
Review Team is of the opinion that the AMS
team in WCA should explore the possibility of
adopting a standardized methodology for onfarm evaluation of varieties, such as the

Mother-Baby Trial design used in ECA. The
Review Team would like to commend the
project for progress made in FPR.

Involvement of Women:
Women are adequately represented in on-farm
research teams. Groups participating in PB as
well as on-farm testing are at least equally
divided between men and women, with
women often in the majority ... It would

. . . . . . . . . . . . . . . . . . . . . . . . . . ..

appear that on the average women scientists are
as involved in AMS projects, as in the overall
NARS programs. However, in some countries
there appears to be an under representation of
women scientists in AMS projects, particularly
in ECA. Increased effort in that direction is
required by AMS management.

Collaborative research:
The AMS Project is promoting interactions
between international scientists from
CIMMYT, IITA and NARS scientists of
different training and backgrounds, and
between scientists and extension workers, nongovernment organizations (NGOs) and
farmers' communities. NARS scientists are
therefore not working in isolation, but are
backstopped by international scientists.
Similarly, international scientists are no longer
working in a vacuum but, in a living
environment with their clients - NARS
scientists and farmers. The overall result of the
methodologies used by the AMS Project is
improved efficiency of breeding work carried
out by NARS scientists and a quick transfer of
technologies from experiment stations to
farmers.

Training:
CIMMYT and IITA have provided African
national scientists with research tools that help
them to efficiently tackle maize abiotic and
biotic constraints in their home countries. Since
training and other tools provided are being
used outside the project, the AMS project has
significantly contributed to the development of
modern agricultural research and development
in Africa. IITA and CIMMYT are to be
commended for giving technical assistance in a
very collaborative way to African NARS
scientists and farming communities in the
establishment of a modern maize production
industry in Africa, and for their commitment to
maize technology transfer to developing
countries.

Project Administration:
The administrative arrangements and division
of responsibilities between CIMMYT and IITA
have worked well. A good degree of

collaboration between the two IARCs is
emdent, and the two networks and
participating NARS have also played their
role effectively. The NARS directors
contacted have confirmed their satisfaction
with the management and operation of the
project. Collaboration with NGOs and the
extension sermces is developing gradually.

2.4 The Future
The overall strategy for AMS phase II is to
continue apace and build on the strengths of
phase I, given that many of the activities are
long-term ventures, while launching a few
new strategic actimties. This approach is
congruent with the overall recommendations
of the February 2001 external remew:

':4MS will increase its efforts to develop
innovative and appropriate cultural practices far
the new stress tolerant varieties. Before agronomic
trials are conducted in both ECA and WCA,
thorough literature review and ex-ante socioeconomic analysis will be conducted to show that
practices to be evaluated are likely to produce
technologies that farmers are likely to adopt given
their existing constraints.

· The new program emphasis implies a slight shift
in ~/location uf resources from breeding activities
to agronomy,. socio-economics, seed .rystems and
capacity building. Efforts will be made to develop
effective community-based seed multiplication and
marketing {)'Stems, and improved crop and soil
management practices at farm leveL There is also
likely to be a shift in emphasis within the
breeding program with increased efforts put into
marker-assisted breeding and development uf
quality protein maize (QPM)."
In summary, the project will continue four of
the central actimties begun in phase I, mz.:
breeding for stress tolerance, farmer
participatory research, training, and network
strengthening. To broaden the scope of the
project in phase II, one new actimty will be
added - the testing and incorporation of
QPM varieties developed at CIMMYTMexico. Efforts will be intensified in three
areas identified by the remew panel as weak:
agronomy (conducted by NARS researchers
under the competitive grants program), socioeconomic studies, and seed distribution
systems.

3. Eastern Africa Cereals Program (EACP)
Dennis Friesen (Project Coordinator for maize)

3.1 Introduction
he EACP, funded by CIDA, was
initiated in 1985 to increase maize and
wheat production and productivity in
eastern Africa. The project is now in its
fourth and final phase, due to end in 2002.
Previous phases have focused on
strengthening the ability of national systems
to generate crop management technology, on
addressing major crop production constraints,
on developing sustainable production systems
for the major maize and wheat growing

steering committee of the NARS maize
and wheat research coordinators, which
meets annually to further this objective.
Furthermore, several working groups
have been convened to consolidate
information on major production and

T

productivity constraints, identify research

gaps, and set priorities to be addressed
by the network.

•

Strengthen capacity of maize and wheat
researchers. Training has always been an
important feature of the EACP in
previous phases. In phase 4 support is
provided for short courses, including the
Crop Management Research Training
(CMRT) course at Egerton University,
and for researchers to participate in
scientific fora at the national and
regional level.

•

Improve agronomic systems adapted to the
major agro-ecologies of the region that increase
the productivity and production of maize and
wheat while protecting the natural resource base.
The project provides support through
competitive small grants for research to
refine existing improved crop

environments in the region, on strengthening

the commitment and capacity of NARS for
long-term experimentation, and on capacity
building, especially in crop management
research.

The present phase of the EACP was initiated
in 1996 to enhance the productivity,
effectiveness, and efficiency of crop and
natural resource management research and

technology dissemination by NARS scientists
addressing the constraints of maize- and
wheat-based cropping systems in eastern
Africa; and to develop and disseminate
improved agronomic practices that will be
adopted by farmers throughout the region.
The five objectives of the project are as
follows:

•

Institutionalize regional networking among
national maize and wheat research systems for
planning, implementing, and budgeting research
to help achieve greater economy, productivity,
quality and efficiency in maize and wheat
research. This has led to the establishment
of a formal network, the Eastern and
Central African Maize and Wheat
(ECAMAW) Research Network and a

management practices, develop new

technologies that will allow new varieties
to express their yield potential, and to
preserve and enhance the natural
resource base for agriculture. Proposals
for small grant awards are solicited
annually, screened and refereed by an ad
hoc committee, and finally accepted or
rejected for funding during a review by
the maize or wheat subcommittees of
the ECAMAW Steering Committee at its
annual meeting. CIMMYT, as the
implementing agency of the EACP and

technical advisor to ECAMAW, evaluates
the technical merit of individual
proposals, recommends and assists in
improvements to project design in
consultation with the principal
investigators, monitors the
implementation of the project, and
receives and evaluates progress and final
reports.
•

•

Improve dissemination of improved maize and
wheat crop management practices.
Recognizing the limitations of current,
traditional dissemination mechanisms
largely due to the weakened nature of
extension services, the EACP through
ECAMAW strives to improve
dissemination, especially of technologies
developed through EACP/ECAMAW
supported research, by increasing the
involvement of extension personnel in
the execution of small grant research
projects, increasing communication
between researchers, policy makers and
extension staff, supporting field days
and research / extension bulletins to allow
greater communication directly with
farmers, and supporting impact
assessment and adoption studies in
collaboration with NARS socioeconomists.
Incorporate gender awareness into the research
process and train women researchers in national
maize and wheat research programs.
Recognizing the distinct roles of men
and women in farming systems and the
potentially different impact new
technologies may have on them, the
project promotes an increased awareness
of gender in the technology
development process through training
courses on gender awareness for
network scientists, incorporating gender
analysis into all small grant proposals
and strengthening the capacity of
women professionals involved in maize
and wheat research.
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3.2 Train ing Activities
The EACP sponsored several training
activities in 1999-2000 (fable 3.1). Regional
courses, including the CMRT course, usually
involved some degree of participation by
CIMMYT scientists in the form of lectures.
The subject matter and participants for these
training events are identified by the national
maize and wheat research coordinators sitting
on the ECAMAW Steering Committee.
Table 3.1

Training activities of EACP
No. of
participants •

Activity

Regional course "Training of
Trainers (TOT) in Gender
Analysis" (May 1999, CMRT)
Regional course "Statistical and
Economic Analysis of Nutrient
Response Trials" (November
1999, CMRT)
CMRT 1999 in-service training
course
In-country training courses in
"Scientific Writing and Proposal
Development" (3 locations:
Kampala, CMRT & Debre Zeit;
Ociober-December 2000)
CMRT 2000 in-service training
course

18

18

3

45

3

• includes wheat participants sponsored by EACP.

3.3 EACP Research
Activities
3.3.1 Overview
Research activities under the EACP are
carried out by NARS scientists supported
through small grants to projects proposed to
and approved by the ECAMAW Steering
Committee. These projects address the major
constraints to improved maize production
and productivity in the region as identified by
the ECAMAW Research Network. During

1999-2000, the EACP supported a portfolio
of 54 small grants projects (see Table 3.2
below). Nearly half the projects address the
issue of low soil fertility and methods for
enhancing or restoring it. Research on weed
Table 3.2

Research themes in maize funded during
1999-2000 through the East Africa Cereals
Project (EACP) Small Grants Program
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including manures & compost

8

9

6

2
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multiplication

0

4

3

0

1

Weed control & pest management 0
including post-harvest

4

7
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Soil & water conservation
including drought management

0

1

1

1

0

Technology dissemination &
impact assessment

1

TOTAL

9 20 18 5

8

3

3.3.2 Soil Fertility Enhancement Including
Green Manures and Organic Residues
Low soil fertility is one of the most important
constraints to increased maize productivity in
eastern and central Africa. Consequently, a major
part of the portfolio of EACP-funded small grants
projects addresses soil fertility issues. Recognizing
the constraints faced by farmers in purchasing
inorganic fertilizers, much emphasis is placed on the
use of organic sources available or produced onfarm, or in the integration of inorganic and organic
sources. Some 13 projects dealt with soil fertility
enhancement via legumes during 1999-2000, while
another 10 projects evaluated other organic nutrient
sources such as manures and composts and their
integrated management with inorganic fertilizers.
The projects are listed in Table 3.3 and salient results
are summarized below.
Table 3.3 Projects on soil f ertility enhancement with legumes
Country' Principa l
Investigator

2

1

1

0

5
1

Er

Tenaw
Wonrayhu
AwassaARC

Study of the effect of forage legumes relay cropping in
improving soil fertility and subsequent crop yields (maize,
tel, h. bean)

2

ET•

Tesla Bogale
JimmaARC

Regional trial - Screening and evaluating legumes for soil
fertility enhancement in intercrops, relays and rotations with
maize

3

Er

Tolera Aberra
BakoARC

Detennination of cropping sequence and effect of crops in
rotation and NIP fertilizer rate on soil fertility, weed and
disease occurrence and on the grain yield of maize on
tanners' field in western Oromia Ethiopia

4

KE

Ruth Onyango
KARl-Kitale

Effect of relaying green manure legumes and intercropping
food legumes on yields of maize in small-scale fanning
communities of western Kenya

5

KE

JOOjiem
KARIKakamega

Management of legume species for soil fertility improvement
in the smallholder fanning systems of western Kenya

7

KE'

Josiah Gitari
KARI-Embu

The use of legume cover crops to alleviate moisture stress
and enhance soil fertility

8

TZ

TE Mmbaga
SelianARI

The role of drought tolerant legumes in sustainable maize
production for food security and cash generation

9

TZ'

RHAssenga
ARl-Mlingano

Regional trial - Screening and evaluating legumes for soil
fertility enhancement in intercrops, relays and rotations with
maize

10

TZ'

TEMmbaga
SelianARI

Regional trial - Screening and evaluating legumes for soil
fertility enhancement in intercrops, relays and rotations with
maize

11

TZ

RHAssenga
ARl-Mlingano

Evaluation of some leguminous cover crops for soil fertility
and water management in maize based intercropping
systems

12

UG•

J Kikalunda
NAARI

Regional trial - Evaluation of legume fallows for use in soil
fertility improvement in a maize-based fanning system

13

UG'

S. Owera
Makerere Univ.

Improving tanner's maize yields through improved soil
fertility and good crop husbandry in northern Uganda
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control (including Shiga) and pest
management (including post harvest pests)
also receives significant support. CIMMYT
scientists are technical advisors to the
ECAMAW Network and to projects
supported through the Network by the
EACP. Their role is to provide technical input
by recommending improvements in project
objectives and design prior to
implementation, visiting the trial sites, and
monitoring and verifying the quality of trial
execution. Since the purpose of networking
is to focus resources on issues of regional
importance, CIMMYT particularly promotes
and encourages NARS projects that have
regional importance and are collaborative in
nature. This approach has had some success,
particularly in the evaluation of the
contribution of legumes to soil fertility
enhancement in maize-based cropping
systems. Highlights of results from network
research supported by the EACP are
summarized by topic in the following
sections.

Project
Title

ET =Ethiopia, KE=Kenya, TZ= Tanzania, UG= Uganda
• on-going projects.

§

Evaluation of legumes for adaptation and
N contributions. In regional trials established
in Ethiopia, Uganda, and Tanzania and
related trials in Kenya (KARI-Kakamega)
during 1998-99, 12 or 13 green manure/cover
crops were evaluated for local adaptation to
climate, pests and diseases.

Figure 3.2 Maize intercropped with Dolicos
lab/ab

Figure 3.1 Evaluation of green manure species
at Mlingano, Tanzania

Figure 3.3. A maize crop smothered by a Mucuna intercrop

Among these, based on considerations of
legume seed production, ground cover,
biomass production and nitrogen yield,
resistance to pests and diseases, and

adaptability to cropping systems, two legumes
stood out at most sites: Mucuna pruriens and
Canavalia ensiformis. In Ethiopia, Crotolaria,
S esbania and soybean were chosen for further

evaluations. Croto!aria ochro!euca and Ca!!iandra
ca!iothyrsus were found to be best in Kenya.
Other promising materials were Do!icos lab/ab
and Tephrosia varge!!i, but both suffered from
severe pest problems.

Evaluation of legumes in maize systems.
Based on the results of legume evaluations,
trials were sown in 1999 and 2000 in
Ethiopia, Uganda and Tanzania to evaluate
the benefits of different legumes grown in
various systems with maize (that is,
intercropped, relay cropped or rotated).
Results were inconclusive or inconsistent
among sites and years, indicative of the highly
site-specific nature of these technologies.
Drought conditions during 1999 also affected
results at some sites. In the coastal lowland
environment of eastern Tanzania,
intercropping or relaying Mucuna or Canava!ia
with maize in 1999 had no significant effect
on subsequent maize yields in 2000, although
50 kg fertilizer-N /ha doubled yields. In
another similar trial in the same zone, which
also included Ca!!opogonium and cowpeas
intercropped with maize, the contribution of
the intercrops to subsequent maize crop
yields was equivalent to approximately 25 kgN/ha at the N-responsive site. At the Uganda
site, poor response to legume-derived N in
maize-legume (Mucuna or Croto!aria) rotation
led to the conclusion that the legume should
be planted in the first season ~ong rains) so
that maize planted in the second season
(short rains) could benefit from the N before
it was lost. In Ethiopia Oimma), three legume
green manures (Sesbania sesbans, Croto!aria and
soybeans) were selected and grown on large
plots in 1999 and subsequently rotated into
maize in 2000 with 4 rates of N fertilizer.
Legume biomass was removed from the plots
at the end of the 1999 season for cattle feed
'
so that effects of the legumes were due to
leaf shed during the season and belowground contributions. Fertilizer N doubled
maiz_e yields on monocropped plots while the

contribution of the preceding legume was
equivalent to 69 kg-N/ha.

On-farm evaluations of maize-legume
systems. Due to higher variability, on-farm
evaluations of legume techn.:,logies have
produced more inconsistent results than onstation trials. In eastern Tanzania, for
example, maize rotations with Mucuna and
Croto!aria on 18 farmers' fields were
statistically inconclusive although strong
effects were clearly seen on some fields.
Fifteen similar on-farm trials in the
Kilimanjaro Region of Tanzania also
produced inconsistent results, probably due
to drought conditions in that area in 2000. In
the Kitale region of western Kenya, various
green manure and grain legume species were
evaluated using a participatory approach with
19 farmers in two agroecological zones.
Legumes were relayed or intercropped with
maize and comparisons made with inorganic
N and P. Maize yields were significantly
increased by grain legumes in most cases
although inorganic fertilizer was often more
effective. Among the green manures, Do!icos
lab/ab was more effective than either Mucuna
or Croto!aria.
Despite often less than favorable effects on
maize productivity, farmers' interest in

legumes is reported to be positive, especially
if they produce consumable seed. Thus, in
trials on 32 farmers' fields in the Kilimanjaro
region where maize was intercropped with
the drought tolerant legumes, Do!icos lab/ab
and pigeon pea (Cajanus cajan), as well as
Phaseolus beans, although maize yields were
not affected by the intercrop, about 60% of
the farmers wanted to adopt lablab, 10%
pigeonpeas and 30% beans, primarily because
of the added income that could be obtained
from them. Similarly, many farmers in the
Kitale area trials were particularly interested in
soybeans and groundnuts, which were
previously unknown to them, and requested
seed to plant them in pure stands.

Table 3.4. Projects on integration of fertilizers with organic amendments
Country'

Principal
Investigator

Proled Title

14

ET

Wokene Negosso
Baka ARC

Determination of optimum form yard manure and NP fertilizers for maize
under formers' conditions in western Ethiopia

15

ET

Wokene Negosso
Baka ARC

Evaluation of compost technologies for soil fertility management under the
formers' condition for maize production in western Ethiopia

16

ET*

Tilohun Todesso
Adel ARC

On-form evaluation of nitrogen and phosphorous fertilizers for groin yield of
maize hybrid BH-540

17

ET*

Tolesso Debelle
Baka ARC

Effect of enriched form yard manure on groin yield of maize at Baka, Western
Ethiopia

18

ET*

Tesfo Bogole
Jimmo ARC

Optimizing the efficiency of applied P for maize production over three-season
growing period

19

KE*

S.K. Kimoni
KARl-Mugugo

Soil fertility management for enhanced smallholder maize production in
central Kenya

20

KE

JN. Gitori
KARI-Em bu

The use of various combinations of inorganic/organic lo alleviate nutrient
depletion for maize production in central Kenya

21

KE*

J.C. Buigutt
KARl-Perkerro

Soil fertility improvement in o maize/bean inlercrop in the osal areas of northwestern Kenya

22

Tl

Susan lkerra
ARl-Mlingono

Effect of maize stover and Tithonia supplemented with fertilizer on maize
yields

23

Tl

T.E. Mmbogo

Evaluation of poultry and farmyard manure with small quantities of inorganic
fertilizers to enhance maize yields

Selian ARI

ET = Ethiopio, KE=Kenyo, Tl = Tonzania, UG= Uganda
• on-going projects.

§

Integrated use of manures and fertilizers.
Llvestock are an integral part of many
farming systems in eastern and central Africa
and animal manures could potentially provide
a source of re-cycled nutrients to crops in
mixed production systems. Nevertheless, the
consensus among NARS scientists in the
region is that these materials are inadequately
or inefficiently utilized by farmers. Seven
projects in Ethiopia, Kenya and Tanzania
evaluated the effects on maize yields of
animal manures alone or in combination with
inorganic fertilizers during 1999-2000. As
with green manures, results with animal
manures have been mixed. Despite this, it
does appear that manures combined with
inorganic fertilizer reduce the rates of
fertilizer required for optimal maize growth.
For example, whereas 8 t/ha of manure
alone were ineffective at 7 on-farm sites
around Bako (Ethiopia), when enriched
(through composting) with 25% of the
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recommended NP fertilizer requirement,
maize yields were as great as with the
recommended NP rates alone. In the central
highlands of Kenya (Embu), 7 t/ ha of
manure had no effect at one of two on-farm
sites on Nitosols but increased maize yield by
65% at the other. Applied in combination
with NP-fertilizer, 3.5-7 t/ ha of manure
reduced the fertilizer requirement by 50%.
Finally, cattle and poultry manure providing
33 kg-N/ha were as effective as 100 kg ureaN/ha on maize response in 10 on-farm trials
in the Arusha-Kilimanjaro area of Tanzania.
Applying manure with 50 kg urea-N/ha
provided no further advantage. The variable
responses to manures are believed to be due
to poor or variable quality, as has been
demonstrated elsewhere. Nevertheless, the
results from the studies summarized here
suggest that manures are an available resource
that can be effective in reducing (but not
eliminating) the need for purchased inputs,

3.3.4 Weed Control including

especially where the opportunity costs
involved in handling them are low.

Striga spp

Use of crop residues, biomass transfers
and composts. Two projects have examined
the effects of biomass additions from various
sources on maize yields. In Ethiopia (Bako
Regional Research Centre), composts derived
from on-farm and household residues were
ineffective in improving maize growth. In
eastern Tanzania (ARI-Mlingano), maize
stover residues immobilized soil N and
reduced maize yield while 6 t/ ha of Tithonia
residues trebled grain yield to levels equivalent
to the recommended rate of N fertilizer.
Topdressing Tithonia with a small amount of
N fertilizer further increased yield.

Research on the control of the parasitic weed
Striga spp. is the focus of other CIMMYT
projects, described in the next chapter. Much
early research on this pest in the region was
supported by earlier phases of the EACP
which, in the present phase, continues to
support research activities related primarily to
agronomic control methods. Other problem
weeds have also been addressed to a limited
extent.
Table 3.6 Projects on weed control

3.3.3 Germplasm Evaluation and

Countryt

Principal
Investigator

Project Title

30 KE

G.M. Kamau
KARl-Mtwapa

Transfer of maize/cowpea rotation
technology for weed and soil management
in coastal Kenya

31 KE

G.D. Odhiambo On farm demonstration of Striga control
KARl-Kibos
options

32 TZ

W. Mgema
ARl-Mlingano

Long term rotation with legume/maize in the
control of Striga

33 TZ

W. Mgema
ARl-Mlingano

Stover incorporation in controlling Striga

34 TZ

E.S. Macha
TPRI, Arusha

Effect of integrating chemical and other
control methods in the management of
Mexican poppy (Argemone Mexicana L.), a
problem weed in small holder maize farms
in Northern Tanzania

Seed Multiplication
Small grants projects on germplasm
evaluation and seed multiplication were
funded by EACP prior to the implementation
of the AMS Project. Since 1998, new
germplasm evaluation projects have been
funded by the AMS while all such projects
have been monitored and evaluated by the
CIMMYT maize breeder.

KE = Kenya, TZ = Tanzania
• on-going projects.

§

Table 3.5 Projects on germplasm evaluation and seed

multiplication
Country' Principal
Investigator

Project Title

24

KE

L.M. Kimotho
KARl-Kotumoni

Maize variety adaptation trial

25

KE

L.M. Kimotho
KARl-Kotumani

Response of new maize varieties to low
nitrogen

26

KE

W.N.P. Muosyo
KARl-Kotumani

On form testing of drought and low nitrogen
tolerant/ resistant varieties in semi-arid areas of
eastern Africa

27

TZ

H.B. Akonooy
Selion ARI

Determination of the combining ability of
maize inbred lines extracted from various
open pollinated varieties (OPVs)

28 Tl

P.S. Ngowi
ARTl -llongo

Use of CIMMYT lines for hybrid maize
development

29

Z.O. Mdurumo
Selion ARI

Estimation of heterosis and combining ability
of populations adopted to the mid-altitude
areas

TZ

§

KE = Kenyo, TZ= Tanzania

Trials were conducted in western Kenya
and eastern Tanzania on the effectiveness
of organic residues and rotations with
legumes for control of S. hennonthica and
S. asiatica, respectively. Conclusions have
generally been variable and, as
demonstrated in on-station
experimentation, benefits cannot be
expected in the immediate season but may
require several seasons before they are
seen.
Rotations of grain legumes in the offseason with maize in coastal Kenya have
also been shown to be effective in
reducing infestations of non-parasitic
weeds, principally because the land

I

remains under cultivation rather than a
weedy fallow. However, farmers need to
be encouraged to plant off-season crops
when this has not been their custom.

In northern Tanzania, the exotic weed,
Mexican poppy (Argemone Mexicana L.),
has become a serious problem among
smallholder maize producers. A survey of
the extent of the weed in the West
Arumeru and West Kilimanjaro region
was made and alternative manual,
chemical and integrated means of
controlling it were evaluated. The results
showed that the weed was effectively
controlled by both chemical (2, 4-D
amine) and hand-weeding or a
combination of both. An economic
analysis of the relative benefits remains
to be done.
3.3.5 Pest Management

Including Post-Harvest
Pests
In September 1998 an ECAMAW
working group identified post-harvest
losses as a priority research area. In 1999
Figure 3.4 Striga asiatica in maize at Mwele, Tanzania.
the EACP funded two projects in
northern Tanzania that took two
different approaches to the
Table 3.6 Projects on pest management
problem. One examined the effect
Countryf Principal
Project Title
of local botanical treatments on
Investigator
insect pests in maize stored on35 TZ j W.R. Mbise
Evaluation of traditional storage
farm. Early observations showed
TPRI,
Arusha
structures
with special emphasis on their
little or no effect of botanical
efficiency
in
insect pests reduction in
treatments compared to the locally
stored maize in northern Tanzania
available (and inexpensive) chemical
treatment, Actellic Super D ust
Z.M. Bira
Evaluation of the use of botanicals as
ARTl-llonga
traditional protectants of stored maize
(ASD). Due to the apparent
36 TZ*
grains: The case of neem plant and
difficulty in obtaining and preparing
ashes
from rice trashes and sesame
the botanical treatments, this
plant in the control of the large grain
approach does not appear to hold
borer (Prostephanus trancatus)
much promise.

I

Another project evaluated stored
crop losses from traditional storage
structures on-farm in the Arusha,
Northern Tanzania, region and how
structures might be improved to reduce

37 UG

Michael Ugen
NAARI

Termite Management in maize-based
cropping systems in Uganda

§

TZ = Tanzania, UG = Uganda

• on-going projects.

3.3.6 Soil and Water

Conservation Including
Drought Management
To address drought, the EACP is
supporting agronomic
approaches as well as
agroclimatic analysis, which
complement the breeding
approach of the AMS Project.

Figure 3.5 Evaluation of traditional and modified storage

structures in Northern Tanzania

Experiments on -station and onfarm studied alternative moisture
conservation practices with
maize in northern Tanzania.
Factors included ridging, tied
ridging at different intervals, and 'pot-holing'

losses. Plastering the inside
or both walls of 'Vihenge'
Table 3.7 Projects on soil and water conservation management
structures appeared to
reduce storage losses.
Principal
Project Trtle
Country'
However, the most effective
Investigator
method combined these
38 KE*
J.N. Mwangi
Soil conservation for improved maize production: A
improvements with the use
KARl-Muguga
comparative study on effectiveness of Napier grass strips,
Calliandra calothyrsus hedgerows and terraces in central
of ASD in traditional
Kenya
structures. The study also
T.E. Mmbaga
On-station refinement of moisture conservation
39 TZ*
found that ASD gave
Selian ARI
techniques for moisture stressed maize in the northern
protection to stored maize
Tanzania
for up to 8 months under
F. Musiitwa
40 UG
Characterizing drought patterns for appropriate
both lowland and highland
NAARI
development and transfer of drought resistant maize
cultivars
condition s. Analysis of
stored and milled grain
§ UG= KE=Kenya, TZ=Tanzania, Uganda
• on-going projects.
indicated that stored grain
consumed within 6 months
after treatment may contain elevated levels of
ASD residues, and indicated that stored maize
should not be consumed within this period.
Termites inflict substantial damage to maize
crops and seem to be associated with soils of
low fertility. A project in Uganda examined
alternative methods of controlling termite
damage. It was found that clean weeding (2
weedings compared to one) tended to increase
termite damage while intercropping maize
with beans tended to reduce damage.
Application of the chemical 'Dusban' was
ineffective, whereas complete control was
obtained with 'Regent'.

Figure 3.6 Effect of tied ridges on maize growth near

Arusha, Tanzania (Oat planting on the left, tied
ridges on the right)

to trap water and reduce run-off as well as
seed placement on the ridge. Results from
these trials and similar ones carried out in the
dry midaltitude ecology of eastern Kenya
have been variable, indicating the need to
refine and adapt the technology to conditions
in the region. The effectiveness of tiedridging appears to depend on the season and
the severity of moisture stress, the soil type
on which it is applied and the maize variety
planted. One of the major impediments to
adoption of the practice in the region is the
lack of an implement to reduce the added
labour costs associated with it.
Characterizing rainfall patterns and
fluctuations in the length of growing seasons
provides important information for
developing and selecting appropriate
germplasm and agronomic practices for a
given region. A project in Uganda (NAARINamulonge) analyzed daily rainfall data from
seven stations representing major maize
growing areas in Uganda. The results indicate
that the varieties grown are often of too late
maturity for the season. For example, the
season for Soroti varies from 72- 120 days
while at Masaka it is 82-1 14 days; farmers in
these areas grow Longe-1 which has a
maturity of 120 days.

3.4. Research
Dissemination and
Impact Assessment
Several EACP small grants have supported
projects to disseminate proven technologies
(such as use of improved varieties and
fertilizers) as well as studies to assess the
constraints to adoption of these
technologies. These projects are listed below.

An example of the former is a project
undertaken in western Kenya. During two
previous years, John Achieng (KARIKakamega) worked with a women's group of

Table 3.8 Projects on research dissemination
and impact assessment
Country'

Principal
Investigator

Project Title

41

ET

Girma Aboma
Bako ARC

The economics of and the
substitutes for chemical
fertilizer use among maize
farm communities in western
Oromia, Ethiopia

42

KE

J Achieng
KARl-Kakamega

Sustainability of fertilizer use
on maize production in
western Kenya through
provision of credit

43

KE*

Ruth Onyango
KARl-Kitale

The introduction of cropping
sequences into maize based
systems of small holder
farmers within NARC Kitale
mandate region

44

TZ

V Akulumuka
ARTl-llonga

The study of informal maize
seed distribution and diffusion
mechanism in the lowland
maize growing areas of
Tanzania

45

UG

VK Tamanyirwa
NARO

Assessment of farmers' maize
seed ~ources and
management, A case for onfarm seed improvement for
small farmers in Uganda

§ ET= Ethiopia, KE = Kenya, TZ=Tanzania, UG= Uganda
* on-going projects.

farmers in the western Kenyan division of
Yala demonstrating the benefits of fertilizer
and improved varieties. In 1999, he initiated a
micro-credit project with the group in which
he loaned 26 farmers on 30 one-acre plots
with fertilizer inputs on condition that the
loan be repaid in kind (3 bags maize) with the
harvest. As a consequence of using inputs
(with their traditional varieties), the group
increased production from their previous
average of 1 bag/ ac (about 220 kg/ ha) to 13
bags/ac (2,900 kg/ha). Credit recovery was
90%. Profits enabled the group to finance
their own fertilizer purchases in 2000 while
Mr. Achieng moved his project to another
women's group in the area. The project
suggests that fertilizer use can be profitable
but credit facilities are required to enable
small farmers to use them.

Execution of projects with a large on-farm
component was always done with the
participation of farmers and extension
agents.

A socioeconomic study carried out near Bako
in the Oromiya region west of Addis Ababa,
Ethiopia, assessed the profitability of
chemical fertilizers and the determinants of
fertilizer and manure use among farmers in
an area which has seen a tremendous growth
in the use of improved hybrid maize and
fertilizer use. Factors which influenced the
use of chemical fertilizers were identified as
were constraints. Among the
recommendations made by the authors were
the need to improve the marketing and credit
system, and strengthening of support
institutions to enhance fertilizer use and
improve the sustainability of maize
production and productivity. Events in the
region subsequent to this study, which saw a
bumper harvest and a consequent collapse in
maize prices, support the reports conclusions.

3.5

The Future of EACP

The EACP will conclude its activities in 2002,
having been granted an extension by CIDA
beyond its scheduled conclusion in mid-2001.
It has been the mainstay of CIMMYT
activities in eastern Africa for the past 16
years. Over that time it has enabled maize and
wheat researchers in the region to develop
and improve crop management practices for
enhancing maize and wheat productivity
through training, capacity building and
research support. The ECAMAW Network,
established by EACP-phase 4, will continue
Dissemination activities supported by the
to provide a framework for much of
EACP also take the form of on-farm trials
CIMMYT's collaborative program with
and field days most often organized within
NARS in the region for the improvement for
small grants projects funded by the network.
stress tolerance of locally adapted germplasm
A summary of on-farm trials and technology
populations, the adaptation and deployment
dissemination activities conducted during
of QPM varieties, and the development and
1998-2000 is presented in Table 3.9.
refinement of cultural practices to
help
farmers obtain the fullest
Table 3.9 On-farm Trials and Field Days Conducted
potential from the new improved
Under EACP Small Grants Projects During
1999-2000
maize varieties produced by this
Number of
Total
I Number of collaborative effort.

I

proiects
number of
with onon-farm
Country farm trials
sites
Ethiopia

field days
associated
with proiects

5

31

4

15

132

5

Tanzania

5

36

4

Uganda

2

27

0

27

226

13

Kenya

TOTAL
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4. The Insect Resistant Maize for Africa

(IRMA) Proiect
Stephen Mugo (breeder/ coordinator) and Hugo De Groote (agricultural economist)

4.1. Introduction
he Insect Resistant Maize for Africa
(IRMA) Project is a joint venture
between CIMMYT and the Kenya
Agricultural Research Institute (KARI), with
financial support from the Novartis
Foundation for Sustainable Development. It
responds to the need to feed Africa's rapidly
increasing population by reducing the damage
incurred by the region's major insect pest of
maize, stem borer.

T

Figure 4.1

African countries. The Novartis Foundation
for Sustainable Development was approached
as a possible donor. Kenya was singled out to
serve as an example, after which the
technologies and experiences will be extended
to other African countries interested. KARI
was approached due to its expressed interest
in technofogies to control maize stem borers
and reduce the dependence on chemical
pesticides.
The IRMA project started in mid-1999. Dr.
Hugo D e Groote, the project's agricultural
economist, arrived in
Nairobi in September 1999,
while Dr. Stephen Mugo,
the breeder/ coordinator,
arrived in November 1999.
A project team of KARI
and CI:MlvfYT scientists
including entomologists,
breeders, socio-economists
and biotechnologists was
identified.

Chilo partellus larva, one of the major stem
borers in Kenya

The overarching goals of the project are to
develop insect resistant maize varieties for the
major Kenyan maize growing environments
and to establish procedures to provide insect
resistant maize to resource poor farmers in
Kenya. During the implementation of IRMA,
relevant technologies will be transferred to
KARI and continuously evaluated.
The project originated in a CIMMYT
initiative to develop and disseminate insect
resistant maize germplasm in developing

IRMA activities in Kenya
in 1999 covered mainly
planning and infrastructure establishment. A
project concept meeting was held in Nairobi
in June 1999 during which a planning
workshop was organized for August 1999.
The workshop brought together scientists
from KARI, CIMMYT and NF (Figure 4.2).
They consulted, shared information and
planned the development and deployment of
insect resistant maize in Kenya, using au
available genetic tools (Siambi et al, 2000). A
major output from that workshop was also a

strategic workplan (KARI and CHvllv1YT
2000) that includes broad objectives, logic
logframes, timelines, and responsibilities for
each project objective as detailed below. The
specific objectives of the project are as
follows:
1. Product Development. Develop insect
resistant maize varieties for the major
insect pests found in Kenyan maize
production systems.
2. Product Dissemination: Establish procedures
for providing insect resistant maize to
resource poor farmers in Kenya.
3. ltJtpact Assessment. Assess the impact of
insect resistant maize varieties in Kenyan
agricultural systems.
4. Technology Transfer. Transfer technologies
to KARI and Kenya to develop, evaluate,
disseminate, and monitor insect resistant
maize varieties.

5. Project Doc11mentation and Comnumication:
Plan, monitor, and docwnent processes
and achievements for dissemination to
the Kenyan public and developing
countries.
It was agreed to target all five maize growing
agro ecological zones in Kenya, with one
collaborating KARI station for each (Table
4.1)

4.2 Product Development
Bt cry genes and transformation
In CIMMYT Mexico, various Bt cry genes
(cry1Ab, cry1Ac, cry1B, cry1E, and cry B-1Ab)
were used to transform the CML 216 x CML
72 maize hybrid. Backcrosses were made to
CML 216 and the lines (T0-T~ have shown
high levels of resistance to stem borers.
During 1999 /2000, development continued
on second generation events that carry only
the gene of interest. These "clean genes" do
not carry the selectable Basta herbicide
resistance (the bar gene) marker, and so
bypass potential risks raised by some about
the technology. These events are developed
by using isolated Bt and bar gene sequences
for transformation. In addition, the Bt and
bar genes are kept separate (co-transformed),
and they will be inserted separately into the
maize genome. This increases the possibility
of separating the two genes in the final
product, thus producing an insect resistant,
but herbicide susceptible variety. While
requiring additional laboratory work, we
believe this approach is critical in
demonstrating that the project is using the
latest techniques for the production of
transgenic varieties and committed to
addressing concerns associated with these
types of products.

Table 4.1 Agroecozones targeted with 11lsect resistant
maize germplasm
I

Zone

KARI
Center

Major Stem
borer

Mtwapa

Chilo portellus

2 Dry M id Altitude

Katumoni

Chilo portellus

3 Moist mid-altitude zone

Em bu

Chilo portellus

4 Moist transitional Zone

Kakamega

Busseolo fusco

5 Tropical Highlands

Kita le

Busseolo Fusco

>-

Lowland tropics zone

Introduction of leaves from Bt
maize in Kenya
Efforts were made to introduce
maize leaf tissues containing Bt
genes into Kenya for the purpose
of identifying which Bt
transgenes are effective against
Kenyan stem borers (Chilo
partellus, Busseola fusca, Eldana
saccharina, and Sesamia calamistis).
Following Kenya national
biosafety regulations, an
application to introduce leaves
from maize carrying the Bt gene

was prepared and was presented to the KARI
Institutional Biosafety committee. The leaves
were to be used for bioassays with Kenyan
stem borers to identify the effective Bt
transgene(s) that would enable design of
suitable constructs for use to transform maize
to be backcrossed to Kenyan germplasm.
The application to introduce the leaves was
approved by the National Biosafety
Committee (NBC), and the Director of
Agriculture approved the Biosafety Level II
laboratory where leaf bioassays will be
conducted. The permit to import the leaves
was finally prepared by the Kenya Plant
Health Inspectorate Service (KEPHIS) in
January 2001. The process took nearly a year,
which is rather slow, but consideration must
be given to the fact that Kenya has only
recently developed biosafety regulations and
is still in the process of perfecting the
regulatory processes.
The following list of maize leaf material
originating from transgenic germplasm
planted in CIMMYT's biocontainment
greenhouses in Mexico will be introduced for
the bioassays in 2001:
• Leaves from fifth generation (TJ plants
containing Event 5207 [cryIAc driven by
the maize ubiquitin promoter (plasmid
pU02) co-transformed with the bar gene
driven by the enhanced CaMV 35S
promoter (plasmid pHP620)].
• Leaves from fifth generation (TJ plants
containing Event 5601 [cryIB driven by the
rice actin promoter and bar driven by the
CaMV 35S promoter (plasmid pCIRAD3)].
• Leaves from second generation (T) plants
containing Event 1835 [cryIB driven by the
maize ubiquitin promoter and bar driven
by the CaMV 35S promoter (plasmid
pCIRAD4) co-transformed with the bar/
gus genes driven by the maize ubiquitin
promoter (plasmid pAHC25)].

• Leaves from third generation (T ~ plants
containing Event 602 [cryIE driven by the
rice actin promoter and bar driven by the
CaMV 35S promoter (plasmid
pCIRAD58).
• Leaves from second generation (T 1) plants
containing Event 7 [cryIB-IAb driven by
the rice actin promoter and bar driven by
the CaMV 35S promoter (plasmid
pCIRAD7)].
• Leaves from plants containing Event 176
[cryIAb driven by the maize pollen-specific
promoter and cryIAb driven by the maize
PEP carboxylase promoter (plasmid
pCIB4431) co-transformed with the bar
gene driven by the CaMV 35S promoter
(plasmid pCIB3064)).

4.3 Development of
insect resistant maize
germplasm
Development of insect resistant germplasm
was initiated by screening germplasm from
diverse sources with host plant resistance
developed through conventional breeding
approaches. Identification of germplasm to
be backcrossed to the Bt maize commenced
with the initiation of germplasm screening by
KARI and CIMMYT breeders for tolerance
to drought and low nitrogen; disease
resistance (maize streak virus, turcicum blight,
and gray leaf spot); resistance to stem borers;
and post harvest resistance to weevils. The
idea is to transform the Bt gene for resistance
to stem borers into the most elite and
adapted background. Experimental varieties
and commercial cultivars were evaluated for
their resistance to stem borers (Table 4.2).
None of the commercially available cultivars
grown in Kenya demonstrated resistance,
further reinforcing the need to develop stem
borer resistant germplasm for Kenya.

Table 4.2. Cultivars grown to assess yield loss due to stem borer in five maize growing regions in
Kenya during 2000B cycle
Entry

Mtwapa

Katumani

Embu

Kakamega

Kitale

1

Coast Composite

Makueni Composite

H513

H622

H625

2

Pwani Hybrid 1

Katumani Composite

H511

H513

H626

3

Pwani Hybrid 4

Dryland Hybrid 1

PHB 3253

PHB 3253

PHB 3253

4

local Mugindo

Machakos local White EMCO

Anzika

EH96272

5

Exp. Variety

local Kinyanya

EMAPll

KSTP 94

EH93271

6

local Mengawa

Embu Composite

Embu 11

21570-1 x TX803

Molo Kingi

7

Popn 591 C2 bulk° Experimental variety

8

Exp. variety

Exp. Variety

H614

Po n 391 C2 bulk°
Po n 591 C2 bulk
Po n 591 C2 bulk
•The resistant check Population 591 /391 C2 bulk was only grown on-station and not on-form

4.3.1 Product Dissemination
The aim is to establish procedures for
providing insect resistant maize to resource
poor farmers in Kenya. Studies were also
initiated on developing an insect resistance
management (IRM) strategy for Kenyan
ecosystems and crop management regimes.
The aim is to produce a durable IRM strategy
that incorporates both vertical resistance
mechanisms (through the "pyramiding" or
"stacking" of resistance genes and the
development of refugia) and horizontal
resistance through more conventional crop
development and agronomic measures. To be
accepted by farmers, IRM strategies must
conform to existing cropping systems, and
the refugia crops must be economically viable
and socially acceptable to those making the
management decisions at the farm level.
Studies focused towards verifying these tenets
were also initiated.
Since 1996, CIMMYf entomologist David
Bergvinson has been conducting a selection
study to document changes in stem borer
populations in response to selection on Bt
maize (event 176 in CMI.216). After 18 cycles
of selection using Diatraea grandiose/la and D.
saccharalis, larvae are not able to survive
beyond 8 days on maize containing event 176.
There has been an increase in pupal weight
for those larvae transferred to artificial diet

0

0

after 2 days of feeding on Bt maize. Pupal
weight and short-term survival on Bt-maize
could be used to monitor field populations in
areas where Bt maize is released. These
results will assist in developing the
monitoring component of an IRM strategy
for Kenya.

4.4 Impact Assessment
The main activity is to assess the impact of
insect resistant maize varieties in Kenyan
agricultural systems, ex ante as well as ex
post. The assessment covers both ecological
and socio-economic impacts.
4.4.1 Ecological impact
Ecological work focused on establishing the
diversity and relative abundance of target and
non-target organisms that could potentially
be affected by the introduction of Bt
endotoxins into Kenya's major maize
cropping systems. Different-sampling
methods were used for the various groups of
organisms. For soil crawling arthropods,
pitfall traps were used at the center of each
of the sub-plots. For flying arthropods, two
types of traps were used: water traps using
yellow basins positioned at 1.2m above
ground and sticky traps using clear glass
painted with insect glue and positioned at

Alternative host species of stem borers including Napier
grass, maize and millets growing at KARI/RRC Mtwapa

1.2m above ground (Figure 4.4). Trap
catches were collected in 70° 0 alcohol for
storage.
1

In each farm, 50 randomly selected plants
were inspected for stem borers and other
arthropods at each of three plant growth
stages: mid-vegetative, reproductive (tasseling
and silking), and maturity stages.

The mean densities of the
different stem borer species were variable in
both sites, with that of C. partellHs being 0.3
and 0.09 per plant, at Kilifi and Kakamega,
respectively, whereas B. Jusra, which had the
highest density in Kakamega at 0.27 per plant,
was not recovered in Kilifi. I lowever, the
density of S. calamistis appeared to be similar
in the two sites at 0.04 and 0.05 per plant at
Kilifi and Kakamega, respectively.

The diversity of organisms associated with
maize cropping systems will be catalogued
and will serve as a technical reference during
the monitoring phase of the IRMA project.
Preliminary results from Kilifi and Kakarnega
are presented here (Songa et al. 2000).
In Kilifi and Kakamega it was reported that
most farmers grow maize in association with
other crops. Most farmers interviewed in
Kilifi planted two maize crops per year, the
first usually in March/April and the second in
eptember/ October. In Kakamega, most of
the farmers sow only once a year in
February/March and harvest in August/
September. In Kakarnega, most farmers
applied inorganic fertilizers in their maize
farms, whereas in Kilifi most farmers applied
farmyard manure to maize crops. The stem
borer species that infested maize at Kilifi
were Chilo partellus, Chilo orichalcociliellus

(Strand) (Lepidoptera:
Pyralidae), Sesamia rala111istis
Hampson (Lepidoptera:
Noctuidae), and Cryptophlebia
le11rolrela (Meyrick) (Lepidoptera:
Torticidac), in descending order
of abundance, with C. partell11s
being the predominant stem
borer during each of the plant
growth stages and during the
whole season. In Kakamega,
the stem borers recovered were
B. J11sra, C. partellHs, and S.
calamistis, with B. f11sra being the
most abundant species
throughout the season.

E NTOMOLOGIST
SONGA AND

<OLLEAGVES WITH
INSE<T TRAPS.

Figure 4.4

Dr. Songa and Dr. Odongo examine
various traps

Five different parasitoid species were
recovered from the stem borers in Kilifi,
whereas at Kakamega only two species of
parasitoids were recovered. No egg
parasitoids were recovered from either of the
two sites. The gregarious larval
endoparasitoid C. sesamiae and the solitary
pupal endoparasitoid D. busseolae were
recovered from both sites.
Very few arthropods were recovered from
soil samples taken at the end of the season.
In Kakamega, only 8 ants (Hymenoptera:
Formicidae) and 22 earthworms (Annelida)
were found, while in Kilifi 6 red mites
(Acarina) and 8 scarab beetles (Coleoptera:
Scarabaidae) were found.
It was decided that soil samples would not be
taken next season, but would resume once a
site for field testing of Bt maize was chosen.
In the meantime, methodologies will be
developed to characterize soil fungi, bacteria,
and collembola, which appear to be the
groups most affected based on research
conducted in the United States.

in the high-potential areas. The most important
criteria farmers use to select maize varieties are
early maturity and yield, followed by drought
tolerance, and tolerance to field and storage
pests. The major constraints to maize
production were availability of cash, lack of
technical know-how, and availability of good
quality seed. The major pest problems,
according to farmers, are stem borers and
weevils; both ranked in the top three in all of
the agro-ecological zones. Farmers show a keen
interest in new insect resistant varieties, if they
fit their selection criteria and even if they are
moderately more expensive. However, since
seed supply and quality are major problems,
adoption would take place only if the resistance
is clearly observed during demonstrations and if
seed quality can be guaranteed.
Research based on previous studies of the
maize sector was undertaken to examine the
effects of market liberalization during the last
10 years. The results show that most restrictions
on maize marketing have been lifted, and that
markets for fertilizer and pesticides are fairly
free. Obstacles that remain include poor
infrastructure, poor dissemination of market
information, and poor access to rural credit
markets. In the maize seed sector, on the other
hand, liberalization has made little progress. A
case study in Trans-Nzoia, the district with the

4.3.3 Socioeconomic Impact
Assessment
Participatory rural appraisals (PRAs) were
organized in the five maize growing
ecological zones of Kenya
to study farmers'
preferences for maize
varieties and the constraints
and pests they face. Group
interviews and discussions
with key informants were
used, and more than 900
farmers, men and women,
participated in 43 group
discussions (Figure 4.5). The
results show that over all
zones, most farmers plant
local varieties, which
dominate in the lowpotential areas, whereas
Figure 4.5 Socio-economist E. Wekesa conducting a PRA in
improved varieties dominate
Mtwapa, Kenya .

highest maize production, showed that seed
production is a quasi-monopoly and seed
distribution has a strong oligopolistic
character. Farmers complain about the cost
and availability of seed, but mostly about its
poor quality.

4.5 Technology Transfer

Average crop loss at the national level due to
stem borers is 15%, with a value of US$ 91
million, according to a calculation based on
farmers' estimates of crop losses from a 1992
survey. IRMA also conducted crop loss
assessment trials in farmers' fields over all
zones (135 fields in total, but only 47could be
harvested because of the drought). In each
field, a plot was protected with a systemic
insecticide and its yield compared with that
of an adjacent unprotected plot. The
measured yield difference between the plots
provides an estimate of the loss due to stem
borers. The measured crop loss ranged from
11 % in Kitale to 46% in Embu.

Technologies to develop, evaluate,
disseminate, and monitor insect resistant
maize varieties have been transferred to
KARI and Kenya. Technology transfer was
carried out at several levels (fable 4.3). Two
senior KARI scientists were trained to
conduct insect bioassays at CIMMYTMexico, while four high-ranking Kenyan
officials visited Mexican government officials
and the Applied Biotechnology Center at
CIMMYf-Mexico (Figure 4.6). They learned
how biosafety regulations are developed,
publicized, and enforced by the Mexican
government, and how they are followed by
CIMMYf. One scientist attended a course on
impact assessment at IITA, Nigeria.
Infrastructure support and development were
realized through the creation of blueprints
for a biotechnology laboratory at the NARL

Table 4.3 Individuals trained under IRMA proj ect in 2000
Name

Discipline

Course

Location

Duration

1

Dr. Benjamin
Odhiambo

Head KARI
Biotechnology
Center

Maize entomology lab
and ABC, CIMMYT,
Mexico

CIMMYT, Mexico

15 days

2

Or. Macharia
Gethi

Entomologist, KARI/
RRC Embu

Maize entomology lab
and ABC, CIMMYT,
Mexico

CIMMYT, Mexico
llTA, Nigeria

15 days

3

Mr. Charles Belt

Socio-economist
KARl/NDFRC
Katumani

Assessment of Maize
Stress Technologies
Management

Local

2 weeks

4

Student, (UON)

Local

CIMMYT, Mexico

1 year

5

Ms Elizabeth
Nambiro
Dr. Kiarie Njoroge

Maize Research
Coordinator, KARI

Visit to CIMMYT Mexico
and Department of
Agriculture of the
United States of Mexico

CIMMYT, Mexico

11 days

6

Dr. Andrew Mailu

Deputy Director,
KARI

Visit to CIMMYT Mexico
and Deportment of
Agriculture of the
United States of Mexico

CIMMYT, Mexico

11 days

7

Dr. John Kedera

Director, KEPHIS

Visit to CIMMYT Mexico
and Department of
Agriculture of the
United States of Mexico

CIMMYT, Mexico

11 days

8

Mr. John Ngeno

Deputy Director of
Agriculture, MOALD

Visit to CIMMYT Mexico
and Deportment of
Agriculture of the
United States of Mexico

CIMMYT, Mexico

11 days

Figure 4.6

Kenyan scientists and administrators visiting the CIMMYT entomology laboratory in
Mexico

facility, and the proposal, regulatory approval,
and conversion of a room into a lab for
conducting insect bioassays on transformed
materials (Level II biocontainment). Mock
bioassays were conducted to acquaint the
staff with the procedures that will be used on
Bt materials and to troubleshoot potential
equipment or protocol problems.

4.6 Proiect
Documentation and
Communication
The primary activities are to plan, monitor,
and document processes and achievements
for dissemination to the Kenyan public and
developing countries. Considerable effort has
been given over the past year to creating
dialogue and raising public awareness about
Bt and insect resistant maize, and about
biotechnology in general. Approximately 100
participants and members of the media
attended the IRMA Stakeholders Meeting in

March 2000, which complemented a
workshop on biotechnology and the media
held by the Africa Biotechnology
Stakeholders Forum (ABSF). The creation of
print and electronic materials, the nurturing
of good press relations to try and assure
balanced coverage, and participation and
documentation of IRMA-related
presentations in seminars and conferences
have further contributed to public awareness
about the project and the technologies it uses.

4. 7 Future activities
After the effective cry pr?teins against
Kenyan stem borers are identified from the
planned bioassays, the next steps would be to
repeat these tests under field conditions in
Kenya. An application to allow the
importation of seed to perform these
evaluations will be made to the NBC.
Meanwhile development of clean events will
continue. The capacity for PCR and
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transformation at the KARI biotechnology
Center will be enhanced.
The search for insect resistant germplasm for
immediate use by farmers as well as the
search for suitable, adapted and improved
maize inbred lines, hybrids, and OPVs to
receive Bt gene will be continue. Research on
cataloguing and quantifying non-target
organism in maize cropping systems will be
expanded to midaltitude moist and highland
ecologies. Development of insect resistant
management strategies for Kenya will be
expanded with the screening of a wide range
of alternative host species of stem borers.

In impact assessment, crop loss assessments
will continue. PRA and stockists data will be
analysed further, and the maize sector
analysis will continue. New studies will we
started on seed quality and regulation, credit
and cash flow analysis, know-how and
extension, A baseline studies will be started to
follow the impact of the project over the
years.

Technology transfer will be enhanced with
training and at CIMMYT Mexico and in
Kenya. Awareness will be enhanced through
the literature, press conferences and other
avenues.

....... ......... ........ ... . ............ . . ........ . . .
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5.

Striga Control Projects
Dennis Friesen (Coordinator), Fred Kanampiu, George Odhiambo, Andreas Oswald

5.1 Introduction
triga spp. (Striga hermonthica, Striga
asiatica) is an obligate parasitic
flowering weed which, upon
stimulation, germinates and attaches to the
roots of important graminae species

S

including maize, sorghum, millet, rice,

sugarcane and Napiergrass. Upon attachment
to the roots of its host, Striga competes with
the host plant for water and nutrients, and
exerts a potent phytotoxic effect on the host,
causing severe stunting and a characteristic
"bewitched" (hence, the common name
'witchweed') and chlorotic whorl. Yield loss
due to Striga damage is usually in the range of
20-80% although complete yield loss is not
uncommon. An estimated 20 to 40 million
hectares of farmland in sub-Sahara Africa are
infested with Striga where it affects the
welfare and livelihood of over 100 million
people.

CIMMYT's program in Eastern and Central
Africa involves a multi-pronged approach to
alleviate the Striga problems faced by farmers
in the region. These approaches include:

•
•
•

Agronomic methodologies
Host plant tolerance/resistance to Striga
in maize, and

methods, and the development and
evaluation of biotechnological control
methods:

1. 'Developing Striga control strategies for
cropping systems in Kenya' (funded by
BMZ');
2. 'Development and diffusion of integrated
S triga control practices for small-scale
farmers in western Kenya' (funded by
CIAT PRGA-NRJ.\;[2 ); and
3. "Engineering Striga-Resistant Maize Phase II" (funded by the Rockefeller
Foundation).

5.2 Development and
dissemination of
agronomic strategies
for Striga control
(Andreas Oswald, George Odhiambo,
Dennis Friesen)

5.2.1 Introduction
The projects focused on agronomic strategies
to control Striga have as their major
objectives:
•

The development of agronomic Striga
control methods adapted to the agroecological and socio-economic conditions
of western Kenya, and

•

The development of extension strategies
and materials to successfully disseminate
these technologies among small-scale
farmers of the region.

Biotechnological methods.

Identification and incorporation of host
plant tolerance into adapted germplasm
through conventional breeding
methodologies is one of the objectives of the
AMS. In this section we report on three
projects based in western Kenya that have
focused on the development and
dissemination of agronomic control

1

Bundesministerium fur wirtshaftliche Zusammenarbeit
und Entwicklung (German Federal Ministry for Economic
Cooperation and Development)
2

Participatory Research and Gender Analysis - Natural
Resource Management

The BMZ-CIMMYT project "D eveloping
Striga control strategies for cropping systems
in Kenya" began its activities in 1995 and
ended in June 2000. The PRGA-NRM project
"D evelopment and diffusion of integrated
Striga control practices for small-scale farmers
in western Kenya" began in 1999 and will
continue through 2001. The projects are
complementary and essentially integrated, and
are reported here as one. Co-operating
partners for the two projects are the
University of Kassel (Germany), KARI, the
MoALD, CARE-Kenya and Kenyan farmers.
In 1999, various Striga control methods were
studied and tested on-station at the National
Sugar Research Center in Kibos, Kisumu, the
Alupe Research sub-Station in Alupe, Busia,
and in farmer managed on-farm trials.
Control methods evaluated on-station
comprised intercropping maize w.ith Striga
trap crops and fodder legumes, catchcropping, weeding, testing of commercial
maize varieties and crop rotation. Most of the
work consisted of long-term experiments that
were initiated in 1997 or 1998.

5.2.2 lntercropping
lntercropping can be an effective technique to
increase farm productivity and control Striga
in maize-based systems, considering the
limited resources of small-scale subsistence
farmers. It can be used as a tool to familiarize
farmers with Strzga control techniques,
because intercropping is a common
cultivation practice in Kenya. Furthermore, it
offers a variety of options to farmers. Best
results in terms of productivity are achieved if
maize and intercrops are planted
simultaneously. Intercrops should have a
dense canopy and a creeping growth habit
such as cowpea or yellow gram (Vzgna radiata
L.). In fields heavily infested with Striga, relay
planting of maize into a suitable intercrop
might help a farmer to harvest something. In
the long term, Strzga populations can be
reduced only if intercropping is combined
with hand-weeding of mature Striga plants to

avoid replenishment of the Striga seed bank
in the soil.
Table 5.1

lntercrop

Effect of intercropping maize on
Striga infestation and yields of maize
and intercrops at Alupe
Maize grain lntercrop
Strlga
yield
grain yield infestation•
(kg ha·1)
(kg ha-1)
(plants m·2)

Control

2,100

-

71 a§

Cowpea

2,600

200

37 e

Soybean

2,500

220

42 be

Yellow gram

2,400

740

26 d

Bambara

2,400

120

36 e

Bean

2,100

390

42 be

Peanut
Green gram

2,100

150

45 b

2,400

160

49 b

' Striga counts at 12 weeks after emergence.
§

values follwed by the some letter {or no letter) are not
significantly different (p < 0.05)

5.2.3 lntercropping with fodder

legumes
Laboratory experiments showed that root
exudates of fodder legumes (Mucuna,
Srylosanthes and Desmodium) stimulated more
Striga seeds to germinate than exudates of
maize or cowpea. Legumes and maize were
also grown in pots as intercrops to observe
Striga attachment. The maize-Mucuna
combination had the highest number of
attachments while all other combinations and
maize planted alone had lower numbers of
attached S triga. The pot experiment also
showed that Striga attached in considerable
numbers to Mucuna roots but the parasite
seedlings did not develop further after
attachment. The other legumes had no or
very few Strzga seedlings attached to their
roots. In a field experiment, the number of
emerged Striga shoots 12 weeks after planting
was lower in maize intercropped with cowpea
than maize in pure stands or intercropped
with fodder legumes. Grain yields of m~ze
did not differ among treatments.

5.2.4 Crop Rotation
Crop rotations with crops that are not hosts
of Striga were evaluated to determine if they

reduce the 5tnga seed bank in the soil and
increase farm productivity. Field experiments
were conducted at two sites in western Kenya
to study the effect of eight different crop
rotations on Striga populations, Striga seed
banks in the soil, maize yields, and overall
productivity of these cropping systems under
low-input, rainfed conditions. A variety of
crops, such as peanut, soybean, sunflower,
and pigeon pea showed greater economic
potential than maize. The productivity of the
best rotation under low soil fertility
conditions was five times greater than maize
mono-cropping. All crop rotation treatments
reduced Striga seed numbers in the soil. Fewer
Striga emerged if maize was planted after two
rotation cycles after pigeon pea. These results
show that crop rotation is a highly effective
way to reduce Striga infestations and increase
system yields. It may also be the only option
available to small-scale subsistence farmers
with limited resources for other control
options.

Some varieties like PHl or H622 are not
suitable for Striga areas. The varieties with the
lowest Striga infestations are Katumani and
Morogoro. Both are short season varieties,
which rather escape the Striga attack than
offer resistance or tolerance mechanisms.
However, even when varieties tolerate 5 triga,
yields will not improve if soil fertility is a
limiting factor, as can be seen by comparing
yields at Kibos (fertile soil) and Alupe
(marginal soil) in Table 5.2.
5.2.6 Transplanting of maize

varieties with different
maturity periods
To investigate whether time to maturity of
maize varieties affects Striga attack and yield
under rainfed conditions, four varieties were
transplanted from nurseries or in plastic
tubes. The varieties were H511 (110 days to
maturity), Pioneer 3253 (110 days), H622 (150
days) and Morogoro (80 days).
Transplanting reduced Striga infestation for all
maize varieties tested as compared to the
direct seeded controls. Plastic tubes gave
better protection at the beginning of the
growth period while maize transplanted from
nurseries had lower numbers of 5triga counts
over the entire growth period. The variety

5.2.5 Testing of commercial maize

varieties for Striga tolerance
There is great genetic variability in tolerance
to Striga infestation among local and
commercially available maize varieties in
western Kenya (fable 5.2).

Table 5.2 Striga infection and yields of maize varieties on two soil of contrasting f ertility
in western Kenya
Kibos (fertile soil)
Varieties

Maize yield (kg

ha·1)

Strig~

Alupe (marginal soil)
2

(plants m· )

Maize yield (kg ha·1)

Striga (plants m·2)

H511

2,800 abt

38 be

1,000 ab

33 abe

H622

2,300 be

67 a

300 c

61 a

Maseno Double Cobber

3,400 a

32 be

800 be

57 ab

Katumani

3,000 ab

12 c

600 be

8d

Morogoro

3,400 a

17c

900 be

18 cd

Pioneer

3,000 ab

51 ab

800 be

34 abe

PH1

2,300 be

74 a

900 be

41 abc

Local white

1,600 c

68 a

700 be

53 a

Local Yellow

3,800 a

22 c

1,400 a

26 bed

1

Singo counts ot 12 weeks ofter emergence.
§values follwed by the some letter (or no letter) ore not significantly different (p < 0.05)

Morogoro (short maturity) was the only
variety that had lower yields due to
transplanting. That is; transplanting was more
stressful for this variety and led to a greater
yield reduction than yield gained from a lower
Striga infestation. For the remaining three
maize varieties, transplanting always increased
yields, whereas there were greater yield
increments for maize transplanted from
nurseries than for maize transplanted in
tubes. The results of this experiment clearly
show that intermediate and late-maturing
varieties gain from transplanting in yield and
protection against Striga. However, the
economic viability of this technique remains
to be evaluated. Early-maturing varieties are
not suitable for transplanting.

choices of best options for Striga control.
They could choose one or more techniques
for their farms. The on-farm trials were
continuously monitored by extension agents
of the ministry and NGOs. All on-farm trials
and demonstrations were used for continuous
evaluations by farmers' groups and training
sessions by extension agents for farmers.
The on-farm work has shown that:
• Farmers in the project area have generally
very little knowledge about Striga and
improved farming methods.
• Control methods offered to farmers have
to take into account their restricted resource
base and must include soil fertility
management.

5.2.7 Dissemination of Striga
control technologies
Both for the purpose of disseminating Striga
control technologies and to compare and
evaluate different methods of technology
dissemination, on-farm trials and
demonstrations were initiated in paired
Divisions in Nyanza Province in the Lake
Victoria basin with the Ministry of
Agriculture and Rural Development
(MoARD) and CARE-Kenya, respectively.
The MoARD uses a more conventional
method of extension whereas CARE uses a
more farmer participatory approach. Baseline
surveys were conducted in these new project
areas to assess:
•

The socio-economic background of

farming households.
• Farm productivity and major constraints
to crop production.
• Farmers' knowledge about Striga.
• The decision-making process in a farming
household.
• Work distribution according to gender.
A total of 12 on-farm demonstrations were
planted in the MoARD areas and 14 in the
CARE areas. Farmers were given a basket of

• Farmers who have training in S triga biology
and therefore a better understanding of the
effects of control methods are more likely
to adopt these methods and are able to
explain them to fellow farmers.
• Farmers are more interested in options that

increase yield stability rather than yield
potential.
• On-farm trials should have a limited
lifetime (3 to 4 seasons) and farmers should
be periodically evaluated for their
willingness to adopt.
Training of MoARD frontline extension
workers and CARE community extensions
workers is an integral part of the project and
the dissemination process. The training
comprised Striga biology, Striga control and
prevention methods, and methods of
participatary farmers' training. In 6 1-day
training workshops in 1999, approximately 80
district and divisional agricultural officers
were trained. Also, about 150 front-line
extension agents of these districts, and
extension and adaptive research workers of
CARE and local NGOs were trained in
separate workshops. Six locations in five
divisions were selected by the divisional
agricultural officers and their front-line staff

was trained on the use of a picrure series on
Striga control. These extension agents
conducted a total of 92 farmers' training
sessions throughout 1999 and 2000 which
were attended by approximately 3,300
farmers. These activities ate on-going.

5.3 Engineering StrigaResistant Maize
- Phase II

A bulletin on Striga biology and control and
extension methods was published and
distributed to all districts in Nyanza and
Western Province affected by Striga.

5.3.1 Introduction

5.2.8 Future activities
The BMZ project came to an end in mid2000; all on-station S triga experimentation
related to agronomic practices ceased at that
time. The on-farm wotk and farmers' training
has continued through the PRGA-NRM
project under the direct responsibility of Dt.
George Odhiambo (K.ARI-Kibos) and Mt.
Joseph Agunda (CARE-Kenya). The main
activities are:
• Training sessions with farmers and
extension agents.
• Follow-up of these sessions to evaluate
adoption by farmers of the new methods.
• Implementation of mote on-farm trials
and fatmet adaptive research.
• Awareness creation and training of other
stakeholder groups, such as village leaders
and administration.
• Improvement and modifications of the
training materials.
• Evaluation of on-farm trials.
The PRGA-NRM project will end in
December 2001. Prior to finishing, an impact
assessment and evaluation of the two
extension/ dissemination methodologies will
be conducted with assistance from CIAT
(convener of the project) and an economist.
It is expected that this assessment will
provide guidance fot future dissemination
activities.

(Fred Kanampiu, Stephen Mugo,
Alpha Diallo, Dennis Friesen)

Agronomic practices, while often effective,
ate tately adopted fot several reasons: their
effects ate only seen in the medium to longterm, reqwting several seasons of use before
benefits ate realized, they requite an understanding of the biology of S triga parasitism
that farmers usually lack, and they requite
rotating land out of maize production at a
time when increasing population pressure
requites increasing intensity of land use fot
food production. As an alternative to agronomic approaches to Striga control and
conventional breeding approaches to identify
tolerance to S triga in maize, CIMMYT in
collaboration with IITA, the Weizmann
Institute of Science, the University of Sheffield and KARI has in recent years undertaken several innovative biotechnological
approaches to addressing the seemingly
intractable problem of Striga parasitism of
maize in Africa. These include the identification of alternative sources of resistance to
Striga among its wild relatives, Tripsacum and
teosinte, the evaluation of Mutator-induced
resistance in maize, and the use of low-dose
herbicide seed treatments on hetbicideresistant maize varieties.
Activities <luting 1999 and 2000 focused on
four areas:
• Development of herbicide-resistant maize
getmplasm.
• Use of herbicide-resistant maize to control
Striga infestations.
• Screening and selection of transposoninduced tolerances to S triga in Mutatot
fatnilies and introduction in adapted
getmplasm.

• Screening for resistance to Shiga within
maize and its wild relatives.
The use of herbicide-resistant maize is
intended to offer a short-term solution to
control Shiga, while in the longer term, the
development of resistance or tolerance from
induced mutations or via wild relatives will
provide alternative solutions for African
farmers.

5.3.2 Herbicide-resistant mai:z:e to
control Striga infestations
One of the most promising short-term
approaches to Shiga control that CIMMYT
has undertaken involves the use of low-dose
herbicide seed treatments. This approach
utilizes maize varieties developed from a
natural mutant of maize containing resistance
to ALS-inhibiting herbicides such as
imidazolinones. These varieties do not fall
under transgenic GMOs. Imazapyr
(imidazolinone, tradename) and pyrithiobac
are systemic herbicides that ate highly
effective against Shiga. In collaboration with
the Weizmann Institute of Science (Israel),
phase I of the project showed that, when
applied as a seed dressing on imidazolinoneresistant (IR) maize, they ate imbibed by the
germinating seed and absorbed into the
growing maize seedling. Shiga seeds,
stimulated to germinate by maize roots, attach
and ate killed by systemic herbicide in the
maize seedling before any damage is inflicted
on the host plant.
Very small quantities of herbicide (as little as
30-45 grams a.i./ha) applied using this
method have been found to be highly
effective in providing season-long control of
Shiga and more than doubling maize yield
under the conditions found in western Kenya.
At a very modest increase of about 8% in the
price maize seed for the coating, this
technology has the potential to contain the
Shiga problem on smallholder fatms in Africa.
Additionally, the stimulation and kill of Shiga
coupled with a program of suppressing Shiga
reproduction can reduce Shiga seed-banks so

that herbicide-resistant maize could be
rotated occasionally with Shiga-sensitive crops
in an integrated management system. In
prepatation for delivery of this technology,
breeding activities ate going on to develop
herbicide resistant OPV or hybrid maize
adapted to the biotic constraints of the
region.

Development of imidazolinone-resistant
(IR) tropical adapted maize lines: The
initial testing of the low-dose herbicide seed
treatment technology made use of the
imidazolinone-resistant (IR) maize hybrid,
PH 3245-IR, developed by Pioneer Seeds.
This hybrid is temperate material and very
susceptible to maize diseases prevalent in the
tropics. The Pioneer hybrid PH 3245-IR was
crossed with ZM503 (INTA/INTB) population to put gene into a tropical maize
germplasm background at CIMMYT-Zimbabwe. Inbred lines with tolerance to drought,
low nitrogen and maize streak virus disease
were later incorporated into the IR-maize
population. This resulted in IR synthetic
maize with over 75% African background
and is presently being used in our herbicide
agronomy work. However, this material was
found to be very susceptible to turcicum leaf
blight (caused by Helminthosporium turcicum)
and gray leaf spot (caused by Cercospora zeaemaydis) as well as having low yield potential. A
breeding program was therefore initiated in
September 2000 in Kenya to incorporate
adaptation to local environments. The IRmaize synthetic was crossed to an adapted
and Shiga tolerant synthetic and a
backcrossing program was initiated to develop OPVs. Inbred lines were also extracted
and crossed to testers, with the aim of developing hybrids. In all these efforts attificial
inoculation with turcicum, selection with
herbicides (Fig 5.1) and selection for general
agronomic performance were performed .
Additionally, CIMMYT-Mexico converted
elite CMLs for herbicide resistance using
moleculat matkers. These lines ate being used
to develop adapted IR-maize hybrids.

and pyrithiobac (1-32 g/ha) gave
season-long Striga control, with higher
dosages being more effective. Grain
yield ranged from 0.9 to 3.4 t/ha at 0
and 45 g imazapyr/ ha, respectively
(fable 5.3). At lower dosages, some
Striga emerged near harvest (14 weeks
after planting), but was too late to
affect maize yield or for the parasite to
set seed. Dressing the seed with
imazapyr via any of the methods tested
reduced the amount of herbicide to
about 5% of the amount that would be
required for standard pre- or postIR variety non - IR variety
emergence spray treatments, while at
Figure 5.I Selection of maize crosses containing the IR trait at
the same time delivering a large amount
Kibos by spraying with imazapyr
of herbicide at or near the seed. From
the practical point of view (cost, ease
Efficacy of low-dose herbicide delivery
with IR-maize seed: During the initial
of application and lack of need for spray
equipment) as well as for environmental
testing of the method, various methods of
considerations, application by seed dressing
dressing IR-maize seed with the herbicide
were evaluated. These included drenching,
seems far more appropriate for subsistence
coating and priming (wet and dry). The use
farmers than spraying.
of hard coats such as polyvinylpyrrolidone
(PVP) and common dust like murtano (a
Table 5.3. Effect of low-dose herbicide seed
coats on maize grain and Striga
commercial fungicide-insecticide powder
dry
matter yield
commonly used to treat seed) were effective
Herbicide
Rate Maize yield Striga bidmass
stickers for carrying enough herbicide to
(kg/ha)
(kg/ha)
(g/ha)
control Striga. Application of the herbicide in
Control
0
930
289
the fungicide-insecticide powder implies that
19
lmazapyr
30
3063
the cost of the herbicide seed treatment
would essentially be limited to the cost of the
herbicide in a combined formulation, since
seed is treated for protection against fungi
and insects in any case. Field evaluation of
seed treated by the various methods showed
all to be effective in
controlling Striga (Fig.

Pyrithiobac

LSD (0.05)

45

3390

0.1

21

3064

59

32

2587

41

2839

78

5.2).
Field experiments were
carried out at Kibos
under artificial 5triga
infestation to determine
appropriate rates of
herbicide for full season
control. Low dosages of
imazapyr (15-45 g/ha)

Figure 5.2. Imazapyr seed dressing gives season-long Striga control

Efficacy of herbicide-coated IR-maize in
intercropping systems: Experiments in the
field at Kibos have also shown that low-dose
herbicide seed dressing also allows
intercropping of maize with herbicide sensitive legume crops. Beans, cowpea, and yellow
gram were unaffected when planted at > 15
cm from maize seed coated with 0.4 mg a.i.
pyrithiobac or 0.84 mg a.i. imazapyr seed- 1,
but were severely inhibited when planted
within 12 cm. These results suggest that
herbicide from the seed coat dissolves and
moves away from the seed in the soil or
alternately is absorbed by the maize seedling,
translocated to the roots, and exuded into the
rhizosphere at some distance from the seed.
Application of herbicide solutions to the
whorl of maize seedlings had the same effect
as seed coatings on controlling Shiga. Thus,
simple herbicide seed coatings are compatible
with commonly used African intercropping
systems.

Effectiveness seed-coating in other
environments: The low-dose seed coating
technology was developed and tested under
S. hermonthica infestation with relatively early
maturing maize in the Kibos agroclimatic
environment of western Kenya. During 1999
and 2000, trials were conducted by
collaborators in Zimbabwe and Malawi to
evaluate the technology under a longer
growth season and under infestation with
Shiga asiatica. Results indicate good early
season control of S. asiatica although late
season emergence of Striga was observed
with the later maturing maize varieties (Fig.
5.3).
These results show that refinements to the
technology in terms of appropriate rates for
different lengths of growing season, different
soil types, and different rainfall regimes may
be necessary. One approach may be with
slow release techniques. Proprietary slow
release formulations of imazapyr and
glyphosate have been developed at the
Weizmann Institute and will be evaluated in

the field under different conditions in the
future.

Countering anti-metabolite (herbicide)
resistance: In anticipation of the eventual
development of resistance to herbicides by
Striga, the Weizmann Institute of Science
continues its work on the use of antimetabolites (some known herbicides and
many non-herbicidal anti-metabolites) to
ascertain whether Striga and Orobanche, a
weed which parasitizes tomato roots and is
prevalent in Israel, independently synthesize
metabolites along the quinone, phenolic,
terpenoid, and sesquiterpenoid pathways
leading to critical compounds for parasitic
weed germination, haustorium formation
attachment, hormone balance, growth,
"bewitching'' toxin production, etc. The
direct outcome of screening such compounds
will be to provide additional genes to replace
or augment the herbicides in the seed
treatment technology. A Kenyan graduate
student currently at the Weizmann Institute
under the supervision of Dr. Gressel is
screening the antimetabolites on Shiga and
Orobanche for inhibition of seed germination
(by themselves) and for haustorium
formation and attachment to sterile maize
(Shiga) and sterile tomato (Orobanche) roots.
About 30 antimetabolites and 5 toxic
metabolites have been pinpointed for testing.

5.3.3 Identification of transposoninduced resistances
Transposon-induced tolerances or resistances
to Shiga in maize appear to be a very promising
longer-term approach for overcoming the Shiga
problem. A tagging population of 15,000 F2
families derived from a cross between CM1202,
a well-adapted line from eastern Africa, and
Mutator stocks from the University of
California, was produced in CIMMYT-Mexico
in 1997. CML202 was chosen because of its
extreme susceptibility to Striga. Such high
susceptibility strongly facilitated field screening,
where Striga-free materials could be easily
identified as vigorous plants compared to their

Striga, information needed to
develop sustainable control
strategies. It has also been
demonstrated that valuable alleles
exist within maize's primary and
secondary gene pools for tolerance
to Striga. Additional work is still
required, however, to obtain an
understanding of the genetic basis
for such tolerances and to evaluate
their potential importance.
5.3.4 Screening of wild
relatives
Figure 5.3 Imazapyr and pyrithiobac effects on maize
A longer-term strategy for
yield in Zimbabwe.
controlling Striga in maize is the
incorporation of resistance to the parasite in
susceptible counterparts that were uniformly
maize germplasm. There is consensus that
wiped out.
resistance does not exist within commonly
used African maize germplasm; that is, all
Screening at Kibos during long rains in 1998
induce Striga germination and attachment.
was limited to 4,000 F 2 families. A "negative"
However, genetic variability does exist for
screening method was used in which obviously
tolerance: whereas some germplasm is
susceptible lines were eliminated, rather than
attempting to select for resistant plants. Out
extremely susceptible to Striga phytotoxins,
of 4,000 families planted and evaluated, 210
some lines can sustain high levels of
attachment and growth with only limited
were kept for re-evaluation. These were sown
effects on yield.
during the short rains of 1998-99 with two
replications each; 23 showed consistently
promising levels of resistance in the two
replications. Each family was selfed and
the F3 families evaluated under severe
Striga infestation in during 1999 long
rains. Four of the families were scored
as Striga-free in the field. These results
are now being verified through more
stringent genetic and laboratory assays at
CIMMYT-Mexico and the University of
Sheffield. The CIMMYT Applied
Biotechnology Laboratory is further
investigating the potential value of these
resistant alleles, both at the phenotypic
and molecular levels, with a view to
introducing the most promising ones in
adapted materials for eventual release. It
is envisaged that these mutant alleles will
SUSCEPTIBLE
RESISTANT
also enable the characterization of the
Figure. 5.4 Screening of wild relatives Zea species (Teosinte)
molecular bases of the signals involved
under Striga infestation.
in the interactions between maize and

A search for sources of resistance to Shiga
was carried out among accessions of the wild
relatives of maize (teosinte and Tripsacum) in
CI:MMYT's germplasm bank Thirty teosinte
accessions were planted under Shiga
infestation at Kibos (Fig. 5.4). Of the 26 that
survived transplanting, none showed
Table 5.4 Teosinte accessions screened for
resistance/tolerance to Striga infestation
CIMMYT
Bank Entry

CIMMYT Bank

Mean#

Standard

Origin

Strlga

Deviation

H511 (check)
,_

,_

-

Emerged
43.2

11406

w 92-10

8837

Zea perennis

2.0

11395
9475

W ST-92

2.5

Zea perennls

2.6
3.7

11407
11408
11394
11396
11401
11392
8758
11387
11397

w 92-16
w 92-17
w 92-3
w 92-5
w 92-10
w 92-1

1.0

-

-

10.6
1.0
1.0
2.1
3.3

5.7

2.3
4.5

7 .7

7.4

~

7 .8

5.9

8.0

5.0

8.3

8.3

w 85-2
w 92-6

8.8
10.0
11.5

10.9
7.1
14.8
6.6

K 71-7

9477

Balsas

12.8

11404

w 92-13

12.8

11 .6

10003

Z. diploperennis

13.0

21.8

12823

TKR 93-3

13.5

17.7

9479

K 67-7

15.6

1.1

9476

Z. diploperennis

11633
11400

Guerrero 115

16.9
17.5

w 92-9

18.8

8755

K 67-5

20.7

19.1

9478

Guatemala

12.8
17.0

8756

K 67-6

21.4
21 .8

11388
11629

W ST 85-3
Guatemala 829

25.0
30.0

9.1
14.3
7.3

10.7

complete immunity to Shiga (Table 5.4).
Several exhibited reduced Shiga emergence as
compared to the local check (H511), but
variability was high, making discrimination
difficult Furthermore, some manifested a
very poor adaptation, reduced growth and,
thus, a limited potential to support Shiga
attachment and growth. Overall, only 3
accessions were selected for further
investigation (CIMMYf bank entries 11406,

-

11395 and 11407). As compared to the
previously identified Stnga-tolerant Zea
diploperennis accession currently used for
mapping Shiga resistance in a parallel project,
all three accessions are annual teosintes, and
are closer to maize than perennial teosinte.
Both Z. perennis entries were discarded despite
their low susceptibility to Shiga because they
are perennial tetraploid materials and hence
much more complex to cross with maize. The
genetic basis for their specific phenotype
remains unclear. The observed heterogeneity
within accessions, though, is hardly
compatible with a simple genetic trait. More
refined analyses are required, and the
corresponding crosses have been made.
A total of 30 Tripsacum accessions have been
evaluated. Eighteen survived and grew
sufficiently for scoring. A substantial level of
variation wa.s observed, from zero emergence
to high susceptibility (Table 5.5). Also
evaluated were maize-Tripsacum hybrid
derivatives coming from one of the
potentially immune materials (a Tripsacu111
dactyloides accession from CI:MMYT
germplasm collection, accession number 651234). Plants were backcrossed three times to
maize and evaluated in the field at Kibos. No
Shiga emergence was observed. They were
further evaluated in the laboratory in
Sheffield, and showed both a reduced level of
Stnga emergence, and poor growth of the
attached Shiga plants. One accession has been
selected for further analysis at Sheffield,
based on both field response and the
availability of advanced backcross
generations to maize.
Table 5.5 Tripsacum accessions screened/or

resistance/tolerance to Striga
infestation
Reaction to Strlga
Apparent immunity
Moderate Susceptibility
High Susceptibility

_,_ Number of entries
3
11
4

5.3.5 Sustainable solutions for

Striga control
Because of the reproductive prolificacy of
Shiga (a single plant produces 20,000-50,000
seeds) and soils serving as a reservoir for
millions of dormant seeds, any given mode
of resistance to S tnga will likely break down
relatively quickly. Maintaining resistance
requires either that a set of unrelated
mechanisms be used and/ or that strict
resistance management be practiced to ensure
durability of the available sources. Herbicidebased Shiga control and built-in genetic
resistance would help prevent the appearance
of either herbicide-resistant Shiga strains or
Striga that is able to by-pass the resistance
available in the germplasm. Additionally,
combining different genes for different
physiological modes of resistance could
enhance both the level of resistance as well
as its long-term durability. Thus, a deeper
knowledge of the physiological, biochemical,
and molecular bases of the host-pathogen
interaction will be the best insurance policy
against Shiga for the longer-term.

Finally, while each of these innovative
approaches have shown considerable promise
in controlling Shiga parasitism, it is important
to recognize that Shiga infestation is only a
symptom of a much greater malaise in
African agriculture. Shiga infestation has been
caused and exacerbated by years of
monocropping with cereals and declining soil
fertility. As a consequence, areas have
developed ultra-high levels of long-lived
Shiga seeds in the soil with only some
breaking dormancy each season when
stimulated by crop exudates. Biotechnological
solutions to Shiga will neither be successful
nor sustainable without addressing these root
causes of the problem. Thus, we need to
combine old agronomic methods of Shiga
control with biotechnology, thus improving
the ability of smallholders to produce maize
more sustainably, meaning among other
things using the necessary inputs to maintain
soil fertility.
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