
IRMA Project Document No.6

CIMMYT.



Insect Resistant Maize

for Africa (IRMA) Proiect

KARI/CIMMYT IRMA Proiect

Annual Report 2001

IRMA Project Document No.6

CIMMYT.



The Kenya Agricultural Research Institute (KARl) was established in 1979 with the expre~s mission of
increasing sustainable agricultural production by generating appropriate technologies through research, and
disseminating these to the fanning community. Inherent to this mission is the protection, conservation, and
improvement of the basic resources, both natural and human. Such resources are critical for Kenya's
agricultural development and expansion of the nation's sdentific and technological capadty. KARl has an
extensive history of productive collaborators with national and international institutes and universities, as
well as with the private sector.

'I elM M Y T CIMMYf® (www.cimmyt.cgiar.org) is an internationally funded, nonprofit
• scientific research and training organization. Headquartered in Mexico, the

Center works with agricultural research institutions worldwide to improve the productivity, profitability, and
sustainability of maize and wheat systems for poor fanners in developing countries. It is one of 16 similar
centers supported by the Consultative Group on International Agricultural Research (CGIAR, www.cgiar.org).
The CGIAR comprises about 60 partner countries, international and regional organizations, and private
foundations. It is co-sponsored by the Food and Agriculture Organization (FAO) of the United Nations, the
International Bank for Reconstruction and Development (World Bank), the United Nations Development
Program (UNDP), and the United Nations Environment Program (UNEP). Financial support for CIMMYf's
research agenda also comes from many other sources, including foundations, development banks, and public
and private agencies.

F U T U R E- CIMMYT supports Future Harvest,® a public awareness campaign that builds understanding
HAR'1EST about the importance of agricultural issues and international agricultural research. Future
Harvest links respected research institutions. influential public figures, and leading agricultural scientists to
underscore the wider sodal benefits of improved agriculture-peace, prosperity, environmental renewal,
health, and the alleviation of human suffering (www.futureharvest.org).

The Syngenta Foundation for Sustainable Agriculture provides major funding for the project. The
Foundation is dedicated to fostering sustainable development in poor countries of the South through its
support of programs and projects in the areas of sustainable agriculture, health, and social development. It is
also an active player in development policy debate through its preparation and dissemination of research
analysis. Further infonnation about the Foundation may be found at its web site
(www.syngentafoundation.com).

The Insect Resistant Maize for Africa (IRMA) Project was launched in 1999 as a collabonitive effort between
CIMMYT and KARl. Its primary goal is to increase maize production and food security for African fanners
through the development and deployment of maize that offers resistances to destructive insect especially stem
borers. To achieve this goal, project scientists will identify conventional and novel sources of resistance to
stem borers and incorporate them into maize varieties that are both well adapted to Kenya's various agro
ecological zones and well accepted by its fanners and consumers. Varieties and technologies that are
appropriate for other African nations may be extended to them for their use.
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Executive Summary

The Insect Resistant Maize for Africa (IRMA) Project is a joint venture between the
International Maize and Wheat Improvement Center (CIMMYT) and the Kenya
Agricultural Research Institute (KARI), with financial support from the Syngenta
Foundation for Sustainable Agriculture. 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, the stem borer. IRMA is being implemented initially in Kenya, but the results
and experiences gained through the project will be made available to other African
countries.

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
the IRMA project, relevant technologies will be transferred to KARl and continuously
evaluated.

The specific objectives of the project are the following:

(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) Impact 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 Documentation and Communication: plan, monitor, and document
processes and achievements for dissemination to the Kenyan public and developing
countries.

In 2001, the genetic engineering team produced BC4 level backcrosses of the first
generation cry gene events, produced single combinations of all first generation events,
and characterized all first generation events at the molecular level. Development of
second generation "clean" gene events for cryIB and cryIAb continued and six events
were identified as negative for the bar gene but positive for crylB gene and effective in
controlling southwestern com borer (the insect species used in Mexico to detect the
presence of active cry genes). A major achievement was the successful completion of the
insect bioassays in Kenya. This was possible following the approval of an application to
the Kenyan Biosafety Committee for the importation of Bt maize leaves containing six
different cry gene events. After permission was received, the necessary permits from
Kenyan authorities were granted, and the bioassays were performed in the newly
constructed biosafety level-2laboratory at NARL. The results from the bioassays
provided excellent information on which of the various cry genes are most effective
against five target insect pests in Kenya. This data is critical to determining which cry
genes should be imported into Kenya and incorporated into local germplasm.

During 2002, the genetic engineering group plans to submit an application for importing
transgenic seeds of second-generation events (crylAb and cryIB) and a second application
to import leaves from crosses of first generation events and to perform bioassays of
these. Clean events will continue to be developed for cryIB, cryIAb, and the fusion
protein crylB-lab. Given the low level of activity of the available cry genes against some
of the stem borers, efforts will be made to acquire other cry genes (e.g., cryIAa, crylC,
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cryIF, cry2A) from public and private sources. Both Mon810 (cryIAb) and Herculex (cry
IF) events have been commercialized in the USA and other countries. Efforts will be
made to acquire permission to use these events for testing against Busseola fusca and with
possible combinations of other cry genes.

Before any Bt maize can be evaluated under field conditions, the KARl Institutional
Biosafety Committee requires that it be evaluated in a biosafety greenhouse. Thus, a
biosafety greenhouse will be built at the KARl Biotechnology Center in Nariobi. The
consultant who developed the initial designs for the greenhouse and laboratories will be
contracted to oversee the completion of the greenhouses in 2002. Training of technical
staff will continue, especially on the operation of the biosafety greenhouse and molecular
analyses of transgenic maize. Development of the facilities for molecular analyses will be
initiated.

A freedom-to-operate review of Bt maize for Kenya was performed to ascertain what
intellectual property considerations might come into play with the introduction of Bt
maize developed by the IRMA project and introduced into Kenya. The report reflected
the view that the IP issues related to the release of IRMA Bt maize in Kenya appear to be
"relatively uncomplicated." CIMMYT's IP Counsel is following up on specific issues
raised by the audit with KARl staff.

A major activity in 2001 was the development of sources of insect resistance by searching
for sources of resistance and by development of source germplasm. Another activity was
the search for stem borer resistance among elite germplasm, which farmers can use
immediately. In the search for and development of sources of insect resistance, 216
genotypes from CIMMYT and KARl, 42 multiple borer resistant (MBR) 54 lines from
CIMMYT Mexico, and 500 MBR/MDR inbred lines from Mexico were evaluated for
adaptation, resistance to Chilo partellus and Busseola fusca, leaf toughness, low-N
tolerance, and resistance to Turcicum. Crosses were also made to two testers. Good lines
will be used to form synthetics and hybrid combinations as sources of resistance. An
activity aimed at a value added trait was the screening of germplasm from trials for
weevil resistance in kernels. These activities will continue in 2002.

Studies were initiated to develop insect resistant management (IRM) strategies for
Kenyan ecosystems based on existing cropping systems. 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 on verifying these tenets were also initiated. After
evaluating 30 different alternate hosts for stem borers, preliminary results show
Columbus and Sudan grasses as the most effective refugia for C. partellus and B. fusca.
Sorghum was the best host for C. partellus and B. fusca based on the large number of exit
holes per stem and numerous tillers. Napier grasses attracted oviposition, but were not
good hosts for larval development.

On environmental impact, the IRMA project is committed to determining what, if any,
effects transgenic maize will have on the local ecosystems. In 2001, research focused on
establishing the diversity and relative abundance of target and nontarget organisms that
could potentially be affected by the introduction of Bt maize into Kenya's major maize
cropping systems. Using pit-fall traps to trap crawling arthropods, water traps and
sticky traps for flying arthropods, and destructive sampling to recover organisms on and
in the plant, a diversity of organisms associated with maize cropping systems were
recovered, characterized, and, catalogued and will serve as a technical reference during
the monitoring phase of the IRMA project. The Kitale and Machakos sites were added in
2001. The Embu site will follow in 2002. Development of numeric and digital databases
on the collection as well as development of a reference collection will be major activities
for 2002.
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A study evaluating Bt biopesticide and conventional insecticides for the management of
stem borers and the nontarget effects on arthropods in a maize/bean cropping system
revealed that Bt spray was more effective in controlling stem borers while preserving a
greater number of parasitoids compared to synthetic insecticide treated plots.

IRMA's impact assessment group composed of social scientists focused on assessing
various aspects of insect losses, suitability and demand of the new insect management
technologies, farmers' perceptions of crop losses and control options, and assuring that
the technology fits within Kenya's institutional framework. Through continuous
dialogue with different stakeholders such as environmental groups, local research
institutes, seed companies, and above all the farmers, IRMA has gained a clearer
understanding of social, environmental, and economic impacts of insect resistant maize
in Kenya.

Participatory Rural Appraisals (PRAs) were organized in the five maize agroecological
zones of Kenya. They identified farmers' preferences for maize varieties, the criteria they
use to select varieties, and the major maize production constraints they face. The major
pest problems, according to farmers, are stem borers and weevils. Farmers show a keen
interest in new insect resistant varieties if they fit their selection criteria, even if they are
moderately more expensive. However, since seed supply and quality are problems, the
quality of seed needs to be guaranteed. Results of the maize sector study show that
although most restrictions on maize marketing have been lifted, and that markets for
fertilizer and pesticides are fairly free, poor infrastructure, market information, and
access to rural credit markets remain problematic. The crop loss at the national level due
to stem borers is estimated at approximately 13%, with a value of US$ 72 million (as of
2001; further study may result in a revision of this figure). Crop loss assessment will
continue. A baseline survey will be the major focus in 2002.

As we are dealing with new technology, technology transfer and capacity building in
local institutions is critical to success and sustainability. Training of KARl scientists was
done in Mexico and on site in Kenya. Two scientists from KARl trained in insect
bioassays and biosafety greenhouse operations. Infrastructure support and development
were realized through the planning of laboratories for the KARl Biotechnology Center,
development of a biosafety level-2 laboratory, provision of computing and
communication equipment, vehicles for transport, laboratory equipment, and support of
the insectaries and entomology laboratories at two KARl centers. The capacity for mass
rearing various stem borer species for resistance screening studies, insect bioassays, and
for resistance management studies was improved. During 2001, production was
increased and rearing of B. fusca improved. Better records are being kept and synchrony
of demand and supply has thus improved greatly.

Considerable effort has been given to creating dialogue and raising public awareness
about Bt and insect resistant maize and biotechnology in general. Communication has
been emphasized through stakeholders meetings, efforts aimed at positive media
relations, creation of print and electronic materials, interactions with the local press to
achieve objective coverage, and participation and documentation of IRMA-related
seminars and conferences. In 2002, emphasis will be given to creating awareness among
extension staff and developing strategies to reach farmers.

In conclusion, apart from the somewhat slow pace of actually introducing Bt maize in
Kenya, the objectives of the IRMA project were largely met. These activities and
achievements have moved the IRMA project toward achievement of its goal and
objectives.
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1. Product Development

1.1 Develop an infrastructure for screening insect resistant maize
germplasm: appropriate laboratories and greenhouses at the KARl
Biotechnology Center
B. Odhiambo, D. Hoisington, S. Mugo, and D. Gonzalez De Leon

A biosafety level-2laboratory was completed and insect bioassays carried out in the
facility. Among the major equipment installed were a laminar flow cabinet and an
autoclave. An architectural design for the KARl Biotechnology Center was drawn
including biosafety greenhouses. Towards the end of 2001, detailed plans of greenhouses
were developed and a team of experts set up. Greenhouse construction is planned to
commence in 2002. An open quarantine field for testing maize in the field is under
construction at Kiboko, Kenya.

Table 1. First generation transgenic Bt maize events

Event Genes introduced Generation

Table 2. Segregation ratios of first generation
events (insect resistant:susceptible)

Event T1 T2

E5207 ubi:cryiAc 19:17 28:36
E5601oct:cryl8 1:15 17:31
E1835 ubi:crylB 7:9 6:8
E602 act:cryiE 12:13 0:32
E7 ubt.crylB-IAb Embryo Rescue 6:8

T4

65:73
190:187

T16+ (BCl6+)
T5 (8(4 SI)
T5 (B(4 SI)
T3 (B(3)
T3 (8(3)
T3(BC3)

T3

24:24
23:26
12:17
0:192

12:16

PEP:cryiAb + Pol:cryiAb + 35S:bar
ubi:cryiAc +35S:bar· 35S:gus
Acl:crylB . 35S:bar
ubi:crylB - 35S:bar + 35S:bar
act:cryiE - 35S:bar
ubi:crylB-IAb - 35S:bar

E176
E5207
E5601
E1835
E602
E7

The priorities for 2001 were the following:

1. Backcross first generation events to BC3/BC4
level.

2. Produce combinations of available first
generation Bt genes.

3. Continue to develop second-generation Bt events.
4. Produce full molecular characterization of all Bt

gene events.
5. Leaf bioassays of Bt genes.
6. Apply for and conduct field trial in Kenya of

individual and combined Bt genes.

1.2 Genetic engineering activities
A. Pellegrischi, B. Odhiambo, D. Hoisington,
S. Mugo, and S. McLean

Table 3. Molecular analyses of first generation
events

Table 4. Putative transgenic plants screened with
southwestern corn borer to acquire clean events

Number of
Gene TO T1 T2 T3 dean events

ubi: crylB 1930 5760 2688 2256 6
act: crylB 519 36 0 0 0
ubi: crylAb 897 2224 752 720 2
act: crylAb 798 1072 416 240 1
act: cryl£ 2835 0 N/A N/A N/A

1

The formation of backcross generations to the BC3/
BC4 level and formation of crosses among the first
generation events using BC3/BC4-S1/& fixed events
were accomplished (Tables 1 and 2).

Molecular characterization of first generation events
was accomplished and transformation of remaining
Bt (act crylB, act crylB-1Ab and others) second
generation events are in progress (Table 3). Nine
second-generation events showing negative bar and
positive cry genes were isolated. These are events 3,
6, 10, 58, 93, 127, 216, 223, and 396 (Tables 5 and 6).

Two KARl scientists were trained in insect bioassays
and biosafety greenhouse operations. They were also
introduced to basic molecular analyses of transgenic
plants. A detailed report of the bioassays is provided
below.

Event Gene

5601 act crylB
5207 ubi crylAc
1835 ubi crylB
7 ubi crylB-lAb

Generation

First (B(4)
First (B(4)
First (BC3)
First IB(3)

Transgene copy
number in the

same locus

5·7 copies
6-8 copies

14-20 copies
6-8 copies

Loci
number

3
5,7
3,5
2,5
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Figure 1. Example of the Southern blot analyses of Events 3 (A), 6 (8), 10 (C), 56 (0), 93 IE), and 127(F).
Enzymes used for DNA restriction digestion: A) lanes 1-5, uncut DNA, ho RV, Soc I, Nco I/Kpnl, and Bam HI/Kpn I., respectively; B) lanes 1·5, uncut
DNA, Eco RV, Soc I, Nco I/Kpnl, and Bam HI/Kpn I., respectively; () lanes 1-5, uncut DNA, Eca RV, Soc I, Nco I/Kpnl, and Bam HI/Kpn I.,
respectively; D) lanes 1-5, uncut DNA, Eco RV, Soc I, Nco I/Kpnl, and Bam HI/Kpn I., respectively; E) lanes 1·5, uncut DNA, Nco I/Kpnl, Bam HI/Kpn
I, Soc I, and Eco RV, respectively; and Fllanes 1-5, uncut DNA, Eco RV, Soc I, Nco I/Kpnl, and Bam HI/Kpn I, respec1ively. The uncut DNA is need to
prove thaI the plants are actually transgenic. The ho RV and Soc I cuts are important because they give on estimate of the number of loci and
number of copies of the tronsgene. The olher two cuts were done to isolate the gene bond.

Table 5. Segregation ratios of second generation Table 6. Southern blot analyses of clean events
clean events (insect resistant:susceptible) Transgene (Opy number Lad

Event T1 T2 T3 Event Gene Generation in the same lo(us number

E3 ubi: cry IB 5:11 14:18 53:58 3 ubi crylB Second lB(2) 5 4
E6 ubi: cry IB 8:8 41 :39 52:57 6 ubi crylB Second (B (2) 5 6

El0 ubi: crylB 10:6 33:31 72:66 10 ubi (fylB Second (B(2) 2 2
E58 ubi: cry IB 9:7 16:25 28:25 58 ubi crylB Second (BC3) 7,10 2,3
E93 ubi: rry IB 10:6 69:62 129:124 93 ubi (rylB Second (B(3) 10,12 1,3

E127 ubi: rry IB 11 :5 34:37 110:114 127 ubi rrylB Second (B(3) 3,5 1,2
E216 ubi: rrylAb 9:5 30:29 216 ubi crylAb Second (BC3) 8,10 3,5
E223 ubi: rry lAb 6:8 8:7 223 ubi crylAb Second (B(3) 2,3 1
E396 art: rry IAb 8:7 8:7 396 oct rrylAb Second (B(2) 9 3

1.3 Introduction of Bt maize leaves and insect bioassays to identify Cry
proteins effective against Kenyan stem borers
B. Odhiambo, S. Mugo, C. Taracha, D. Hoisington, J. Songa, D. Bergvinson, and S.
McLean

One of the major achievements during 2001 was the identification of which Bt genes are
most effective against each of the targeted insect pests. There are several methods to
determine the activity of Bt genes such as insect bioassays using isolated Bt proteins or
immunological assays of labeled Bt proteins against isolated insect midguts (to
determine whether receptors are present in the midgut). In our experience, the protein
bioassays are easy but often do not indicate the most effective proteins. The
immunological tests are highly accurate, but are technically chalienging and requi.re
special expertise and infrastructure. Ultimateh', the best assay is the effect the Bt maize
plants have on insects. CIMMYT has produce,~ a number of fi.rst generation Bt maize
plants, each containing an individual Bt gene \Tables 1 and 2). These provide excellent
material for testing against African insect pests. Given the early state of biosafety in
Kenya and the lack of proper infrastructure in KARl to handle transgenic maize (in the
lab and the field), we decided that the simplest procedure would be to import Bt maize
I aves (grown in CIMMYT's biosafety greenhouses in Mexico) into Kenya and perform
lea bioassays in the KARl NARL Biotechnology Laboratories.
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An application to introduce leaves from maize transformed with Bt genes was lodged
with the National Biosafety Committee (NBC) through the KARl Institutional Biosafety
Committee (IBC) on 15 Feb. 2000. A permit to allow importation of the leaves was
granted by KEPHI5 on 19 Jan. 2001.

The Bt maize tissue and transgenes introduced were

• leaves from fifth generation (T5) plants containing Event 5207 [cry1Ac driven by the
maize ubiquitin promoter (plasmid pU02) co-transformed with the bar gene driven by
the enhanced CaMV 355 promoter (plasmid pHP620)];

• leaves from fifth generation (T5) plants containing Event 5601 [C11j1B driven by the
rice actin promoter and bar driven by the CaMV 355 promoter (plasmid pCIRAD3)];

• leaves from third generation (T3) plants containing Event 1835 [crylB driven by the
maize ubiquitin promoter and bar driven by the CaMV 355 promoter (plasmid
pCIRAD4) co-transformed with the bar/gus genes driven by the maize ubiquitin
promoter (plasmid pACH25)];

• leaves from third generation (T3) plants containing Event 602 [cry1E driven by the rice
actin promoter and bar driven by the CaMV 355 promoter (plasmid pCIRAD58)];

• leaves from third generation (T3) plants containing Event 7 [cry1B-1Ab driven by the
rice actin promoter and bar driven by the CaMV 355 promoter (plasmid pCIRAD7)];

• leaves from plants containing Event 176 [cry1Ab driven by the maize pollen-specific
promoter and crylAb driven by the maize PEP carboxylase promoter (plasmid
pCIB4431) co-transformed with the bar gene driven by the CaMV 355 promoter
(plasmid pCIB3064)]; and

• leaves of nontransgenic control plants (CML 216) to be utilized as controls for insect
bioassays.

Leaf tissue from maize plants planted in the CIMMYT's Applied Biotechnology Center's
biosafety greenhouses in Mexico were brought to Kenya on 2 February 2001. Each set of
leaves from each event was moistened and wrapped in sealed Ziploc™ plastic bags and
carried in a sealed box. They were hand-carried during the 24-hour journey through
Amsterdam to Nairobi by CIMMYT scientist David Bergvinson. KEPHl5 officials led by
Dr. Njoroge, the Director of National Quarantine, were on hand to receive the package at
JKIA and took custody of the package until it reached the biosafety level-2 laboratory at
KARl Biotechnology Center at NARL Kabete where he examined the contents. The
leaves were then handed over to Dr. Benjamin Odhiambo, the then head of the KARl
Biotechnology Center.

Figure 2. Dr. Njoroge, Director National Quarantine,
KEPHIS hands over the leaves to Catherine laracha,
David Bergvinson, and Benjamin Odhiambo in the
biosafety laboratory.
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Figure 3. A leaf of CMl 216 is examined after
B. fusca larvae fed on it for 5 days.



Bioassays were carried out to identify the effective Bt Cry proteins against five Kenyan
stem borers: Chilo partellus, Chilo orichalcocliiliellus, Busseola fusca, Eldana saccharina, and
Sesamia calamistis, in order to better target the development of Kenyan maize varieties
with the appropriate combinations of genes for resistance to these stem borer species.

Results showed that the CrylAb protein was the most active against all species. All Cry
proteins, except CrylE, affected Chilo partellus. Eldana saccharina was the least affected by
any Cry protein, although CrylAb, CrylB, and CrylAb-lB proteins gave some effect
against it. The Cryl Ab protein was the most active against B. fusca. Chilo orichalcocililiellus
was most affected by CrylAb and CrylB proteins, and moderately by CrylAb-lB
protein. S. calamistis was affected by CrylAb and CrylAb-lB proteins. The CrylE protein
was not active against any species except for some effect against C. orichalcocililiellus. The
tested Bt Cry proteins did not totally control B. fusca. Pyramiding 2-3 Cry proteins,
expressed at high levels, may show control. Other Bt Cry proteins, such as CryIC should
be investigated. These results also indicate the specificity of Bt toxins among
lepidopteran stem borer insects. A prospective control was identified for the most
destructive borer, the spotted stem borer (c. pal'tellus), which is also the most widely
distributed stem borer in Kenya. The experiment will be repeated in greenhouse and
field conditions in Kenya.

Figure 4. Leaf damage caused by larvae of
C. orichalcociliellust c. partellust and B. fusca
in maize leaf sections with various Bt genes
and the control CML216.

Figure 5: Leaf damage by larvae of E. saccharina
and S. calamistis with various Bt genes. Note
almost complete control in Event 176 and the
extensive damage in CML216 control.
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Figure 6. Percent dead larvae of 5 stem borer
species after feeding on leaves with 6 Bt genes and
two controls for 5 days.

Figure 7. Percent dead larvae of 5 stem borer
species after feeding on leaves with 6 Bt gene
events and two controls for 5 days.
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1.4 Application to introduce Bt maize seed
B. Odhiambo, S. Mugo, C. Taracha, D. Hoisington, J. Songa, D. Bergvinson,
and S. McLean

An application to introduce Bt maize seeds was prepared and lodged with the KARl
Institutional Biosafety Committee (IBC) in September 2001. We still await response. The
main aim of this proposal is to verify, under field conditions, the results recently obtained
from the bioassays performed in the KARl Biotechnology Laboratory. The results
indicated that several of the cry genes were effective against the Kenyan maize stem
borers. This proposal will repeat the tests under field conditions by infesting maize
containing various cry genes singularly and in combinations with the stem borers
(c. partellus and B. fusca). This information will allow better targeting of Kenyan maize
varieties with the appropriate combinations of genes for resistance to these stem borer
species.

The following list of maize seed, originating from transgenic germplasm planted in
CIMMYT's biosafety greenhouses in Mexico, will be introduced for the field evaluations:

i. 200 seeds from maize inbred line CML216 BC455 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 355
promoter (plasmid pCIB3064)].

ii. 200 seeds from maize inbred line CML216 BC452 containing Event 5207 [cryIAc driven by
the maize ubiquitin promoter (plasmid pU02) co-transformed with the bar gene driven by
the enhanced CaMV 355 promoter (plasmid pHP620)].

iii. 200 seeds from maize inbred line CML216 BC452 containing Event 5601 [cryIB driven by
the rice actin promoter and bar driven by the CaMV 355 promoter (plasmid pCIRAD3)].

iv. 200 seeds from maize inbred line CML216 BC351 containing Event 1835 [cryIB driven by
the maize ubiquitin promoter and bar driven by the CaMV 355 promoter (plasmid
pCIRAD4) co-transformed with the bar/gus genes driven by the maize ubiquitin promoter
(plasmid pAHC25)].

v. 200 seeds from maize inbred line CML216 BC351 containing Event 7 [cryIB-IAb driven by
the rice actin promoter and bar driven by the CaMV 355 promoter (plasmid pCIRAD7)].

vi. 200 seeds from the maize F1 cross of Event 176 CML216 BC4S4 x Event 5207 CML216
BC451 [PEPC::crylAb x ubiquitin::crylAc].

vii. 200 seeds from the maize F1 cross of Event 176 CML216 BC4S4 x Event 5601 CML216
BC451 [PEPC::crylAb x actin::crylB].

viii. 200 seeds from the maize F1 cross of Event 176 CML216 BC4S4 x Event 1835 CML216 BC3
[PEPC::crylAb x ubiquitin::crylB].

ix. 200 seeds from the maize F1 cross of Event 176 CML216 BC4S4 x Event 7 CML216 BC3
[PEPC::crylAb x actin::crylB-1Ab].

x. 200 seeds from the maize F1 cross of Event 5207 CML216 BC451 x Event 5601 CML216
BC451 [ubiquitin::crylAc x actin::cryIB].

xi. 200 seeds from the maize F1 cross of Event 5207 CML216 BC451 x Event 1835 CML216 BC3
[ubiquitin::crylAc x ubiquitin::cryIB].

xii. 200 seeds from the maize F1 cross of Event 5207 CML216 BC451 x Event 7 CML216 BC3
[ubiquitin::crylAc x actin::cryIB-1Ab].

xiii. 200 seeds from the maize F1 cross of Event 5601 CML216 BC451 x Event 1835 CML216 BC3
[actin::crylB x ubiquitin::cryIB].

xiv. 200 seeds from the maize F1 cross of Event 5601 CML216 BC451 x Event 7 CML216 BC3
[actin::crylB x actin::cryIB-1Ab].

xv. 200 seeds from the maize F1 cross of Event 1835 CML216 BC3 x Event 7 CML216 BC3
[ubiquitin::crylB x actin::cryIB-1Ab].

xvi. One kilogram maize seed of nontransgenic CML216 for control.
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A field site has been developed at Kiboko within the KARl-NRRC Kiboko, which will be
isolated by distance planting during the minor season. The field site will be fenced using
2 m high chain-link fence, topped with 3 strands of barbed wire, and a locked gate. The
quarantine field will be located 1 km from Kiboko town and 6 km from staff houses of
the KARl/NRRC Kiboko (population 200), but access to the site is restricted. The site
borders on bush land. Maize will be detasseled to ensure no pollen dispersal takes place
during the evaluations. No maize will be grown within 200m of the 1 ha fenced field.

Kiboko field station is easily accessible, has facilities for growing food crops, has
adequate land for isolation by distance, and has trained and committed scientists.
Kiboko is also a short distance from the KARl/NDFRC Katumani insectary, which will
supply stem borer larvae and eggs for field infestation.

1.5 Proposed activities for 2002 in genetic engineering (see workplan in
Appendix I)

An application for importing transgenic seeds will be modified tc' use only second
generation events (ubi:crylAb, ubi:crylB). The KARl Institutional Biosafety Committee
informally requested that trials first be conducted in the biosafety greenhouse, then in
the field. A second application will be made for importing leaves from crosses of first
generation events and to perform insect bioassays similar to those performed in 2001.

Clean events will continue to be developed induding ubi:crylB, act:crylAb, act:crylB-1Ab,
and ubi:crylB-1Ab. Complete Southern analysis for each second generation event will be
completed to determine insertion complexity, etc. Protein analysis will be done for each
to determine the level of Bt protein produced in several tissues (e.g., leaves, roots, stalks,
pollen). Genetic mapping will be done for all events considered for import to Kenya
(these would not contain the bar gene).

Efforts will be made to acquire additional cry genes such as crylAa, crylC, crylF, and
cry2A from either public or private sector sources. As these are acquired, they will be
verified and then used to produce transgenic events for each. Efforts will also be made to
acquire Mon81O (crylAb) and Herculex (crylF) events from Monsanto and Dow Agro,
respectively. These would be used first in leaf bioassays to determine the effect against
African insects and then used to backcross each event into local germplasm.

The level-2 biosafety greenhouse will be built at KARl Biotechnology Center as reported
above. Its construction will involve the Kenya National Biosafety Committee.

Training of technical staff will continue, especially on biosafety greenhouse operations
and molecular analyses of transgenics to provide proper skills after the approval of the
application and the arrival of the transgenic plants. Development of the facilities for
molecular analyses will be initiated.
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1.6 Develop locally-adapted insect resistant maize germplasm
s. Mugo, M. Gethi, J. Songa, O. Odongo, G. Ombakho, J. Gethi, K. Njoroge,
and J. Ininda

During 2001 we conducted enhanced germplasm development activities within the
IRMA project as recommended at the annual and steering committee meetings of 2000.
Activities fall into two categories: (1) development of insect resistant germplasm, and
(2) evaluation of commercially available germplasm for stem borer resistance.

1.6.1 Development of insect resistant germplasm from exotic germplasm
Development of insect resistant germplasm in tum falls into two categories: (1) search
for sources of resistance and development of source germplasm for insect resistance, and
(2) search for elite germplasm to backcross to Bt gene sources when these become
available.

1.6.1.1 Search for sources of resistance to stem borers

In the search for sources of insect resistance, germplasm from CIMMYT Mexico and
Kenya were screened for resistance to stem borers. Five hundred inbred lines from the
CIMMYT Mexico/s entomology unit and subtropical stations were evaluated for their
agt:~nomicadaptation to Kenya and their resistance to C. partellus, to select good lines for
the advanced generation of selfing. The initial screening was done at Kiboko. Half of the
one row of 5-meter length plots was under natural stem borer infestation. Ninety-four
families were selected on the basis of leaf toughness, plant aspect, ear aspect, ear rots/
and stem borer insect damage (Appendix II). One hundred and eighty inbred lines from
those families will be screened for resistance to C. partellus under artificial infestation and
for resistance to maize streak virus (MSV) at Embu during the 2002A season. They will
be crossed to heterotic testers CML78 and CML444 and selfed to an advanced generation
at Kiboko. A synthetic will later be developed. Insect resistant lines and insect resistant
hybrids will be sought among single- and three-way crosses in the tester cross
evaluations, and hybrids will be made from combinations of lines.

Sixty-four early-maturing and 54 late-maturing single crosses of inbred lines with
CML78 and CML 444 were evaluated for their resistance to stem borers, low N, and
foliar disease resistance. The lines came from (1) elite stem borer resistant inbred lines
from CIMMYT, (2) elite drought tolerant inbred lines from the African Maize Stress
(AMS) project, (3) elite low-N tolerant inbred lines from the AMS project, and (4) elite
inbred lines from the Kenya National Maize Breeding Program (with the following traits:
drought escape/tolerance, low-N tolerance, Striga resistance, stem borer resistance,
turcicum leaf blight tolerance, gray leaf streak (GLS) resistance, and high yields.

S. Mugo at Kiboko screened the early-maturing crosses for resistance to C. partellus and
for drought tolerance. M. Gethi at Embu screened the late-maturing crosses for resistance
to tolerance to C. partellus and B. fusca. The late-maturing single crosses were also
evaluated for low-N tolerance by O. Odongo at Kakamega and for resistance to turcicum
blight and leaf rust by J. Ininda at Muguga. The inbred lines are also being evaluated for
combining ability. Data is still coming in and analysis will follow. The only data available
by late 2001 was for Kiboko under drought stress. Meanwhile, we plan to cross these
single crosses with a third line to make three-way cross hybrids.

The early fraction evaluated under drought stress in Kiboko showed hybrids better than
the check H513. The good hybrids were CML254/CML444, CML314/CML78, [M37W/
ZM607#F37SD-2-3SR-6-2-X]-B-B-B-B/CML444, CML254/CML78, RF- KJD15-4-5-B/
CML78, RF-MKN97-15-6-B/CML78, RF-MKN197-25-3-B/CML78, CML384/CML78,
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CML247/CML444, RF-MKNI08-17-2-B/CML78, RF-NYA19-B/CML78, CML312/
CML444, and FAW GCA White -3-3-1-2-2-B/CML444. Other local checks PH3253,
DH01, and DH02 were susceptible to drought. Of interest are the hybrids using the
inbred lines from local landraces. Crosses to CML78 were as good as those from
CML444 testers. The CML444/CML78 was not as good as some of the test hybrids. This
indicates that there are good drought tolerant hybrids in the pipeline. Crosses involving
CML314 and CML254 were all tolerant to drought stress.

Of the lines that went into these single crosses
and others, 234 are currently being screened for
resistance to C. partellus and selfed to advance to
the next generation in a September 2001 planting
at Kiboko. The lines will also be screened for
resistance to MSV.

Forty-two MBR 54 maize inbred Jines were
screened for adaptation and resistance to Chilo
par/ellus at Kiboko (Appendix III). The lines
were also advanced to the S5 level as well as
being crossed to CML78 and CML444 testers.
Based on general performance and stem borer
resistance, 178 MBR S4 maize inbred lines were
screened for adaptation and resistance to
C. partellus at Kiboko. The lines were also
advanced to the S5 level as well as being crossed
to CML78 and CML444 testers. Based on general

performance and stem borer resistance, 120 lines were selected for crossing, further
screening, and advance to the S6 generation. These lines have exhibited resistance to
stem borers and offer the best potential for developing stem borer resistant germplasm.
Single crosses will be evaluated at Kiboko and Embu, while the lines will be screened
for resistance to B. fusca at Embu during 2002A season. This will enable their use for
development of hybrids and open pollinated varieties (OPVs) carrying resistance to
stem borers and to other stresses. The lines will soon be screened for resistance to MSV
in the screenhouse at Embu.

Figure 8. Mr. Joel Mbithi, assisting in pollination {left)
and infesting maize MBR lines with C. partellus eggs
(right) at the IRMA project nursery at Kiboko, Kenya.

1.6.1.2 Identification of insect resistant elite hybrids and OPV varieties

The objective was to identify elite germplasm with insect resistance that can be
recommended to farmers. This germplasm would also be targeted to receive Bt genes,
when available. We have embarked on evaluating germplasm in international maize
trials from CIMMYT-Mexico, CIMMYT-Zimbabwe, and CIMMYT-Kenya. The
germplasm has resistance/ tolerance to all or some of the stresses important for Kenya
including drought, low-N, MSV, and Striga. Quality protein, when available, is a
welcome value-added trait. In all trials described in Appendix IV, screening for insect
resistance was done by artificially infesting one row with 20 black-head eggs per plant
of the respective insect pest species at the 6-leaf stage. Agronomic data was taken from
the second row that was protected with pesticides. Inoculating one row with turcicum
blight, and comparing it with an uninoculated row allows evaluation for disease
resistance. Screening for resistance to Polysora rust is done using plants naturally
infected with the disease at Muguga, a hot spot for leaf rust diseases. At Kakemega, to
evaluate low-N tolerance, we are comparing performance between an N-depleted plot
with a plot with optimum fertility.
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1.6.2 Evaluation of commercially available germplasm for resistance to stem borers
M. Gethi, S. Mugo, O. Odongo, G. Ombakho, K. Njoroge, w: Muasya,
and W. Chivatsi

Information on damage to maize crops and regional and national losses of maize grain
yield would help promote development of suitable insect resistant maize germplasm
through better targeting of germplasm. Experimental varieties and commercial cultivars
were evaluated for resistance to stem borers. None of the commercially available
cultivars grown in Kenya demonstrated resistance, further reinforcing the need to
develop stem borer resistant germplasm. During 2001, trials were planted as follows:
Mtwapa, one on-station and one on-farm trial; Katumani, Embu, Kakamega, and Kitale,
one on-station and four on-farm trials at each site. Sufficient data sets have been
developed for us to conclude this activity at the end of 2001. Data analysis has
commenced. Each center will write a report for their region. A general synthesis will be
made.

1.7 Weevil resistance, a value-added trait: IRMA project germplasm
development activities
s. Mugo, P. Likhayo, O. Odongo, and D. Bergvinson

Participatory rural appraisals (PRAs) by the IRMA impact assessment group showed
that farmers consider storage pests to be one of the major problems in maize production
in Kenya. Three-quarters of the villages ranked storage pests in the top four pest
problems. The perception was strongest in the dry areas of the east, where all groups
interviewed ranked them first, but less so in the more humid areas of the west.
Resistance to storage pests is often mentioned as a selection criterion for maize varieties.

The last quantitative survey on this issue in Kenya was conducted in 1973, although
rapid assessment surveys have been conducted by NRI and CABI in recent years. Loss
estimates from storage pests range from 5 to 15%, but storage pests have always been
perceived as a very serious problem by farmers.

The benefits of developing and delivering good strategies for postharvest management
are significant. As maize production is already low at 1.5 t/ha on average, reduced losses
translate into more grain of higher quality, and therefore food security. Improved storage
would also provide farmers with more flexibility in when they sell their maize, thus
allowing them to reap higher profits when price conditions are particularly favorable.
The target population is potentially large, as all maize farmers who store part of their
harvest for several months could benefit, especially women, who often are responsible
for postharvest management.

Current recommendations for grain maize storage are based on treating the harvest grain
with a broad-spectrum cocktail of organophosphate and pyrethroid dust. However, cost,
availability, short lifespan of active ingredient, insect resistance, and risks associated with
pesticides limit the effectiveness of this approach and call for alternative control
strategies. The use of resistant maize germplasm integrated with suitable pest control
methods will provide a longer lasting solution to losses during storage.

With this in mind, we decided to screen germplasm from IRMA project germplasm
improvement activities for resistance to weevil (Sitophilus zeamais Motschulsky) in
storage. This is being done at little or no additional cost and is a value-added trait to our
germplasm development efforts. Two forms of maize have been used for ev~luation: on
the cob and grain.
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1.7.1 Screening maize ears for resistance to postharvest infestation by Sitophi/us
zeamais Motshulsky

Ears were harvested from genotypes being screened for resistance to stem borers or
resistance to other stresses. Three ears were harvested from the border plants, normally
not used for experimental measurements, and used to measure grain yield. The ears were
kept in storage conditions as similar as possible to those of farmers who store their grain.
After three months, the ears were rated for damage by weevils. The ears were then
shelled and the recovered grain was separated into healthy and damaged groups. From
the weight of the healthy and damaged grains, a grain weight loss index was computed.
Dr. Omari Odongo at Kakamega, Dr. Macharia Gethi at Embu, and Mr. Wesley Chivatsi
at Mtwapa conducted these trials.

R-NV - 8-008 I R-N ,- -008
Damaged Healthy

Figure 9. Healthy and damaged ears and
grains by storage weevil (Sitophilus zeamais)
after 3 months storage in Mtwapa, Kenya.

At Kakamega and Embu, the ears came from QPM
international trials. The Embu trial did not work out well.
The Kakamega data showed that some of the QPM varieties
were modestly resistant to weevils but some were very
susceptible. The QPM trials will be an important evaluation
for identifying suitable varieties for the tropics.

The ears stored and evaluated in Mtwapa came from an
IRMA breeding nursery grown at Kiboko during the 2000B
cycle (Figures 9 and 10). A simple selection index based on
visual damage scores and percent damaged kernels was
computed, as weight loss was too variable due to the wide
range of kernel sizes. Using this scale, 50 genotypes with an
index of 1.5 and below were identified out of 216 genotypes.
Some of the good genotypes were screened using the grains
method reported below.

Figure 10. S. Mugo examines kernels
damaged by weevils on a light table in
Mtwapa in February 2001.

1.7.2 Screening maize grains for resistance to post harvest
infestation by Sitophilus zeamais Motshulsky

Recently, we initiated the use of grains to screen maize
germplasm for resistance to weevils in storage. Mr. Paddy
Likhayo, an entomologist attached to the NARL in Kabete in
Nairobi, is leading this work on field and storage pests.

Maize germplasm from IRMA activities (tolerance to stem borer,
drought, and low-N) were screened for resistance to maize
weevil (5. zeamais). This is part of a broader scheme by the
IRMA project to identify promising germplasm for use in hybrid
combinations that demonstrate resistance to weevils. All maize
types supported development of 5. zeamais. Weevils reproduced
more readily on the hybrids than in inbreds or OPVs. Overall,
this work identified Zimb-9, E93271-600-110, local Mugindo for
drought -late; KCB, Zimb-4 and Pob.591C2F2BCO for low-N;
KCB, OLCl, and Oryland HI for stem borer genotypes on which
5. zeamais did not develop well. In general, reproduction of
storage pests depends on maize type, grain nutritional value,
moisture content, and temperature. Details of the study may be
found in appendices V and IXb.
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1.7.3 Ongoing search for sources of resistance to Sitophilus zeamais in storage
The screening of germplasm from CIMMYT-Mexico, Kenya, and Zimbabwe for storage
qualities (against maize weevils) is an ongoing activity. Most recently, 377 inbred lines
from Mexico, and extra-early maturing, stem borer tolerant, and drought and low-N
tolerant OPVs from Kenya and Zimbabwe were screened. The assessment is being
conducted at the Kiboko field laboratory. The grains are weighed in lots of lOOg for
inbred lines and 150g for the rest, replicated three times using an electronic balance, and
placed into wide-mouth 9 cm half-liter glass jars (Fig. 11). Twenty active unsexed 4
week-old weevils were added to each jar of inbred lines while 30 were added to the rest
of the jars. Destructive sampling will be conducted after three months (in late November
2001). The weight of the powder, number and weight of damaged and undamaged
grains, and number of live and dead insects will be recorded. The kernels method, again,
provides more control over variables and is expected to give more reliable results than
the ears method, where the differences in ear weight can erroneously influence the
weight loss index data.

Figure 11. (Left) KARl and CIMMYT entomologists examine maize grain samples being
prepared for screening for weevil resistance at Kiboko, Kenya. (Right) Sieves used to
separate grains, insects, and powder during measurement of damage by weevils in maize
germplasm.
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2. Product Dissemination

2. 1 Development of appropriate insect resistance management
strategies for resource poor farmers in Kenya
D. Bergvinson, M. Mulaa, S. Mugo, and J. Songa

To counter the buildup of resistance to Bt maize by stem borers, we are developing
varieties that carry multiple forms of resistance-for example multiple Bt genes and
combinations of Bt genes as well as conventional resistance. This will require a borer
population to develop multiple resistances rather than a single resistance to the Bt. In
addition, management strategies are being developed, with the help of farmers, that
maintain populations of nonresistant borers that will breed with potentially resistant
borers and limit the buildup of resistant populations. Any host of the borers can be used
for this purpose and taken collectively they are known as "refugia." Gould (1998) has
discussed at length some of the theoretical aspects of durable resistance for genetically
engineered crops. Gould (1986) also used simulation models to evaluate different
resistance management strategies. Generally, mechanisms of resistance management
strategies are based on three principles: (1) diversification of mortality sources so that a
selection pressure is divided between multiple mortality factors (Georgia 1972); (2)
reduction of selection pressure from each mortality factor/mechanism to the target pest
(Wharlon and Norris 1996); and (3) maintenance of susceptible pest individuals by
providing refugia or promoting immigration of susceptible pests (Wharlon and Norris
1996).

Research is needed to determine how much refugia must be provided, in space and in
time, to substantially slow the development of resistance. The area needed for refugia
depends on the crop and the selected type of refugia treatment. Most cereal stem borers
of maize and sorghum are polyphagous and have several graminaceous and other wild
hosts in addition to cultivated crops. Wild host plants of stem borers have been
documented by various researchers (Ingram 1958; Bowden1976; Seshu Reddy 1983; Khan
et al. 1997). The most important alternative hosts of the major stem borers (B. fusca, c.
partellus, S. calamistis and E. saccharina) are reported to be cultivated sorghum, Sorghum
versicolour, Sorghum anmdinaceum, napier grass (Pennisetum purpureum), and Hyperrhenia
TUfa (Khan et al. 1997).

Although stem borers oviposit heavily on some grasses, only a few grasses favor the
completion of their life cycles (Huttler 1996). It is therefore very important to select
alternative hosts with economic value, e.g., high yielding livestock feeds or food crops,
that fit the farming systems where the Bt maize will be planted. Studies on development
rates of different stem borers have been done by Khan et al. (1997) on maize and a few
napier grasses, mainly for C. partellus. However, there is need to study development and
survival rates of the common stem borer species on various grasses of economic value in
different agroecological zones. This information is needed to be able to synchronize
mating between susceptible insects from the refugia (forages) and the resistant insects
emerging from Bt maize. It is also important to provide recommendations to farmers
about cutting regimes for napier grass and other forages, based on the development time,
in order to avoid harvesting napier before the pests complete their life cycle.

Studies have been initiated by the IRMA project to develop insect resistant management
(IRM) strategies for Kenyan ecosystems based on existing cropping systems. 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
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management decisions at the farm level. Studies focused on verifying these tenets were
also initiated. After evaluating 30 different alternate hosts for stem borers, preliminary
results show Columbus and Sudan grasses as the most effective refugia for C. partellus
and B. fusca. Sorghum was the best host for C. partellus and B. fusca, given the large
number of exit holes per stem and numerous tillers. Napier grasses attracted oviposition,
but were not good hosts for larval development (Tables 7 and 8, pg. 14).

Gene flow, the movement of genes between plants of the same species, is prevalent in
cross-pollinated crops like maize. Research is underway to estimate the distance that
pollen travels and to assess the methods farmers use to select seed with respect to the
relative location in the field.

Most farmers in Kenya recycle seed for planting the following season. This has several
implications for IRM. Unlike developed countries where farmers sign licensing contracts
at the time of seed purchase, farmers in developing countries are not likely to report
resistance breakdown. Therefore, techniques must be developed that will enable the
early detection of resistance development, so that steps can be taken to replace the
technology in a timely manner to avoid resistance breakdown. Screening technologies
should be inexpensive and sensitive enough to detect shifts in the insect populations in a
timely manner. A sampling protocol must also be developed to ensure that
representative samples are taken from the major maize growing regions, especially those
that have a high adoption rate of Bt technology. Agronomic studies will commence and
seed production strategies developed when insect resistant maize varieties become
available.

2.2 Characterization of target and nontarget arthropods of Bt gene
based resistance in four major maize growing regions in Kenya
J. Songa, D. Bergvinson, and S. Mugo

To develop Bt maize as a technology for stem borer management in Kenya, it is essential
to have a clear understanding of certain aspects of the farming systems in the potential
areas of deployment. Also, knowledge of the environmental impacts of this technology
on nontarget organisms in the major maize cropping systems is essential for the safe
deployment of Bt maize in Kenya. The first step in determining the nontarget effects of
Bt maize is to characterize the major maize cropping system in each of the maize
growing regions and to identify the important target and nontarget organisms. The
objectives of this stage of the study are to (1) identify and determine the relative
abundance of the target and nontarget arthropods of Bt maize in major maize growing
regions in Kenya and (2) establish a reference collection of arthropods, which will serve
as a technical reference during the monitoring phase of the IRMA project in Bt maize
fields.

The stem borers that infested farmers' maize fields (short rains 2000) in each of the study
sites in descending order of abundance were

• Kilifi: Chilo partellus Swinhoe (Lepidoptera: Pyralidae), Chilo orichalcociliellus (Strand)
(Lepidoptera: Pyralidae), Sesamia calamistis (Hampson) (Lepidoptera: Noctuidae), and
Cryptophlebia leucotreta (Meyrick) (Lepidoptera: Torticidae);

• Kakamega: Busseola fusca (Fuller) (Lepidoptera: Noctuidae), C. partellus, S. calamistis,
and C. leucotreta; and

• Machakos: C. partellus, S. calamistis, and C. leucotreta.
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Table 7. Summary means for different damage and plant performance parameters for three maize
environments (Kakamega, Kitale, and Mtwapa, 2001)

Number Tunnel Number Shoot/ field Estimated
Damage Exit of Leaf Damaged length of Stem stem Stand yield moth
ratingt holes larvae force plants (em) tillers diameter ration density (t/ha) production

Bono 2.09 0.B5 0.05 72.2 50 1.37 13.3 6.18 2.70 33 10.90 11308
Clone13 2.02 0.93 0.30 79.0 39 2.51 15.2 4.47 2.33 40 8.41 14712
ColumbusGrass 2.07 1.02 0.01 64.8 56 7.14 10.7 2.50 1.39 994 2.56 406864
Ex-Motugo 1.67 0.96 0.16 72.6 11 1.67 14.5 6.05 2.22 27 3.77 10233
F. Cameroon 2.51 1.15 0.11 85.8 58 2.99 13.5 5.88 2.09 42 10.41 19135
Giont Paniwm 1.83 0.20 0.06 80.9 16 0.65 17.4 2.61 2.31 23 1.65 1832
GoldCoast 2.17 1.79 0.22 71.0 71 3.99 15.0 4.68 2.27 44 9.08 31441
Guatemala 1.49 0.18 0.00 83.4 10 0.13 8.6 6.92 3.89 16 2.31 1162
Kakamegal 2.32 1.26 0.21 75.3 75 1.44 12.2 6.09 2.25 45 9.00 22711
Kakamega2 2.04 1.30 0.17 87.0 49 4.01 10.0 5.74 2.13 40 4.52 20549
Kakamega3 2.14 1.10 0.00 82.3 33 2.38 14.8 6.39 2.04 41 9.65 18187
MaizeH513 1.97 2.89 0.08 62.9 44 8.54 0.7 6.60 1.21 83 0.79 96296
MaizeH614D 2.22 3.72 0.11 76.7 52 13.61 0.7 7.23 1.19 92 1.90 136977
MaizeH622 2.38 2.36 0.12 74.0 45 8.61 0.6 7.74 1.24 87 1.26 81975
MaizePH4 2.02 2.50 0.02 60.2 47 8.03 0.7 6.43 1.23 98 0.88 98000
Maize Pioneer 2.42 2.82 0.04 64.8 47 7.16 0.7 7.18 1.28 107 1.54 121163
Mariakani 2.19 2.10 0.30 73.2 36 2.02 12.0 5.36 2.80 32 7.07 27175
Moths 1.98 0.36 0.00 70.6 11 0.83 24.4 5.13 5.97 29 2.65 4125
Napier1679 2.09 1.24 0.26 83.2 27 3.64 12.1 5.67 2.86 22 6.83 10918
Napier1683 1.58 0.85 0.04 86.2 8 1.02 20.2 6.32 2.59 24 6.08 8029
Oats 1.30 0.22 0.02 77.2 7 0.52 11.4 2.25 1.36 1032 3.40 91697
Pakistan Hybrid 2.00 0.24 0.09 81.1 63 0.70 11.2 3.36 2.47 44 3.68 4183
Pearl Millet 2.13 1.00 0.00 73.2 32 5.28 6.2 3.81 1.97 130 1.23 52000
Seredo 3.05 2.93 0.14 54.1 32 15.23 6.1 3.87 1.37 126 1.29 148226
Sorghum2(Brown) 3.08 3.54 0.17 59.4 53 16.40 5.9 4.60 2.16 138 1.65 196119
Sorghum3(Red) 2.75 6.92 0.26 59.0 36 24.96 4.9 4.64 1.55 132 1.48 364578
Sorghum4(Brown) 2.68 6.74 0.28 59.1 42 23.14 4.8 4.51 1.61 128 1.11 346204
Sorghuml (White) 2.72 3.62 0.18 55.0 23 19.53 6.1 3.45 1.45 129 0.43 187384
Sudan Gross 2.04 0.59 0.01 58.9 68 4.43 13.3 1.90 1.40 1045 1.93 246090
Uganda Boarder 2.19 2.06 0.09 70.1 28 2.78 12.0 6.96 2.31 35 14.05 28573
TOTAL 2.17 1.91 0.12 71.5 39 6.49 10.0 5.15 2.12 162 4.41 93595
LSD IOO51 0.64 3.01 0.21 2.0 43 10.80 4.2 1.10 2.70 99 3.16 39200

tleast significant difference (LSD) was calculated for combined data over three environments.

Table 8. Correlations between different plant traits and stem borer damage for three insect resistance
management trials, Kitale, Kakamega, and Mtwapa, 2001

Plants Shoot
~ ~ ~ ~ ~ # ~ ~ # ~ ~ ~ ~ ~

damaget holes yield force yield larvae length width tillers rating diameter length dia. length

Exit Holes 0.186*
FEED Yield 0.254** -0.236**
leaf Farce -0.049 -0.178* 0.262**
GRAIN Yield 0.081 0.429*** ·0.337**- -0.1091
#larvae 0.346*-* 0.542*** 0.137 ·0.017 0.073
leaf length 0.247** ·0.168* 0.752**- 0.276** -0.205* 0.13
leaf Width -0.128 0.246-* ·0.276** ·0.162 0.554 0.005 0.048
#TIllers 0.159 -0.25** 0.375** 0.080 ·0.464"* 0.005 0.248 -0.642***
Foliar Rating 0.313*** 0.452*** ·0.172* ·0.294*** 0.298-** 0.312*** -0.137 0.289** -0.186*
Slem Oiameter -0.051 -0.012 0.219** 0.177* 0.131 0.005 0.499*** 0.588*** -0.16 0.003
Shoot length -0.272** ·0.009 0.068 0.12 0.043 -0.013 0.115 0.152 -0.204- ·0.124 0.126
Shoot Stem dia. -0.296*** -0.069 0.094 0.002 -0.158 -0.059 0.105 -0.162 0.277** -0.187* 0.029 0.498***
Stem length 0.532*** -0.122 0.134 0.146 -0.007 0.078 0.219* 0.025 ·0.054 0.102 0.025 -0.226** -0.589***
Tunnellenglh 0.161 0.925"* ·0.237** -0.212* 0.441*** 0.519*** -0.176* 0.233** -0.252-* 0.394*** -0.027 -0.003 ·0.063 -0.126

t*, **, and *** Indicate 0.05, 0.01 and less than 0.001 levels of significance.
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C. partellus was the most widespread and abundant stem borer, with the highest intensity
of infestation being observed in Kilifi followed by the Machakos site. Some stem borer
species had limited distribution, such as B. fusca, which was only found in Kakamega,
where it was the dominant species, and C. orichalcocilliellus that only attacked maize in
Kilifi. Most of the parasitoids recovered in each of the study sites were the larval type,
with KiliEi having the widest diversity of parasitoids (six species), followed by Machakos
(three species) while only two species were found in Kakamega. It was encouraging to
note that the exotic larval endoparasitoid C. jlavipes was still being recovered from Kilifi,
where releases were made in 1993-94 (Overholt et al. 1997). In Machakos, however,
releases of C. jlavipes were made in 1997, about 50 km from the site of recovery (Songa
1999). The diversity of arthropod families recovered from traps in the different maize
cropping systems was 69, 67, and 59 in Kilifi, Kakamega, and Machakos, respectively.
Materials and methods, as well as more detailed results and discussion on these studies,
may be found in Appendix VI.

2.3 Evaluation of a Bt biopesticide and conventional insecticides in the
management of stem borers and the nontarget effects on
arthropods in a maize/bean cropping system
J. Songa, O. Bergvinson, and S. Mugo

Any pest management technology-be it cultural, biological, or chemical based-is
bound to have some effect on other organisms that depend on the target pests for food.
One of the major objectives of development of insect resistant, genetically modified crops
is to reduce the reliance on conventional broad-spectrum insecticides (Morton et a1.
2000). The environmental impacts of using transgenic crops such as Bt maize, therefore,
should be evaluated and judged alongside the commonly used conventional insecticides
(Hails 2000). Before the deployment of Bt maize in Kenya, it would be useful to
standardize the protocols to be used in evaluating its impacts in comparison to
conventional insecticides.

Figure 12. Entomologist J. Songa and colleagues
examine water bath and sticky traps.

The Bt biopesticide has been in commercial
production and use for many years, and historically
has been considered a safe option for pest control,
due to its specificity and mode of action.
Thuricide™ is a commercial Bt preparation that is
recommended for use against lepidopteran pests.
Although Thuricide has been reported to be
environmentally safe, it would be useful to assess
its impact on the locally available nontarget
organisms in maize/bean cropping systems in this
region. If the Bt sprays are found to be less harmful
to the environment compared to the conventional
insecticide, then this information could be used to
encourage farmers to use it.

Dimethoate is a conventional broad-spectrum
systemic insecticide that is recommended for use
against a wide range of maize and legume pests.
Bulldock™ is a granular insecticide that is
recommended for control of lepidopteran stem
borers in cereal crops. The objectives of this study were to (1) evaluate the effect of
Thuricide (a Bt biopesticide) and the conventional insecticides dimethoate and Bulldock
for the control of stem borers in maize; (2) determine the effects of Thuricide and the
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conventional insecticides, dimethoate and Bulldock, on nontarget arthropods in a maize
bean cropping system; and (3) standardize the protocols that will be used in evaluating
the environmental impacts of Bt maize alongside conventional insecticides in the field.

Results of this study show that Bt spray was more effective than the conventional
insecticides (CI) in controlling stem borer damage in maize. The smaller range of
parasitoids that were recovered from the Bt- and the CI sprayed maize, compared to the
untreated maize, suggests that both these treatments have some level of effects on some
parasitoids of stem borers. Although a similar number of parasitoid species were
recovered from the Bt- sprayed and CI-treated maize crops, the species were different,
thus indicating their differential effect on the parasitoids. A judgment on which of the
two types of pesticides to recommend should be based on the effect on the target pest,
the relative effects on the parasitoids, and the effects on other beneficial arthropods
found in the maize cropping system. A pesticide that has negative effects on a known
less-effective parasitoid would be better than one that has negative effects on a known
more-effective parasitoid. Therefore, knowledge about the inherent effectiveness of
different species of parasitoids would also be used in selecting technologies based on the
effects on nontarget organisms.

Materials and methods, as well as more complete treatment of results and discussions of
this key study can be found in Appendix VII.

Table 9. Mean number of stem borer exit holes, tunnel length, and the
percentage of maize plants infested by stem borers, in each of three
treatments in Katumani

Tunnel Percent
Treatment Exit holes* length (cm)* infestation**

Dimelhoale 2.70 ±0.39 b 3.93±0.73b 59.04 ± 1.66 a
Thuricide# 0.80±0.16( 1.80 ± 0.44 ( 23.21 ± 3.34 b
(onlrol 6.97 ± 0.90 a 12.70 ± 1.88 a 72.37 ± 6.17 a

Thuricide' - HI-spray
Values followed by the some lower case leller within the some column are not significantly different (Tukey's

test, P>0.05). Exit holes: F=43.09; df=2,177; P=O.OO;
Tunnel length: F=28.64; df=2,177; P=O.OO; Percent infestation: F=26.36; df=2,6; P=O.OOI
•/ •• - Data analysis was on log (X+ 1) and arcsin (x/IOO) transformations respectively, but the values

presented are untransformed.

2.4 Interaction between Bt maize and a biological control agent
(Campoletis sonorensis) in controlling an armyworm species
(Spocloptera frugipercJa)
D. Bergvinson

The IRMA project is focused on delivering insect resistant maize to Africa, however, the
project is also interested in the impact this technology will have on existing control
practices to ensure that an integrated pest management (IPM) strategy is utilized to
minimize environmental impact and to ensure the longevity of the pest management
tools. To this end, we are examining the interaction Bt maize could have with biological
control agents that attack pests of maize that are not controlled completely by Bt maize.
One possible case is the armyworm, a sporadic but devastating pest of maize. The
experiment (see details of methodology and results in AppendiX VIII) was designed to
develop a methodology to test the impact of Bt maize on biological control agents and to
identify a potential synergism between Bt maize and a wasp that attacks a species of
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annyworm (Spodoptera jrugiperda), which is similar to the armyworm species found in
Kenya (Spodoptera exigua). Results from this preliminary study are shown in Figure 13,
which illustrates the results from the greenhouse (choice) study. The first observation is
the rate of parasitism does not change between Bt and non-Bt maize, with both types of
maize having a peak rate of parasitism around 45% attained 10 days after armywonn
placement on the plants. The second observation is the higher rate of parasitism on Bt
maize following the peak, with 30% parasitism being observed on day 12 versus only
20% for the non-Bt maize. The reason for this difference is the reduced growth rate of the
armyworm when feeding on the Bt maize.

The significance of these observations is that the wasp has a longer period of time to
attack the armyworm feeding on the Bt maize, as once the armyworm reaches the third
larval instar it is too large to be successfully attacked by the parasitoid. In this regard, the
Bt maize is enhancing the efficiency of the wasp in controlling the armywonn even
though the Bt maize is not directly controlling the armywonn pest. Another possible
advantage to this system is that with a reduced growth rate, the rate of cannibalism,
which is known to occur in armywonn species, is reduced on the Bt maize. This would
mean that annyworms that have been attacked and have the wasp larvae developing
within them could have a great probability of escaping consumption by a neighboring
armyworm, thereby facilitating higher parasitoid populations.
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Figure 13. Percent parasitism of Campo/etis sonorensis in controlling an armyworm
species (Spodoptera frugiperda) after feeding on Bt and non-Bt maize tissue.

2.5. Mass rearing of lepidopteran stem borers: improvement of the
rearing and supply systems
J. Songa, D. Bergvinson, S. Mugo

The unpredictability and seasonal dynamics of field populations of insects necessitates
the use of artificial infestation in stem borer resistance screening programs. Research
such as insect bioassays and oviposition preference studies in the field also require stem
borers at specific stages of development. The success of such research relies on a
dependable supply of high quality insects, in adequate numbers, at specified times, and
at specific stages of development. The objective of this activity is to rear and supply stem
borers at appropriate life stages for resistance screening studies, insect bioassays, and for
baseline studies in the development of a resistance management strategy for Bt maize.
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During the short rains 2000 and the long rains 2001, five stem borer species were reared
in the insectaries at Katumani: Chilo partellus, Busseola fusca, Sesamia calamistis, Chilo
orichalcociliellus, and Eldana saccharin. Production focused on C. partellus and B. fusca due
to the higher demand for these species. All insects were reared on artificial diet (Ochieng
et al. 1985; Onyango and Ochieng-Odero 1994). The production and supply system was
geared to specific insect orders. For timely supply of stem borers at specific life stages, it
was recommended th~t requests for the insects be made 2-3 months prior to the
expected date of use.

The scale of insect production at the Katumani insectary continued to increase, with the
percentage of stem borers supplied during the long rains 2001 being 101% higher than
for the previous season (short rains 2000) (Tables 10, 11).

Time constraints related to diet logistics for B. fusca production have been considerable
since initiation of the Katumani insectary in late 1999; the reason being that B. fusca
larvae were being reared individually in small glass vials, due to the borer's cannibalistic
nature. This method was recommended and used by ICIPE. During the short rains 2000,
a small observational study was conducted to compare the survival to pupation of B.
fusca reared in vials (15 mls of diet, 1 larva per vial) versus rearing in large plastic
containers (250 ml of diet, 20 larvae per jar). We found that the survival to pupation in
the large jars usually exceeded 80%.

Given the time required to rear the borers individually in glass vials, the breakage of the
vials (during handling and washing), and their relatively higher cost, it was determined
that rearing the borers in large plastic containers would be a better method, and this was
adopted at the Katumani insectary in mid-200l. The IRMA project purchased a water
purification system (WPS) for the Katumani insectary, which is expected to alleviate the
problems caused by hard water (salt deposition, which necessitates frequent servicing of
the machines) and extend the useful life of equipment.

Constraints
Because the insectary should operate 24 hours a day, a continuous power supply is
essential for proper functioning of the system. The lack of reliable power could have a
direct negative effect on timely supply of stem borers. Plans are underway for the IRMA
project to purchase and install the needed standby generator for the Katumani insectary.

Table 10. Number of stem borers supplied by the Katumani insectary during the short rains 2000

Number of stem borers supplied

Project Chilo partellus Busseola fusca Sesamia calamistis Chilo orichalcociliellus Eldana saccharina

CEB 100,000
IRMA 93,540 100,067 3,300 3,300 3,300
DGIS 144,000
Tolol 193,540 244,067 3,300 3,300 3,300 447,507

Table 11. Number of stem borers supplied by the Katumani insectary during the long rains 2001

Project Chilo partellus Busseola fusca Sesamia calamistis Eldana saccharina

IRMA 532,269 236,420 10,000 3,000
(ED 100,000
KARliN RI Sorghum project 80,000
Tolol 712,269 236,420 10,000 3,000 961,689
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3. Impact Assessment

3.1 Assessing the demand for insect resistant maize varieties through
Participatory Rural Appraisals (PRA)
H. De Groote, C. Bett, L. Mose, S. Mugo, M. Odendo, ]. O. Okuro, and E. Wekesa

This report documents the activities of the impact assessment and socioeconomics group
of the IRMA project from the first annual meeting in Nyeri, December 2000 to the second
annual meeting in Nairobi, November 2001. Preliminary results are presented in
summaries. Where possible, the results of finished studies and activities are presented in
the format of scientific papers, compiled in a separate document.

Following the IRMA strategic plan, all activities fall within the objectives of the impact
assessment group.

3.1.1 The.impact assessment and socioeconomics work group
The first workshop with KARl and CIMMYT scientists was held in Mombassa from 15
August to 20 August 1999, to define the objectives and to develop a strategy and a work
plan. A working group of social scientists was formed to assess the impact of the project
and to assist the other activities with socioeconomic analysis. The objectives of the group
were defined as follows:

1. assess the demand for insect resistant maize varieties;

2. assure that the technology fits within Kenya's institutional framework

3. assure the safety of the technology to the public through continuous dialogue with
environmental groups and local research institutes, private and public seed
companies;

4. assess the implications and costs of intellectual property rights;

5. assure that the technology is acceptable to farmers through farmer participatory trials;

6. compare the costs of the new technology to the benefits at different levels: the seed
company, the maize producer, the consumer, and society as a whole; and

7. assess the impact of the research and compare the benefits to the costs.

To attain these objectives, the following activities were planned for the first year:

• Participatory Rural Appraisals (PRA) in all regions, to assess the demand for the new
varieties (objective 1);

• a maize sector study, to assure that the technology fits within Kenya's institutional
framework (objective 2);

• organization of a stakeholders meeting (objective 3); and

• a crop loss assessment to estimate the potential benefits of the technology through
estimation of the expected yield increase (objective 6).

The present report is limited to the specific impact assessment activities: Participatory
Rural Appraisals (PRAs), the maize sector study, and crop loss assessment. Only
activities conducted during the second year of the project (December 2000-November
2001) are covered.
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3.2 Overview of activities during 2000-01

3.2.1 Seed
• Survey in Trans-Nzoia submitted and accepted for regional conference (Nambiro et

al. 2002);

• three previous surveys in semi-:arid eastern Kenya combined and published as a
CIMMYT document (Muhammad et al. 2001); and

• survey of seed companies initiated.

3.2.2 Crop loss assessment

Table 12. Socioeconomic activities 1999-2000

Activity

IRMA general
PRA

Crop loss assessment

Maize sector study

Dale

December 5-7,2000
January-June
August-December
September-December
February
March-November
September-February
Octaber- November
April-August
June-November
April-August
October-December
Augusf-November
February-December

Details

IRMA annual meeting
Finalizing regional reports
Synthesis and final report
Analysis stockist data
Compiling and analyzing data from 2000
Surveys and data collection first season
Second season
Compiling data, first analysis
Finalizing Embu adoption report
Compiling and analyzing stockist data
Finalizing report semi-arid zone
Survey of seed producers
Baseline data: developing and testing questionnoire
Informal credit groups

Place

Nyeri

all regions
all regions

Embu
Siaya

3.3 Impact assessment: results for 2000-01

3.3.1 Assessing the demand for insect resistant maize varieties
From April to November 2000, PRAs were organized in the five maize growing
agroecological zones of Kenya, consisting of group interviews and discussions with key
informants. In total, more than 900 farmers, men and women, participated in 43 group
discussions. Major topics included farmers' variety preferences and the criteria for
variety selection. Farmers were also asked to rank the constraints and the pest problems
they perceived in maize production.

During 2001, the regional reports were finalized, followed by the final report (De Groote
et al. 2001a). Some of the reports were submitted and accepted by regional conferences.
The data were also further analyzed to explore combining PRAs and GIS data (De
Groote et al. 2001b).

The PRAs are being followed by a baseline data survey. The methodology has been
thoroughly discussed and the first tools (questionnaires) have been developed and
tested.

3.3.2 Assuring that the technology fits within Kenya's institutional framework: the
Maize Sector Study
A study of the maize sector was undertaken, based upon a literature review, analysis of
the production data from the Ministry of Agriculture, the 1999 census data, and
interviews with resource people and farmers.
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The maize seed sector was explored in a paper on the semiarid area of eastern Kenya
(Muhammad et al. 2001). The study is being followed by analysis of the stockist data
(survey of last year) and a survey of seed companies. Use of pesticides and fertilizers
are also being analyzed using the stockists' data.

The factors that influence the adoption of new varieties were analyzed, based on data
from a previous survey, in the moist transitional zone (Okuro et al. 2001).

A survey in Western Kenya studied the impact on informal credit groups on seed and
fertilizer use and found it to be significantly positive (Owuor et al. 2002).

3.3.3 Assuring the safety of the technology to the public through continuous
dialogue with environmental groups and local research institutes, and private and
public seed companies
A second stakeholders meeting was organized, see report under "Documentation and
Communication. "The project's objectives and activities were also presented at
conferences and seminars (De Groote et al. 2001c).

3.3.4. Assessing the implications and costs of intellectual property rights
This research activity, started in 2000 and continued in 2001. It consists of a survey of
seed companies, visits to regulatory agencies, and discussions with resource persons.
Some results have been written up (Ely et al. 2002), but further research is necessary.

3.3.5 Assuring that the technology is acceptable to farmers through farmer
participatory trials
CIMMYT and KARI economists have been working with other projects to develop
methodologies for participatory variety selection. Some of the methodology used is
derived from the PRAs (De Groote et al. 2001d), continued in the mother and baby
trials used by Africa Maize Stress project (Bett et al. 2000), and the Seed Project (Siambi
et al. 2001).

3.3.6 Compare costs to benefits: crop loss assessment
An initial paper analyzed secondary data based on farmers' estimates of crop loss (De
Groote 2001). The direct estimates were of the 2000-01 seasons were analyzed and
presented in a second paper (De Groote et al. 2002b).

3.3.7 Cost: benefit analysis
A model was developed in collaboration with ICIPE (De Groote et al. 2002a) to
combine crop loss estimates with production data, species distribution, and efficacy of
particular genes, to estimate the expected benefit of incorporating these genes in
varieties targeted for particular zones.
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4. Technology Transfer
s. Mugo, H. De Groote, and D. Hoisington

4. 1 Infrastructure

4.1.1 Level-2 biosafety laboratory
In 2000, a level-2 biosafety laboratory for bioassays was established at KARI-NARL. It
was equipped with a laminar flow hood and an autoclave among other equipment.
Laboratories and greenhouse facilities where Bt maize germplasm will be evaluated are
required. A design of the expanded laboratory for KARl Biotechnology Center was made
and blueprints developed. In 2001, developments continued on a biocontainment
greenhouse, open quarantine field facility, and provision of support vehicles.

4.1.2 Develop a greenhouse facility for testing Bt maize
A design has been made, costed out, and KARl has identified an architect. Development
of the greenhouse is continuing at the time of reporting.

4.2 Develop appropriate quarantine and field testing sites
In 2001, the IRMA project steering committee endorsed a decision by the project team to
establish an open quarantine and biosafety test site for field evaluation of Bt maize.
Kiboko was recommended as a possible site considering accessibility and availability of
facilities for irrigation for growing crops, trained and committed manpower, land for
controlling gene flow with border rows, and possibilities of isolation by distance from
other maize fields. A suitable site was identified 1 km from Kiboko town and 6 km from
staff houses of the KARI/NRRC Kiboko (population 200). The site borders on bush land,
nevertheless, access to the site is restricted. Maize will be detasseled to ensure no pollen
dispersal takes place during the evaluations. Development of the site is continuing at the
time of reporting.

Figure 14. Josephine Songa and
Catherine Taracha examine maize
infested with stem borers in
Tlaltizapan, Mexico.

4.3 Train Kenyan scientists, farmers, and stakeholders
In 2000, the IRMA project supported training of two senior KARl
scientists in insect bioassays in Mexico, and the visit of four high
ranking Kenyan officials to visit CIMMYT and Mexico government
agencies and officials, among others.

During late June and early July 2001, KARl scientists Dr. Josephine
Songa and Mrs. Catherine Taracha undertook training and
familiarization activities at CIMMYT headquarters in Mexico aimed at
enhancing their work on IRMA project tasks.

The main objectives of the trip for the scientists were to (1) familiarize
themselves with the protocols used for rearing stem borers at
CIMMYT and the timing of field infestations; (2) learn about biosafety
standards maintained at C1MMYT-ABC, ongoing activities at the
Center, and some of the processes involved with the development of
Bt maize; and (3) learn about methodology, activities, and biosafety
protocols practiced in the ABC biosafety greenhouses.
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The identification of a KARl scientist to train on genetic engineering for 6-12 months at
CIMMYf-ABC in Mexico, and to later work on genetic transformation in Kenya, is
pending. Trainings related to Bt maize in Kenya will be undertaken when the materials
are available.

4.4 Provide practical experience for KARl staff and others in biosafety
and IPR regulatory procedures
Kenyan scientists walked through the application process for permits to introduce Bt
maize seeds into Kenya (see section 1.1.3). In addition, the coordinator and others
attended two meetings where issues of biosafety and regulations were discussed.

4.4.1 Workshop on experiences with and the future of Kenya's Biosafety System
(Wafula et al. 2001 I.
The objectives were to review experiences and lessons learnt in the implementation of
the National Biosafety System in Kenya, taking into account the principles and
covenants of the International Biosafety Protocol and other emerging agreements, as
well as to discuss future requirements in the context of the structures. Participants were
drawn from the scientific, legal, regulatory, and religious communities; representation
also included the mass media, government officials, policymakers, farmers, consumers,
private sector representatives, agricultural extension, donor agencies, and members of
the public. The recommendations were

• that a National Biosafety Secretariat with appointed officers and funding be
established under the authority of the National Council for Science and Technology
(NCST) and that clear operational procedures for implementation of the biosafety
system be put in place;

• that the National Regulations and Guidelines for Biosafety in Biotechnology in Kenya
be rapidly updated and developed into an act of parliament through a national task
force formed under the guidance of the NCST; and.

• that a workshop be conducted on "Safety in biotechnology of food and feeds in
Kenya."

4.4.2 A symposium "Enhancing the livelihood of the resource poor in Africa, through
biotechnology"
A symposium "Enhancing the livelihood of the resource poor in Africa, through
biotechnology" and launching of BTA held 3 September 2001 at the Grand Regency
Hotel, Nairobi (Appendices XI and XII).

4.4.3 Workshop on "Safety in biotechnology of food and feeds in Kenya"
Workshop on "Safety in biotechnology of food and feeds in Kenya," National Council
for Science and Technology (NCST) and Stockholm Environmental Institute, held at
Panafric Hotel, Nairobi, Kenya, Wednesday 17-18 Oct. 2001 (Mugo et al. 2001).

4.4.4 Second Ethiopia National Maize Workshop, on 'Enhancing the contribution of
maize towards food security in Ethiopia
Second Ethiopia National Maize Workshop, on "Enhancing the contribution of maize
towards food security in Ethiopia: achievements, challenges and opportunities," Addis
Ababa, Ethiopia, 13-15 Nov. 2001 (Mugo et al. 2001).
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5. Proiect Documentation and
Communication

D. Poland, G. Kimani, S. Mugo, and H. De Groote

5. 1 Develop and produce publications that track the proiect's progress

5.1.1 IRMA Project Document series
The following project documents were prepared and published between December 2000
and November 2001:

• KARl and CIMMYT. 2001. Insect Resistant Maize for Africa Annual Report. KARI/
CIMMYT IRMA Project. Project Document No.4. Nairobi: KARl and CIMMYT.

• S. Mugo, D. Poland, G. Kimani, and H. De Groote (eds.) 2001. Creating Awareness on
Biotechnology Based Technologies, Report on a Workshop, Nairobi, Kenya, May 28 2001.
IRMA Project Document No.5. Nairobi: KARl and CIMMYT.

• Steering Committee Meeting minutes 2000.

5.1.2 Documentation center
In late 2000, it was determined that IRMA documentation would be housed at CIMMYT
Mexico, CIMMYT-Kenya, and at KARl, with all three locales maintaining the same core
groups of materials. Materials (publications, clipping service reports [electronic], and
video materials) at CIMMYT headquarters are now housed in the offices of David
Hoisington (Project Director) and David Poland (CIMMYT/IRMA communications
leader). Publications in the IRMA Project Document Series are also housed in the
CIMMYT library. Grace Kimani has established a similar area in KARl headquarters.
Documents are also housed at CIMMYT-Kenya office.

5.2 Solicit and convey public input to proiect scientists and managers

5.2.1 Stakeholders Meeting
A second IRMA Stakeholders Meeting was held on 26 November 2001 at the Hilton
Hotel in Nairobi. Approximately 120 stakeholders, press members, and project
participants were invited. KARl Director R. Kiome opened the meeting. D. Hoisington
and K. Leisinger made opening remarks. K. Leisinger gave an extended presentation on
the need for such projects and technology. S. Mugo made a presentations on the progress
of the project over the past year and plans for the upcoming year. A question-and-answer
period with IRMA project representatives followed.

5.2.2 Clipping service
The clipping service originally contracted with Picasso Productions was retained
through 2001. In the early part of the year, the delivery chain of the product to CIMMYT
headquarters experienced some glitches, however, these were worked out by the third
quarter of 2001. The service was quite useful in monitoring the coverage (or lack of
coverage) in the Kenyan press of stories related to the IRMA Bt bioassays, the release of
the UNDP report favoring the use of agricultural biotechnology, the arrival of a
Greenpeace activist (Canadian farmer sued and countersuing Monstanto), the
appearance of IRMA in a German Greenpeace magazine, and the Mexican landrace/
transgene stories among others. Infrequent gaps in clipping coverage, however, have
been observed and the service has been made aware that improvements are expected if
we are to continue the contract. Approximately 20 articles appeared in the Nairobi
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newspapers that cited people who work in the IRMA project in relation to transgenic
maize. At least five articles/editorials directly referred to the IRMA project at length.
People working on the project have also appeared on broadcast television talking about
transgenics, but not necessarily about IRMA specifically.

5.3 Produce materials to inform diverse audiences about insect
resistant maize technologies

5.3.1 Press releases
A press release and accompanying graphs were prepared for the press conference
held 1 March 2001 to announce the results of the Bt bioassays on Kenyan stem borers.

5.3.2 Public relations materials
The following materials were prepared in-house at CIMMYT Mexico, CIMMYT-Kenya,
and/or KARl:

(1) Revised version of IRMA four-page flyer (full color, glossy paper). Press run of 1000
copies. Printed in November 2000 to include revised project objectives

(2) Public and press packets targeted to Second Stakeholders Meeting participants.

(3) In CIMMYT Annual Report 2000-2001: two stories, two researcher profiles, and one
farmer profile based on IRMA project activities. These pieces can be extracted and
used as stand-alone PR materials in a variety of contexts.

5.3.3 IRMA web site
IRMA Updates posted on IRMA web site housed at the CIMMYT site. Link created to
the IRMA web site from the KARl web site.

5.3.4 Media relations
5.3.4.1 Press conference held to announce results of Bt bioassay

On 1 March 2001 a press conference on the Bt bioassay was held. It was arranged and
managed by S. Mugo and H. De Groote with backstopping from the CIMMYT-Kenya
office, J. Songa, D. Bergvinson, and D. Poland.

5.3.4.2 Workshop to assess and begin to coordinate awareness activities related to
biotechnology

A one-day workshop on "Creating Awareness on Biotechnology Based Technologies"
was organized and sponsored by IRMA with support from ABSF. It was held on 28 May
2001 at the Pan Afric Hotel, Nairobi. The Director of KARl, R. Kiome, opened the
meeting. Participants included representatives of KARl, private sector companies,
ISAAA, the Ministry of Agriculture, KEPHIS, the academic community, print and
broadcast media, IRMA, and others. The participants provided the group with
overviews of their communication activities and objectives. Group sessions followed
with the objectives of seeing how communication could be improved, where there were
possibilities for collaboration, and what specific projects might be undertaken. It was
agreed that while constructive, as a one-day meeting this was only a beginning and that
ABSF should take responsibility for arranging follow-up for an action stage.
Presentations, discussion, and details of the workshop may be found in IRMA Project
Document No.5.

5.3.4.3 Workshop to enhance scientists' communication with the mass media

A workshop entitled "Enhancing Scientists' Communication with the Mass Media," was
held in Nairobi (at ICRAF) from 27-29 November. Although not directly sponsored by
IRMA, this USDA workshop dovetails with the communication objectives of the IRMA
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project, and indeed, a number of IRMA staff, including the Executive Director of IRMA's
donor (K. Leisinger), led sessions or activities at the workshop. Planning for the
workshop was spearheaded by David Poland, who co-directs IRMA communication
work, and management of the workshop was shared between Stephen Mugo of IRMA,
John Wafula of ABSF, and Beatrice Anyango. During the actual event, Poland and the
CIMMYT-Kenya staff wound up taking a lead role in managing the workshop due to
health problems encountered by Dr. Wafula. More than 40 scientists and journalists from
East and West Africa participated and the response from participants, particularly those
from Uganda and Ethiopia, was very enthusiastic. As of mid-December, an article
written by the Ugandan journalist based on interviews obtained with workshop
participants, appeared in the British journal Lancet, as well as in the Uganda newspaper
he writes for.

5.3.4.4 Contracting of media production house to shoot video at CIMMYT Mexico and
raise visibility on Kenyan broadcast media.

Picasso Productions of Nairobi Kenya was contracted to come to Mexico to shoot
broadcast quality Videotape (BetaMax) for use in news pieces on Kenyan broadcast news
and for other outlets such as CNN, Reuters, PBS, and syndicated programs in Africa.
Background was also gathered for print media stories to appear in Biosafety News,
which has is widely distributed to research organizations working in biotechnology
through out Africa. During 8-9 days, footage was shot of the entire genetic engineering
process, of wild relatives of maize, of biosafety facilities, and general background of
maize in Mexico (to add human interest to the pieces). Interviews were conducted with
IRMA scientists Dave Hoisington, Alessandro Pellegrineschi, and Scott McLean (we got
Dave Bergvinson over in Kenya) as well as other CIMMYT scientists working on issues
ranging from gene flow to QPM. Primary goal is to have footage available for quickly
assembling TV news pieces related to IRMA and/or biotechnology for the Kenyan
airwaves. An additional part of the contract called for Picasso to act as presenters for two
sessions at a workshop held 27-29 November in Nairobi, Kenya on "Communication on
Biotechnology: A Training Workshop on Enhancing Scientists Communication with the
Mass Media," sponsored by USDA and CIMMYT.

5.3.5 IRMA Updates (Quarterly Newsletter)
In the second half of 2000, the IRMA Updates newsletter (combined issues 1 and 2; Vol. I,
Issues 1+2 June, 2000) was launched. During 2001, issues were produced for each
respective quarter. The primary audiences are KARl staff members that are either
involved with the project or interested in it, other members of the IRMA project team,
Ministry of Ag. Staff, and policymakers. The Updates are also being distributed to key
stakeholders in lieu of a separate newsletter (proposed at last year's annual project
meeting). The newsletter (current and past issues) is posted on the CIMMYT website
(under the Applied Biotech Center site) and notice of its availability posted to CIMMYT
worldwide via email.

5.3.6 Conference papers

IRMA Project Publications - 2001

Mugo, S. 2001. The Role of CIMMYT (a Future Harvest Center) in the Development and Deployment of
Biotechnology Products. In Wafula J.S., and D.M. Kimoro (eds.). 2001. Experiences with and the
Future of Kenya's Biosafety System. Biosafety Workshop held at Grand Regency Hotel, Nairobi,
Kenya, April 26, 2001. ABSF Document No. 1. ABSF: NeST. Pp. 28-37.

Mugo S.N., D. Bergvinson and D. Hoisington. 2001a. Options in Developing Stem Borer-Resistant
Maize: CIMMYT Approaches and Experiences. Accepted 20 August 2001. Insect. Sci. Applic. Vol. 21,
No.3. (forthcoming)
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Mugo S., and D. Hoisington. 2001. Biotechnology for Improvement of Maize for Resource Poor Farmers:
The CIMMYT Approach. Paper presented at the "Second Ethiopia National Maize Workshop, on
'Enhancing the contribution of maize towards food security in Ethiopia: achievements, challenges
and opportunities'" Addis Ababa, Ethiopia, Nov 12-152001.

Mugo S., D. Hoisington, D. Poland, and H. De Groote. 200lb. The Role of International Agricultural
Research Centers of the CGIAR in Research and Development in Biotechnology: Examples from
CIMMYT. Paper Presented at the Workshop on "Safety in biotechnology of food and feeds in
Kenya", National Council for Science and Technology (NCST) and Stockholm Environmental
Institute, Held at Panafric Hotel, Nairobi, Kenya, Wednesday October 17-18 2001.

Mugo, S., H. De Groote, B. Odhiambo, J. Songa, M. Mulaa, D. Bergvinson, M. Gethi and D. Hoisington.
2000. Using Biotechnology to Develop New Insect Resistant Maize Varieties for Kenyan Farmers. An
Overview of the KARI/CIMMYT Insect Resistant Maize for Africa (IRMA) Project. Paper presented
at the 7th KARI Biennial Scientific Conference 13-17 November 2000. Nairobi, Kenya.

De Groote H. 2001. Maize yield losses from stem borers in Kenya. Insect Science and its Application,
(forthcoming).

De Groote H., D. Hoisington, S. Mugo, and D. Friesen. 2001. Global Trends in Agricultural
Biotechnology and CIMMYT's Biotechnology Programme. Paper presented at the seminar "Kenya
and Global Genetic Revolution: Towards a Systematic Biosafety Regime", organized by the Jomo
Kenyatta University of Agriculture and Technology and the African Centre for Technology Studies
(ACTS). Nairobi, 30 October 2001.

De Groote H, .J O. Okuro C. Bett, L. Mose, M. Odendo, E. Wekesa. 2001. Assessing the demand for
insect resistant maize varieties in Kenya, by combining Participatory Rural Appraisals and
Geographic Information Systems. Paper presented at the International Symposium on Participatory
Plant Breeding and Participatory Plant Genetic Resource Management: An Exchange of Experiences,
Bouake, Cote d'Ivoire, 7-10 May, 200lMuhammad L., K. Njoroge, C. Bett, W. Mwangi, H. Verkuil
and H. De Groote. 2001. The Seed Industry for Dryland Crops in Eastern Kenya. Mexico, D.E: Kenya
Agricultural Research Institute (KARl) and International Maize and Wheat Improvement Center
(CIMMYT).

Odendo M., H. De Groote and O.M. Odongo. 2001. Assessment Of Farmers' Preferences And
Constraints To Maize Production In Moist Mid-altitude Zone Of Western Kenya. Paper presented at
the 5th International Conference of the African Crop Science Society, Lagos, Nigeria October 21-26,
2001.

Okuro, J.O., EM. Muriithi, W. Mwangi, H. Verkuiji, M. Gethi, H. De Groote. 2001. Adoption of Seed and
F"tilizer Technologies in Embu District, Kenya. Mexico, D.E: Kenya Agricultural Research Institute
(KARI) and International Maize and Wheat Improvement Center (CIMMYT).

5.3.7 Seminars
s. Mugo. 200la. Biotechnology at CIMMYT: Focus on the KARI/CIMMYT IRMA Project. Presentation

made to a Regional Training Course on Biotechnology and Global Governance Organized by ACTS.
ICRAF, Nairobi, Kenya, Wednesday August 22, 2000.

S. Mugo. 2001b. Biotechnology at CIMMYT: Focus on the KARI/CIMMYT IRMA Project. Presentations
to a group of 14 Journalist Students from local universities on training on "Biotechnology
Communication and Reporting" organized by ABSF, ICRAF, Nairobi, Kenya, Friday August 31 2001.

5.4 Provide proiect data and experiences to other nations in the region
Project reports were made available on the IRMA web site. Various activities were taped
by Picasso Productions with the intention of Widespread distribution throughout Africa
via syndicated short programs dedicated to biotech. S. Mugo entertained interviews with
the media (e.g., article by Wembo in Uganda, etc.)
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6. Proiect Management
s. Mugo, H. De Groote, and K. Njoroge

6. 1 Personnel
Positioned staff (one breeder, one socioeconomist, one entomologist, one administrative
assistant, one driver, and one technician) to help with project activities. Identified a
network of partners for the IRMA project among national and international institutions.
Identified coJlaborators from KARl (breeders, entomologists, and socioeconomists) to
carry out various research activities for the IRMA project. One technician, Mr. Paul
Mmtoni, a computing expert joined the project scientists at CIMMYT-Kenya in mid
October 2000. Mmtoni is on joint appointment with KARL He will assist H. De Groote
and S. Mugo with trial designs and data management among other assignments.

A field site (open quarantine) is being developed at
Kiboko within the KARI-NRRC Kiboko. The site, which
is bordered by bushland, will be enclosed using 2 m
high chain-linked fence, topped with 3 strands of
barbed wire, and a lockable gate.

The project is supporting operational costs and capital
additions to J. Songa's stem borer insectary at
Katumani, which supplied eggs for infestation
throughout the year. A number of pieces of equipment
were purchased and installed at the entomology
laboratory at Katumani for use in work on nontarget
organisms.

6.2 Facilities
During 2001, three motor vehicles were purchased. Two were handed over to KARl, for
use at KARl Katumani and Mtwapa, in a ceremony attended by KARl management and
CIMMYT staff (Figure 15 and Appendix XIII). Embu, Kitale, and Kakamega will use one
vehicle during peak periods at those centers. The project spent US $4,000 to upgrade

irrigation facilities at Kiboko, Kenya where most of the
nurseries will be planted. IRMA also contributed to the
development of irrigation facilities at Mtwapa.

Figure 15. Dr. R. Kiome, Director of KARl, tries
his hand on one of the three IRMA project
vehicles during the handing over ceremony at
KARl headquarters.

6.3 Biosafety laboratory and computers
A biosafety JeveJ-2 laboratory has been established within the KARl biotechnology
center at KARI/NARL Nairobi to be used for insect bioassays. The equipment needed to
properly run this level laboratory has been provided and installed. The project also
purchased eight computers and various accessories in Kenya. Five of these computers
are with KARl scientists, one in each of the following centers: Katumani, Mtwapa, Embu,
Kakamega, and Kitale. Computers were installed with email capability to enhance
communication among project collaborators.

6.4 Project meetings and workshops
Project objective teams held meetings and these are reported in the respective sections. A
project-wide annual review and planning meeting was held 21-22 November 2001 at the
Hilton Hotel, Nairobi, Kenya. See Appendices XIV and XV for the program and list of
participants. An important product of the meeting was this report. Tentative work plans
appear in Appendix I. A steering committee meeting was held on 23 November at the
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KARl headquarters, Nairobi. A critical topic of discussion during this meeting was
freedom to operate regarding IPR in the project for KARl and CIMMYT, for which a
detailed but separate report will be prepared. Work plans and a budget for 2002
presented at the meeting were approved.

6.5 Project reports
The 2000 annual report was prepared and published (KARl and CIMMYT 2001). The
IRMA Updates quarterly report kept project collaborators and stakeholders abreast with
IRMA project progress through the year. A semi-annual progress report was prepared
and forwarded to the Syngenta Foundation (Appendix XVI).

6.6 Project collaborators in 2001

Name

1. Dr. Alessandro Pellegrineschi
2. Dr. Benjamin Odhiambo
3. Dr. Scolt McLean
4. Dr. J.A.W. Ochieng
5. Dr. Stephen Mugo
6. Dr. O. Odongo
7 Dr. Alpha O. Diallo

8. Dr. Kiarie Njoroge
9. Dr. George A. Ombakho
10 Mr. W.S. Chivatsi
11 Mr. Charles Belt
12 Mr. Martin Odendo
13 Mr. Lawrence Mose
14 Dr. Hugo De Groote
15 Mr. John Ndungu
16 Mr. Ouma Okuro
17 Dr. Margaret Mulao
18 Dr. Josephine Songa
19 Dr. Charles Mutinda
20 Dr. Fred Kanampiu
21 Mr. Patrick Kalama
22 Mr. David Poland
23 Ms. Grace Kimani
24 Dr. Murithi Festus
25 Prof. Wilfred Mwangi
26 Nambiro, Elizabeth
27 Prof. Willis Oluoch K'osura
28 Dr. Caleb Wangia
29 Dr. Sabina Wangia
30 Dr. David Bergvinson
31 Dr. Macharia Gethi
32 Mr. Wilson Muasya
33 Dr. Jane Ininda
34 Dr. Kahiu Ngugi
36 Dr. Fred Kanampiu
37 Mrs. Sarah Injairu
38 Mr..I.K Ngeno
39 Dr. Prabhu Pingali
40 Dr. Shivaji Pandey

Discipline

Biotechnologist
Biotechnologist/Head KARl Biotechnology Unit
Breeder
Breeder/Assistant Director, Food Crops
Breeder/Physiologist
Breeder
Breeder/Uaison Officer, Kenya
Breeder/Coordinator Maize Research
Breeder
Breeder
Socio-economist (On study leave)
Socio-economist
Socio-economist
Socio-economist
Socio-economist
Socio-economist
Entomologist
Entomologist
Breeder
Agronomist
Entomologist
Editor
Communications Specialist
Assistant Director
Director of Agriculture
Graduate student
Professor / Agricultural economist
Consultant / Agricultural economist
Professor / Agricultural economist
Entomologist
Entomologist
Breeder
Breeder/CEB Coordinator
Breeder
Agronomist
Extension
Extension -DDA
Economics Director
Maize Director
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Institution

C1MMYT-Mexico
KARI-NARl
CIMMYT·Mexico
KARl-HOTS
CIMMYT-Nairobi
KARI/RRC Kakamega
CIMMYT-Nairobi
KARI/NDFRC-Katumani
KARI/NARC·K~ole

KARI/RRC·Mtwopa
KARI/NDFRC-Katumani
KARI/RRC Kakamega
KARl/NARC-Kitale
C1MMYT-Noirobi
KARI/RRC·Mtwapa
KARI/RRC-Embu
KARI/NARC-Kitale
KARI/NDFRC-Katumani
KARI/RRC-Embu
C1MMT-Kenya
KARl/NARC Kitale
CIMMYT-Mexico
KARl-HOTS
KARl-HOTs
Ministry of Agriculture
University of Nairobi, Dept. of Agric. Economics
University of Nairobi, Dept. of Agricultural Economics
Agrobusiness consultants, PO Box 56192, Nairobi
KARl headquarters /Egerton University
C1MMYT-Mexico
KARI/RRC Embu
KARI/NDFRC Katumani
KARl/NARC Muguga
KARI/NDFRC Katumani
CIMMYT-Kenya
MOARD, Nairobi
MOARD, Nairobi
CIMMYT, MEXICO
CIMMYT, MEXICO
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Appendix I
Work plans for the year 2002 by IRMA Project Objectives

S. Mugo/B. Odhiambox X X X X X

1. Product Development
1.1 Work plans and budget for 2002 for transformation and development of source lines

Adlvlty "f ;'R~s,;i~nJ~P;~~ns

1. Develop infrastructure for screening
insect resistant maize germplasm

Construct biosofely greenhouse

2. Identify genes active against
Kenyan stem borers

Apply for permission to import leaves of
first generation crosses for bioassoy

Leaf bioassay of first generation crosses
Apply for permission to import second

generation seeds for green house trial
and subsequent field trials.

PCR to screen crosses of first
generation events

Field trials second generation events

X X

X X

X X X X X

X X X

D. Hoisington/ B. Odhiambo

D. Bervingson/ SMcLean
D. Hoisington/ B. Odhiambo

A. Pellegrinschi

X S. Mugo/B. Odhiambo

X X X X X X X X X X X X A. Pellegrinschi/B. Odhiambo

X X X X X X X X X X X X A. Pellegrinschi
X X X X X X X X X X X X D. Hoisington/ A. Pellegrinschi

Develop It source hnes
Transform remaining Bt genes for second

generation events (Actin and Ubiquitin
fusion gene, and Actin:crylB and
Actin:cryIAb).

Backcross second-generation events to
BC3 generation.

Molecular characterization of all new events
Acquire new genes (cry Ie, cry IIA) modify

constructs and transformation.
Acquire and evaluate commercialized Bt

maize: Mon 810 (cryIAb) Herculex (cryIF)

X X X X X X X X X X X

X X X X X X

S. McLeon

D. Hoisington/ S. McLean

Provide practical experience in
biosafety and IPR
Drah and submit maize import applications X X X X X X D. Hoisington/S. Sullivan/ B. Odhiambo

(lab bioassays)
Drah and submit Bt maize import X X X X X X D. Hoisington/S. Sullivan/ B. Odhiambo

applications (field trials)
FTO assessment for new Bt gene X X X X X X D. Hoisington/S. Sullivan/
IPR workshop X X D. Hoisington/S. Sullivan/S. Mugo/B. Odhiambo

Total

32



1.2 Work plan and budget for year 2002 for development of insect resistant adapted maize
germplasm for Kenya

Adivity ," , !,JF M A API' A S OND Re5llonsihiePersons

1Development of insect
resistant germplasm

}creen source germplasm trom (JMMYI
Mexico, Zimbabwe and Kenya

Screen multiple borer resistont (MBRI lines X X X S. Mugo, J. Gethi, J. Inindo, C. Mutindo, J. Songa
Screen single cross hybrids of MBR lines X X X S. Mugo, J. Ininda, C. Mutinda, M. Gelhi
Screen QPM lines and hybrids X X X X X X X X X X X X S. Mugo, C. Mutinda, J. Gethi, P. Likhayo, O. Odongo
Screen inbred lines, hybrids and varieties X X X X X X X X X X X X S. Mugo, J. Gethi, J. Ininda, C. Mutinda, K. Njoroge,

from CIMMYT and other sources· including O. Odongo, G. Ombakho
combining ability studies

Screen other germplasm with special traits X X X X X X X X X X X X S. Mugo, J. Gethi, K. Njoroge, O. Odongo, G. Ombakho,
e.g. herbicide, MSV, 10w·N, QPM F. Kanampiu

Formation of varieties and source populations X X X X X X X X X S. Mugo, W. Muasya
from insed resistant inbred lines

Form synthetic from MBR lines X X S. Mugo, W. Muasya
Advance of segregating lines and

develop populations
Advance MBR lines X X X X X X X X X X X X S. Mugo, W. Muasya

2 Identification of target germplasm
to backcross to Bt maize

2.1 Screening germplasm under different
biotic and abiotic stresses

Screening single crosses of CML444 and CML78 X X X X X X X X X M. Gethi, S. Mugo, J. Ininda, C. Mutinda, W. Muasya,
for resistance to MSV, Chilo and Busseola at O.Odongo
Embu, for resistonce to Turcicum and leaf rust
at Muguga, for tolerance to 10w·N at
Kakamega, and for tolerance to drought
stress at Kiboko.

Cross single cross hybrids (SCsI to an inbred line X X X X X X S. Mugo, W. Muasya
to form three way cross hybrids
ITWCsI at Kiboko

Advance segregating lines selected during 2002B X X X S. Mugo, W. Muasya
Screening Germplasm selected during 200lA for X X X X X X X X X S. Mugo, J. Gethi, K. Njoroge, O. Odongo, G. Ombokho,

adaptation at KARl centers C. Mutinda
2.2 Formation of various and populations

from suitable germplasm
Form synthetic from CIMMYT/KARI Lines X X X X X X X X X S. Mugo, W. Muasya
2.3 Advance ofsegregating lines and

develop populations
Advance segregating C1MMYT/KARI Lines X X X X X X X X X X X X S. Mugo, W. Muasya, C. Mutinda
2.4 Test crosses with non·St CML 216
Grow CML216 and make crosses to elite X X X X X X S. Mugo, W. Muasya

C1MMYT/KARI germplasm in Open
quarantine site at Kiboko

Evaluate CML 216 crosses at KARl centers X X X X X X X X X S. Mugo, J. Gethi, K. Njoroge, O. Odongo, G. Ombakho,
C. Mutinda

3 (valuation of Kenyan germplasm
for resistance to stem borers

3.1 Evaluation of Kenyan germplosm on station
Evaluation of germplasm on station at X X X X X X X X X S. Mugo, J. Gethi, K. Njoroge, O. Odongo, G. Ombakho,

Mtwopa, Kiboko, Embu, Kokamega, Kltale C. Mutinda
3.2 Evaluation of Kenyon germplosm on farm
Evaluation of germplasm on farm at Mtwapa, X X X X X X X X X S. Mugo, J. Gethi, K. Njoroge, O. Odongo, G. Ombakho,

Kiboko, Embu, Kakamega, Kitale C. Mutinda

4 Development of Transgenic-based
Insect Resistant Germplasm

Initiation of Backcross of Best Events into
Identified Adapted Lines X X S. Mugo, K. Njoroge, C. Taracha, B. Odhiambo

TOTAL
33



2. Product Dissemination
2.1 Work plan and budgets for year 2002 for IRM and impacts on nontarget organisms

Development of IRM strategies
Continue field studies of alternate hosts as

candidates or refugia in four locations in
Kenya (Kitale, Kakamega, Embu,
Mtwapa). (Computer)

Develop protocol for characterizing
alternate hosts

Validate survey methodology for
alternate hosts

Survey of alternate hosts (distribution and
abundance) in 5major maize ecologies

Estimate the suitability of existing cropping
systems as a refugio in the 5major
maize ecologies

Develop bioassay methodology and
conduct bioassays of alternate hosts

2.2 Characterization of target and
nontarget organisms

· Plant on-farm (Kitale, Embu)
· Set traps on farmers fields (Kitale, Embu)
· Recovery of organisms from pitfall,

water sticky traps (Kitale, Embu)
· Maintenance and security of plots and traps
· Sweep net sampling of arthropods 

4times aseason (Kitale, Embul
· Destructive sampling of maize 

3times aseason
· Sorting and identification of organisms

recovered from traps and from maize plants

2.3 Capture insect collection in
digital format to generate nontarget
database for Kenya

2.4 Observation plots on effects of
· insectiddes vs. It - spray on target

and non-target arthropods in
maize/bean cropping systems

2.5 Determine the potential of
different stem borers to develop
resistance to It. Toxins

x X X X X X X X X X X X M. Mulaa

X X M. Mulaa/ D. Bervingson

X X X M. Mulaa/ D. Bervingson

X X X X X X M. Mulaa

X X M. Mulaa/ D. Bervingson

X X X X X X X X X X X X J. Songa/M. Mulaa

J. Songa/D. lervingson,

X X X
X X X

X X X X X X X X X X

X X X X X X X X X X X
X X X X X X

X X X X X X

X X X X X X X X X X X X

X X X X X X X X X X X X J. Songa/D. lervingson

X X X X X X X X X X X X J.Songa

X X X J. Songa/C. Taracha/ D. lervingson

2.6 Determine the effects of It toxins
on important target organisms

X X X X X J. Songa/C. Taracha/ D. lervingson

2.1 Develop a reference collection
for Kenya

• Establish a reference collection
for arthropods

• Develop areference collection for Kenya
• Establish a reference collection

for arthropods

X X X X X X X X X X X X JSonga

X X X X X X X X X X X X JSonga

X X X X X X X X X X X X Po Likhayo/3Screening maize germplasm for weevil
resistance and kernel hardness (DPM)

Gene flow (within nurseries)

Total

X X X X X X

34
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3. Impact Assessment
3.1 Work plan and budget for 2002 for impact assessment

AdMty" .

1. Crop loss assessment Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote

2. PRA follow-ups and stockists analysis

3. Baseline study, Preparatory meeting,
Baseline survey, Data entry, cleaning
and analysis

x X X X X X

Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote

X X X Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote

4. Maize-sector analysis
• Seed (and recycling trials)
• Credit, Cash flow analysis
• Know-how and extension (NGOs)
Workshops and conferences (2 workshops)

Total

Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote
X X X Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote

Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote
X X Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote
X X X X Odendo, Ouma, Ndung'u. Lutta, Mose, De Groote

4 Technology Transfer
4.1 Work plan and budget for 2002 for technology transfer and management of KARI/CIMMYT IRMA project
<.•........ ···'~·"'·'''':,:x:';;):''... '~lj'(~: ·.:,......m'" "".'.... ", "x.,...,,·.·..

';,!;,'!I:.,;+. ,,:'1 .y'y:j,,,'? ·:"'F>4fA~H,,,n+ ..: w;
"'it: \i";'

Estabhsh lab and greenhouse facilities
Complete X X X X X
Construct biosafety greenhouses X X X X X B. Odhiambo, S. Mugo, S. McLean, D. Hoisington

Develop field testing sites
Complete construction of field site X X S. Mugo, B. Odhiombo

Train Kenyan staff
Conduct training workshop for analysis X X B. Odhiambo, S. Mugo, A. Pellegrinschi, S. McLean,

of first generation events at NARL D. Hoisington
Train KARl staff at C1MMYT ABC X X X X X X X X B. Odhiambo, S. Mugo, A. Pellegrinschi, S. McLean,

D. Hoisington

Provide practical experience in
biosafety and IPR

Draft and submit Bt maize import X X X X X X X
applications lIab bioassoys)

Draft and submit Bt moize import X X X X X X X X
applications (field trials)

flO assessments for each Bt gene X X X X X X X X
IPR workshop X X

Management and meetings
Mini-stakeholders meeting X S. Mugo, J. Wafula, D. Hoisington, H. De Groote
Coordinating committee meetings x x x x S. Mugo, K. Njoroge
Project objective teams meetings X X X X Co-team leaders
Annual planning meeting and steering X S. Mugo, D. Hoisington, H. De Groote

ommillee meeting

Project facilities
Support to insectary (Generator etc) X X X X X X X X X X X X S. Mugo, J. Songa
Audio-visuals (Conference equipment) X S. Mugo, D. Hoisington, H. De Groote
Field equipment X X X S. Mugo, H. De Groote

Total

Total Budget
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5. Project Documentation and Communication
5.1 Work plan and budget for 2002 for documentation and communication

~

Activity AMJ J A SiiON'D Responsllle

Develop and implement I-day X X X X X X X GK, Dp, MoA, IRMA STAFF
extension workshops

Increase public awareness through mass X X X X X X X X X X X X
media (includes press conferences)

Monitor local and international press X X X X X X X X X X X X DP. GK
IRMA Updates Newsletter X X X X X X X X X X X X GK, Dp, IRMA KENYA OFFICE

(production and distribution)
Produce and print new IRMA brochure X X X X X Dp, GK
Upgrade web site X X X X X X X X X X GK, DP
Publication of IRMA documents and X X X X X X X X X X X X GK, Dp, IRMA STAFF

assorted reports and papers
Enhance communication with Ministries. X X X X X X X X X X X X GK, MoA
Enhance communication with GK, MoA, Dp,IRMA STAFF

parliamentary committees.
Farmer level brochures X X X X GK, Dp, SOCIO-ECON
Poster development (for Ag Field Days) X X X GK, Dp, IRMA STAFF
Report writing workshop Dp'DGROOTE
Purchase af leaflets and materials X X X X X X X X X X GK, DP

produced outside of IRMA e.g., ISMA
Misc including DHL, and contingency fund X X X X X X X X X X X X Dp, GK
IRMA Fact Sheets (4·5) X X X X X DP;DB,DH,SM

Total

36

________________________1..

5. Project Documentation and Communication
5.1 Work plan and budget for 2002 for documentation and communication

>1'''1 AIMI'] "

Activity JA SHON/D Responsllle <

Develop and implement I-day X X X X X X X GK, Dp, MoA, IRMA STAFF
extension workshops

Increase public awareness through moss X X X X X X X X X X X X
media (includes press conferences)

Monitor local and international press X X X X X X X X X X X X DP. GK
IRMA Updates Newsletter X X X X X X X X X X X X GK, Dp, IRMA KENYA OFFICE

(production and distribution)
Produce and print new IRMA brochure X X X X X Dp, GK
Upgrade web site X X X X X X X X X X GK, DP
Publication of IRMA documents and X X X X X X X X X X X X GK, Dp, IRMA STAFF

assorted reports and papers
Enhance communication with Ministries. X X X X X X X X X X X X GK, MoA
Enhance communication with GK, MoA, Dp,IRMA STAFF

parliamentary committees.
Former level brochures X X X X GK, Dp, SOCIO-ECON
Poster development (for Ag Field Days) X X X GK, Dp, IRMA STAFF
Report writing workshop Dp'DGROOTE
Purchase of leaflets and materials X X X X X X X X X X GK, DP

produced outside of IRMA e.g., ISMA
Mise including DHL, and contingency fund X X X X X X X X X X X X Dp, GK
IRMA Fact Sheets (4-5) X X X X X DP;DB,DH,SM

Total

36



Appendix II

Screening of exotic inbred lines from CIMMYT Mexico for adaptation at Kiboko, Kenya during the 20018
season - IR-DGLK8-018

Days
Grain to 50% Plant Rotten Plant Leaf Exit Tunnel
yield anthesis height ears lodge toughness holes length TL/Pht," "Pedigree (t/ha) DTP (em) (score) % (g-foree) (No.) (em) (ratio)

1 MBR/MDR (4 Be F31-2-B 3.6 56.0 166 2 11.1 82.7 6.6 14.6 0.09
2 MBR/MDR (3 Bel MBR (5 Be F51-2-B 3.2 56.0 163 0 0.0 91.8 2.8 7.6 0.05
3 MBR/MDR (3 Bel MBR (5 Be F52-2-B 3.9 54.0 181 1 14.3 96.1 5.6 16.4 0.09
4 MBR/MDR (3 Be/ MBR (5 Be F54-2-B 4.9 53.0 167 1 0.0 87.5 1.6 4.6 0.03
5 MBR/MDR (3 Be/ MBR (5 Be F56·2-B 3.9 53.0 165 1 12.5 74.6 4.0 2.4 0.01
6 MBR/MDR (3 Bel MBR (5 Be F58-2-B 3.6 57.0 146 0 0.0 90.3 3.0 5.8 0.04
7 MBR/MDR (3 Be/ MBR (5 Be F59-1-B 4.0 59.0 152 2 0.0 82.5 1.4 2.2 0.01
8 MBR/MDR (3 Be/ MBR (5 Be F60-1-B 3.6 56.0 181 1 11.1 83.8 3.8 7.0 0.04
9 MBR/MDR (3 Be/ MBR (5 Be F62-2-B 4.1 54.0 151 0 0.0 B7.9 2.6 8.8 0.06
10 MBR/MDR (3 Be/ MBR (5 Be F64-2-B 6.2 5B.0 lB2 2 0.0 90.0 3.8 11.0 0.06
11 MBR/MDR C3 Be/ MBR (5 Be F65-1-B 4.9 58.0 191 0 0.0 85.5 3.8 10.2 0.05
12 MBR/MDR (3 Be/ MBR (5 Be F77-2-B 2.3 61.0 182 0 0.0 82.8 1.8 8.0 0.04
13 MBR/MDR (3 Bel MBR (5 Be F84-1-B 2.7 60.0 200 1 14.3 93.8 4.0 16.6 0.08
14 MBR/MDR (3 Be/ MBR (5 Be FB5-1-B 2.3 60.0 195 1 12.5 90.B 4.0 8.8 0.05
15 MBR/MDR (3 Bel MBR (5 Be F85-3-B 3.6 60.0 175 I 0.0 96.3 1.6 5.2 0.03
16 MBR/MDR (3 Be/ MBR (5 Be F94-2-B 4.0 58.0 lB8 0 0.0 83.4 1.0 3.2 0.02
17 MBR/MDR (3 Be/ MBR (5 Be FI02-1-B 3.9 57.0 160 0 0.0 107.4 1.8 7.6 0.05
lB MBR/MDR (3 Bel MBR (5 Be FI 02-2-B 4.8 58.0 181 0 0.0 100.4 2.0 3.8 0.02
19 MBR/MDR (3 Bel MBR (5 Be Fl06-1-B 3.9 58.0 203 0 0.0 76.6 1.8 5.0 0.02
20 MBR/MDR (3 Bel MBR (5 Be F116-I-B 4.0 59.0 185 0 0.0 100.0 1.4 7.0 0.04
21 MBR/MDR (3 Bel MBR (5 Be F119-I-B 3.8 57.0 164 1 0.0 92.8 6.0 17.4 0.11
22 MBR/MDR (3 Bel MBR (5 Be F124-I-B 3.1 56.0 163 0 0.0 73.8 5.8 13.4 0.08
23 MBR/MDR (3 Be/ MBR (5 Be FI24-2-B 4.0 55.0 159 2 11.1 70.7 4.2 7.4 0.05
24 MBR/MDR (3 Be/ MBR (5 Be FI 26-I-B 5.1 55.0 158 0 14.3 71.2 8.6 11.0 0.07
25 MBR/MDR (3 Bel MBR (5 Be FI27-2-B 4.9 55.0 150 0 22.2 91.0 1.8 5.2 0.03
26 MBR/MDR (3 Bel MBR (5 Be FI34-1-B 5.5 53.0 163 3 0.0 B3.0 4.0 7.0 0.04
27 MBR (6 Bc F6-2·B 3.0 57.0 144 1 0.0 90.1 3.0 7.4 0.05
2B MBR (6 Be FI3-I-B 3.2 59.0 173 1 0.0 89.6 5.8 12.8 0.07
29 MBR (6 Be FI6-I-B 4.0 57.0 146 1 0.0 89.4 2.4 6.6 0.05
30 MBR (6 Be F28-I-B 3.2 57.0 175 0 14.3 8B.8 5.2 9.2 0.05
31 MBR (6 Be F43-2-B 2.7 58.0 161 2 12.5 100.7 4.4 10.6 0.07
32 MBR (6 Be F60-3-B 2.7 58.0 168 0 0.0 90.7 7.2 14.6 0.09
33 MBR (6 Be F68-1-B 3.0 63.0 156 2 0.0 80.7 3.4 B.8 0.06
34 MBR (6 Be F72·1-B 4.4 61.0 162 2 0.0 89.7 8.4 15.2 0.09
35 MBR (6 Be F94-2-B 4.9 59.0 172 2 22.2 82.2 2.2 8.0 0.05
36 MBR (6 Be F116-1-B 3.7 59.0 163 2 0.0 78.6 3.0 6.0 0.04
37 MBR (6 Be Fll7-3-B 3.7 58.0 178 0 0.0 BO.2 4.6 4.2 0.02
38 MBR (6 Be FI29-2-B 2.8 61.0 126 3 0.0 103.4 1.6 4.4 0.03
39 MBR (6 Be FI48-2·B 2.7 56.0 157 2 14.3 83.9 4.8 14.0 0.09
40 MBR (6 Be FI54-1-B 2.8 61.0 153 1 12.5 95.9 8.4 15.B 0.10
41 MBR (6 Be FI59-1·B 3.1 60.0 165 0 0.0 75.3 5.0 13.2 0.08
42 MBR (6 Be F167-2-B 3.9 59.0 173 1 0.0 90.3 1.4 8.4 0.05
43 MBR (6 Be F198-1-B 3.1 59.0 154 2 0.0 94.7 2.0 10.4 0.07
44 MBR (6 Be F208-1-B 2.7 56.0 171 0 16.7 74.1 4.0 11.4 0.07
45 MBR (6 Be F218-2-B 2.3 56.0 157 0 0.0 7B.5 4.2 12.8 0.08
46 MBR (6 Be F219-1-B 2.3 56.0 181 1 0.0 76.3 7.2 17.6 0.10
47 MBR (6 Be F225-2-B 2.6 56.0 155 1 0.0 94.7 4.4 13.0 0.08
48 MBR (6 Be F229-1-B 2.2 59.0 170 0 0.0 93.6 3.8 9.4 0.06
49 MBR (6 Be F232-1-B 3.9 59.0 175 0 0.0 3.6 B.6 0.05
50 MBR (6 Be F233-2-B 4.8 59.0 158 0 0.0 100.7 3.0 9.0 0.06
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Screening of exotic•••••cont'd

Days
Grain to 50% Plant Rotten Plant Leaf Exit Tunnel
yield anthesis height ears lodge toughness holes length n/Pht,. 'Pedigree It/ha) DTP (em) (score) % (g-foree) (No.) (em) (ratio)

51 MBR(6 Be F238-1-B 2.2 58.0 152 1 0.0 89.4 4.0 10.2 0.07
52 MBR (6 Be F280-2-B 3.7 56.0 141 1 12.5 97.1 2.7 15.0 0.11
53 MBR (6 Be F284-2-B 2.2 55.0 170 1 0.0 91.0 4.2 10.4 0.06
54 MBR (6Be F293-1-B 2.7 57.0 143 0 14.3 77.1 3.0 11.6 0.08
55 MBR(6 Be F296-1-B 4.0 59.0 172 1 0.0 91.9 2.0 6.2 0.04
56 MBR (6 Be F299-1-B 2.3 58.0 169 1 14.3 90.1 1.6 9.4 0.06
57 MBR (6 Be F299-2-B 2.6 59.0 I 171 1 0.0 89.7 1.4 3.2 0.02
58 MBR (6 Be F309-2-B 3.9 59.0 175 1 0.0 103.2 2.2 6.4 0.04
59 MBR (6 Be F311-1-B 4.8 56.0 183 3 11.1 8.4 14.6 0.08
60 MBR (6 Be F334-1-B 5.0 57.0 173 1 0.0 79.2 7.0 18.2 0.11
61 MBR (6 Be F344-2-B 4.9 55.0 161 1 9.1 84.9 7.6 18.0 0.11
62 MBR (6 Be F344-3-B 3.5 59.0 169 2 12.5 91.3 4.4 10.8 0.06
63 MBR (6 Be F349-1-B 5.3 59.0 179 2 0.0 74.6 3.2 9.0 0.05
64 MBR (6 Be F349-3-B 3.8 59.0 185 0 11.1 72.8 6.2 12.2 0.07
65 MBR (6 Be F350-1-B 5.1 59.0 194 2 12.5 75.0 2.2 2.6 0.01
66 MBR (6 Be F350-2-B 5.2 57.0 185 1 22.2 87.6 10.6 15.4 0.08
67 MBR (6 Be F352-1-B 5.3 56.0 174 2 10.0 74.3 1.6 9.2 0.05
68 MB R(6 Be F378-1-B 2.8 57.0 144 0 0.0 89.3 6.6 9.0 0.06
69 MBR(6 Be F400-1-B 2.7 5B.0 149 1 0.0 86.9 3.0 3.0 0.02
70 MBR (6 Be F421-1-B 2.3 57.0 178 1 0.0 75.9 7.0 15.2 0.09
71 MBR (6 Be F496-2-B 2.6 60.0 147 2 0.0 98.9 2.8 11.0 0.07
72 MBR(6 Be F500-1·B 4.7 62.0 151 1 14.3 74.7 3.6 11.6 0.08
73 MBR CS Be/MBR/MOR (3 Be F514-2-B 5.0 58.0 178 1 0.0 86.8 5.6 14.2 0.08
74 MBR CS Be/MBR/MOR (3 Be F518-1-B 4.1 58.0 177 1 0.0 95.0 5.4 18.6 0.11
75 MBR (5 Be FI3-3-2-1-B-B-B 3.5 58.0 135 2 0.0 91.2 3.2 10.0 0.07
76 MBR (5 Be FI4-3-2-4-B-B·B 2.7 56.0 147 0 0.0 85.0 0.4 1.8 0.01
77 MBR (5 Be FI4-3-2-8·B-B-B 3.2 59.0 132 2 0.0 86.2 2.2 3.8 0.03
78 MBR Et/MBR Be (1 F4-1-1·3-B·B-B 2.3 62.0 144 1 0.0 102.6 2.0 3.8 0.03
79 MBR Et/MBR Be (1 F25-4-1-1-B-B·B 2.3 56.0 135 1 0.0 87.1 0.6 2.6 0.02
80 MBR Et/MBR Be (1 F25-4-1-3-B-B-B 2.8 56.0 146 0 0.0 88.6 0.6 4.4 0.03
81 MBR-EtlW)/P590(3 F11-1-1-B 2.2 61.0 164 1 0.0 78.1 5.0 14.8 0.09
82 MBR·EtlW)/P590(3 F21-1-3-B 2.7 60.0 171 0 0.0 78.2 6.4 14.2 0.08
83 MBR-EtlW)/P590(3 F56-1-1-B 4.0 58.0 149 0 0.0 86.1 3.0 9.6 0.06
84 MBR-EtlW)/P590(3 F70-1-1-B 2.8 59.0 144 3 11.1 103.0 6.2 16.0 0.11
85 MBR-EtlW)/P590(3 F77-1-'I-B 2.6 60.0 167 1 0.0 76.4 7.8 18.6 0.11
86 P39Obeo(3 F25-1-1-1-1-B-B-B·B 2.7 62.0 166 0 0.0 77.8 2.2 7.0 0.04
87 P390beo(3/254/247 F33-2-1-B 4.4 63.0 174 0 0.0 80.4 5.2 17.2 0.10
88 P390beo(3/254/247 F86-3-1-B 3.4 63.0 194 0 0.0 83.4 3.5 14.8 0.08
89 P50lc2-143-1-1-1-B 2.2 59.0 165 0 0.0 75.9 2.4 9.0 0.05
90 P501 e2-17-4-2·5·B 2.6 62.0 169 1 12.5 85.1 5.0 17.8 0.11
91 P501 e2-32-3·1-2-1-B 2.3 60.0 172 1 0.0 87.1 4.8 8.8 0.05
92 P501 e2·53-4-1-B-3-B 3.3 61.0 154 1 11.1 72.2 3.0 6.0 0.04
93 MBR-E1We1·126-2·1-4-1 2.3 59.0 135 1 0.0 76.7 2.0 3.0 0.02
94 MBR-ET(W) Cl FI39-2-1-B-2=-B-B-B-B-B-B 2.7 64.0 123 0 0.0 84.0 3.0 11.6 0.09

Mean of 500 inbred lines 1.5 60 156 1.5 11.5 80.9 4.8 12.8 0.08

Mean of seleded 94 families 3.5 58 165 0.9 4.2 86.4 3.9 9.9 0.06
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Appendix III

(Section 1.6.1.1) Search for sources of resistance to stem borers

Entry Pedigree PSTAND DTP ASI PHT EHT RLODGE SLOGDE SEt TNLGHN NOHOLES

1 MBR/MDR (3 Be Fl·l·l·l·B 21.0 52.0 3.0 122.4 75.8 0.5 4.5 1.0 6.4 2.4
2 MBR/MDR (3 Be Fl·2·1·1·B 20.0 57.0 0.5 113.8 65.5 3.0 7.5 1.0 5.9 1.8
3 MBR/MDR (3 Be F8-1-2-1-B 19.0 51.0 4.0 105.8 52.5 2.0 0.5 1.0 3.5 1.0
4 MBR/MDR C3 Be F21·1-1-2-B 19.0 56.0 1.0 134.8 73.3 5.0 1.0 1.0 7.4 2.2
5 MBR/MDR (3 Be F21·1·1·3·B 18.5 59.0 -1.0 107.0 72.8 3.0 0.5 1.0 8.1 2.9
6 MBR/MOR (3 Be F44-2-1-2-B 20.5 54.0 1.0 131.5 63.3 4.5 1.0 1.0 3.8 2.5
7 MBR/MDR (3 Be F44-2-2-1-B 18.0 56.0 0.0 135.3 77.3 1.5 2.0 1.0 10.1 4.0
8 MBR/MDR (3 Be FS8·2·1·3-B 21.0 51.0 1.0 101.0 48.8 3.5 1.0 1.0 11.4 3.5
9 MBR/MDR (3 Be F61-2-3-1-B 15.0 55.0 0.0 105.0 60.8 5.5 0.5 1.0 8.5 1.8
10 MBR (5 Be F4·1·2-1-B 17.0 54.0 3.0 102.8 59.5 5.5 1.5 1.0 12.3 3.3
11 MBR (5 Be F4-1-2-2·B 15.0 55.0 1.5 93.0 55.5 2.5 0.5 1.0 9.1 2.0
12 MBR (5 Be F8-1-1-1-B 12.0 53.0 3.0 97.6 52.6 3.0 0.5 1.0 7.5 2.4
13 MBR (5 Be F8-1-2-2-B 19.0 57.5 0.0 90.8 49.3 1.5 0.5 1.0 21.0 4.4
14 MBR (5 Be FB·l·2-4-B 22.0 59.5 -2.0 90.4 43.0 3.0 2.0 1.0 6.0 3.2
15 MBR (5 Be F12-1-2-1-B 17.0 56.0 1.0 93.3 48.8 5.0 1.0 1.0 12.2 1.0
16 MBR (5 Be F13-1·2·2·B 18.0 52.0 3.0 105.5 60.0 2.0 1.0 1.0 4.5 1.8
17 MBR (5 Be F13-2-1-2-B 9.5 58.0 3.0 100.2 50.8 0.5 0.0 2.0 5.9 2.0
18 MBR (5 Be F13-2-1-3-B 17.5 57.0 0.5 111.8 53.3 1.0 0.5 1.0 8.6 1.7
19 MBR (5 Be F13-3-1-2·B 5.0 57.0 2.0 126.5 59.3 0.5 0.0 1.5 1.3 1.0
20 MBR (5 Be F13-3·2-1-B 12.0 52.0 1.0 99.9 46.4 5.0 2.0 1.0 9.2 2.5
21 MBR (5 Be F14·1·2-1-B 11.0 53.0 2.0 104.2 54.4 3.5 0.5 2.0 2.7 1.0
22 MBR C5 Be F14-2-2-2-B 5.0 54.0 2.0 93.5 54.0 3.0 0.0 2.0 1.3 1.0
23 MBR (5 Be F14-2-2-3-B 8.0 55.0 2.0 109.9 66.0 3.5 0.5 1.5 7.3 3.0
24 MBR (5 Be Fl4-3-2-4-B 3.0 55.0 1.0 109.8 50.3 1.5 0.5 2.0
25 MBR (5 Be F14-3-2-5·B 12.5 54.0 0.0 103.6 60.7 4.5 2.5 1.5 56.3 10.0
26 MBR (5 Be F14-3-2-8-B 16.5 53.0 1.0 110.5 61.8 3.5 0.5 1.0 7.0 2.4
27 MBR (5 Be F14-3-2-9·B 4.5 55.0 0.5 106.9 64.1 3.0 0.0 1.5
28 MBR C5 Be F22-2-1-4-B 1.0 55.5 0.0 105.0 45.0 0.5 0.0 2.0 10.3
29 MBR (5 Be F43-1-1-1-B 12.0 56.0 0.0 131.4 77.3 4.0 0.0 1.0 6.1 2.0
30 MBR (5 Be F43·3-1-1-B 19.5 51.0 0.0 110.8 68.0 2.0 2.5 1.0 8.7 2.0
31 MBR (5 Be F45-2-3-3-B 1.5 56.0 1.5 119.5 58.5 0.0 0.0 2.0
32 MBR (5 Be F60·2·1·1-B 15.0 49.0 2.5 109.9 59.5 2.5 1.0 1.5 1.7 1.0
33 MBR (5 Be F60-2-1-2-B 13.5 56.0 0.5 98.0 58.9 1.5 2.0 1.0 3.9 1.4
34 MBR (5 Be F82-1-1-1-B 4.5 57.5 0.0 m.o 70.5 1.0 0.0 2.0 4.3 2.0
35 MBR (5 Be F91·1·3-1-B 3.0 55.0 2.0 112.0 58.2 2.0 0.5 2.0 5.2 1.0
36 MBR (5 Be F91-1-3-2-B 6.0 57.0 1.0 101.7 52.3 2.0 0.5 2.0 7.7 3.3
37 MBR (5 Be F91-1-3-3-B 6.5 56.0 1.5 122.9 72.1 2.5 2.5 1.5
38 MBR (5 Be Fl08-2·3-1-B 7.5 57.5 0.0 93.3 46.1 2.0 1.0 1.5 9.0 4.0
39 MBR (5 Be Fll4-1-1-3·B 16.0 55.0 2.5 116.8 66.3 2.0 0.0 1.0 5.8 4.0
40 MBR (5 Be F114-1·2·3-B 14.5 54.0 1.0 130.0 75.3 3.0 1.5 1.0 7.8 1.3
41 MBR (5 Be Fl14-3·1·1·B 19.0 54.0 3.5 104.7 50.3 1.0 0.5 1.0 5.7 2.5
42 (heck 20.5 53.0 2.5 139.0 78.0 5.5 1.5 1.5 11.2 5.5

MEAN 13.3 54.8 1.3 110.1 60.1 2.7 1.1 1.3 8.2 2.6
ev 22 3 108 12 14 91 145 25 47 54
LSD 6 3 3 26 18 5 3 1 9 3
Significance *** *** ** ** *** ns ns *** *** *
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Appendix IV
(Section 1.6. 1.2) Identification of insect resistant elite hybrids
and OPV varieties

2001 EVT 12 ILWV010: This selection was planted at Mtwapa to evaluate 20 full season,
late-maturity lowland tropics varieties of for adaptation. The trial was from the Maize
Program, CIMMYT-Mexico and evaluation is for performance and adaptation in Kenya
humid lowlands. None of the experimental hybrids was better than the local checks
PH3253 and PH4 in grain yield, early maturity, husk cover, ear rots, and leaf toughness.

CHITW 2001 (lLWH0105): Evaluation of CIMMYT tropical white hybrids at Mtwapa.
Twenty-five (25) varieties were evaluated for performance and adaptation in Kenya
humid lowlands. Some late lowland tropical hybrids yielded more than the local checks
PH3253 and PH4. These also had greater leaf toughness than the checks. They were
CMS993025 and CMS 993007.

EPOP01 - Twenty-two (22) early maturing, open pollinated varieties from CIMMYT
Zimbabwe were evaluated for resistance to Chilo partellus at Kiboko, Kenya. The varieties
came from CIMMYT, Botswana, Malawi, Mozambique, Tanzania, Zambia, IITA, and two
local checks (KCB and DLCl). Agronomic data was also recorded. There were significant
differences between infested and the protected rows for all traits indicating that stem
borers reduced grain yield due to effects on plant and ear height, plant lodging, number
of ears per plant, ear rotting (Appendix IXa). Leaf damage scores were low for varieties
ZM301 Botswana, ZM421, Pool 16 2MBNSEQ Cl F2, DTP Cl Zambia, Kafula, ZM301 Cl
CIMMYT, ZM421 flint, and ZM521 flint. Varieties differed significantly in leaf toughness
with ZM301 Cl CIMMYT, ZM521, Pool 16 BNSEQ Cl F2, Kafula, Katumani-ST, and DTP
Cl Zambia coming up as especially tough. Varieties differed in grain yield under stem
borer infestation and under protected environments. Most varieties were better than the
local checks Katumani composite (KCB) and an experimental variety (ECAVEE).
ZM50021, ZM421 and Pool 16 BNSEQ C2 F2 were especially notable for their
performance. Checks in grain yield under stem borer damage. The trials will be planted
in a 3 replications in an alpha-lattice design, with varieties sown into 2 rows of 5m
lengths.

ECA-EE-VT - Eighteen (18) extra early-maturing open pollinated varieties from
CIMMYT-Kenya were evaluated for resistance to Chilo partellus at Kiboko. Two local
checks, KCB and DLCl, were also included. Data analysis was going on at the time of
reporting.

ECA-DTLN-VT: Twenty (20) drought and low-nitrogen tolerant, open pollinated
varieties from CIMMYT-Kenya were evaluated for resistance to Chilo par:dlus at Kiboko,
Kenya. Two local checks (KCB and KB-99229-6) are also included. There was significant
differences between infested and protected rows for all traits indicating that stem borers
reduced grain yield due to effects on plant and ear height, plant lodging, number of ears
per plant, ear rotting. Varieties differed significantly in leaf toughness with ZM301 Cl
CIMMYT, ZM521, Pool 16 BNSEQ Cl F2, Kafula, Katumani-ST, and DTP Cl Zambia
coming up as especially tough. Varieties did not differ significantly in grain yield under
stem borer infestation, but there were significant differences under protected
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environments. Most varieties were better than the local checks, Katumani composite
(KCB) and an experimental variety (KB-9922-9). ECAVL14-STR, ECAVL16-STR,
ECAVL17-STR, ECAVL1, ECAVL2, ECAVL3, ECAVL4, ECAVL5, ECAVL7, SYNTH-NUE,
and SADVEB-#-# wer e especially notable for their performance. None of the varieties
was particularly resistant to stem borers, but some of these are clearly outperforming the
local checks.

ECA-DTLN-HTA & ECA-DTLN-HTB: Twenty-seven (27) hybrids of HTA and 32 of HTB,
all being drought and low nitrogen tolerant, hybrid trial of midaltitude adaptation from
CIMMYT-Kenya were screened for resistance to Chilo partellus at Kiboko, Kenya. HTA
are TWC hybrids with CML 78 with HTB involve CML 384 as the third line. Two local
checks (PH3253 and H513) were included.

In ECA-DTLN-HTA, there was significant differences between infested and the protected
rows for all traits, indicating that stem borers reduced grain yield due to effects on plant
and ear height, plant lodging, number of ears per plant, ear rotting. Significant
differences were found in the tunnel length and tunnel length: plant height ratio. Leaf
damage scores, number of visible exit holes, and leaf toughness did not show significant
differences among hybrids. Varieties did not differ significantly in grain yield under
stem borer infestation and under protected environments, but there were significant
differences in tunnel length and the tunnellength:plant height ratio. Most varieties were
better than the local checks Pioneer HiBred (PHB3253) and Kenya H513. Hybrids
CKT016015, CMTQ016001, CKT016027, and CKT016031 were especially notable for their
reduced tunnel length and tunnel length: plant height ratio. None of the varieties was
particularly resistant to stem borers but some of them were clearly outperforming the
local checks

In ECA-DTLN-HTB, there were significant
differences between infested and the protected rows
for all traits indicating that stem borers reduced
grain yield due to effects on plant and ear height,
plant lodging, number of ears per plant, ear rotting.
Significant differences among hybrids were found
in leaf toughness but not in other measures of
resistance to Chilo partellus. Varieties did not differ
significantly in grain yield under stem borer
infestation and under protected environments. Most
varieties were better in leaf toughness than the local
checks Pioneer Hi Bred (PHB3253) and Kenya H513.
Hybrids CKT015001, CKT015003, CKT015009,
CKT015037, CKT015041, CKT015043, CKT015053,
CKT015057, and CKT015059 were especially notable
for their large leaf toughness. None of the varieties
was particularly resistant to stem borers but some of
these are clearly outperforming the local checks.

Fig. IV-1 S. Mugo examines hybrids in the ECA-DTLN
HTB trial being evaluated for resistance to Chilo
partellu5 at Kiboko, Kenya.

ILPOP01: Twenty-two (22) intermediate- to late-maturing open pollinated varieties from
CIMMYT-Zimbabwe were evaluated for resistance to Chilo partellus and Busseola fusca
under moist midaltitude conditions for tolerance to low nitrogen and under normal
conditions at Kakamega, Kenya. The OPVs come from CIMMYT, Ghana, Malawi,
Zambia, UTA, and two local checks (PH3253 and H513). Under optimum conditions at
Kakamega, there were four OPVs that were earlier maturing and better than the best
local check hybrid PH3253 in grain yield.
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At Embu, Busseola fusca reduced grain yield (1.99) more than Chilo partellus (2.2 t/ha).
Significant differences among measures of resistance were only found in leaf toughness,
which showed local check H513 to have tough leaves. A number of the test varieties had
tougher leaves than local check PH3253. There were no significant differences among
varieties for number of exit holes, tunnel length, and the tunnel length: plant height ratio
for any of the two stem borer species. Varieties showed significant differences in grain
yield under both stem borer species. Varieties ZM621 F2, ECAVL2-DLN, ACR9222-SR,
and TZLCOMP4 C2 were good compared to the hybrid checks under to Chilo partellus or
Busseola fusca stem borer species. None of the varieties was particularly resistant to stem
borers, but they were as good as the hybrid checks and clearly outperformed the local
checks PH3253 and H513.

ILHYB01E: Thirty-four (34) intermediate- to late-maturing hybrids from CIMMYT
Zimbabwe were evaluated for resistance to Chilo partellus and Busseola fusca at Embu,
Kenya, and for tolerance to low nitrogen and under optimum fertility conditions at
Kakamega in Western Kenya. The hybrids are from CIMMYT, UTA, Monsanto, Pannar,
Pioneer, Seed-Co and two local checks (PH3253 and H622). Under optimum conditions
at Kakamega, there were many flint type experimental hybrids that were better than the
best local check PH3253 in grain yield, disease resistance (Turcicum and GLS) and in
plant lodging.

At Embu, there were no significant differences among varieties for number of exit holes,
tunnel length, and the tunnel length: plant height ratio for any of the two stem borer
species. Varieties showed significant differences in grain yield with 16 hybrids yielding
higher than the checks PH3253 and H622. Among those 16 hybrids were SC709,
CZH00025, CZH99021, SC713, and CZH99037, which were also resistant to leaf rust and
Turcicum diseases. None of the varieties was particularly resistant to stem borers, but
they clearly outperformed the local checks.

EIHYB01EA: Thirty-two (32) early- to intermediate-maturing hybrids from CIMMYT
Zimbabwe were evaluated for resistance to Chilo partellus and Busseola fusca at Embu,
Kenya. The hybrids were also evaluated for tolerance to low-N conditions and under
optimum fertility conditions at Kakamega. Under optimum conditions at Kakamega,
there were six more flint type hybrids, SC513, CZH00013, CZHOOOlO, CZH00017,
CZHOOO20, and CZHOOO21 that were better than the best local check PH3253 in grain
yield and GLS resistance.

Chilo partellus reduced grain yield (2.4 t/ha) more than Busseola fusca (2.6t/ha).
Significant differences were found in stem borer damage and several hybrids were as
good as the PH3253 check in response to Busseola fusca but only hybrid CZH00013 was
better than the check in response to Chilo partellus. There were also significant differences
in leaf toughness with hybrids CZH0003, CZHOOOlO, and CZH00019 showing high leaf
toughness in relation to the check. There were no significant differences among varieties
for number of exit holes, tunnel length, and the tunnel length: plant height ratio for any
of the two stem borer species. Varieties showed significant differences in grain yield
under both stem borer species. Hybrids CZH0007 and CZH00020 were higher yielding
than the check under Busseola fusca, while many hybrids yielded as much as the check
under Chilo partellus. Overall, hybrids CZH0007, CZHOOOlO, CZHOOOll, CZH00013,
CZHOOO16, CZH00020, SC513, and SC515 were good and have potential for growing
under midaltitude conditions. None of the varieties was particularly resistant to stem
borers but these clearly outperformed the local checks.
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Appendix V

(Section 1.7.2) Screening maize grains for resistance to postharvest
infestation by Sifophi/us zeamais Motshulsky

Facilities for the bioassay consisted of a renovated storeroom, three plastic 210 liter
capacity fumigation drums, fumigant, enamel trays, moisture meter, electronic balances,
500 ml glass jars with vented plastic lids, filter paper, 4.75 mm and 1.00 mm roundholed
sieves and brushes.

Harvested maize genotypes were disinfested by fumigating in plastic drums using
Phostoxin™ (Phoshpine gas) for 7 days, and then cleaned by passing across wire mesh
(25 mesh/ square inch). Grain moisture content was measured using capacitance
moisture meter (Dickey John™ multi grain tester, model 462331246, Dickey-john
corporation) and corrected to oven readings at 1300 C/2 hours.

The grains were weighed in lots of 150 g using an electronic balance (accurate to 0.1 g)
and placed into wide-mouthed 9 cm half-liter glass jars with 30 active unsexed adult
weevils (3-weeks old). There were three replicates for stem borer and two replicates for
late-drought and low-nitrogen tolerant germplasm respectively. The lids were lined with
filter paper to secure the jars and prevent re-infestation by any other insects and mites.

Destructive sampling was done after two and three months since the trials were set up,
respectively. During sampling, the contents of each jar were sieved across two sets of
screens (4.75 mm and 1.00 mm) to separate into grains, insects, and powder (dust). The
dust was weighed using a balance accurate to 0.01 g and expressed as a percentage of
original weight of each replicate. The number of live and dead adult insects that emerged
was also recorded. The grains were then sorted into damaged (grains with holes and/or
tunnels) and undamaged (grains without holes and / or tunnels) fractions. Grains in each
fraction were weighed to the nearest 0.1 g, and expressed as a percentage of the original
weight in each replicate.

Differences in percent damage and number of adult insects that emerged as a response to
maize genotype, plots (reps) and time were determined by a multifactor analysis of
variance (ANOVA) using Statgraphics Plus for Windows version 1.11 package
(Manugistics corporation). Insect numbers were transformed to log (x+l),and percent
damage and dust were transformed to arcsines.

Laboratory screening of relative susceptibility of maize to S. zeamais damage showed that
different genotypes differed greatly in their inherent resistance from local unimproved
Kinyanya landraces and commercial hybrids. Commercial hybrids suffered high damage
levels because their grains are known to be soft and floury compared to the hard and
flinty varieties, thus suggesting the need to expend more effort toward development of
insect resistant maize for both field and storage pests. Overall, this study identified local
Mugindo, Zimb-6, and E93271-600-11D for drought-late; Pob.591C2F2BCO, Portoviejo
9330, and KAA99A-11 for low-N; DLCl, KCB, and Embu composite for stem borer as
potential sources for maize varietal and value added trait development (Appendix IXb).
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All maize types supported development of s. zeamais. Again, hybrids were more
suitable for reproduction of the weevils. In general, reproduction of storage pests
depends on maize type, grain nutritional value, moisture content, and temperature.
S. zeamais oviposition rate is known to be very low at 20°C and at grain moisture of
about 10.5%. These assays were done at 23±2°C and 68±4% humidity while initial
moisture content ranged between 11.4 and 13.8%. Structural qualities such as grain
hardness and pericarp surface texture playa role in hindering penetration and
emergence. The design of this experiment could not detect whether any of these
factors was responsible for damage levels recorded.
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Appendix VI

(Section 2.2) Characterization of target and nontarget arthropods of Bt
gene based resistance in four maior maize growing regions in Kenya

Materials and methods
During the short rains 2000 and long rains 2001, surveys and arthropod characterization
studies were conducted in four agroecologies: (i) moist transitional (Kakamega), (ii)
lowland tropics (Kilifi), (iii) dry midaltitude (Machakos), and in the highlands (Trans
Nzoia). However, the results reported here are only for the short rains, 2000, in the first
three sites. This is because arthropod identification of material collected during the long
rains 2001 in Machakos and Transnzoia is still ongoing.

The farmer surveys and arthropod characterization studies were conducted in
collaboration with extension and KARl personnel in each of the respective sites. In each
of fue regions, the farmer surveys were conducted in a major maize growing
administrative division, which was also logistically accessible, to allow weekly collection
of the arthropods. In the surveys, which during this period were conducted in Machakos
(Mwala division) and Trans Nzoia (Kaplamai and Central divisions), information was
collected on the maize cropping systems, some relevant agronomic practices, the
varieties grown and the crops commonly intercropped with maize. In each region, at
least 30 farmers in a major maize growing administrative division were interviewed.
Studies on the target and nontarget organisms were conducted on five farms in each of
the four maize growing regions. For every farm, a plot measuring 18 m x 18 m was
established using the major maize cropping system for each respective region, and the
plot was subdivided into four equal subplots for sampling purposes.

The study was researcher managed, but farmer implemented, with the farmer and his
family being responsible for the various crop management activities including planting,
weeding, maintenance and security of the arthropod traps. In each maize growing
region, one contact extension person and a KARl technician were responsible for the
weekly collection of arthropods from the traps in the field.

Different sampling methods were used for the various groups of arthropods. For soil
crawling arthropods, pit-fall traps were used at the center of each subplot. Flying
arthropods were captured by using water and sticky traps (Figure 12 in main text). The
water trap comprised of a yellow basin containing a 1 liter solution of 4% formalin
solution, was positioned 1.5 m above ground, using a wooden stand. The sticky trap
comprised of a clear glass, coated on one side with 'tangle foot' adhesive, was positioned
1.5 m above the ground. Catches from the various traps were collected on a weekly basis
and preserved separately per farm and trap, in 70% alcohol.

In addition to the traps, arthropods were also recovered from the maize plants by
destructive sampling of 50 randomly selected plants, during each of three crop growth
stages: vegetative, reproductive, and maturity (0100 1989). The non-stem borer
arthropods were preserved in 70% ethanol, whereas each of the stem borers recovered
were reared singly in the laboratory for possible parasitoid emergence.
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Arthropods found along the edges of the maize field were sampled by using a sweep
net, three times a season; sweep net sampling commenced during the long rains 2001 at
the Machakos and Trans Nzoia sites. For each farm, five sweeps were made on each of
the four outer sides of the plot, up to a distance of 4 m from the edge of the plot. The
arthropods sampled were emptied into labeled plastic jars and carried back to the
laboratory where they were sorted and preserved in 70% ethanol.

Identification of the arthropods was done both at the National Museum of Kenya and
at the Katumani laboratory. Voucher specimens of the various taxa were preserved in
the reference collection at Katumani, both in 70% ethanol and as dry specimens. The
common and important taxa were also stored in a pictorial database.

Results and Discussion
Survey of maize cropping systems and some farming practices
In Mwala, the dominant maize cropping system was an intercrop of maize and beans
(98.4%). Most of the farmers grew locallandraces of maize (87.5%), whereas for beans,
a majority grew improved varieties (64.7%), with the most common one being the
variety 'Nyayo.' A majority of the farmers interviewed grew two maize crops a year
(66.8%), with the first crop being planted in March/ April, while the second one is in
September/October. Although some farmers used both farmyard manure (FYM) and
inorganic fertilizers, a majority used FYM (99.7%).

Relative abundance of target and nontarget organisms
a) Target organisms (stem borer species)

Short rains, 2000: The stem borers that infested farmers' maize fields in each of the
sites in descending order of abundance were: Kilifi - Chilo partel/us Swinhoe
(Lepidoptera: Pyralidae), Chilo oriehalcoeiliel/us (Strand) (Lepidoptera: Pyralidae),
Sesamia ealamistis (Hampson) (Lepidoptera: Noctuidae) and Cryptophlebia leueotreta
(Meyrick) (Lepidoptera: Torticidae); Kakamega - Busseola fusea (Fuller) (Lepidoptera:
Noctuidae), C. partel/us, S. ealamistis and C. leueotreta; Machakos - C. partel/us, S.
ealamistis and C. leucotreta (Figure VI-I). C. partel/us was the most widespread and
abundant stem borer, with the highest intensity of infestation being observed in Kilifi
followed by the Machakos site (Table VIol). Some stem borer species had limited
distribution, such as B. fusca, which was only found in Kakamega, where it was the
dominant species, and C. oriehaleoeil/iellus that only attacked maize in Kilifi.

The relative abundance of stem borers recovered
during this season in Kilifi and Kakamega, was
similar to that observed during the long rains 2000
(Songa et al. 2001), with C. partel/us and B. fusea
being the most abundant stem borers, respectively.
Also, in the Machakos site, C. partel/us was the
dominant stem borer. This suggests that, in order
to have an impact on stem borer damage in maize,
pest management technologies (e.g., Bt maize)
should be targeted at each of these key stem borer
species in the respective regions.
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Figure VI· 1. The relative abundance of stem borers
that infested farmers' maize crops in Kilifi, Kakamega,
and Machakos during the short rains, 2000.
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Table VI·l. Mean (± semI number of stem borers per maize plant in farmers'
fields in Kilifi, Kakamega, and Machakos during the short rains, 2000

Chilo Sesamia Busseola Chilo Cryptophlebia
Site partellus ealamistis fusea oriehaleocillielus leueotreta

kilifi 0.56 ±0.12 0.05 ±0.01 0 0.18±0.01 0.004 ±0.001

Kakamega 0.06±0.01 0.02 ±0.004 0.09±0.01 0 0.001 ±0.001

Machakas 0.17 ±0.01 0.03±0.01 0 0 0.01 ±0.003

N. Number of plonts sampled per site =150

b) Nontarget organisms

Parasitoids of stem borers:

Most of the parasitoids recovered in each of the study sites were the larval type, with
Kilifi having the widest diversity of parasitoids (6 species), followed by Machakos (3
species), while only two species were found in Kakamega (Table VI-2). It was
encouraging to note that the exotic larval endoparasitoid C. jIavipes was still being
recovered from Kilifi, where releases had been made in 1993-94 (Overholt et al. 1997). In
Machakos, however, releases of C. jIavipes were made in 1997, about 50 km from the site
of recovery (the current study site) (Songa 1999). These two cases suggest the good
establishment and spread potential of C. jIavipes in Kenya. Being the co-evolved
parasitoid of C. partellus, the current dominant stem borer of maize in Kenya, there is
need to study the nontarget effects of Bt-maize on C. jIavipes. These studies will also need
to be conducted on the other common parasitoids such as C. sesamiae, which was
recovered in all the sites, and G. indicus, which is one of the most common larval
parasitoids at the Kenyan coast.

Table VI·2. Parasitoids recovered from stem borers in farmers' maize fields in Kilifi,
Kakamega, and Machakos during the short rains, 2000

Parasitoids Host Host Percent
Species Order: Family species stage N parasitism

Kilifi
Che/onus curvimocu/atus (ameran Hymenaptera: Bracanidae Cp Egg! Larva* 46 4.4
Goniolus indicus Ashmead Hymenoptera: Bethylidae Cp, Co Larva** 935 4.2
Cotesia sesamiae ((ameron) Hymenoptera: Braconidae Sc, Cp Larva** 935 2.4
Cotesia flavipes (ameron Hymenoptera: Braconidae Cp Larva** 935 3.0
Pediobius furvus Gahan Hymenoptera: Eulophidae Cp Pupa 53 7.5
? Diptera: Phoridae Cp Larva 935 0.2
Kakamega
Catesia sesamiae ((ameron) Hymenoptera: Braconidae Of, Sc Lorva** B5 9.4
Dentichasmias busseo/ae Heinrich Hymenoptera: Ichneumonidae Cp Pupa 18 11.1
Maehakos
Cotesia flavipes (ameron Hymenoptera: Braconidae Cp Larva** 111 5.4
Cotesia sesamiae ((ameron) Hymenoptera: Braconidae Cp, Sc Larva** 111 9.9
Pediobius furvus (Gahan) Hymenoptera: Eulophidae Cp Pupa 18 16.7

N=10101 number of susceptible stem borers loll species) of the life stage parasitized
Cp· Chilo portellus, Sc· Sesomia calamistis,Co· Chilo orichalcociliellus, '1'1 and 2nd larval inslors, "3,d ,4th and 51h larval inslars

Arthropods recovered from the traps

The diversity of arthropod families recovered from traps in the different maize cropping
systems was 69, 67, and 59 in Kilifi, Kakamega, and Machakos, respectively (Appendix
X). The relatively lower weed diversity in maize farms in Machakos due to the semiarid
conditions may be partly responsible for the lower arthropod diversity observed. Out of
the wide range of arthropods recovered, five categories of nontarget arthropods of
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interest have been identified, including the potential biological control agents,
pollinators, decomposers of organic material in the soil, and the abundant ones (Table
VI-3). In each of these groups, some arthropods were abundant at all three study sites,
while some were limited to specific sites. For example, Gryllidae (crickets) and the
potential predators Formicidae (ants) were among the most abundant arthropods in each
of the three sites, whereas a group such as Carabidae (ground beetles) was only
abundant in the Kilifi site. The parasitoid C. sesamiae was found in all the sites, while G.
indicus was only found in Kilifi. When it comes to the stage of selecting arthropods on
which the nontarget effects of Bt maize will be studied, a reliable system that takes the
foregoing situations into consideration will have to be used. The 'IOBC Global Working
Group on Transgenic Organisms in IPM and Biocontrol' is currently finalising a
proposal, one of whose objectives is to establish a list of criteria for selection of relevant
organisms on which nontarget effects of GMOs should be tested. We plan to integrate
and use the criteria developed by this group, when we get to the stage of selecting
arthropods on which to conduct studies on the nontarget effects of Bt-maize in Kenya.

Reference collection
One of the major activities in the arthropod characterization process is the establishment
of a reference collection. The reference collection comprises of voucher specimens of the
various specific taxa that are collected from the field in the study sites. The different
groups of taxa are preserved using appropriate preservation methods, and at Katumani,
we are currently using three preservation methods: (i) dry collection, (ii), wet collection
(in ethanol), and (iii) a pictorial database.

The reference collection has two main purposes: (i) technical reference during the
monitoring phase in Bt maize fields, and (ii) reference for use by other KARl
entomologists. Establishment of the dry and wet collections has progressed well. The
pictorial database has been initiated and is ongoing, but was mainly based on taking
pictures of preserved dry specimens. It is, however, proposed that pictures of freshly
captured arthropod specimens be used in the database. This will necessitate taking
pictures of fresh samples of arthropods during the active crop growth stage, a process
that has already started.

Table VI·3. The most abundant arthropods and beneficial arthropods recovered from the
major maize cropping systems in Kilifi, Kakamega, and Machakos during the short rains,
2000 (Ref. Appendices IV & V)

Potential biological Control Agents

Abundant Parasitoids Predators Pollinators Decomposers*

Formicidae
Araneida
Carabidae
Melyridae
Tenebrionidae
Dolichopodidae
Sarcophagidae
-\';scidae
vi ~'lIidae

Calliphoridae

Cotes;a sesam;ae
Cotes;a flav;pes
Gon;olus ;nd;cus

(he/onus curvimacu/atus
Dentichasmias bussea/ae
Pediabius furvus
Sarcophagidae
Muscidae
Chloropidae
Phoridae
Tachinidoe
Braconidae
Ichneumonidae
Chalcididae

Formicidae
Araneida
Carabidae
Coccinelidae
Forficulidae
Staphylinidae
Mantidae
Blattidae

Apidae Earthworms
Termidae

*De(omposers of soil orgoni( moiler
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Non-stem borer arthropods on maize plants
The arthropods that were most frequently recovered from the maize plants in
Kakamega, Kilifi, and Machakos were Formicidae, Forficulidae, Blattidae, and Araneida
(Table VI-4). Formicidae (ants) and Forficulidae (earwigs) are known to be predators of
stem borer eggs and larvae (0100 1989). Ladybird beetles, which are known to be
predators of C. partellus eggs (Dwumfour et al. 1991), were also recovered, with
Cheilomenes sulphurea (Olivier), being the most common species, especially at Kakamega.

Table VI-4. List of arthropods recovered from farmers' maize plants in
Kilifi, Kakamega, and Machakos during the short rains 2000

Arthropod Order/Family) Common name Kilifi Masii Kakamega

Formicidae (Hymenoptera) Ants 82 40 34
Blattidae (Orthoptera) Cockroaches 18 6 36
Forficulidae (Dermaptera) Common earwigs 3S 19 41
Staphylinidae (Coleoptera) Rove beetles 30 3 16
Coccinelidae (Coleoptera) Lady bird beetles 23 31 27
Aphididae (Homoptera) 171
Chrysopidae (Neuroptera) 2 1
NOduidoe (Lepidoptera) NOduids 8 26 21
? (Aroneida) 16 10 23
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Appendix VII

(Section 2.3) Evaluation of a Bt biopesticide and conventional insecticides
in the management of stem borers and the nontarget effects on
arthropods, in a maize/bean cropping system

Materials and methods
At this stage, this study has been conducted in one site, at the Katumani field station. An
intercrop of maize (var. KCB) and beans (var. Nyayo) was established in plots each of
size 10.2 m x 7 m, during the long rains of 2001. The maize and beans were planted in
single alternate rows, with an interow spacing of 120 cm between the maize rows and
120 cm between the bean rows. The interplant spacing for the maize and bean plants was
30 cm and 20 cm, respectively. Three treatments were applied to the plots: (i) Thuricide
(Bt biopesticide), (ii) conventional insecticides (dimethoate and Bulldock, and (iii)
control. The plots were replicated three times in a randomized complete block design.
Five pure stand rows of maize were planted along all the paths between the plots in
order to prevent insecticide drift among the plots.

Three types of traps (pit-fall, sticky, and water traps) were positioned diagonally along
each plot. Arthropods were collected from the traps once every week and taken back to
the laboratory for identification. Arthropods were also recovered from the maize plants
by destructive sampling of 20 randomly selected plants, during each of 3 crop growth
stages: vegetative, reproductive, and maturity (0100 1989). At harvest, information was
also collected on the number of moth exit holes, stem-tunneling length, and on the
percentage of infested plants. A sample size of 20 was considered adequate, as the study
site is known to have high stem borer infestation. The non-stem borer arthropods were
preserved in 70% ethanol, whereas each of the stem borers recovered were reared singly
in the laboratory for possible parasitoid emergence. The recovered parasitoids were
identified and preserved in the laboratory.

Results and discussion
The stem borers that infested maize in the insecticide trial at Katumani field station, in
descending order of abundance were C. partellus (65.8%), S. calamistis (21.4%), C.
leucotreta (8.3%), and B. fusca (4.5%). The level of stem borer infestation was lowest in the
Bt-sprayed plots (0.019 borers per plant) followed by the conventional insecticide (CI)
treated maize plots (1.02), while the untreated maize had the highest stem borer intensity
(3.41 borers per plant). The Bt-sprayed maize had significantly lower stem borer damage,
in terms of the number of moth exit holes, tunneling length, and the percentage of
damaged plants, compared to the CI and the control (untreated) maize. Although the CI
maize had a significantly lower number of stem borer exit holes and tunneling length
than the untreated maize, the percentage of infested plants was similar in these two
treatments.

Five different parasitoids were recovered from the three treatments, although the
parasitism levels were generally quite low. The untreated plot had the widest diversity of
parasitoids and these were C. jlavipes (6.4%), C. sesamiae (0.97%), and P. furvus (3.1%).
Only two species of parasitoids were recovered from the Bt-sprayed plots: C. jlavipes
(2.6%) and Pediobius furvus (1.8%). Two parasitoid species C. sesamiae (0.05%) and Cotesia
mficms (Haliday) (0.23%), were recovered from the CI treated maize.
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Results of this study show that Bt- spray was more effective than the conventional
insecticides (CI) in controlling stem borer damage in maize. The smaller range of
parasitoids that were recovered from the Bt- and the CI sprayed maize, compared to
the untreated one, suggests that both these treatments have some impact on some
parasitoids of stem borers. Although a similar number of parasitoid species was
recovered from the Bt- sprayed and CI-treated maize crops, the types of species were
different, thus indicating their differential effect on the parasitoids. A judgement on
which of the two types of pesticides to recommend would have to be based on the
effect on the target pest and the relative effects on the parasitoids and the other
beneficial arthropods found in the maize cropping system. A pesticide that has
negative effects on a known less effective parasitoid would be better than one that has
negative effects on a known very effective parasitoid. Therefore, knowledge of the
inherent effectiveness of different species of parasitoids would also be used in making
judgments on selection of technologies based on the effects on nontarget organisms.

Identification of the arthropods that were trapped in this study during the long rains
2001 is ongoing, thus the results are not available at this time. These results will,
however, be presented later, together with the current results on the stem borer control
and effects on parasitoids, in order to have a more comprehensive assessment of the
effects under study.
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Appendix VIII

(Section 2.4) Interaction between Bt maize and a biological control agent
(Campo/etis sonorensis) in controlling an armyworm species (Spodoptera
frugipercla)

Experimental protocol
The experiment was conducted at CIMMYT's headquarters in Mexico, where a biosafety
greenhouse and laboratory are available to conduct transgenic trials. Two experimental
protocols were used: (1) no-choice in which the armyworm and the wasp (Campoletis
sonorensis) that attacks its parasitoids were placed either on maize leaves with Bt (CryIAb
toxin) or without Bt; and (2) a free-choice experiment in which the wasps were placed
inside a netting that contained both Bt and non-Bt maize infested with armyworm. All
plants were derived from the same line (CIMMYT Maize Line 216 developed for Africa).

Choice study
Twelve replicates consisting of 9 plants of Bt and non-Bt maize were placed in a stratified
design within eIMMYT's biosafety greenhouse. The plants were covered with a nylon
netting to minimize escapes. At the 6-leaf stage of development, plants were infested
with 30 neonate larvae of S. frugiperda. Four days after the infestation, 40 Campoletis
sonorensis females were introduced into the cage with 10 replacements being made each
day to maintain the wasp population. Each day, sugar solution was sprayed onto the
mesh to sustain the wasps and reduce escapes.

No-Choice study
Running parallel to the choice experiment, a no-choice study was conducted in which 36
plastic boxes (25cm diameter) were prepared with 3 leaves from either Bt or non-Bt
maize and infested with 80 neonate larvae of the fall armyworm. After 4 days, 6 wasps
were introduced and allowed an 8-hour period for parasitism, after which time the
armyworm larvae were collected for observation.

For both studies, sampling started 8 hours after the wasps were introduced and
sampling continued on a daily basis for 8 to 14 days. Armyworm larvae were collected
each day and the number and weight of the larvae were recorded. The number of wasp
cocoons (signs of successful parasitism) were recorded it ; the number of non
parasitized larvae recorded. Emerging wasps were reco, _.ed.

What did the experiment tell us?
Results from this preliminary study are shown in Figure VIII-I, which illustrates the
results from the greenhouse (choice) study. The first observation is the rate of parasltism
does not change between Bt and non-Bt maize, with both types of maize resulting in a
peak rate of parasitism around 45% attained 10 days after armyworm placement on the
plants. The second observation is the higher rate of parasitism on Bt maize following the
peak, with 30% parasitism being observed on day 12 versus only 20% for the non-Bt
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maize. The reason for this difference is the reduced growth rate of the armyworm when
feeding up the Bt maize. The average weight of the armyworm on day 12 was 9.7 for
those collected on Bt maize versus 16.6 mg for those on non-Bt maize. The significance of
this observation is the fact that the wasp has a long period of time to attack the
armyworm feeding on the Bt maize as once the armyworm reaches the third larval instar
it is too large to be successfully attacked by the parasitoid. In this regard, the Bt maize is
enhancing the efficiency of the wasp in controlling the armyworm even though the Bt
maize is not directly controlling the armyworm pest. Another possible advantage to this
system is the fact that with a reduced growth rate, the rate of cannibalism, which is
known to occur in armyworm species, is reduced on the Bt maize. This would mean that
armyworms that have been attacked and have the wasp larvae developing within them
could likely have a great probability of escaping consumption by neighboring
armyworms and therefore facilitate higher parasitoid populations. This hypothesis has
not yet been tested, but will be the subject of future testing.

This study established a protocol for testing the interaction between parasitic wasps and
transgenic maize to quantify their impact on the control secondary pests of maize, such
as the armyworm. Once a biosafety greenhouse is in place in NARL, these types of
studies will continued in order to quantify the environmental impact of Bt maize on
biological controls and other nontarget organisms found in Kenya.
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Appendix IXb

Selected germplasm after evaluation of ears for resistance to weevils (Stophilus zeama;s) at Mtwapa, Kenya

Mean Wt Wt
damage loss loss Damage Damage

Entry Pedigree Origin Type (score) (%) (%) (%) Index

1 41 FAW GCA White -3-3-1-2-2 Dr. Bergvinson Inbred line 1.3 16 9 50 0.9B
2 106 Pool A-64 Dr. O. Odongo Inbred line 2.0 -13 -5 40 1.01
3 18 RF-MKN1 OB-17-2 KATKIB-N99B Inbred line 1.7 22 14 50 1.06
4 58 THG-B-64/EV8725SR-I-2-#I-Bl-I-Bl 9B211-23 Inbred line 2.5 34 18 34 1.06
5 101 KML -026 Dr. O. Odongo Inbred line 1.7 6 3 51 1.07
6 93 KML-006 Dr. O. Odongo Inbred line 1.3 12 8 62 1.13
7 104 Pool A-30 Dr. O. Odongo Inbred line 1.3 20 17 69 1.22
8 96 KML -011 Dr. O. Odongo Inbred line 2.0 -33 -14 59 1.25
9 105 Pool A-63 Dr. O. Odongo Inbred line 2.3 4 2 56 1.30
10 91 MUL6410 de CEBNUR99 Dr. 1. Ininda Inbred line 2.0 16 12 66 1.35
11 65 EMAP1A-235 Dr. C. Mutinda Inbred line 2.7 5 3 59 1.43
12 48 CML254 Dr A.O DiaUo Inbred line 2.7 21 16 60 1.43
13 188 Mu99304 de Mitunguu Dr. 1. Ininda Inbred line 2.5 8 6 64 1.44
14 31 RF-NYA40 KAIKIB·N99B Inbred line 2.7 -5 -3 60 1.44
15 138 CML 247 x CML 254 PR99B Hybrid 1.3 4 1 32 0.74
16 197 21570-1 xTX803 Dr.Odango Hybrid 1.5 10 4 36 0.84
17 130 Pwani H4 Commercial Hybrid 1.7 15 8 48 1.03
18 172 DchBI-4 x DC+B1-1 Kasango - Kiboko 99B Hybrid 2.0 8 5 56 1.22
19 160 KAA99B08-B KAT!KIBNUR. Hybrid 2.0 19 15 61 1.29
20 189 H622 Commercial Hybrid 2.3 19 14 59 1.34
21 174 H513 Commercial Hybrid 2.7 6 4 55 1.37
22 199 limb-5 Mr. Muasya OPV 1.3 -6 -2 27 0.68
23 150 KAP98A04-A KAT/KIBNUR. OPV 1.0 5 2 38 0.74
24 182 ITS Trop Gpo Gl # Bulk TL98A 766B OPV 2.0 30 14 31 0.90
25 159 KAA99B08-A KAT!KIBNUR. OPV 1.0 12 7 51 0.91
26 166 Embu Composite Dr. C. Mutinda OPV 1.7 -1 0 41 0.94
27 155 KAVC-HI-B KAT/KIBNUR. OPV 1.0 2 1 56 0.98
28 141 PORTO VIEJO 9330 TL99B-6658-(l1-15) OPV 1.3 22 15 51 0.99
29 198 Pool BLR 99 Dr. O. Odongo OPV 1.7 -4 -2 46 1.00
30 142 CMU-Bukidnon 9339 TL99B-6658-(l6-20) OPV 2.0 12 6 45 1.08
31 134 POOL 16 BNSEQ. CO PR96A-682 OPV 1.3 14 9 59 1.10
32 154 KAVC-HI-A KAT/KIBNUR. OPV 1.3 7 5 60 1.11
33 137 POOL 16 BNSEQ. C3 PR99B-5629 OPV 2.0 8 5 50 1.15
34 173 limb-8 Mr Muasya OPV 2.0 20 13 51 1.15
35 127 Local Mengawa Mr. W. Chivatsi OPV 1.7 28 23 58 1.16
36 152 KAA99B07-A KAT/KIBNUR. OPV 2.7 13 7 43 1.21
37 153 KAA99B07-B KAT/KIBNUR. OPV 2.0 16 11 57 1.23
38 170 EMAPll Dr. C. Mutinda OPV 2.0 5 3 59 1.25
39 131 Local Mugindo Mr. W. Chivatsi OPV 2.0 17 13 60 1.28
40 176 Pob. 590 C5 MBR Bulk 1-116 TL98A-1752B OPV 2.7 19 12 52 1.33
41 183 Mutinda 10 Dr. Mutinda OPV 2.7 33 26 52 1.34
42 171 Embu 11 Dr. C. Mutinda OPV 2.0 -I 0 67 1.36
43 185 limb-3 Mr. Muasya OPV 2.0 13 10 68 1.37
44 196 ACR97 TZL Compl W(Treated) Dr. Gethi OPV 1.7 53 84 75 1.39
45 192 limb-4 Mr. Muasya OPV 2.7 19 13 57 1.39
46 133 limb-l Mr Muasya OPV 2.7 26 22 63 1.47
47 177 limb-9 Mr Muasya OPV 3.3 12 7 51 1.48

Mean of all genotypes 4.1 24.6 64 77 2.00
Mean of selected genotypes 2.0 12.1 9.3 53 1.20
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Appendix X

List of arthropods recovered from pit-fall, water and sticky traps, in farmers' maize fields in Kilifi,
Kakamega, and Machakos during the short rains 2000

Arthropod Kaka- Arthropod Kaka-
Order/Family) Common name Kilifi Masii mega Order/Family) Common name Kilifi Masii mega

DIPTERA COLEOPTERA
Tochinidoe Tachinid flies 22 1 30 Coccinellidae Lady bird beetles 32 642 68
Sarcophagidae Flesh flies 705 2204 382 Carabidae Ground beetles 1465 64 90
Syrphidae Hover flies 9 11 26 Staphylinidae Rove beetles 8 24 145
Dolichopodidae Long-legged flies 5 888 Tenebrionidae Darkling beetles 2646 5 35
Stratiomyidae Soldier flies 25 107 34 Me~ridae Soft-winged flower beetles 725 24 779
Sciaridae Dark-winged fungus gnats 3 7 Scarabaeidae Scarab beetles 159 190 496
Calliphoridae Blow flies 2 876 815 Mordellidae Tumbling flower beetles 13 6 15
Muscidae Muscid flies 260 1194 5518 Chrysomelidae Leaf beetles 55 181 134
Phoridae Humpbacked flies 3 Cerambycidae Long-horned beetles 3 4
Diopsidae Stalk-eyed flies 1 2 Curculionidae Maize weevil 8 14 12
Drosophilidae Vinegor flies 10 158 Eloteridae Click beetles 1 6
Otitidae Picture winged flies 11 lagriidae LOng-jointed bark beetles 4 2
Tephritidae Fruit flies 9 4 19 Dosytidae Soft-winged flower beetles 277 22 13
Asilidae Robber flies 1 1 8upeslridae Menallic wood boring beetles 9 2 1
Rhagionidae Snipe flies 11 Meloidae Blister beetles 17 15 14
Bombyliidae Bee flies HEMIPTERA
Mycetophillidae Fungus gnuts 78 Miridae Plant bugs 22 3 39
Lauxaniidae Lauxoniid flies 2 Cydnidae Burrower bugs 10 5 3
Agromyzidae Leaf miner flies 5 1 Reduviidae Assosin bugs 16 7 3
Anthomyzidoe Anthomyzid flies 23 22 70 Berylidae Stilt bugs 1
Sepsidoe Block scovenger flies 2 Pyrrhocoridae Stainers 333 2 1
ORTHOPTERA Pentatomidae Stink bugs 3 6 16
Gryllidoe Crickets 12187 522 10838 HOMOPTERA
Blallidoe Cockroaches 32 11 359 Cicadellidae Leafhoppers 329 180 556
Acrididoe Shorl-horned grasshoppers 2812 21 123 Cercopidae Spinlebugs 2
Tetrigidoe Pygmy grasshoppers 4 Cicadidae Cicadas
Tenigonidoe Long-horned grasshoppers 29 3 8 Membracidae .Treehoppers 16 14 31
Gryllocrididoe Camel cricket 4 Aphididae Aphids 60
Mantidae Mantids 164

ISOPTERADERMAPTERA Termitidae Termites 84 25
Forficulidae Common earwigs 7 5 173 Rhinotermitidae Damp-wood termites 12Labiidae Linle earwigs

HYMENOPTERA
THYSANOPTERA Thrips 2

Formicidoe Ants 6365 361 7996 PHALANGIDA Harvestmen 1 3
Apidae Honey bees 23 29 191 LEPIDOPTERA Moths· 534 267 142
Ichneumonidae Ichneumons 12 7 13
Vespidae Vespid wasps 66 233 157 ARANEIDA Spiders 509 453 360
Pompilidae Spider wasps 18 9 2 DIPLODA 3 3
Specidae Sphecid wasps 109 193 52

CHILOPODA 1Cephidae Stem saw flies 6 5 26 1

Eumenidae oner wasps 5 ISOPODA 217 4
Braconidae Braconid wasps 13 12 15 ANNELIDA 2Chalcididae Chalcidids 10 1
Megachllidae Leafcuning bees 3 25 7 ACARI 1
liphiidae liphid wasps 2 1 COLEOPTERA Larvae 3 3 4
MUlillidae Velvet ants 1
Evaniidoe Ensign wasps 2 ·Moths could not be identified further because Ihe scales had been
Ibaliidoe Ibaliids 8 removed in the water traps.
Chrysididoe Cuckoo wasps 1 23
Haliclidoe Holictid bees 14 9
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Appendix XI

Speech Of Dr. Alpha Diallo, National Liaison OHicer, CIMMYT-Kenya, at the
symposium "Enhancing The Livelihood Of The Resource Poor In Africa, Through
Biotechnology," and launch of BTA at The Grand Regency, Nairobi (Read by Dr.
Stephen Mugo, CIMMYT-Kenya)

Hon. Minister, Dr. Masakhalia;

PS MoARD, Prof. Migot Adhola;

BTA Chairman, Prof. Norah Olembo;

BTA Patron, Prof. Onesmo Ole Moiyoi;

Director KARl, Dr. Romano Kiome;

Coordinator BTA, Mr. Joseph Wekundah,

Guests and Fellow Scientists.

We are here today, to launch a new organization, Biotechnology Trust Africa (BTA). BTA
has an ambitious and much needed goal to improve the situation of small-scale resource
poor farmers through the application of agricultural biotechnology through basic
research in biotechnology in crops and livestock as well as build capacity for research
and dissemination biotechnology products and support biosafety issues in Kenya.

There is no doubt that biotechnology holds much potential and promise in agriculture,
health and environmental sectors. Our country Kenya and other developing countries in
our continent are in need of help in food production, provision of medical services, and
attention to the environment than never before.

My institution, the International Maize and Wheat Improvement Center (CIMMYT·
address maize and wheat production systems for the developing world. Our CIM~
Outreach office here in Kenya has the task to develop food and sustainable livelihoods
for East and Central Africa (ECA).

The contribution of maize towards development of the region is very critical. Maize
covers over 70% of the land area, is the main staple with per capita consumption of over
100 kg, represents 40% of calorie intake in the population, and the demand for maize
grows by 3.0-3.5% annually mainly driven by increasing population. However, maize
yields average 1.5 t/ha, a very low figure indeed. The ECA region therefore becomes a
net maize importer despite the great potential of tropical climate we have for food
production.

The major constraints limiting maize production are drought, low soil fertility, MSV,
Turcicum diseases, stem borer and storage weevil pests. Improved maize varieties
tolerant to each of these can and are in part being developed through biotechnology.

CIMMYT recognized the potential of biotechnology, and embraced the technology to
build capacity for research and biosafety. Guidelines and protocols were developed to
enable CIMMYT to develop products, test them in the laboratory, greenhouse and fields
in Mexico and later provide these to partners in the developing world.
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Technologies in molecular genetics in the use of molecular technologies and genetic
engineering were initiated to improve maize and wheat germplasm. Molecular genetics
focuses on the use of molecular markers and genetic fingerprinting to allow us to
identify the presence of specific genes already present in an organism that govern traits
of interest. To this end, CIMMYT has worked very closely with BTA and KARl in
training scientists and technicians in molecular marker technologies addressing drought
tolerance and stem borer resistance in maize. Through marker assisted techniques,
sections of the DNA that govern resistance to certain stresses are moved from donor
sources to recipient sources in a rapid and more precise way than using conventional
backcrossing procedures. CIMMYT was involved in the design and development of the
now fully functional laboratory at KARl/NDFRC Katumani. The laboratory will now
handle molecular marker research, addressing diverse constraints such as Quality
Protein Maize (QPM) and Striga resistance among others.

CIMMYT has further addressed the stem borer menace in maize production and
resistance to fungal pathogens in wheat, through use of transgenes through Genetic
engineering involving the insertion of native or foreign genes into a host organism in
order to increase the value or usefulness of the organism. Closer at home in Kenya, the
Insect Resistant Maize for Africa (IRMA) Project is a joint venture between KARl and
CIMMYT. In this project, we are developing maize germplasm resistant to stem borers,
developing approaches for maintaining insect resistance and dissemination of the
technology, and transferring technology and building capacity for research in safe
application of biotechnology in the national institutions.

The successes being witnessed are attributed to the approaches and procedures that
CIMMYT set for research in laboratories, biosafety greenhouses, quarantined rooms and
field-testing of GMOs. In developing the tenets of its genetic engineering strategy for
wheat and maize, CIMMYT has emphasized the needs of its partners at the national level
and the usefulness and safety of its products at the farmer level.

In all these efforts, partners such as BTA become critical for the future successes. I must
thank the Government of Kenya and the people of Kenya for affording us opportunities
to contribute towards increasing food security and alleviating poverty through access to
facilities like human, land, and germplasm resources from KARl.

I wish BTA the best in all its endeavors.
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Appendix XII

Speech of Dr. David Hoisington, Director Of The Applied Biotechnology Center,
CIMMYT-Mexico, at the symposium "Enhancing The Livelihood Of The Resource Poor In
Africa Through Biotechnology," and launching of Biotechnology Trust Africa at The
Grand Regency Hotel, Monday, September 3 2001, Nairobi, Kenya

Thank you very much for the invitation to make a few remarks during the inaugural
sessions for Biotechnology Trust Africa. I will not repeat the words of Dr. Diallo just read
by Dr. Mugo, but I do want to add congratulations to BTA on its launch today on behalf
of Prof. Timothy Reeves, Director General of CIMMYf, my fellow Program Directors,
and especially all scientists in the Applied Biotechnology Center.

As Dr. Diallo indicated, CIMMYf has had a long history with many partners in Africa,
including and especially Kenya. It has been mentioned earlier today that no one can
meet the challenges for food production in the future. We have a tremendous challenge
before us, and CIMMYf looks forward to continuing the partnerships in Africa and now
with BTA in working together to meet these challenges.

The Applied Biotechnology Center has especially appreciated the support,
encouragement and partnership of KABP, which evolved into BTA. In addition, KARl
and ABSF have been extremely supportive as we work together in establishing
biotechnology capacity in Kenya and the region. I, in particular, look forward to
continuing these efforts to create what I call an 'enabling environment for biotechnology
in Africa' .

I would like to end these brief remarks with a quote from Per Pinstrup-Anderson,
Director General of the International Food Policy Research Institute, and the recently
announced 2001 World Food Prize recipient. Per has been outspoken about the potential
of biotechnology in meeting food requirements in the future and I believe it is because of
words like the following that Per was awarded the World Food Prize this year. I quote.

"The prediction so often heard that the poor in developing countries are unlikely to
benefit from modem biotechnology in the foreseeable future could well come true - not
because the technology has little to offer, but because it will not be given a chance."

In closing, I believe it will be through such efforts as those undertaken by BTA, that Per's
words will not come true. There is no doubt in my mind that we must use ALL of our
options, including those offered by biotechnology, in the difficult task at hand - food
security.

I want to pledge CIMMYT's continued support to BTA, KARl, ABSF and all partners in
Africa. I wish BTA all the success.

Thank you.
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Appendix XIII

Remarks by Alpha Diallo, Liaison Officer, CIMMYT -Kenya to Director KARl, Dr. Romano
Kiome, at handover of IRMA and Seed Project vehicles to KARl, October 15 2001

Today we are here to hand over three (Toyota Hilux 4x4 Double Cabin Pick-up) vehicles
for use in the joint KARI-CIMMYT Project activities.

Two of the vehicles are designated to be used for IRMA project activities at KARl RRC
Mtwapa and KARl NDFRC Katumani, respectively. These will join other facilities
already installed by the IRMA project including the biosafety level 2 laboratory at the
KARl Biotechnology Center (KBC) at NARL, five computers and their accessories
including email at five KARl Centers, and irrigation facilities at NRRC, Kiboko. Other
upcoming facilities are the open quarantine field at Kiboko and a greenhouse complex at
the KBC. Major support has also been given to the entomology laboratory and insectary
at NDFRC Katumani.

Training within IRMA project has progressed well with more than 10 scientists having
benefited from exposure to laboratory and field activities mainly at CIMMYT Mexico.
Documentation and creating awareness has also progressed with five publications in the
IRMA project Document series have been published and a number of technical reports
presented to various audiences. These and other activities, several of which you have
officiated, have helped to create awareness on the potential and benefits of
biotechnology in food production.

At the heart of the IRMA Project is the new technology to combat stem borer menace, the
Bt maize. Laboratory bioassays were performed with Bt maize leaves introduced from
Mexico. We identified effective cry proteins derived from various Bt genes against
Kenyan stem borers. An application to introduce seeds to verify these results was made.
Unconfirmed reports indicate that the application was recently turned down by the
KARl Institutional Biosafety Committee (IBC), a move that will regrettably slow down
this aspect of the project.

In other fronts of the project, development of insect resistant maize germplasm and
identification of germplasm to receive the Bt genes are progressing well. We are
identifying inbred lines for use as sources of insect resistance, as well as OPVs and
hybrids, for use as varieties. Maize breeders in KARl and CIMMYT are ensuring that
such germplasm will also be tolerant to drought and low N, and resistant to MSV and
Turcicum diseases. Research on characterization and quantification of non-target
organisms in major maize cropping systems is progressing with fieldwork completed in
J(ilifi, Kakamega, Machakos and Kitale. Data from these districts is now available. We
will soon move to the last sites in Embu district.

A new and exciting activity is the development of insect resistant management strategy.
Thirty alternative hosts of stem borer, including cereal crops and fodder grasses are
being evaluated at Kitale, Kakamega, Embu and Mtwapa for their suitability for
oviposition and as hosts of stem borers. These hosts will be arranged in such way to
serve as refugia when Bt maize will be available for growing by Kenya farmers.
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A number of IRMA project functions are coming up next month. The annual review and
planning meeting will be held in Nairobi, November 21-22 2001. The IRMA project
Steering Committee meeting will be hosted here on KARl HQ Campus on November 23
2001. A mini-Stakeholders meeting will be held on November 26 2001. IRMA will partly
support a media training for journalist and scientists Nov 27-29 2001. As expected, the
IRMA Project has come under attack. An article critical of the project was written
recently in a Greenpeace Magazine in German language. We have attached a response
for you. The response is meant to arm our collaborators with facts on issues raised in the
article. We do not think it worth to respond to Greenpeace or go to the media with these
responses but we would respect your views on this.

The third vehicle is going to support the seed project, a less known but one that holds
great promise. The project "Strengthening Maize Seed Supply Systems for Small-scale
Farmers in Western Kenya and Uganda" or CIMMYf/KARI/NARO Seed Project. Dr.
Moses Siambi is the country coordinator in Kenya. The project aims to improve food
security and reduce poverty by increasing farmers' access to affordable, quality seed of
improved, locally adapted varieties of maize. To accomplish this, project participants are
working to improve the local capacity for seed production and distribution. The project
covers mid-altitude Uganda and the Lake region, mainly the Nyanza Province of
Western Kenya.

The objectives of the Seed Project are to (1) strengthen breeders' capacity to produce
breeders seed, (2) identify improved maize cultivars for testing through "mother-baby"
trials, (3) work with farmers to develop a sustainable system for seed production and
distribution, and (4) help assure adequate control of quality in all phases of seed
production.

The project started one year ago and achievements to date include the development of
strategic plans for the year's activities, identification of partners and the establishment of
work teams, acquisition of germplasm, bulking seed for on-farm trials, initiation of on
farm trials and variety evaluation, and training of staff and farmers.

On-farm variety testing is progressing well and on schedule. Farmers are very
enthusiastic about the project, are beginning to identify varieties they prefer. On-farm
Trials in Kenya were grown in seven districts of Kenya: Bondo, Nyando, Rachuonyo,
Homa Bay, Migori, Suba, and Kuria. A total of 16 mother trials and 127 baby trials were
grown mainly OPVs but including hybrids. Farmers' evaluations of general plant
aspects and grain yield was recorded in the mother and baby trials that will form the
basis of their variety selection. Development of collaboration with partners and planning
with partners has been critical in the project. A major review and planning meeting at
Kisumu brought together a cross-section of partners from public research and extension
institutions, NGOs, and private seed companies. Working together with KEPHIS has
ensured that we maintain the highest level of quality control. The Country Coordinators
of Kenya and Uganda visited CIMMYT-Zimbabwe earh' this year to learn more about
mother-baby trial designs. The country coordinators in tum trained staff of partners
involved in managing the trials. More formal and infore1al training has been provided
by the CIMMYT seed specialist as well as by our partners for participating partners and
farmers.

It is our hope that these vehicles will be used to enhance the objectives and ideals of our
joint CIMMYT/KARI IRMA and seed projects.
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Appendix XIV

Insect Resistant Maize for Africa (IRMA) Annual Planning Meeting
Hilton Hotel, Nairobi, November 21 -22,2001.

PROGRAM

-Wednesday, November 21, ,
0830 . 0900 Registration: Ms. Ebby Irungu

Chair:: Dr. Hugo De Groote
Rapp.: Dr. M. Mulaa/Mr. P. Likhayo

0900· 0930 Welcome and introductions
Meeting Objectives and Expectations
Guide to group discussions and presentations

0930: Group Meetings
Individual Presentations
Review 2001 Activities

1030: Tea/Coffee Break

1100: Group Meetings
Individual Presentations and Workplans (continued).
Review 2001 Activities

1300: Lunch Break

1400: Group Workplan for 2002
Prepare presentations to plenary from group discussions

1530: Tea/Caffee Break

1600: Plenary
Review day 1activities
Plan day 2activities

1645: Rapporteurs to prepare Presentations for group discussions.

Thursday, Novemher 22, 2001

Dr. A. Diallo
Dr. S. Mugo
Dr. S. Mugo

All

All

Chair:
Rapp.:

0800:

1000:

1030:

1130:

1200:

1300:

Chair::
Rapp.:

1400:

1500

1530:

1600:

Chair::
Rapp.:

1630:

1700:

1900

Dr J.A.W. Ochieng
Dr. C. Mutinda Dr. J. Ininda

Prepare Group Presentations

Tea/Coffee Break

Genetic Engineering

Germplosm Development

Ecology and Insect Resistance Management

Lunch

Dr. O. Odongo
Dr.J. Gethi/Mr. o. Okura

Impact Assessment

Documentation and Communication

Technology Transfer and Project Management

Tea/Coffee Break

Dr. D. Hoisington
Dr. B. Odhiambo/Mr. J. Ndungu

General discussion and wrap-up

Cocktails

End
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Appendix XV

List of participants of the IRMA Project Annual Planning/ Steering Committee Meetings held in Hilton
Hotel, Nairobi, 21-22 November 2001.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Name Discipline

Dr. Margaret Mulaa Entomologist
Dr. Josephine M. Songa Entomologist
Dr. Macharia Gethi Entomologist
Dr. lA.W. Ochieng Breeder/ Assistant Director, Food Crops, KARl
Dr. Alessandro Pellegrineschi Biotechnologist
Dr. Stephen N. Mugo Breeder/ Physiologist
Dr. Klaus M. Leisinger SC Member/Executive Director
Dr. .lost Frei Steering Committee Member
Dr. O. Odongo Breeder
Mr. 1 Ngeno Steering Committee Member / DO Agriculture
Dr. Romano Kiome SC Member/ DG KARl
Mr. Charles Bett Socio-economist
Mr. Martin Ondendo Socio-economist
Dr. Dave Hoisington SC Member/ ABC Director
Mr. lawrence Mose Socio-economist
Mr. David Poland Editor
Dr. Alpha O. Diallo Breeder/ Liaison Officer, Kenya
Dr. Ben Odhiambo Biotechnologist/ Head KARl Biotechnology Unit
Dr. Shivaji Pandey SC Member/Maize Program Director
Dr. Prabhu Pingali SC Member/Economics Program Director
Dr. Kiarie Njoroge Breeder/ Coordinator Maize Research, KARl
Dr. Hugo De Groote Socio-economist
Dr. George A. Ombakho Breeder
Dr. Charles Mutinda Breeder
Mr. James Gethi Breeder
Mr. John Ndungu Socio-economist
Ms. Grace Kimani Communications specialist
Dr. Scott Mclean Breeder
Mr. Ouma Okuro Socio-economist
Dr. Jane Ininda Maize Breeder
Mr. Paddy Likhayo Entomologist
Dr. Kahiu Ngugi Maize Breeder
Dr. Wanjama SC member/Director of Agriculture
Dr. C. Kedera Director KEPH IS
Jurg Burgi Journalist

Institution

KARl/NARC-KITAlE
KARI/NDFRC-KATUMANI
KARI/RRC-EMBU
KARl-HaTS
CIMMYT·MEXICO
CIMMYT-NAIROBI
NOVARTIS FOUNDATION
NOVARTIS FOUNDATION
KARI/RRC KAKAMEGA
MINISTRY OF AGRICULTURE
KARI·HOTS
KARI/NDFRC-KATUMANI
KARI/RRC KAKAMEGA
CIMMYT·MEXICO
KARI/NARC·KlTAlE
CIMMYT-MEXICO
CIMMYT-NAIROBI
KARI/NARl-NAIROBI
CIMMYT·MEXICO
CIMMYT·MEXICO
KARI/NDFRC-KATUMANI
CIMMYT-NAIROBI
KARl/NARC-KITAlE
KARI/RRC-EMBU
KARI/RRC-MTWAPA
KARI/RRC-MTWAPA
KARl-HaTS
CIMMYT-MEXICO
KARI/RRC EMBU
KARl/NARC Muguga
NARl Kabete
NDFRC Katumani
MOARD
KEPHIS
Syngenta Foundation for Sustainable Development

* Balded ore the IRMA Project Steering (ommillee Members.
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The equipments and facilities required for bioassays were
installed and bioassays were carried out successfully in
the laboratory. Alaminar flow cabinet and on autoclave
have been ordered and will be installed soon.

Appendix XVI
Progress Report for 1 Jan - 30 June 2001 of the IRMA project objectives in the 2001
Work plans

1. Product development

1.1 - Work plan and budget for year 2001 for transformation and development of source lines

Activity Status/Progress

Develop infrastructure for screening
insect resistant maize germplasm

Purchase and install necessary equipment x x x x x x x x x
in insect bioassay lab

Identify genes active against Kenyan
stem borers

Conduct leaf bioassay on first
generation events

Molecular characterization of all first
generation events

Backcross remaining 3first generation
events to BC3

Make crosses of all first generation events
using BC3s/BC4s

Apply for permission to import first
generation seed

Establish PCR capabilities in NARL Lob
Insect bioassays of first generation events

Develop Bt source lines
Transform remaining Bt genes for second

generation events
Backcross second generation events to

T3 generation
Molecular characterization of all second

generation events
Apply for permission to import first set of

second generation events for field or
greenhouse trial

x x Leaf bioassoys were carried out successfully in February
2001 and asummary of the results appears in the
appendiX I. Afull report is being prepared and will be
allached to the application for seeds.

x x x x x Done

x x x x Done

x x x x x Done

x x x x x x x x Application will be lodged with NBC in Early September

x x x To order
x x x Moved to year 2002

x x x x x x x x x x x x On-going

x x x x x x x x x x x x on-going

x x x x x x x x x x x x On-going

x x x x x x Moved to Next Year.To be discussed in Nov. 2001 meeting

x= Activity accomplished but beyond the planned period
X= Activily moved to next year

1.2. Work plan and budget for year 2001 for germplasm development

AdivitY:':;: J FM A .M JJA SON·· D ·RespoDsiblePersons

Screen QPM lines and hybrids x x x x x x x x x
Screen inbred lines, hybrids and varieties x x x x x x x x x

from AMS (Combining ability studies and
hybrids combinations)
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Development of insect resistant
germplasm
Screen source germplasm from

ClMMYT Mexico, Zimbabwe ano Kenya
Screen MBR lines x x x x x x x x x x x 42 MBR S4lines were screened in 2001 Aseason for

adaptation and for resistance to Chilo partellus and
advanced to the SS generation. The best lines are being
screened advanced and crossed to heterotic testers and
being screened for resistance to MSV.
Done in collaboration with AMS Project
On-going at Kiboko, Embu, Kakamega, and Muguga.
We will explore possibilities of determining heterotic
grouping using fingerprinting technology.



1.2. Work plan....cont'd

"'"
' ,,"~~,

/,"':<";:,:::::::::~,:r":'}~~:/" "-",-

Activity J Ft/M AtM J J ASOH D Status/Progress

Screen other germplasm (including special x x x x x x x x x x x x IR technology, QPM, and MSV resistance- n-going
traits like QPM) research in collaboration with AMS ond Strigo Projecls.

Formotion of varieties and source populations x x x x x x x x x No activity during the period
from Insed Resistant lines

Advance ofseleded lines and populations x x No activity during the period

Identification of target germplasm to
backcross to Bt maize

Screening germplasm under different
biotic and abiotic stresses

Screening Germplasm selected from nursery x x x Done, Results will be presented during Annual Meeting in
2000B under for resistance to (hilo and Nov 2001
Busseola at Embu

Screening Germplasm selected from nursery x x x Done for Turcicum but MSV will be done at Embu Resuks
2000B under for resistance to Turcicum and will be presented during Annual Meeting in Nov 2001
MSV at Muguga

Screening Germplasm selected from nursery x x x Done, Results will be presented during Annual Meeting in
2000B under for tolerance to Nov 2001
drought stress at Kiboko

(ross lines selected during 2000B nursery x x x Done, Results will be presented during Annual Meeting in
to testers (CML 78 and CML 444) at Kiboko Nov 2001

Advance lines selected during nursery 2000B x x x Done, Results will be presented during Annual Meeting in
Nov 2001

Screening Germplasm selecled from nursery x x x x x x x On-going at Kiboko, Embu, Kakamega, and Muguga
20008 under for adaptation ot 5 KARl centers

Evaluate test crosses for IR at Embu x x x x x x x On-going at Embu for B. fusca and C. parlellus.
2.2 Formation of vorious andpopulations x x No aclivity during the period

from suitable germplasm
2,3 Test crosses with non-Bt CML 216 x x x x x x x x x No activity during the periodMoved to 2002A season

Evaluation of Kenyan germplasm
for resistance to stem borers

Eva(uation of Kenyan germplasm on station
Evaluation of germplasm on station at Mlwapa x x x x x x x x Done, Results will be presented during Annuol Meeting

in Nov 2001
Evaluation of germplasm on station at Kiboko x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001
Evaluation of germplasm on station at Embu x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001
Evaluation of germplasm on station x x x x x x Done, Results will be presented during Annual Meeting

at Kakamega in Nov 2001
Evaluation of germplasm on stalion at Kitale x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001

Eva(uation of Kenyan germplasm on farm
Evaluation of germplasm on form at Mlwapa x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001
Evaluation of germplasm on form at Kiboko x x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001
Evaluation of germplasm on form at Embu x x x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001
Evaluation of germplasm on form x x x x x x Done, Results will be presented during Annual Meeting

at Kakamega in Nov 2001
Evaluation of germplasm on form at Kitale x x x x x x x x Done, Results will be presented during Annual Meeting

in Nov 2001

Development of Transgenic-based Insect x x
Resistant Germplasm

Initiation of Backcross ofBest Events into x x Moved to next year 2002.
Identified Adapted Lines
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2. Product Dissemination

2.1. Work plan and budgets for year 2001 for development of insect resistance management strategies

x x x x x x x x x x x x

x x x x x x x x x x

x x x x x x x x x x x x

Continue bulking and maintaining
alternative hosts for stem borers and
preliminary abservations on desirable
characteristics of forages.

Testing leaf toughness of alternative hosts.
Survey of olternative hosts of Kenyan

stem borer
Studies on development time, oviposition
.and egg laying of stem borer species
Field studies on stem borer preference,

damage levels and yields of
forages and maize

x x x
x x x x

x x
x x x

On going with 30 species and genotypes.

Will be done for genotypes in the trials in Sept. 2001.
Pending

No activity during period. To be in~iated in Sept

On·going at Kitale, Kakamega, Embu and Mtwapa

3. Impact assessment

3.1 Work plan and budget for year 2001 for impact on target and nontarget organisms

x x x
x x x

x x x x x x x x x x

x x x x x x

x x x x x x

Characterization of target and
nontarget organism

Plant on-farm IKitale, Masii, Embul
Set traps on farmers fields (Kitale, Masii, Embul
Recovery of organisms from pitfall, water,

sticky traps IKilifi, Kakamega, Kitale,
Masii, Embul

Sweep net sampling of arthropods -4times
aseason (Masii, Kitale, Embul

Destructive sampling of moize . 3times
aseason

Sorting and identification of orgonisms x x x x x x x x x x x x
recovered from traps and from maize plants

Observation plots on effects of x x x x x x x x x x x x
insecticides on target and non-target
organisms in maize/bean cropping
systems

Done IKitale, Masiil
Done (Kitale, Masiil
Done (Kilifi, Kakamegal, On-going (Kitale, Masiil

On·going (Masii, Kitalel

Done (Kilifi, Kakamegal, On·going IKitale, Masiil

On-going

On-going

Literature review
Effects of Bt maize on non-target organisms
Current pest management practices
Beneficial non-target organisms
Arthropods collected from farmers fields

Estab6sh trophic levels between the
abundant arthropods and maize, and
between the beneficial arthropods
and maize

Determine the potential of different
stem borers to develop resistance
to Bt toxins

Determine the effects of Bt toxins
on important non-target organisms

Develop an insect identification guide

x x x x On-going
x x x x x On·going
x x x x x On-going

x x x x x x x x x x x On-Going

x x x x x x x x x x x Pending

x x x x x x Pending Seed imports

x x x x x x x x Pending Seed imports

x x x x x x x x x x x x Taking photos of insects is on·going
Selling up of Reference collection in the Lab. is on·going
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3.2 Work plan and budget for year 2001 for impact assessment and socioeconomic analysis

Note: delays occurred due to 2replacements of 2KARl stoff as well as very ambitiOUS on-form AMS and seed prolect

Activity "" ":""ji?''''':i,,~;i' ;ij~ii;M. J:"i~#.i\;4 S· 0 N DCI lSt-lProgreS~

(rop loss assessment x x x x x x x x x x x x Data first two seasons entered and ana~zed, abstract for
impact assessment conference submilled

PRA follow-ups and stockists analysis x x x final report on PRAs to be presented in November,
stockists analysis started

Sub-sector analysis x x x Ongoing, paper for Regional Maize conference submilled
Further studies

Seed quality and regulation x x x x x x x x Ongoing, paper for RM7 submilled
Credit, cash flow analysis x x x x x x x x MS dissertation, data collected, first results to be presented

Know-how and extension x x x x x x x x Ongoing, but need student

Basehne study x x x x First preparatory meeting in June, testing questionnaire
in October

Workshops and conferences
2 workshops) x x One workshop held in June

..

4. Technology transfer

4.1 Work plan and budget for year 2001 for technology transfer and management of KARI/CIMMYT IRMA
project

Activity

Estabhsh lab and greenhouse facilities
Identify contractors for lab remodeling x x x x Pending

eve op pans or losa ety green ouses
Obtain quotes and identify sources of

greenhouse construction
Construct greenhouses

x x x en !ng
x x X x Pending

x x x x x Pending

Develop field testing sites
Identify appropriate field site(s)
Construct required facilities for field site(s)

x Done
Pending approval by NBC and KEPHIS

Train Kenyan staff
Conduct training workshop for ano~sis of

first generation events at NARl
Train KARl staff at CIMMYT ABC

x x Pending awaiting seed imports

x x x x x x Two scientists trained in insect rearing and in running
biosafety laboratory

Provide practical experience in
biosafety and IPR

Ora" and submit Bt maize import
applications (lab bioassays)

Ora" and submit Bt maize import
applications (field trials)

FTO assessments for each Bt gene

IPR workshop

Management and meetings
Meeting with private sector
Mini-stakeholders meeting
Coordinating commillee meetings
Project objective teams meetings
Annual planning meeting and

steering commillee meeting

x x x x x x Not applicable

x x x x x x Ora" made. Will be submilled in Sept 2001

x x x x x x On going, Details will be made during project
meeting in Nov 2001.

x x Moved to year 2002

x x Done in collaboration with ABSFTaiks with Monsanto
x x Moved to Nov 2001

x x x x Done
x x x x Done

x x No activity during period, Moved to Nov 2001
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4.1 Work plan and...cont'd

Project faciDties
Support to insectary (Generator etc)

Support to insectary (Dissecting microscope)
Transport (3 DC trucks)
Audio-visuals (Conference equipment)
Field equipment (Scales, GPS, Cameras,

flip chart holders)

x x x x x x x x x x x x

x x
x x x
x x
x x x x

Done - Insect purchases, water system, Generator
being purchased
Done
Done
Ordered
Done

s. Documentation and communication

5.1Work plan and budget for year 2001 for documentation/communications

Formalize PA and media strategy
Increase public awareness through mass

media - newspapers and TV press
conferences, etc

Increase farmer awareness of Bt and biotech
using radio - broadcast in latter part of
year (Swahili)

Monitoring international and local press
Create awareness of Bt maize among formers

using calendars and posters (field days)
IRMA Updates newsletter
IRMA brochure
Stakeholders Updates - Quarter~

Initiate development (not distribution)
of pamphlets for farmers

Web site upgrade and list serves of
IRMA Updates

Publication of IRMA documents and
assorted reports and papers

Mise. including HL, provision of broadcast
quality video, and acontingency fund

x x x Ongoing
x x x x x x x x x x x x Press conference, Newspaper articles

x x x x x x x x x x An English and Kisawhili radio broadcast done in March 2001

x x x x x x x x x x x x Done by project staff and by PICASSO
x x x x x x Pending

x x x x x x x x x x x x Two issues printed and distributed
x x x x No activity during period

x x x x x x x x x Materials sent to stakeholders
x x x x x Pending

x x x x x x x x x x Done

x x x x x x x x x x x x Papers, reports made

x x x x x x x x x x x x Done
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