ANNEX VI
FINAL NARRATIVE REPORT

1. Description

1.1. Name of _beneficiary of grant contradtatural Resources Institute University of
Greenwich, UK.

1.2. Name and title of the Contact pers@m:Philip C Stevenson
1.3. Name of partners the Action:

Malawi: Stephen Nyirenda,DARS, Lunyangwa Research Station (DARS)
Gudeta Sileshi, ICRAF World Forestry Centre (ICRAF) *
John Kamanula,Mzuzu University (MU)
Zimbabwe:  Brighton Mvumi, University of Zimbabwe (UZ)*
Phosiso SolaSouthern Alliance for | ndigenous Resources*
(* covering work in Zambia)
UK: Monique Simmonds,Royal Botanic Gardens, Kew; (Kew)
Steve BelmainUniversity of Greenwich.

1.4. Title of the Action:Southern African Pesticidal Plants (SAPP) Project.

Caesalpinioid woodlands of Southern Africa: optimigng the use of
pesticidal plants.

1.5. Contract number: ICART/CRARF/GC/005/06 9 ACP SAD 1-11

1.6. Start dateand_end datef the reporting periodd1 Jan 2007 — 31 Dec 2009

1.7. Target country(iespr region(s):Malawi, Zimbabwe, Zambia

1.8. Final beneficiariest/or target groups(if different) (including numbers of women
and men):

Target groups of the capacity building in this patj include researchers and
students in the following institutions:

University of Zimbabwe, Faculty of Agriculture, Mz University, University of
Zambia, Department of Agric Research Services, Wiala

Final beneficiaries are farmers & extension staffhie project sites.

! “Target groups” are the groups/entities who will dieectly positively affected by the project at

the Project Purpose level, and “final beneficidra® those who will benefit from the project in
the long term at the level of the society or seatdarge.
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As an example the beneficiaries frALAWI include

At Jenda & Nchenachen&5 men and about 8 women and 30 Men & 15 women
respectively who are actively involved in vegetatbials in two farm clubs

Over 150 Smallholder farmers neighbouring the miojial sites in Northern
Malawi and about 33 Extension Staff in the two BEsien Planning Areas
(Champhira and Nchenachena).

Other beneficiaries include 1 BSc Student (Louis dlma) due to finish this
coming semester, Two Field Technicians (Chicco Kgga& Paulos Maluwa)
attending Diploma course at the Natural Resouradke@ge (NRC) in Malawi and
two PhD students (Mr Stephen Nyirenda and John Kafaa registered and
completed a three months extraction and isolateshriques at University of
Greenwich

In addition, there are about 200 additional smddleo farmers around our two
sites. Besides, Lunyangwa Research Station and WMziziversity staff are
involved in SAPP project.

At Lunyangwa Research Station

Two research technicians from Lunyangwa Researatioff Richard Kazota and
Arsen Mhlanga who are pursuing a Diploma courseéAgmiculture at Natural
Resources College in Lilongwe, Malawi, and threseagch assistants (Mr B.
Masewo, Miss G. Kumwenda and Miss L. Ngoma) aréi@pating in the project.

At Mzuzu University

A lecturer (Mr Fred Masumbu), two graduate tectamsi (Rashid Chiposa and
Charles Luhana) and one laboratory assistant (MisBWlanda) of Chemistry
Department are involved in storage field trialsadaollection and phytochemical
analysis of pesticidal plants as part of capadaitjding.

One BSc (Education) student, Mr Daniel Saka isimgit. proposal onScreening
of indigenous plants for pesticidal activity agdistophilusspp. in stored maize
grain” and will be supervised by Mr John Kamanula.

Mr. J. Kamanula and Stephen Nyirenda registereth WiRl (UoG) in UK for
MPhil/PhD, and went for a three months trainingamalytical chemistry, where
they learnt the theory and practical aspects ofytinal chemistry techniques in
GC/MS, HPLC/MS and laboratory safety. They also liedning in advanced
bioassay techniques on storage pests and red spiider

Similar numbers of technical beneficiaries are esded with the project through
UNivesrity of Zimbabwe and are detailed elsewharthe report while the numbers

of farmers directly involved in the prject in Zintbae and Zambia together number
about 1100.

1.9. Country (ies) in which the activities take pladedffferent from 1.7):

Malawi, Zimbabwe, Zambia & UK.
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2. Assessment of implementation of Action activities

2.1. Executive Summary of the Action

The principal requirement for most poor Africanrfers is simple; food security.
While the production of sufficient food is paramguadditional yields can generate income
and is the only route for many African farmers tise themselves out of poverty.
Productivity is limited by numerous biotic and aiaconstraints but insect pest management
is arguably the most important since it is a caastrover which even the poorest farmers
can have some direct control and if left unmanagasl severe consequences. Commercial
insecticides usually work but they have limited tdlgition in rural areas, are often
adulterated or inappropriately applied and increglgi are ineffective due to insect
resistance. Health and safety is also a seriaugisince insecticides are applied with no
protective clothing; there is no mechanism to emdoond safety for consumers, and little
concern for chronic effects. The environmental ioip@r wildlife, crop pollinators and
natural enemies is also severe and the cost oéatyrapplied synthetics can be prohibitive.
The SAPP project, within the clear aims and obyestiof the ICART CRARF initiative,
conducted research and training activities. Theamue was the optimisation of the use of
pesticidal plants as an alternative and approppatt management option for the poorest
African farmers with the overall aim of helping itmprove livelihoods through improved
productivity and storage.

Farmer surveys conducted during this project tagiklighted these problems which
are well understood by farmers and have led to mawyiding commercial products
aItogethe"r. Perhaps surprisingly and despite a wide knowledfighe plant materials
relatively few farmers used pesticidal plants. sTimiay be simply due to a lack of knowledge
but its also the result of experiences with ingffec materials. These experiences can be
terminal in terms of farmers regard for pesticigiints. Indeed this happened with some
trials in Choma, Zambia in our project where somenkers using ineffective materials left
the trail. This demonstrates how critical it isathifarmers and extension services work
together to optimise these products based on aulgbr scientific understanding of the
underlying mechanisms of activity. This is cerbpithe strategy for synthetic products so
why not for plant based products? Generationsaohérs have used plants in this way,
making the technology familiar, trusted and acdeletabut their priority in agricultural
policy is low. This may be due to knowledge gapsnmay be because there are few
commercial incentives or revenues to drive polisyisithe case with commercial synthetic
pesticides.

The project conducted its research and trainingguBdvork packages.

WP1. Management and reportinglhe project, while led by NRI, was run with a
community spirit among partners and a genuine disbip has been developed among us.
This was in large part due to the intrinsic rolelepartner played so everyone was a major
player in the project. Meetings were well attended considerable efforts were made by
each partner to organise events with the inclussénlocal officials and government
representatives. Each partner made considerdtaudseto make good presentations and
report to the lead institute on time and with sabse.

WP2. Acquire information.The acquisition of information about pesticid&rgs in
Southern Africa was carried out through literatgerveys, trawling through existing
databases (e.g. SEPASAL, Flora Zambesiaca etc.jnastlimportant of all through surveys
with farmers. We interviewed around 500 farmerdvialawi, Zimbabwe and Zambia and
combined all this information to produce a prioriigt of pesticidal plant species for
Caesalpinioid woodlands (Miombo) which comprise@ ifdigenous plant species and 4

Belmain, S.R. & Stevenson, P.C. 20Pé&sticide Outlook6), 233-238 &wvww.nri.org/sapp
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exotics. Information about the plant species ibated in a database on the SAPP project
websitewww.nri..org/sapp

According to the surveys of the use of pesticiglints for stored products a
knowledge of pesticidal plants was strongly astediavith respondents’ level of education,
age, and farming experience whereas actual usesticwlal plants was associated only with
gender (female) and education level. When farmengwurveyed about the use of pesticidal
plants on field crop3ephrosia vogeliaccounted for up to 61% of the species known ¢o th
respondents in Malawi and Zambia, respectivelymieas with small landholding sizes were
more inclined to use pesticidal plants than thosth wnedium and large landholding
highlighting the importance of this managementraléve for the poorest farmers. Over
45% of the respondents strongly believed that gdsti plants were easily used in pest
control suggesting their promotion to have poténtaurprisingly few farmers in North
Malawi had knowledge of Neem but this can be exgldiby the fact that Neem doesn’t
flower in the cooler north and so doesn’t produoe most effective plant part — the neem
seed kernel. The most important pests were reglgr&tophilus zeamai@maize weevils on
maize), Callosobruchus maculatugbruchids on cowpea)letranychus urticadred spider
mite on tomato) andBrevicoryne brassicadaphid) andAgrotis ypsilon (cutworm) on
Brassica rape. The most important livestock pest® Rhipicephalus evertsi everand R.
appendiculata. These pests constituted the target species foretin@inder of the project.
Research articles describing these surveys have kebmitted for peer review and
publication in International Journal of Pest Managemeahd Agriculture and Human
Values

WP 3 Chemical analysi®Ve conducted chemical analysis of 8 of the pryaspecies
including, Securidaca longepedunculata, Tephrosia vogelii,cdndida, Lippia javanica,
Vernonia amygdaline, Strychnos spinosad Bobgunnia madagascariensis In S.
longepedunculatave identified 2 novel saponins and determinedrtheiivity against three
storage pests. This work is now published (Stemems al,. 2009). Agric. Fd. Chemv 57,

p 8860). WorlB. madagascariensandT. candidaon the other species has identified 6 new
compounds, and papers describing this are submattedin preparation respectively. We
have conducted detailed bioassays of these platiespand identified ways in which their
use can be optimised. For example, we showedhbaise offephrosiawas optimised by
making leaf extracts in dilute liquid soaps sinke &active chemicals are not water soluble
(the only solvent available to farmers) and thepsestracts could help extract up to 5 times
more efficiently than water. As a consequenceialtftrials now use liquid soaps to make
the extracts. This has the added benefit of enguhie final spraying formulation contains a
spreading agent/surfactant. Without a surfacthst @fficacy of the material is severely
compromised. We also identified ways in whighlongepedunculatase on stored products
might be optimised by using water extracts parédyl since we now know the active
components are saponins which are water solubliamerging seeds in a water extract will
ensure that each seed is coated but will also Havdenefit of drowning any pre-storage
infestation. The need to solarise the seed tdhdryextract after soaking before storage also
helps to reduce pre storage infestation. We alseodstrated that the source (location) of a
plant was important in its content of active comgis and that related species (&.9.
candidaandT. vogeli) were not necessarily chemically equivalent. &dlere recommend
using T. vogeliiand NOTT. candidafor pest management since the content of bioactive
components in the latter are 100 times less coratedt making the plant material
ineffective. Promoting its use to farmers andshbsequent pest control failure would have
substantial and terminal negative impact on farmegard for pesticidal plants as described
above. T. vogeliiis already promoted for cultivation alongside redia enhance soil fertility
and its additional value as a pesticidal plant nthikethe most important pesticidal plant in
the region. However, it is not universally effeeti IndeedS. zeamaisre almost totally
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resistant to its effects whereas Bruchids are fighkceptible. S. zeamaigs however highly
susceptible t&. longepedunculata

WP4 Vertebrate toxicityWertebrate toxicity studies were only carried ontplant species (6
in total) for which data had not previously beerblmhed. Overall most species showed
some toxicity at very high doses includihgppia javanicaa species that has medicinal
properties and is consumed as a herbal tea - Batvadoses - the kind of amounts likely to
be encountered during normal use - all speciesdesere non-toxic. One paper describing
this work has been submittediaman and Experimental Toxicolagy

WP 5. Participatory rural appraisal (PRA) Overall PRAs were an outstanding
opportunity to demonstrate how best to use planérzds to farmers and provide others who
were not directly involved an opportunity to leatmout their use. In storage tri&gophilus
and Prostephanuswere shown to be much more resilient than the bbamnchid
(Acanthoscelidebtectu$ although all were susceptible ® madagascariensidippia
javanicaand A. indica L. javanicawas as effective at controlling cattle ticks asaamitraz-
based acaricide Tickbuster®d shown to substantially reduce aphid populat@nsape
and red spider mite on tomato so provides an impornd field proven plant species for a
wide range of uses in southern Africa. Furthereflgyment of this species is required
particularly with formulations to optimise efficacylt is also distributed very widely, and
particularly common on road verges so its use alle little impact on natural stands or the
population in general. In southern ZamBialongepedunculat&as the most effective plant
material agains®itophilusand was as effective as the commercial productsliacfor up to
5 months. Other species with promise from fieldl$rincludeSolanum pandurifoprmésyn
S. incanur Vernonia amygdalinandTithonia diversifoliaall three of which were effective
at controlling aphids and Lepidoptera on rape aigfored spider mite was more difficult to
control.

WP6 Propagation.Some important and effective species were eghsy to cultivate
(Tephrosiaspecies) or abundant in the wildgpia javanica Tithonia diversifolid and their
use as a pesticidal plant presently poses no obvloeat to their distribution or occurrence.
However, other species found to be of consideradlige includingS. longepedunculatand
B. madagascariensisvhile widespread were not abundant so effortseweade to develop
protocols for their propagation both in nurseried & laboratories. Both species are difficult
to cultivate. This study indicated that germinatadts. longepedunculatean be significantly
increasedn vitro techniques that avoid damping-off and other pathegSoaking the seeds
for 30 minutes in 0.5% sodium dichloroisocyanunatth a drop of Tween20 was sufficient
to avoid contamination. Soaking for long periodgiofe was not necessary. Germination of
Bobgunniawas optimised by soaking in hot water for 24 hopnisr to sowing. Protocols
were further developed for the propagation of Seewa and Bobgunnia using micro-
propagation techniques and seed pre-treatmenmidro prop it is possible to generate very
quickly numerous plantlets that will be able torplaut.

WP7 Marketing of pesticidal plant§he SAPP project sought to encourage the
marketing of pesticidal plants as a cash crop foralsscale farmers living in the
Caesalpinioid woodland eco-region. This aimed ainmmuting formalisation of pesticidal
plant use for agricultural pest management to esmecrop yields, reduce storage losses and
protect livestock. A sector analysis was condudtedharacterise the pesticide industry in
Zambia. Findings from the study indicated that plesticide sector was not fully developed
as most pesticides were imported and no form afevalddition was conducted in country.
The lack of pesticide manufacturing industries ieptotally new investments would have to
be made in terms of technology to produce suchralgpesticides locally.
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However the increasing demand for organic prasluesults in an increased demand
for organic inputs such as natural pesticides. Trganic Producers and Processors
Association of Zambia (OPPAZ) has a membershipwefr d900 producers which require
organic inputs in production. OPPAZ members exmattified organic products to EU
markets, USA and South Africa in excess of 500 mmdbns of fresh vegetables and 30
metric tons of groundnuts among other products allywuTherefore the organic products
industry is a sure market for plant pesticides. hd#¥e considered that the material most
conducive to small scale enterprise productionraadketing isTephrosia vogeliwhich can
be produced easily and requires simply usage ictitns. However, there appears to be
much work needed to develop a regulatory framewdrider current Pesticides and Toxic
Substances Regulations 1994 there is no distintitween synthetic chemical products and
plants. While plants are presently used widelys thccurs outside the formal regulation
applied to synthetic products. It may be possilbledountries to accept categorisations in
other countries with established regulatory framdwwdor bio-pesticides such as the USA.
While T. wvogeli has known toxicity its active ingredient rotenone
(http://www.epa.gov/oppsrrdl/reregistration/RED®muine red.pdf is registered on the
lowest toxicity rung of agricultural products inettUS and is considered only moderately
hazardous by WHOh(tp://www.who.int/ipcs/publications/pesticides_het rev_3.pdf in
both cases with respect to the pure chemical astyedient. The plant material we propose
using contains rotenoids at less than 1% by weagid this registration elsewhere may help
to facilitate its preparation and sale in countrid®re it is already used widely. This will be
looked at further under a follow on project.

WP8 Training and capacity buildingThe training and capacity building of scientists in
the three target countries has been prolific astudes 2 PhD students, and numerous MSc
and BSc students. Along with this the project per$ and their respective institutional
teams have all gained considerable experience ngiki multidisciplinary and multinational
teams carrying out large scale biological experiseand preparing reports and research
articles for peer review. This experience has tesetveral partners and associates having the
skills to independently seek new funds.

Exit strategy. During the final year of the project partners duugdditional funds from new
sources to continue to expand areas of work foarzetpromising. The include US$400,000
from the McKnight Foundation Southern Africa Comntyrof Practise to continue work on
the development oTephrosia vogeliifor pest control in legumes, GB£90,000 over three
years to continue work on pesticidal plants inedigproducts in Malawi and €1,000,000 from
the EUs ACP Science and Technology program to devahd expand the scientific network
across African drylandsMwvw.nri.org/ADAPPT) initiated by SAPP and expand and enhance
work on pesticidal plants across the region.

Outputs: The research has generated one published andn@itdresearch articles and at
least 10 additional papers that are still in prapan. In addition the project produced a
policy paper as a chapter in a McKnight distributedorted on pest management in Southern
Africa along with information leaflets and a welssihat acts a resource for the project and a
plant database of information about the targetisgec
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2.2. Activities and results

Please list all the activities in line with Annexot the contract during the reporting
period

WORK PACKAGE 1

Activity 1.1. Project inception workshop

A one-week inception workshop was held at the JbHadoratory, Royal Botanic Gardens,
Kew UK (22-25 January 2007) organised by Phil Steea (NRI/Kew). Roles &
responsibilities for project partners were definadd research protocols and activity plans
shared — notably for farmer surveys and field Bags. The meeting was attended by each
project partner (see 1.3) plus other UK projectrtemembers including Dr Steve Belmain,
Dr Steve Davis, Professor David R Hall, Ms Olwera¢&. Dr Paul Smith (Millennium Seed
Bank) and Jonathon Timberlake (Flora Zambesiacs) attended in an external advisory
capacity. Mr Mark Parnell (Project/Financial Cofien NRI, University of Greenwich)
advised partners of their fiscal responsibilitiesl & review the contractual arrangements for
the financial control of the project and for thesessment of the agreed tasks and
deliverables. The meeting also provided an oppdayttio enable all partners learn about each
others experience, to define the procedures fokiwgrtogether to achieve project outputs
since all work-packages weirgerdependent and require input from several partn&rsual
meetings were held along with 5 monthly mid yeaetimgs and these often coincided with
project activities to ensure the best use of time.

During the preparation of the proposal each panves assigned responsibility for
overseeing activities on a Work Package (WP) anthiatmeeting gave a presentation of
their WP and how the activities should be carriatl orhis provided an opportunity for all
other partners and team members to contributeth@odesign and planning of each work
package and activity. The project implementatioategy for the three years was developed
and agreed. The minutes of the workshop were fdymatorded and this served as a guide
for follow-up action. Minutes are available forewing at the project website
www.nri.org/sappunder documents.

Activity 1.2. Annual meetings

Two annual meetings were held. The annual meetag 1 was held at Lilongwe
Hotel, Lilongwe Malawi, 19-23 November, 2007 andswa&ganised by Dr Gudeta
Sileshi (ICRAF). The annual meeting year 2 wakl la¢ St John of God, Mzuzu,
Malawi. 8-12 December, 2008 and was organised by &amanula (Mzuzu University).

The overall objectives of these mid-year meetinggw
* Minutes of the mid-year coordination meetings
* Reviewing Progress & activities by Work packagelera
* Planning work package activities going forward

Activities specific to annual meeting 1 were
* Reviewing procedures for movement of plant matdrélveen African countries and
to UK and Material Transfer Agreements
» Planning for publicising activities — notably wellesupdates www.nri.org/sapp
» Bioassay for field pests and storage pests develope
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Activities specific to annual meeting 2 were

* Reviewing procedures for movement of plant matdréiveen African countries
and to UK and material Transfer Agreements

* To meet up with the Program coordinator for ICAR anonitoring and evaluation
officers Drs C. Tiziakara and M. Murata respectvahd the Vice Chancellor of
Mzuzu University, Professor Landson Mhango and teotteem on project progress
and get their feedback towards project progress.

» Planning for publicising activities — notably wetlesupdatesvww.nri.org/sapp

* Field visits to meet farmers and see field scregfon pesticidal plants against field
and storage pests at Nchenachena.

Activity 1.2. Mid Year Coordination meetings

3 mid-year coordination meetingsere held

1.Korea Garden Lodge, Lilongwe, Malawi, 9"1.uly 2007 (organised by Stephen Nyirenda)
2.Cairo Protea Hotel, Lusaka, Zambia, 24-28ne 200§organised by Dr. Phosiso Sola).
3.Lilongwe Sunbird Hotel, Lilongwe Malawi, 5"@ctober (organised by Dr G. Sileshi).

The overall objectives of these mid-year meetnge:

e To review progress and discuss work carried outnduthe previous six months
usually by presentation of results.

e To plan the forthcoming activities to the next nnegtand beyond.

* To assess progress of each work package and de¢echanges to log frame or
work plan.

e To review minutes of the previous meeting

Specific activities on mid-year meeting 1

* SEPASAL Training was given to all project partnansl approximately 28 other
meeting participants by Phil Stevenson (projeatiéenin uploading and accessing
information on this invaluable website. SEPASAlaidatabase of uses of plants species
in primarily dry-land Africa.

* Assembling a priority list of plant species for {r®ject
*  The meeting also invited about 30 participants fMmistry of Agriculture and
Food Security, Environmental Affairs, Forestry Rasé Institute, University of Malawi,
Pesticide board and the Department of AgricultResearch Services. This provided a
great opportunity to promote the activities of fiteject to many relevant stakeholders in
Malawi and gain their support for the project.

* To meet ICART-CRARF Staff and learn about the oNgnaject from SADC
perspective through presentations from Joel Motsteagnd Dr. Monica Murata.

Specific additional activities on mid-year meetihg

* To visit field sites in Choma, Zambia & see fietthls on stored product protection
using pesticidal plants.
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Specific additional activities on mid-year meetthg

* To go through the log frame and project work plaétermine priorities in last few
months particularly with respect to outputs.

The annual and mid-year meetings provided some paners with a first opportunity
to gain experience of this type of meeting.

ICART Stakeholders & Grantees Meeting, 15-19 S#pgeorge Hotel, Pretoria, South
Africa.

SAPP partners or their representatives participetede ICART Stakeholders and Grantees
meetings in Pretoria, South Africa. The meeting v@amid-term review of the ICART
supported projects under SADC. The major outpuhefworkshop was to determine project
progress against time bound objectives and to gettges thinking about an exit strategy.
The meeting provided a great opportunity to me&eiograntees and share problems and
successes. It also provided an opportunity fomgeun representatives of partners to attend a
workshop. For examplMr Charles Luhana, on behalf of Mr J. Kamanulegraded the
Grantees Workshop, and Vincent Ziba (SAFIRE) ateihoh behalf of Phosiso Sola.

Activity 1.3. Activity reporting

Interim reports have been submitted as requedismlighout the project to the
ICART M & E officer (Dr M Murata). Project partnreihave provided reports to the project
leader on time and as specified in sub-contradglagse have served as tools for assembling
the quarterly project reports and annual reporisedkas this final technical report.

Activity 1.4. Final Technical Report

The present report constitutes the Final TechriReglort.

Activity 1.5 Project output and dissemination straegy. (see also Section 2.5)

Website: (See section 2.6.18)

Research Outputs (Journal publications) (See section 2.6 .p8 and associated
documentation

Conference attendance (Abstracts and oral presentains). (See section 2.6.p8 and
associated documentatjon

WORK PACKAGE 2

Activity 2.1. Acquire info about pesticidal plants

Surveys of SEPASAL/Flora Zambesiaca databab#p:{/www.kew.org/celsepasal &
http://apps.kew.org/efloras/fz/intro.himlat Kew were undertaken during year 1 for
information about plants that occur in target caest with reported biological activities
against arthropods. A list of accepted scientifiones of approximately 100 plants from
Caesalpinioid woodlands with data about their wsessome data about their chemistry was
collated with particular reference to known actest associated with invertebrate toxicity.
Owing to the priorities of farmers, availability ofaterials and need to reduce the work load
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of the project to more manageable numbers as ddtail the proposal a priority list of 12
Caesalpinioid woodland plants and 5 exotics wereejas follows.

® Priority Caesalpinioid woodland species list
* Aloe ferox
* Bobgunnia madagascariensis
» Dolichos kilimandscharicus
* Euphorbia(spp.)
* Lippiajavanica
* Neorautanenia mitis
* Solanum panduriforme
» Securidaca longepedunculata
» Strychnos spinosa
* Tephrosia vogelii/candida
* Vernonia(spp.)
» Cissus quadrangularis
® Non-indigenous species
» Tithonia diversifolia
* Azadirachta indica- Neem.
» Tagetes minuta
» Cymbopogorspp.

One project target was to build a database ofgieal plant uses from surveys and
information gathered from farmers or other sourdesing the course of the project.
Originally SEPASAL was to be used but there haveebigped some serious technical
problems with this database associated with mualtienuse. As a consequence the project
used the project website as the database and psomidre comprehensive information about
the species on our priority list.

Farmer surveys

Partners at SAFIRE, UZ, MU, DARS & ICRAF undertagltveys of farmers to assess plants
used to control pests. This information was regplito help prioritize the shortlist list of
plants above. An initial questionnaire was desighg Dr. G. Sileshi with input from all
partners for capturing individual farmers’ perceps of pesticidal plants used in Malawi,
Zimbabwe and Zambia at various locations. Sitation was very important and were
chosen if they had

i)  high production potential of target commodity (leges, maize, rape, tomato
livestock etc),

i) known use of indigenous pesticidal plants by l@mahmunity,

i) availability of the pesticidal plants,

iv) existence of other livelihood projects facilitategpartners in the same area.
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Field locations for SAPP Project research and sisrve
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1. Surveys of pesticidal plant use for controlling fi&d pests

A survey was conducted among 168 vegetable farmersrthern Malawi and
91 farmers in eastern Zambia to investigate farhpaception of pest management
practices in tomato and brassicas with an emploaspesticidal plants.

Synthetic pesticides were the principal managemeot with 75% of
respondents. Over 70% of the respondents in Matawi Zambia were aware of
pesticidal plants and over 74% of the female redpots had actually used them
compared to 55% of the male respondemtphrosia vogeljiTithonia diversifolia
Azadirachta indica Vernonia amygdalinaand Euphorbia tirucalli were most
frequently reported as the species used for cordfopests in vegetable crops.
Tephrosia vogeliiaccounted for 61% and 53% of the species knownth®
respondents in Malawi and Zambia, respectivelyntéas with small landholding
sizes were more inclined to use pesticidal plangs tthose with medium and large
landholding highlighting the importance of this mgement alternative for the
poorest farmers. Over 45% of the respondents dirdiglieved that pesticidal plants
were widely available and easily used in pest abrguggesting their promotion to
have potential success. The survey has been sedmdatAgriculture and Human
Values See appendix for the full paper.
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Table 2.1: Pesticidal plant use and their effe@sdal on farmers’ information in Malawi

Local Name Common Botanical Name/Family | Plant Used on Side effectg
Name part
Mtetezga, Fish beans Tephrosiaspp(Fabaceae| L Storage, Vet | Icthyotoxin
Gulinga pea family) & Veg pests,
Agroforestry
Dema, Dindya Dolichos spp or Mucuna| Rt Storage, Veg| poison
spp (Fabaceae) pests
Chigumbilo, Yellow Tithonia diversifolia L&F Storage, Veg| sneezing,
Heji, Delia, daisy (Compositae) pests running
Belibeli nose
Mulundu, Bobgunnia (Swartzia) P&L Storage, Veg| Icthyotoxin
Chalonde, madagascariensis pests
Chilonde (Leguminosae/Fabaceadq
Mzobala Knobwood Fagara davyi (Rutaceae) L, B& Veg pests Medicinal
Rt
Mlangali Common Euphorbia ingens Latex, Termites, Vet poison
tree (Euphorbiceae) and Veg
euphorbia pests
Nkhazi, Mduzi | Milk bush  Euphorbia tirucalli Latex Termites, Vel poison
(Euphorbiceae) & Veg pests
Nyathela, Bitter leaf Vernonia spp L&Rt Field, vet and| Sneezing &
Mululuzga (Compositae) storage pests| chest pains
Soyo
Nthuma, Thorn apple Solanum spp F Veg pest Nausea,
nthula (Solanaceae) poison
Kanufu Basil Ocimum spp (Lamiaceag)L, F Veg pests
Mvunguti Sausage Kigelia Africana F Veg pests Poison
Tree (Bignoniaceae)
Mjoyi, Silver Terminalia sericea L Veg pets
Nampini cluster leaf (Combretaceae)
Welensky Marigold Tagetes minuta L, F Veg pests
(Compositae)
Chinthembwe | Aloe Aloe spp (Aloaceae) L Lice, Hair
conditioner
Senderela Toona tree Toona ciliata L Veg pests,
Cindrella agroforestry

L=Leaf; Rt = root; F = fruit; B = bark; P = pods

2. Surveys of pesticidal plants use for controlling stred product pests N. Malawi
and Eastern Zambia.

This study was conducted with the following objees: (1) to assess farmers’ knowledge

and perceptions of pests of stored maize and bé2nt) identify farmers’ indigenous pest

management practices, and (3) to assess farmegsbiupesticidal plants as an effective
management option for the control of stored maim lzeans in northern Malawi and eastern

Zambia. A household survey was conducted using -s@omttured questionnaires

administered to farmers. The results showed thatdes are knowledgeable about the pests
that damage stored maize and beans. Over 93% oéspendents in the study areas in both
countries experienced pest damage to maize and b&aa majority (71%) of respondents in
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the study areas in Malawi indicated bruchid beelegthe major pest of stored beans and
over 46% mentioned grain weeviSi{ophilusspp.) and the larger grain bor&r¢stephanus
truncatug as the major pests of stored maize. In Zambi& 3d 36 % indicated grain
weevils and LGB to be the major insect pests akestonaize, respectively. In Malawi, maize
and beans were stored predominantly in sacks (®4%efans and 97% for maize) whereas in
Zambia, maize was mainly stored in granaries (8&f6) beans in sacks (82%). Most of the
respondents had knowledge of pesticidal plants. Wgnthe pesticidal plant species,
Tephrosia Tephrosia vogeliHook) was known by the majority of respondentdvialawi
(86%) and Zambia (62%). However, only 18% in Malamd 6% in Zambia had actually
used it. Knowledge of pesticidal plants was assediavith respondents’ level of education,
age, and farming experience. Over 78% of the redpuis who attend at least primary
school, 74% of those in the aged group of 25-4@syemd 76% of those with over 5 years of
farming experience were more knowledgeable thamthers. Actual use of pesticidal plants
was significantly associated only with gender addcation level. A paper reporting this
work was submitted for publication in theternational Journal of Pest Managemeisee
associated documentation).

* Out of 86 respondents in Nchenachena, 48 were men38 women
whereas at Champhira, there were 47 men and 34 wowigo
participated in the surveys.

» The majority were 25-40 years old (57 %) at Nchéeaa and 41-60 (40
%) at Champhira..

* Most farmers attained secondary and primary scadoetation (49 and 47
%, respectively) at Nchenachena and 22 and 67 %pectively, at
Champhira.

* Most farmers said they grow hybrid maize (79 an@9Nchenachena
and Champhira, respectively) ) and for beans it kadgna and maluwa
(37 %).

* Over 80 % harvest their maize by stooking.

» Sacks are the most popular method of storing mgtiaen and beans (56
and 81 %, respectively)

* About 62 % of respondents indicated Sitophilus s the main
destructive insect pest in stored maize.

* About 73 % use Actellic Super dust to control ingsests and only 9 %
indicated using pesticidal plants.

* Most farmers said synthetic pesticides are expensiv

* The major sources of information on pesticidal danere through parents
and friends (42 and 23 %, respectively), Extensesearchers (14 %) and
other methods (16 %).

 About 45 % said Tephrosia was effective where asr &0 % of the
respondents did not know about neem. However, Weg ready to cultivate
both Tephrosia and neem if given seeds.
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3. Farmer Surveys In Southern Zambia & Zimbabwe

Farmers responses were similar in some ways tethbsarmers in Malawi — particularly
with respect to the most important pests. In Chetoeage pests are a big problem, farmers
listed up to five per crogSitophilus oryzaeemerged as the major problem in stored maize
followed by the lager grain borer (LGBPiostephanus truncatysvhich did not seem to be
very wide spread. The worst pest in cow peas weadtuchids (Callosobruchus maculatus)
(Table 2.2). Traditionally the Choma people did net any form of pesticide until 2001
when they started using DDT and Chirindamatura.duagtrestingly LGB became a major
pest in 2005 onwards and since then losses togetguast have been consistently high.
Prevalence increases from August yet grain is resteéd until October, which explained
huge losses experienced from December onwards.

A socio-economic survey was conducted in the tldisgricts Choma, Muzarabani
and Nyanga to assess pesticidal plants use araystproblems faced by farmers. The survey
revealed that more than 88% of the householdsateticthat they grew maize and more than
65% reported pest infestation. Yield ranged fronil.BKg in Nyanga to 2,435.2kg in
Muzarabani. Loss was estimated to be as high as(Zate 2.3 and 2.4). Quite a number of
households reported loss of cattle to pest reldisdases, 28%, 48.6%, 65% for Nyanga,
Muzarabani and Choma respectively. However, veny flemers were harvesting and using
plant pesticides (Figure 1). In fact, a large prtipa of interviewed farmers preferred using
the conventional synthetic pesticides. Major reascited for the preference were that the
effectiveness of conventional pesticides is knoMone of the respondents harvest pesticidal

plants for sale.

Table 2.2: Major storage pests in Choma, Zambia

STORAGE Common Scientific name RANK Final rank

PEST Name FIRST | SECOND | THIRD SCORE

(Maize)

Musunse Weevils Sitophilus. oryzae 41 4 1 46 1

Chidokola LGB Prostephanus 7 24 1 32 2
truncatus

Mbeba Rats Rattusspp. 0 7 8 17 4

Lumoma Termites Macrotermesspp. 0 6 23 29 3

Nkonkolekwa | Grain moth Sitotroga cerealella 1 5 7 5

Cowpeas

Musunse Bruchids Callosobruchus. 32 2 1 35 1
maculatus

Tuvwiya Small worms 6 18 6 30 2

Lumoma Termite Macrotermesspp. 2 8 14 24 3

Mbeba Rats Rattusspp. 2 4 8 14 4

TICKS

Zyamabala Band legged | Rhipicephalus evertsi | 31 2 5 38 1

tick

Tusalala brown ear tick| Rhipicephalus 6 9 17 32 2
appendiculata

Zituba Grey tick Booplhilusspp 2 18 7 27 3

RAPE

Chizuki Aphids Brevicroyne brassicae| 12 22 3 37 1

Insonzi Grasshoppers| Not known 26 3 1 30 2

Bandambo Cutworms Agrotis spp. 1 6 14 21 3

Busulanyama Red ants 1 2 2 16 4

Tomatoes

Luubililili Red spider Tetranychus urticae 33 5 1 39 1

mites

Chimbalanwe Fungi 8 14 4 26 3

Havunyangwa | Green worm | Helicoverpaspp 3 6 18 27 2

Bwiinakuku Whitefly Bemisia tabaci 1 4 1 6 4
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Table 2.3: Maize cultivation and storage

Variable Maize Beans
Nyanga | Muzarabani Choma Nyanga Muzarabani Choma

Households that grow and storel00 88 100 50 20 23

maize and cowpeas (%)

Area grown (ha) 0.896 1.6 1.3 0.336 0.2-6 0.38

Average harvest per househgld71.5 2435.2 1083 51 155 163

2006/07 season (kg)

Average amount stored fqr547.4 798 647 22 48 145

future use per household (kg)

Households reporting pes$t79.6 65.1 72.5 29.2 45 8.3

infestation (%)

Amount of lost to pests (kg) 150 124.6 100 2.08 610. 25

Harvest sold for income (%) <10 67.2 50 56 66 11
Table 2.4: Protection of tomatoes
Variable Choma Nyanga Muzarabani
Households growing tomatoes (%) 56 48.9 16
Area planted to tomatoes (acres) 80 29 0.2
Average harvest (kg) 348 605 395
Households reporting loss to pest (%) 88.9 87 71
Average potential tomato harvest lost to pests % .831 96.4

100 Pesticide Preference Tradltional Pesticidal Plants usage for Livestock
» 80 30,
S
2 60-
& 201
=)
° 40 - %
R 9p 10
Choma ~ Muzarabani  Nyanga Choma  Muzarabani  Nyanga
O Conventional Pesticides B Traditional Pesticidal Plants ‘ Area

3. Farmer Surveys In Eastern Zimbabwe

At the commencement of the project, participatamvays were conducted in Nyanga and

Centenary (Muzarabani) districts to identify pastt plants occurring and used by

households in the target areas. The communities alep asked to prioritise these plants for
research purposes (Table 2.5).

Household surveys were conducted in both Goromdismict (Chinamora) from 11 to 13

September 2008 and Muzarabani district from 1-5dodser 2008, using standard

guestionnaires. The major objectives of both suswegre:
» to determine the production patterns of smallhofdeners in the areas including
pesticide use patterns
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» to identify the particular pesticidal plant speasesnmonly used by farmers in the
two districts
* to use the data to predict potential farmer adogio plant pesticides.

In Chinamora, wards were selected from those whilgh market gardening activities. A
total of 84 smallholder farmers, were interviewgoalteam of four UZ BSc Agricultural
Economics students and a UZ MSc Agricultural Ecoesratudent.

In Muzarabani, wards were selected from the uppaezdvhbani areas where farmers practice
mixed farming including both dryland and gardenpsrand as well as livestock. Farmers
were chosen from wards that had diverse settlemirasis communal, old resettlement
areas and the new resettlement areas. A team df23d Agricultural Economics students,
three agricultural extension officers (MinistryAdriculture staff based in the district) and
one UZ MSc Agricultural Economics student wereghemerators.

Table 2.5: List of Pesticidal Plants Prioritised Bpmmunities in the Nyanga and Centenary
(Muzarabani) districts of Zimbabwe.

Domain

Major Pests

Prioritized Pesticidal Plants

PAnt part and application method

Grain storage

Weevils Sitophilusspp &
Callosobruchuspp)
Grain moth §itotroga
cerealellg

» Dichrostachys cinerea
(mupangara)

« Aloespp

« Lippia javanica(zumbani)

« Bobgunnia (Schwarztia)
madagascariensis

(mucherekesa)
« Bauhunia thoningii Dry fruits crushed into powder &
(mutukutu/musekesa) admixed

Fruit ashes & admixed with grain

Leaf ashes admixed with grain
Dried leaves crushed and admixed
with grain

Dry fruits harvested, crushed or bumt

into ashes and admixed

Tomatoes and
rape

Red spider mite; Ball worm
(Heliothis spp); Aphids

« Lippia javanica(zumbani)

e Solanum panduriforme
(nhundurwa)

Green leaves crushed & soaked in
water for 1-2 days and applied as 4

spray

Mature fruits crushed and & soaked i

water for 1-2 days and applied as &
spray

5

Livestock
ectoparasites

1)Boophilus microplus

2) Rhipicephalus everstilice

« Strychnos spinos@mutamba

e Solanum panduriforme
(nhundurwa)

« Lippia javanica(zumbani)

Immature fruits crushed and either
applied directly or soaked in water 4
1-2 days and applied as a spray

Mature fruits crushed and & soaked i

water for 1-2 days and applied as &
spray

Green leaves crushed & soaked in
water for 1-2 days and applied as 4

5

spray

Results for Goromonzi district (Chinamora) showt tih@ communal area is a major producer
of horticultural produce for the Harare urban papioih. Almost all the households use
synthetic chemical pesticides for pest control. édi®23% of the farmers registered that they
were aware of some pesticidal plants. A smalleppriion knew and actually used some
plant pesticides in their production (Table 2).

The few farmers using pesticidal plants, reporked they used them as a cheaper alternative
to chemical pesticides. The use of chemical pesgcivas predominant because farmers
reported that they lacked knowledge on pesticitialts and some that they were not as
effective as synthetic chemical products resultmg noticeable loss of crop quality and

guantity.
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The feedback from our survey suggests that thezerisiderable scope for promotion of
optimised strategies for using pesticidal plar@e strategy that has been employed is
farmer participatory trials and this is describedater section.

Information leaflets are being produced for thepty species but are not all finished since
they are awaiting inputs from work being carried ool this project. An example is
illustrated below.

WORK PACKAGE 3.
Activity 3.1 Chemical profiling and plant chemicalanalysis.
Securidaca longepedunculata

S. longepedunculata an important tree of Caesalpinioid woodlanbisWest Africa
there is a tradition of using its roots in pesttecolfor stored grain but this use is absent from
the SAPP projects geographical focus. Since @t atsurs in Caesalpinioid woodlands there
has been an opportunity within the project to idtree this material to farmers as a new
pesticidal plant. This has been successful in Ghatambia during this year and reported
below under work package 5. While not as effectiséActellic Super dugecuridacaoots
were the most effective plant material.

Saponins in the root and stem barkSafcuridaca longepedunculateere shown to
be responsible for the deterrent and toxic effeftde roots of this species against storage
pests includingSitophilusspp., Rhizoperthadomenicaand Callosobruchusspecies and this
work has been published during the project andftiledata can be obtained from the
published paper (Stevenson et al.,, 2QD9Fd. Agric. Chem57 (19), 8860-8867 (see
associated documents). The structures of the gapentified during the project are in Fig
3.1. Field work — particularly at Choma in Zamlasiad in Northern Malawi has shown
farmers that S. longepedunculata is a very useiuicg of pesticidal material. However, the
active part is the root and this has led to variadglitional areas of work including
propagation described later in this report and atsanalysis of the stem bark. The stem bark
produces the active saponins and so may providayaofvoptimising the use of this species
by using stem bark rather than using root barkoeensustainable application of the species
which is not a common plant species in Caesalginilebodland. Furthermore, if we can
develop the use of water extracts of the bark rathan use powdered material then this
again will help to make plant material more ecormtmy reducing the amounts of plant
material required. This is presently being invgstiéd on a follow up project funded by
DelPHE of the British council and this will be deibed later under exit strategies.
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Fig 3.1 Structure of two nefecuridacaaponins that have insecticidal activity against
Callosobruchus maculatus a@itophilus oryzae(Stevenson et al., 2009 J. Ag. Fd. Chem.
57, 8860-8867)

Insecticidal saponins fror8ecuridaca
longepedunculatean be extracted in
water for use on stored grain and
vegetable crops being applied with 3
sprayer or a brush. They have a
natural surfactant property to help
spreading.

Grain can be submerged briefly in
water extracts before storage to coat
grain in active compounds. This can
have an additional effect of drowning
pre-storage infestation

Tephrosia vogelii & T. candida

Tephrosiacomprises a genus of some 350 species of whictit diadf are endemic to
Africa and Madagascar and twb, candida(endemic to India and now introduced to Afrcia)
andT. vogeliiare of particular importance in pesticidal plaséin Africa. Best known as
fish poisons, it is increasingly used by farmergdatrol insect pests of vegetable crops and
stored products. In addition, the two speciesea®y to cultivate and so are a natural first
choice pesticidal plant in Africa — particularly €alpinioid woodland. In light of this we
have used it as a positive control — a bench miarkt pnaterial to which we can compare the
activities of other less well known species.
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According to general literature the principal aetingredient responsible for the
ichtyotoxic activity of Tephrosiais widely considered to be rotenone (Fig 3.2). alisis
during this year has clarified some problems idginiyy rotenone in Tephrosia. Our work
has shown that this compound is absent fiarwogeliifrom near Lilongwe but present in
small quantities in material collected in the maiumé near Mzuzu. Thus the location is
important in the occurrence of rotenone.

Rotenone Deguelin Tephrosin

Fig 3.2 Structures of rotenone, deguelin and tephire- rotenone was absent from or at very low
concentrations in leaves, roots and pods of T. kioge

The other question surrounds whether the activitthes plant material can be
attributed to rotenone only or whether the two telaand much more abundant rotenoids
from T. vogelii tephrosin and deguelin, are active. Surprisinghere is presently no
evidence in the literature that attributes insegidity to tephrosin and deguelin. Deguelin
and Tephrosin have been isolated and their acteuguated against several insects from the
leaves ofT. vogelii  Their activity will be evaluated against reddgp mite and aphids at
Lunyangwa Research station at Mzuzu during 2009elcan confirm their activity then this
will corroborate the broad assumptions about theevaf this plant material as an alternative
pesticide.

Tvogelii herb specimen 3dmg/ml 22-Oct-2009

3 ¥ 150 mm Phenomenex Luna C18(2), 95:0:5(@ min) 0:95:5(20 min) 0:95:5(25 min), water - MeOH : ACN +1% formic acid  PhilSAPP
PhISAPP
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Fig 3.3 HPLC chromatograms showing the chemicalfigoof T. vogelii showing the major
component being Deguelin and no rotenone desplte¢hel grey literature pointing to this as the
principal active component.
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PhilSAPP

T vogeli MeCH 3: Diode Array
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Fig 3.4 HPLC chromatogram showing the variationthe chemical profile off. vogelii
depending on where its collected. This variatisnnmiportant since bioassays have shown that while
deguelin is active againstallosobruchus maculatubat tephrosin is less active against it so it is
important to ensure that material being promoted fp®sticidal plant work contains primarily
deguelin.

Which species is best to use- T. candigldl’. vogelii

Tephrosiaspp are promoted widely to improve soil fertildying to their ability to
fix nitrogen and their high foliar content of N, Ka and Mg so can be ploughed back into
the soil as a green manure particularly for higtriant depleting crops like maiz€ephrosia
spp. (there are some 350 species) are also genémalight to share the same pesticidal
properties and so provide a useful secondary resocas a pesticide for farmers. Present
agro-forestry policy is promoting. candidain preference td. vogelii a strategy accepted
by farmers sincd. candidaproduces almost twice as much biomass. It isnasduby both
farmers and extension workers tifatandidais pesticidal in the same way Bsvogeliisince
in general the chemistry of species within a geisusimilar. Apart from their height at
maturity they are very similar morphologically —latst at a superficial level — and very
difficult for anyone but the most experienced legumotanists to distinguish.

Analysis of the foliage of. candida during this project has demonstrated that this
species is in fact very low in the rotenoids thestbw the pesticidal properties on this genus
(Fig 3.5). In deed, they contain no tephrosinatemone at all and we have only been able to
detect deguelin at concentration less than 1%aiffttund inT. vogelii Thus T. candida is a
poor pesticidal plant and should be avoided forisgirovement programs if the farmers are
expecting to be able to use them as pesticideseds Whe main compound in the non-polar
flavonoid region of the chemical profile was obanas-methyl ether (Fig 3.6) an inactive
flavone. This compounds occurs with a group ofteeldlavones.
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Teandida herb specimen 33mgéml 22-0ct-2002
PhilSAPP
PhilSAPP

Teandida herb specimen2 3 Diode Array
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Fig 3.5 HPLC chromatogram showing the chemicakdéhces between foliage of T, vogelii and T.
candida. The rotenoid content of T candida is thas 1% of that recorded in T. vogelii.

T T T T T T T T T
1750 18.00 1850 18.00 19.50 2000

Figure 3.6 Obovatin 5-methyl ether is the majaréinoid inT. candida.

Liguid soaps to optimize extraction of poorly wadetuble pesticidal plant compounds.

One other issue regarding the useTofvogelii leaves as an on-farm pesticide in
Africa is that farmers invariably extract the lesvie water. Indeed — this is true for all
pesticidal plants that are sprayed. There is itdytao organic solvent available to farmers,
yet rotenoids like deguelin — are not very soluinlevater. Analysis of methanol extract
containing large quantities of all the rotenoidsnpared with a water extracts (Fig 3.7)
shows this clearly. However, when we extractedl¢lages in a solution containing a small
guantity of soap (Decon 90 at 2%) this encouragéatger amount of the rotenoids to be
extracted. While not as effective as methanoela$ far better than water alone.

It is likely that farmers will be able to obtailguid soaps fairly easily and their use
will enhance the extraction. This may also giverfars a greater incentive to use a spreading
agent in the tank mix. Discussions with farmengmfrevealed that while they understand
that they should use surfactants in the spray tankelp spread the chemical pesticide or
plant extract on the otherwise hydrophobic leafae they often do not to save costs. By
using a surfactant to extract the plant materiails tmay optimize the extraction of the
biologically active components while also optimizitheir effect on the plant when sprayed.
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Rotenoids

T. vogeliiextracted in Methanol
aom Flavonoid f
a0 glycosides ——— »
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T. vogeliiextracted in water

2:342~

16.083

T. vogeliiextracted in 2%
decon 90
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Fig 3.7 a, b & c showing that Decon 90 (c) a geh@apose surfactant extracts rotenoids
more efficiently fronTephrosiahan water so is a way of optimising field applioa of this
plant material

Quantitative analysis of this extraction procesthwP and 5% Tween 20 revealed that a 1%
tween solution extracted 3 times more rotenoid tater and 5% extracted at least 5 times
more rotenoid based on a comparison of integratakg area under deguelin (Fig 3.8).
Consequently all our promotion activities now aeviarmers to extract pesticidal plants with
liquid soap. While 1% is too high for sprayingsitadvised that famers to extract 1 part plant
material in 10 parts soap solution (at between5%s-iquid soap) over night and then dilute
to 1% before spraying. Most farmers even withtipekes do not use surfactants to assist
with spreading and sticking despite knowing thad th a better way to use pesticides. Thus
by incorporating the use of a soap at an earlyestaghe process — at the extraction stage —
the soap will already be in the spray formulatiorassist with spreading and sticking.
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10mg DWml in water 24h
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Fig 3.8 Extraction ofT. vogelii in Tween optimizes the extraction efficiency camgbao
water alone and at 5% is 50% as efficient as matharhe inclusion of liquid soaps in the extraction
process ensures the final extract sprayed onto<mmtains a surfactant that would otherwise likely
be omitted by the farmers.

Antifeedant and toxicity bioassays were carriedtoudetermine if this enhanced the
biological activity with a model insecEpodoptera littoralis This was done using an
established glass fibre disc assay (Simmonds €it98i);J. Chem. Ecol.16, 3167) where
discs are treated with plant extracts and placeddhamber with a food deprived larva of the
test insect along with a control disc treated veititcrose. The Feeding indices is calculated
from the formula C-T/C+T % where C = the amountcohtrol discs eaten and T = the
amount of treatment disc eaten. A no choice erpt is carried out in a similar way but
the amount of treatment disc eaten by one insedhfpano choice is calculated when the
amount of control disc eaten by another insectlaeaches 50%.

In addition, we evaluated the effect on mortaiityhe 29and &' instars and
development (as a percentage of the control) ofrntbect. We compared the extracts of
Tephrosiawith rotenone and also the extract of the roots #lated leguminous species
Neorautanenia mitisvhich we have shown contains many more rotenoiais Tephrosia
including rotenone (Fig 3.9)The extract of the soot a related specié&eorautanenia mitis
contains many more rotenoids thBephrosiaincluding rotenone and may be an excellent
additional plant pesticide that needs to be furthgaloited.
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Fig 3.9 Rotenone occurs in high concentratiotNeorautanenia mitibut not in relatedolichos
kilimandscharicusvhich is reported to be a pesticidal plant.

No extract of Tephrosiacollected so far that we have tested against thidein
lepidopteran pest inse@podopteraittoralis has shown antifeedant activity although the
extract ofN. mitiswas weakly antifeedant (Table 3.1). Since bo#nts contain rotenoids,
and rotenone and deguelin had no antifeedant edfgcipest control value these plants have
will lie in their toxicity. In this respect themoes appear to be toxicity and developmental
inhibition in T. vogelii leaf methanol extracts suggesting there may bes matue inT.
vogelii as a pesticidal plant than previously supposeowed¥er, the nature of the compounds
responsible for this effect is not clear since Brecon 90 extract appeared to be more toxic
than both the water and methanol extracts. Thislmaan artefactual effect of the detergent.

A series of bioassays conducted on other prigpicies during the year showed that
S. longepedunculatatem bark has some potential where previously ¢méy roots were
thought to have any pest control value. The 0.Lgktract was antifeedant to the larvae of
S. littoralis, and showed some significant development inhibidad toxicity. However, the
effect was less profound than that of the neem kegtkl extracts in methanol and decon 90.
The potency of the toxic effect of Decon 90 andharbl extracts of neem compared with
that of the water extract does support the condbpt a detergent based extraction solvent
may optimize solubilisation of less polar activengmnents like the tetranortriterpenoids,
nimbin and salanin which are thought to be resgadior toxicity and all occur in the
methanol and Decon 90 extracts of neem seed keidelWever, the water extract showed
some anti-feedancy usually associated with therpbteoids azadirachtin suggesting that
water does extract this important component ofidiem seed kernel arsenal.
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Table 3.1 Effect of various rotenoids containingrasts onSpodoptera littoralis

Species or sample Conc Feeding Devel Mortality Mortality
mg/ml Index (sem) % 2"%instar 4th instar
Rotenone 1 mg/ml-16.9 (16.33) 59* 50* 50*
Deguelin 1 mg/ml 4.7 (10.69) 57* 30* 35*
T. vogeliileaf Decon 90 0.1g/ml 12.3(19.11) 70 55* 55*
T. vogeliileaf Water 0.1g/ml -63.3(7.43) 52* 25 20
T. vogeliileaf MeOH 0.1g/ml 10.9 (13.64) 56* 20 0
T. vogeliileaf MeOH 0.01g/ml -50.3(9.06) 93 0 0
Neorautanenia mitis 0.1g/ml 49.8(3.78)* 75 40* 45*
Decon 90 -18.5(12.71) 96 0 0
Control 100 0 0

Table 3.2 Effect of various pesticidal plant extsaenSpodoptera littoralis

Species or sample Conc Feeding IndexDevel Mortality Mortality
g/ml (Sem) % 2"instar 4th instar,
S. longepedunculatstem bark 0.1 88.7(7.52)** 37* 55* 45*
Dolichos kilimandscharicus 0.1 -45.7(5.9) 83 40* 356*
Solanum panduriforme 0.1 -53.4(12.92) 88 50* 30*
Entada rheedepods 0.1 -45.2(9.38) 82 50* 45*
Euphorbia tirucalli 0.1 -64.7(11.48) 77 55* 40*
Neem seed kernel MeOH 0.1 100(0.0)**  18* 100** 75%*
Neem seed kernel Decon 90 0.1 -30(32.61) 19* 100** 75**
Neem seed kernel Water 0.1 85.8(5.81) 21* 15 0
Cucumis anguridresh skin 0.01 -22.5(6.56) 84 35* 25
\Vernonia sppnzuzu 0.1 10.6 (19.26) 78 20 0
Tithonia diversifolia 0.1 45(11.82) 78 5 20
Decon 90 -18.5(12.71) 96 0 0
Control 100 0 0

* P<0.05* P<0.01

Nimbin and salanin which occur at high concentratim the seed kernel with
azadirachtin were absent from neem leaves andrazatin was only present at very low
concentrations suggesting that the value of leages pesticidal material for farmers is lower
than the seed kernels. The methanol extracBot@hum panduriforméolichos
kilimardscharicusEntada rheedeandEuphorbia tirucaliwere all toxic to the larvae &.
litura at 2 and 4" instars but the effect was less potent than xtraet of S.
longepedunculatand neem kernels (Table 3.2)

Bobgunnia madagascariesnsis.

Bobgunnia madagascariens{syn. Swartzia madagascarien3isike T. vogelii is
reported by farmers to be anti-insect — particylanl stored grain where it is used as a
powder and against field pests as a water extqaghlded onto the plants (See surveys
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above). It is also well known by researchers hbotthe project team and elsewhere for this
purpose and thus presents a good target speci¢befquroject. We conducted a detailed
analyses of the extract of the dried pods, thetgdart most favoured and frequently used by
farmers, and have confirmed using NMR the preseheekaempferol-O-pentaglycoside (Fig
3.10). In addition we have identified two relatgaercetin-O-pentaglycoside and a second
kaempferol-O-pentaglycoside. Two of these compeuhdve only very recently been
reported elsewhere as cordylasin A and B, (Ved#thl. 2008 Phytochem. 69: 2329-2335)
however, the two pentaglycoside in which glucoae substituted galactose are previously
not reported and are reported here for the firsetiThe determination of the structures of
these compounds is reported in a research papeh#sabeen submitted tbetrahedron
Lettersand the text of which is provided with the addiabdocumentation.

We also previously reported the presence of sapanirthis species and have now
confirmed by NMR the structures of 3 of these. Tiest abundant is previously reported
with the common name putranoside C and is showRign3.11 while two others were
identified as the ®-[p-D-glucopyranosyl-(32)-[a-L-rhamnopyranosyl-(3>3)]-p-D-
glucuronopyranoside], 28-p-D-glucopyranosyl ester of oleanolic acid previgustported
from this species but not from the pods, and th@-[B-D-xylopyranosyl-(32)-[a-L-
rhamnopyranosyl-(33)]-p-D-glucuronopyranoside], 28-p-D-glucopyranosyl ester of
oleanolic acid which is reported from this spedmsthe first time. These compounds have
previously been reported to be ichthyotoxins andehmolluscicidal properties (Borel &
Hostetman 198Helv. Chim. Acta70: 570). We are still to conduct bioassays to dweiiee
their potential insect toxicity. Of course if tktempounds are active, their water solubility
may enable the development of a water-based exdpiication process similar to that for
Securidaca longepedunculasi®dout which we have previously reported.
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Fig 3.9 Crﬁomatograms &obgunnia madagascarienghowing the presence of rare
flavonoid pentaglycosides and saponins.
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We have also identified luteolin and eriodyctiokle pods oB. madagascariensigig
3.12) While the latter has no known insect biatabactivities luteolin and its glycosides
have been reported to be feeding deterreBpimdoptera exigu& S. litura(from Vernonia
cinereg, oviposition deterrents to the leaf minenomyza trifolii, and toxic tothe bean
weevil Acathoscelides obtectasid may explain the activity of this species to
Acanthosceldies reported later from field trials.

Two compounds known from
Cordylaspp. We have found
derivatives in which this galactose
is substituted by glucose and are
not previously known. Possibly
important taxonomically. Will test
in biological activity tests.

R = OH; Cordylasin A
R = H; Cordylasin B

;
2
|

Fig 3.10 Chemical structures of new flavonoids tded in Bobgunnia madagascariensis
reproduced from Veitcbt al, Phytochem, vol. 69 p. 2329.

OH
HO OH
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OH HO OH
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Fig 3.11 Putranoside C: aG{a-L-rhamnopyranosyl-(4>3)--D-glucuronopyranoside], 28-
O-p-D-glucopyranosyl ester of oleanolic acid. Oneatlated saponins isolated from pods
of B. madagascariensis
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Fig 3.12 Luteolin and eriodyctiol isolated from oofB. madagascariensis

Activity 3.2. Repellent and toxic properties of psticidal plants against stored product
insects

The principal target pest species in storageSamphilus zeamaisn maize grain and
Callosobruchus maculatusn cowpea. Both pests cause substantial damagjertal grains.
Current treatments include Actellic dusts. These effective but are costly and in some
cases a full years use cost between 5 and 10% ofatlne of the product. Pesticidal plants to
protect stores against damage from these pestsaref the major targets.

Sitophilus zeamais on maize grain Callosobruchus maculatusn cowpea

Bioassays to test plant materials agafbisinaculatusvere aimed at determine the effects on
oviposition (the adults do not feed so the maimgdaiis the adult and the prevention of
oviposition). Cowpeas were placed in tubes (5 dpsg each (~25 beans) and to this was
added 100mg of dried, ground plant material (= 2v&8%). There were 5 untreated controls.
3 Female & 1 mal€. maculatusvereadded to each treatment. After 2 weeks @ 23C,
60-80% RHJ[7]. Original weevils removed (most deatthey only live for 14 days). Eggs on
each bean were counted and after further 6-8 wadkkserged adults counted.

The results showed that the most effective plaatenals werd ephrosia vogeliand
Neorautanenia mitis The only other species that showed any effegégnat bruchids was
Vernonia amygdalingTable 3.3). For these active plants the leaf nadtaffected the adults
only and not the subsequent survival of eggs theaevaid with the exception df. vogelii
(Table 3.3). Interestingly when leaf extracts aetane were tested (Table 3.4) by coating
grain with the extract the toxicity df. vogeliitowards adults whereas the effect on eggs was
more profound. Indeed there was a greater effidacymost of the plant species tested
against the eggs, thus the use of plant extractsofating grain may be a more effective way
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of controlling infestation than simply using thexpt material It is also possible to be more
efficient with scarce plant species but there amplications on the flavour of grain after
coating so this may be most appropriate for usé gitin stored for sowing in subsequent
seasons rather the food stores.

Table 3.3 Biological effect of Miombo pesticidahmis on oviposition and egg emergence of
C. maculatus
Mean Emergence % Egg Survival

Plant Material Mean No. Eggs

+SD* +SD
A. indica 206.6+19.31g ©94.6%10.78 ad 31.3%
T. vogelii 11.2 +3.42f 20+158¢ 17.9%
S. longepedunculata 122.4 +8.91eh  068-6*11.67ad 56.0%
B. madagascariensis 109.2 + 57.4 bcdeh 57.8 £ 32.49 abd 52.9%
S. panduriforme 99.4 £6.35 h 57.2+10.47d 57.5%
D. kilimandscharicus 118.2 +5.54 deh ~ 64.0+9.97 ad 54.1%
V. adoensis 64.2+26.94h  27-8128.73bcd 43 30
E. tirucalli 142.2 +2.17 cdeh ©4-2+16.66 ad 45.1%
M. pruriens 122.6 +10.21 cdeh ©1.6+8.32abd 42.1%
T. minuta 165.6 + 4.58 acefg 048 +11.30 ad 39.1%
N. mitis 13.0 £+ 4.58 f 9.0+8.75 bc 69.2%
control 149.4 + 14.43 abcde °9:0%6.36 abd 39.5%

*Numbers followed by the same letter are not sigantly different.

Table 3.4: Oviposition and emergence of C. macslatilults from cowpea treated with
Acetone extracts (5mg/ml) of different pesticidahgs.

Plant Extract Mean No. Eggs Mean No. of Adults Mean % Survival

+SD emerged

+SD
A. indica 127.8+27.35a 10.6 + 19.87 ¢ 8.3%
T. vogelii 83.4 +£29.88 5 0.2+ 0454 0.2%
S. longepedunculata 107.8 £ 26.58 a 76+ 7.804 7.1%
B. madagascariensis 110.0 + 38.84 a 28+ 2494 2.5%
S. panduriforme 134.2 +23.12 a 13.6 £ 16.29 3 10.1%
D. kilimandscharicus 1474+ 7.20a 61.0+ 6.24 b 41.1%
V. amygdalina 111.4+21.22a 10.0+£ 11.51 3 9.0%
E. tirucalli 145.8 £ 14.62 a 20.4 +13.43 ¢ 24.4%
M. pruriens 88.4 +24.23 8 21.6£17.39 3 11.2%
T. minuta 105.0+17.48 a 11.8+10.33 ¢ 1.6%
N. mitis 114.8+35.81 a 1.8+ 3.493 6.5%
Blank 110.6 +45.72 a 53.4+21.97h 57.3%
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Fig 3.13 Percentage mortality of ad@t maculatusfter 48h on treated grain.

To investigate the chemicals responsible for thaolical activity of Tephrosia
vogelii we presented adult bruchids with grain that hadnbeeated with either 2% leaf
powder or the equivalent leaf extract in aceton8%oleaf powder along with deguelin and
tephrosin the two major rotenoids in the leavestailtGwas coated with the extracts by
rotating in a rotary evaporator until the solveadrevaporated. The most striking results
showed that the leaf material ©f vogeliiis highly toxic to the adults and all adults were
dead with 2% leaf after 48h. However, the extigas less effective. However, while only
33% of adults were dead after 48h with the 2% exktthe remainder were very sick and
incapable of oviposition. Deguelin was as effectas the whole leaf extract and thus
explains the activity of the extracts. Interediyniipe lower the concentration the less potent
the effect. This supports suggestions above Thatandidais NOT appropriate for pest
control since the concentration of rotenoids irs pecies are lower by more than 100 times
compared to T. vogelii. Interestingly deguelinl@ppm was more potent that tephrosin at
the same concentration indicating that the souifc@.ovogelii could be important. As
mentioned above sonie vogeliileaf material collected in Mzuzu was high in Texgin and
low in deguelin. So it is important to ensure tthet material being used by farmers is higher
in deguelin. Presently without analysis in UK itifficult to see how this could be managed
in Malawi although the training of two partnersanalytical chemistry using HPLC and LC
MS could mean that there will be scope to condoesé analysis in Malawi provided they
have access to equipment.

Chemical analysis and bioassays ofippia javanica and other pesticidal materials
against grain borers (Mzuzu University, J. Kamanulg.

Volatile compounds were extracted frauppia javanicain hexane and analysed by GC/MS.
The results are shown in Table 3.5. The major camgowas identified as 4-(1-

methylethenyl)-1-Cyclohexene-1-carboxaldehyde (ladaliehyde) (15.6 min)and this was
identified along with 3,7-dimethyl-1,6-Octadien-B{45.04 min.), 4-(1-methylethenyl)-1,4-

Pentadiene (16.1 min.), Germacrene D (20.13 m@yg¢Jododecane (24.09 min.) and Phytol
(31.13 min.).
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Repellency evaluation of L. javanica hexane, didhttethane and methanol leaf fractions
againstS. zeamaigfter 1, 2 and 24 hrs of exposure.

perillaldehyde

The extracts ofLippia javanica exhibited repellency (positive values) and aticact
(negative values) againSt zeamaigfter 1, 2 and 24 hrs of exposure (table 3.6).eGaly,

for all treatments, there were significant (F= &35 = 0.0001) differences in the repellency,
which increased with dosage and exposure time.r &ite@ hour, the highest dosage (1.256
mg/cnf filter paper) for hexane fraction (HF) significant(P=0.0001) showed highest
repellency (51.0 %) againg. zeamaisAfter 24 hrs, the repellent effect exhibited tne t
highest dosage of DCM t8. zeamaiglid not differ significantly (p >0.05) from 0.628
mg/cnf for hexane. The repellent effect of the methantlaet was significantly®=0.0001)
different for all dosages compared to both hexam RCM extracts. The hexane fraction
contains the perillaldehyde suggesting that thimmment was associated with the repellent
effect.

Table 3.6. Mean percent repellency values for hexatichloromethane and methanol
fractions isolated fronk. javanicaleaves agains®. zeamaisifter 48 hrs of exposure

Fraction Dosage Mean repellency (%)after
(mg/cm) 1 hour 2 hours 24hours
Hexane 0.126 -27.60 -13.00 -24.00
0.251 -19.00 2.0G6" 19.06
0.628 16.00 21.06"° 74.00¢
1.256 51.00 64.00 92.06
Dichloromethane 0.126 1100 -22.00 7.0G6°
0.251 16.00 -5.00 22.00¢
0.628 30.00 47.00¢ 47.00¢
1.256 -22.00 41.00% 66.00°
Methanol 0.126 -4.Gtf 3.006"° -13.0¢°
0.251 13.09 3.06° -5.06"°
0.628 -9.08 -17.00 -24.00
1.256 3.00 8.0G6"° -22.06

F=6.555P = 0.0001 o =0.05

Negative values indicates attraction and positaleies repellency

Contact toxicityof A. indicg T. vogelii T. diversifolig V. amygdalinal. javanicaagainstS.
zeamais

Contact toxicity results oA. indicg T. vogelii T. diversifolig V. amygdalinaL. javanica
againstS. zeamaiare shown in Table 5 and Figure 4. The resultsveddhat plant materials
were toxic to adultS. zeamaisafter 48 hrs of exposure. The toxicity increaseithw
concentration and type of plant material. The ldwancentration (10 mg/ml) exhibited
lowest mortalities for all plants after 48 hoursexposureA. indicg T. diversifoliaandV.
amygdalinashowed high toxicities again&. zeamaiswith LCs, values of 12.82 1.35,
20.89+ 1.58 and 22.9& 1.37 mg/ml, respectively compared To vogeliiandL. javanica
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(Table 3.7). However, the highest concentrationO(¥g/ml) of L. javanica showed
significantly P=0001) higher mortality 0o6. zeamaishan bothT. vogeliiandT. diversifolia
after 48 hrs of exposure (Figure 4)

Table 3.7 LG, values methanol extracts Af indica seed kernell. vogelli, T. diversifolia,
V. amaygdalinandL. javanicaleaves againsk. zeamaisifter 48 hrs of exposure.

Plant species Lgmg/ml R 95 % ClI
(mean + SEM) Lower Upper
A. indica 12.82+1.35 0.775 7.11 23.12
V. amygdalina 22.96+ 1.37 0.897 12.11 43.55
L. javanica 274.79+£ 1.65 0.991 103.04 732.82
T. diversifolia 20.89+1.58 0.830 6.10 30.06
T. vogelii 30.62+4.23 0.971 1.82 515.23
120
100
801 O A. indica (SK)
S m L. javanica (L)
% 60 iL' O V. amygdalina (L)
5 o T. vogelii (L)
= 40+ m T. diversifolia (L)
20 -
0 4
10 20 50 100
Dosage

Dosage (mg/mL)

SK = seed kernel; L = leaf
Figure 3.14.. Contact toxicities oA. indica seed kernelT. vogeli, T. diversifolig V.
amygdalinaandL. javanicaleaves methanol extracts agaisstzeamaisifter 48 hrs.

Effect of S. longepedunculata (RB), Agauria (L)ndeia (L), Dolichos (R), C. nardus (L)
and T. diversifolia (L) on larger grain borer.

Dried plant material 05. longepedunculata (Root Bark), Agauria salicédlieaf), Vernonia
amygdalina (Leaf), Dolichos kilimandscharicus (Rpo€ymbopogon nardus (L) and
Tithonia diversifolia (L)was tested against larger grain borer. Each pizaterial was
admixed with 10 g of maize grain at 2 %, w/w. Telula (n=10) LGB (1-7 days old) were
added to the treated maize grain and mortality essuated every week for 5 weeks.
Securidaca longepedunculafroduced 70 % mortality (cumulative) of adult LG#er 5
weeks but none of the other plant species showidta¢Fig 3.15). It is not yet clear from
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this work whether this effect was caused by thenhegntent of methylsalicylate or the
saponins described earlier in the report.

100

90

80

70

60

50

Mortality (%)

40

30
20 1
04

Untreated maize Secundaca (RB)  Agauria (L) Vernonia (L Dolichos (R C. nardus (L L|pp|a javanica) Tithonia
diversifolia (L)

Plant pesticides

Figure 3.15 Mortality (%) of adult Larger grain ber (Prostephanus truncajus
maize treated with pesticidal plants (2 %, w/wgaf weeks.

Mode of Action studies

The mode of action of pesticidal plants is alrea/l-known to vary, with some
plants causing direct contact toxicity, anti-feedgnand/or anti-oviposition effects while
other plants repel insects by interfering with theect’'s chemoreception and orientation
behaviours. Repellency may occur when the insestes in direct contact with the plant
compounds or it may occur at a distance througatelcompounds carried in the air. Many
insects use air-borne volatile compounds to lotlage food, find mates and discover egg
laying sites. The use of repellents against irssiscivell established for interfering with host
orientation and selection, particularly for mosquand other biting flies.

The use of pesticidal plants in agriculture alsmgests that many plants have
repellent properties against certain insects. tRiaaterials that can be shown to be highly
repellent but not directly toxic may result in gaé@plication and less danger for people who
may accidentally ingest food recently treated wpisticidal plants, particularly in the
context of stored grain protection. Based on oustmg understanding of different stored
grain insects and their host orientation behavioweswanted to discover if pesticidal plants
affect host orientation and selection (i.e. repedects from treated grain), and whether
different stored product insect species are aftertehe same generic way.
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To do this, we used Ethovision tracking and motsoralysis software. This is a
computerised behavioural tracking programme thatroanitor insect movements within an
experimental arena, allowing insect movements toabalysed for their distance moved,
velocity and angular velocity relative to featur@®sent in the arena (see Figs. 3.16 and
3.17).

infaed it

tissue paper

Figure 3.16 Diagram of the Ethovision experimerdakign. Individual insects are placed
downwind of a pile of grain that has been treatétth\& powdered pesticidal plant (5% w/w).
Insect movements and responses to the odour amrded by the video camera, with the
information stored on a computer for subsequentyais

Experimental trials have compared the responseSitophilus zeamaivs. Rhyzopertha
dominicaand pesticidal plant powder admixed at 5&w) vs. untreated grain. In all cases
individual insects are placed 20 cm downwind (wspeged 1.0 m/s) of whole wheat grain (50

9).

Results indicate theBitophilus zeamaiwalking adults will orientate upwind in response t
the food volatile compounds. This host finding débur is adversely affected by a number
of powdered plant materials, indicating tisatzeamaiss indeed repelled to varying degrees
by different pesticidal plants.

Wind

1 vy

~&—— No grain odour zone

— 2.5 cm zone around grain

— Grain zone

20 cm =—{

Release point

0 cm=— X

-10cm

Figure 3.17 The experimental arena showing thatitisect is released 20cm downwind of a
pile of grain.
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Table 3.8 Percentage of S. zeamais adults posijtivekentating towards food grain as
affected by a range of pesticidal plants admixeith wie grain.

Treatment Percentage of insects comirjdPercentage of insects reaching fa
within 2.5cm of grain zone and remaining in grain (n=12)
(n=12)

Untreated 100 100

Azadirachta indica 17 0

Bobgunnia madagascariengis 33 8

Tithonia diversifolia 8 8

Tagetes minuta 17 0

Tephrosia vogelii 33 8

Solanum panduriforme 33 0

Securidaca longepedunculgta 8 0

Euphorbia tirucalis 33 0

Results withRhyzopertha dominicare inconclusive as it does not appear that
walking adults orientate to food volatiles. Untezhgrain does not appear to be attractive to
R. dominica This is not entirely unexpected, as the evohary strategies adopted by many
insect species within the Bostrichid insect famiiyolve finding food by chance and then
recruiting conspecifics through the release of eggtion pheromones. This suggests Ehat
dominicadoes not “smell” its food and it is, thereforeually unresponsive to potential
repellent compounds that may be admixed with itslfo

Table 3.9 Percentage of R. dominica adults podjtizgientating towards food grain as

affected by a range of pesticidal plants admixeth whe grain.

different than finding food by chance by simplykivad upwind.

Response rates are no

Treatment Insects within 2.5cm of
grain zone (n=12) (%)

Untreated 42

Azadirachta indic 33

Bobgunnia madagascariensis 50

Tithonia diversifolia 42

Tagetes minuta 33

Tephrosia vogelii 50

Solanum panduriforme 33

Securidaca longepedunculata 42

Euphorbia tirucali 33

Insects reaching food and
remaining in grain (n=12) (%

33
33
42
42
33
42
33
33
33

~—

From these preliminary results we can hypothesiaepesticidal plants will not protect grain
through repellency for all insect species. Anyembial repellent properties found within
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pesticidal plants are unlikely to affect insectchstas R. dominicaand Prostephanus
truncatus which appear to rely on insect-derived aggregapberomones as opposed to
plant-derived volatiles for host finding. Toxicitgay be a more important mode of action for
controlling insects that do not naturally orientsdehost volatiles. Further research will be
carried out in the third year of the SAPP projectast further plant and insect species with a
view to submitting a manuscript for publication anpeer-reviewed journal by December
20009.

From these preliminary results we can hypothes$iaegesticidal plants will not protect grain
through repellency for all insect species. Anyeptial repellent properties found within
pesticidal plants are unlikely to affect insectchstas R. dominicaand Prostephanus
truncatus which appear to rely on insect-derived aggregapberomones as opposed to
plant-derived volatiles for host finding. Toxicitgay be a more important mode of action for
controlling insects that do not naturally orientsdehost volatiles. Further research will be
carried out in the third year of the SAPP projectast further plant and insect species with a
view to submitting a manuscript for publication anpeer-reviewed journal by December
20009.

WORK PACKAGE 4

Activity 4.1 Provide vertebrate toxicity data of upto 10 species to assess potential
human health and animal risks

BACKGROUND: The main aspects of this activity aoedetermine the efficacy of plant
materials against livestock ticks and determinesthiety of material currently being used or
promoted. There is a false universal assumption'iagural’ or ‘plant based’ equals safe but
this couldn’t be further from the truth especiallyth plants that have known biological
activities against other animals. Pesticidal plaats present a significant health risk to users
when extracting, pounding or concentrating acthgredients yet virtually no work has been
published internationally on their vertebrate tatyic Greatest risks exist when pesticidal
plants are used for post-harvest treatment espewiaken toxic species originally developed
and promoted for use in field pest management ssdrephrosiaspp. where they present
little problem are promoted by poorly informed exdmn organisations for use on stored
food stuffs. It is therefore essential to devetbp capacity within SADC countries to
evaluate their toxicity and ensure appropriate @ioon to end users.

RESEARCH ACTIVITIES: Single-dose acute toxicitiesStrychnos spinosanripe mature
fruits andLippia javanicaleaf extracts which are used as acaricidal plensome parts of
Zimbabwe, were tested in sexually mature mice at FHaculty of Veterinary Science,
University of Zimbabwe (UZ). The experiments wenducted in March and May 2008
respectively Dosages of 0, 25, 50 and 75v# of S. spinosaextracts were orally
administered to 34 mice while 0, 12.5, 25 and 37d5% javanicaextracts was administered
to 32 sexually mature mice in 2 completely randeahislesign experiments. This work is
submitted taHuman and Experimental Toxicologg a full paper manuscript (See additional
documentation)

A third experiment was conducted in September 2088)g Bobgunnia madagascariensis
dry mature fruits which are used as grain protdstam some parts of the country. Lower
concentrations of 0, 2, 5 and 1088v were used mainly to cover the concentrations that
would normally be used by farmers in the field. T¥tady was carried out by a UZ MSc
Animal Science Student. In all the experimentsnéof the plant extracts was orally
introduced to the mice and the animals were momitdor 4 weeks. Initially the mice refused
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to take in the plant extracts voluntarily when thesre incorporated in water prompting the
use of gavage needles. Oral administration was rutige supervision of a qualified
veterinarian

All the 3 plants showed acute toxicity at differéewvels. Overall, mortalities were
high: S. spinosa- 83% L. javanica-37% andB. madagascariensig5% (Tables 4.1 — 4.3).
These results indicate that unriespinosdruits; ripe dryB. madagascariensisuits andL.
javanicaleaf extracts may have deleterious implicationshaman and animal health at the
inclusion levels used in these experiments. Theaets were further tested (see below)
during the final year at lower concentrations atgb @o determine any toxic differences
between mature and immature fruitifspinosaince the immature fruit is used against ticks
and was shown to be highly toxic to the mice yetnature fruit is eaten by man and other
mammals.

Table 4.1 Mortality of BALB/c mice after single dasal administration of different
concentrations of agueous suspensions of whol@eifiniit of Strychnos spinosa

Hours post Mortality of mice after exposure to different Pooled mortality
treatment concentrations of wholeS. spinosa fruit of mice after exposure to
S. spinosa(n =30)
Dose 0% 25% 50% 75%
n 4 10 10 10

0-12 0 1 3 1 5(16.7)
13-24 0 4 3 5 12(40.0)
25-36 0 1 1 3 5(16.7)
37-48 0 0 0 0 0(0.0)
49 - 60 0 0 1 0 1(3.3)
61-72 0 1 1 0 2(6.7)
Mortality (%) 0 7(70) 9 (90) 9(90) 25(83.4)

Table 4.2. Mortality of mice (BALB/c) after oralrathistration of different concentrations of
agueous suspensions Lippia javanica

Hours post Mortality of mice after exposure to different Pooled Mortality of
treatment concentrations ofL. javanica mice exposed td_.
javanica (n=24)
Dose 0% 25% 50% 75%
n 8 8 8 8
0 -12 0 0 0 1 1(4.2)
13-24 0 0 0 0 0
25 - 36 0 1 1 2 4 (16.7)
37-48 0 2 0 2 4(16.7)
49 - 60 0 0 0 0 0
61-72 0 0 0 0 0
Mortality (%) 0 3(37.5) 1(12.5) 5(62.5) 9(37.6)

In subsequent experiments, the following plant maewere similarly testedCissus
guadrangularissucculent tissue used as a grain protectant inbizaasndVernonia
amygdalinaleaves use as a vegetable pesticide in Malawwek@oncentrations of 0,
2, 5 and 10%w/v were used mainly to reflect the concentrations waild normally
be used by farmers in the fiel@. quadrangularishad the least overall mortality of
20.8%. No mortalities were recorded withamygdalina
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Table 4.3. Mortality of mice (BALB/c) after oralrathistration of different concentrations of
aqueous suspensions Bobgunnia madagascariensis

Hours post Mortality of mice after exposure to different Pooled mortality
treatment concentrations ofB. madagascariensis fruit after exposure toB.
madagascariensis (n =24)
Dose (%) 0O 2 5 10
n 8 8 8 8

0 -12 0 0 0 2 2(8.3)
13-24 0 0 4 3 7(29.2)
25 - 36 0 1 1 2 4(16.7)
37-48 0 3 0 1 4(16.7)
49 - 60 0 1 0 0 1(4.2)
61-72 0 0 0 0 0(0.0)
Mortality (%) 0 5 (62.5) 5 (62.5) 8(100) 18(75)

In similar experiments, the plant materials wersteeé at lower concentrations to
identify the minimum toxic lethal dose levels. Centrations used for the plants
were: 0, 0.1%, 1% and 5% f&@trychnos spinosand 0.1%, 0.5% and 1% fd.
madagascariensisVery low mortalities were recorde@®. spinosa— 4.2% andB.
madagascariensis 0%). The low mortalities combined with lack avelopment of
clinical signs suggest that the plant materialreottoxic at concentrations at which
they are used in the field.

Table 4.4. Mortality of BALB/c mice after singlesdooral administration of different
concentrations of pesticidal plants

Dosage (%) Mortality (%) Overall Mean Mortality (%+  sd)
S. spinosa (n=32)
0 0
25 70 83.4+43
50 90
75 90
L. javanica (n=30)
0 0
12.5 37.5 37.4+28
25 12,5
37.5 62.5
B. madagascariensis (N =24)
0 0
2 62.5 64.3+41
5 62.5
10 100
C. quadrangularis (N= 243
g 0 20.8
5 8.3
10 12.5

The experiment witlV. amygdalinavas also repeated at higher concentrations of 15,
25 & 75%wl/v (Expt. 2). Again, no behavioural change, developneé clinical signs

or mortality was recorded for the duration of theperiments. Thereforév.
amygdalinais not acutely toxic to Balb/c mice and could haeeadverse effects on
humans or animals.
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WORK PACKAGE 5

Activity 5.1. Participatory Rural Appraisal of pesticidal plants and field studies
Postharvest uses of pesticidal plants in Eastembabwe
Laboratory validation of pesticidal plant materidls field trials.

The efficacy of pesticidal plants used by farmerslyanga and Muzarabani districts, namely
Bobgunnia madagascariensisand Lippia javanicawas evaluated and compared to the
standard botanicahzadichracta indicaagainst grain storage insects. Cultures of theomaj
grain storage insectg¢Sitophilus zeamais, Acanthoscelides obtecnsl Prostephanus
trancatus) were setup at the Crop Science Department, Untye@f Zimbabwe The
pesticidal plants were admixed with grain at 0%,, 2846%, 5%, 7% and 10% w/w.
Mortalities under different treatment concentrasiavere recorded at 7, 14 and 21 days post
exposure except f&k. obtectusvhose mortality were recorded up 14 days only.

L. javanica and B. madagascariensisvere not very effective again&. zeamaisand P.
truncatus,although some insecticidal activity against thesedts was recorded compared to
the untreated control (Figures 5.1 — 5.B). madagascariensiat 3.5% w/w caused the
highest mortality again§. zeamaiat 21 days exposure than all other plants. The posvof
dried leaves ok. javanicaandA. indicaand the fruits oB. madagascariensishen admixed
with beans, insect populations Af obtectuswere reduced significantly with mortality of
over 90% (Fig 5.3). This indicates that powder fri@aves and fruits df. javanicaandB.
madagascariensisespectively can be used as a stored grain pasteagainst the inseét
obtectusat concentrations between 2% and 10% (w/w) in ®dan small-scale farmers
though 2%w/w would be the optimum application rate.

Mortality at 14 days (n=4)

@ 0%w/w m2%w/w 03.5%w/w 05%w/w m7%w/w @ 10%w/w

40

35
30

25
20
15 4
10 4

Mean % mortality (+SEM)

5,
0,

_h
Bobgunnia A. indica Lippia Untreated
Control

Fig 5.1: Mean % mortality of S. zeamais on maieatied with pesticidal plants at different
concentrations
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Mortality at 14 days (n=4)

m0%w/w @ 2%w/w 03.5%w/w O 5%w/w Bl 7%w/w @ 10%w/w
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Mean % mortality (xSEM)
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Bobgunnia A. indica Lippia Untreated
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Fig 5.2: Mean cumulative % mortality of P. truncatin maize grain treated with pesticidal
plants at different concentrations.

Mortality at 7 Days (n=4)

‘ O 0%w/w B 2%w/w O 3.5%w/w O 5%w/w B 7%w/w @ 10%w/w

Mean % mortality (SEM)
a
o

10 - 4|—:E|7
0 -

Bobgunnia Neem Lippia Untreated
Control

Fig 5.3 Mean % adult mortality of A. obtectus inabe treated with pesticidal plants at
different concentrations after 7 days.

From the same experiments it was observed lth@vanicaand B. madagascariensidid
have a significant impact on F1 adult emergencé.obbtectusrom beans and while the
plants were effective at reducing F1 emergencB.dfuncatusandS. zeamaishe effective
was less profound than fro& obtectus Bruchids are notoriously susceptible to somatpla
materials and strategies to target this pest upiagt instead of pesticides would have
considerable impact. The same results could nobliained against maize insect storage
insects (Figs 5.4-5.6).
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Fig 5.4: Effect of pesticidal plants in maize grain S.zeamais F1 emergence (n=4)
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Fig 5.5: Effect of pesticidal plants in with maizeP. truncatu$-1 emergence (n=4)
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Fig 5.6: Effect of admixing pesticidal plants wilied beans om\. obtectusF1 emergence
(n=4)

Evaluation of effect of storing plant materialstheir subsequent efficacy.

An experiment was conducted determine the effecstofing pesticidal plants under
ambient conditions on subsequent efficacy and sifelfThe same pesticidal plants used
by farmers in Nyanga and Muzarabani distriétsbgunnia madagascariensasdLippia
javanica, were compared to standard botanisahadichracta indicaagainst grain storage
insects. The plant powders wesdmixed with grain at concentrations of 0%, 3.5%,
5%, and 7% w/w.The pesticidal plants were stored under ambiemiditions and
applied to fresh grain after every 3 weeks for @kge At each application, fresh insects
were introduced and mortalities were recorded akilyeintervals.

The results showed that usirsgored plants under ambient conditions does reduce
efficacy, as the potency of the pesticidal plargslided over the 9-week test period
both in maize and beans although this effect wasdnamatic. Shelf life of the
pesticidal plants at 3% w/w was 3 weeks but in@dde almost 6 weeks when at 7%
w/w concentration (Figs 5.7 and 5.8). AgaiAstobtectusthe plant material was still
effective even after the 9 week storage periodhefflant material indicating the high
susceptibility of the insect.
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Effect of storing botanicals on efficacy against S.  zeamais
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Fig 5.7: A comparison of efficacy of pesticidal pa stored under ambient conditions for 9

weeks against S. zeamais

Effect of storing botanicals on efficacy against
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Fig 5.8: A comparison of efficacy of pesticidal mis stored under ambient conditions for 6
weeks against A. obtectus in dried beans

On-station experiments

An experiment was set up at the Institute of Adtimal Engineering (IAE) (Ministry
of Agricultural Engineering, Mechanisation and detion) at the Hactliffe Farm in
Harare, Zimbabwe using bagged maize and beans (20Hgl10kg per treatment
respectively) to determine efficacy and persistasfogesticidal plants against storage
pests under typical on-farm storage conditions. glaats tested includeBobgunnia
madagascariensisnature fruits Lippia javanicaleaves Aloe spp. compared to a
standard botanicalAzadirachta indica (leaves) and these were applied at
concentrations of 2% and 5% w/w in powder form @tder Aloe spp which was
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applied as ashes according to farmer practice. plaet material was inadequate was
therefore applied on beans only and at a concemtratf 2%w/w. A commercial
synthetic pesticide and untreated control were ialsladed for comparison.

The plant materials did have some effect but néftcsent to suppress grain damage
and insect multiplication as much as Actellic Sughgst. Among the plants testdzl,
madagascariensi&% w/w showed the greatest pesticidal potentiaufoto 16 weeks
and it was able to suppress grain damage and insdtplication than Neem. There
was no significant difference between Neem Bnchadagascariensiat all treatment
levels (P >0.05) for grain damage. Overall, onlyteNec Super dust differed
significantly from all other treatments for graiandage and total live insects. In beans
all the plant materials were able to suppress gitamage to below 4%, and overall
Aloe was the most effective and there was no st difference between Aloe and
ASD for grain damage and insect multiplicationdprto 16 weeks (Fig 5.9).
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Fig 5.9: Mean number of insects (live and dead) kgrof beans treated with pesticidal
plants during the 16-week storage period (n=4)

Field experiments

Field experiments were set-up in Nyanga and Muzamatbistricts of Zimbabwe using
B. madagascariensi®ichrostachys cinerea, Bauhunia thoningii, Lippga@nicaand
Aloe spp. previously identified by the farming communifThe plant materials were
applied at 2% w/w on threshed maize and beanswpe&as as fruit or leaf powder,
except forAloe spp. which was used as an ash. Actellic Supdr(dtitabel rate) and
neem,Azadirachta indicaat 2%w/w) were used as positive controls whil&eated
grain served as negative control. Grain was sampil@ah each treatment at the
beginning of the experiment and at 8-week intergalssequently, and analysed in the
laboratory for insect numbers and species, and gfamage. The experiments were
conducted from September 2007 to March 2008 wittigy@ation of SAFIRE, UZ
and the respective farming communities.

ICART/CRARF/GC/005/06 9 ACP SAD 1-11 Page 44 of 89
The SAPP project, correspondence to Dr Phil Stergrismail: p.c.stevenson@gre.ac.uk



Results showed that the plant materials did haweeseffect but not sufficient to

suppress grain damage and insect multiplicatiomash as Actellic Super dust or
neem. Among the plants testd®l, madagascariensishowed the greatest pesticidal
potential for up to 16 weeks. Overall, only Actelsuper dust differed significantly
from all other treatments for grain damage and fota insects. Grain damage and
insect numbers were already high at start of erpant (14% & 80-120 insects/kg

respectively) and this could have contributed te #pparent lack of effectiveness
(Figs. 5.10-5.13)
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Fig. 5.10: Grain damage in Muzarabani district, 2008 storage season
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Fig. 5.11: Total (live+dead) insect population pgey of stored maize in Muzarabani
district, 2007/08 storage season
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Based on the results, it was recommended to repgariments with focus on fewer
pesticidal plants and include a higher concentnatib5% w/w. In addition there is
need tooptimise performance of the plants by using grain with |lal@mage,
improving treatment timing, using freshly prepapdnts, and using adequately dry
plants. Further studies are required to exploredesponse modelling and to identify
the active ingredients so as to optimise the ugesficidal plants.
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Vegetable pest control 4& experiments

The objective for conducting plot experiments waslétermine pesticidal plant efficacy
for the selected treatment application rategavanicawas dried, processed and stored
as powder formulation, while dlanum delagoensevas used as in lab and pot
experiments. The experiments were undertaken ip Smence department’s field plots
in August to December 2008 usihgjavanicaandS. delagoensapplied at 12.5%, and
25% (w/v) respectively and compared to neem atshme rate ag. javanica and
commercial synthetic pesticides. All subsequentcgdores were the same as for pot
experiments except that aphids were not artifigiafioculated but rather natural
infestation occurred. The results are presentédgs. 5.14 and 5.15.

@ control

@ solanum
Olippia

Oneem

B dimethoate

Mean aphids counts/plant

Week 1l Week2 Week3 Week4 Week5 Week 6
Sampling time

Fig. 5.14: Effects of different treatments on wgeakkan aphid population recorded 24
hrs after spraying
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Fig. 5.15: Effects of different treatments on wegekean red spider mite population recorded
24 hrs after spraying
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L. javanicaandS. delagoensextracts applied &t2.5%and25% (v/v)respectively, have the
potential to suppress aphids and red spider mpelptons.

L. javanicawas used in powder formulation in the plot expermts to address seasonal
unavailability of the fresh leaf material duringetliry winter periodL. javanicaand S.
delagoenseaqueous extracts have the potential to suppressisagimd red spider mite
populations. Based on these results, the applicaéites ofLippia at 12.5% andolanumat
25% (v/v) are recommended.

Field experiment
The objective of this experiment was to determhee pesticidal efficacy dfippia javanica
extracts against aphids and red spider mites..

The L. javanica and Neenplant material used was dried, processed and sawqubwder
formulation. The experiments were undertaken inrdgain three different fields in October
to December 2009 using javanicaapplied at 12.5% (w/v) and comparedNeemat the
same rate as. javanicaand commercial synthetic pesticides. The pests akowed to fully
establish through naturally infestation within ttvep for two weeks before spraying started.
Sampling was done once a week 24hrs after treatappiication. The aphids were counted
in situ while the mites were censured with the @afica microscope in the laboratory. The
preliminary results suggest thht javanica extracts applied at 12.5% has the potential to
suppress aphid populations as compared to Neeracextas the two had similar efficacy
(Fig. 5.16).
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Fig. 5.16: Effects of different treatments on wgaklean aphid population/plant recorded 24
hrs after spraying at one of the sites in Nyanga

Efficacy ofStrychnos spinosé.am.) andSolanum panduriform@ncanum) Fruit-extracts in
the Control of Ticks on Cattle in Zimbabwe

The efficacy ofStrychnos spinosand Solanum panduriforméruit-extracts in controlling
cattle ticks was evaluated at Henderson ResearatioStin Mazowe district, from mid
November to end of December 2007, in collaboratuith Faculty of Veterinary Science at
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University of Zimbabwe. This work has been wntig and will be submitted imminently
to a South African Journal of Animal Sciencé full text of the paper is attached in the
appendix. RipeS. panduriformeand mature but unripé&. spinosafruits were each
homogenized and mixed with cold water to achieveceatrations of 5%, 10% and 20%
(w/v) and kept for 48 h. The treatments included three concentrations of each plant
species, Tickbuster (amitraz) spray (positive aaptnd no treatment (negative control). All
the treatments were applied as surface spraysg(ksapsack sprayer) on 32 Mashona cattle
at weekly intervals. Animals were held in a cattash and ticks on individual cattle were
identified, counted and recorded daily with thephefl six trained station workers. Animals in
different treatment groups were kept in separatddpeks to avoid the rub-on effect.
Peripheral blood samples were collected by a gedlifeterinarian for parasite screening.

Table 5.1 Least squares means (+x SEM) of total cmknts (pooled data) for a post-
acaricide treatment period of 7 d. (n = 4)

Treatments Mean (= SE) Daily Tick counts (Day 1 to 7)

1 2 6§ é 5 6 7
Treated control 3.8 2.6°¢ 2. 3. 1.1° 1.6° 2.0
(Amitraz)
Untreated control 61.G° 63.2° 558 53.7 62.3% 59.9°

5%S. panduriforme ~ 29.0°  28.8%® 26.0° 27.0° 27.0° 285% 32.3%
(wiv)

10 %S. panduriforme  47.5°  45.0%° 49.5% 50.3%" 46.1% 504% 47.9%
(wiv)

20 %S. panduriforme  35.3°  35.0%° 30.5® 33.5® 33.9% 31.9° 32.3%
(wiv)

5 %S. spinosgw/v) 24.6°  27.3% 243% 250 236° 228" 226
10 %S. spinosgw/v)  36.5°  38.1% 38.8%"° 39.3"¢ 37.7%" 37.4%* 395%
20 %S. spinosgw/v)  37.6°  38.0%° 38.2%°¢ 38.8%¢ 43.0* 38.8%° 37.5%

Within a column, LS means with different superscigtters differ P < 0.05)

The 5%S. panduriformdreatment was more effective € 0.05) than the other fruit-extract
concentrations of the same plant species agaihstlksd (Table 4). The 5% treatment 8f
spinosafruit-extract was more effectiveP(< 0.05) against all ticks although there was a
gradual increase iRhipicephalus appendiculatiead Rhipicephalus evertsi evertsounts
after the third week (Fig 5.17). The treatmentsen@nked, in descending order of efficiacy,
as Tickbuster, 5%%. panduriformg5% S. spinosaand the other treatments that were of
equal rank. No haemoparasites were detected ingplhat animals did not suffer from
clinical tick-borne diseases. Overall, the resuiticate thatS. panduriformeandS. spinosa
individually have some acaricidal effect on ticksaattle
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Efficacy of Lippia javanica (Burm F.) Leaf-extradétsControlling Ticks on Cattle in Zimbabwe

Using a similar methodology, another experiment s@sducted in April to May 2008 usirgdppia
javanicaleaf water extract on 20 Mashona steers.

Lippia javanicaleaf-extracts at 10% and 20 w/v were as effectiveaatrolling cattle ticks as an
amitraz-based acaricide Tickbuster® and even amnaentration of 5% the. javanicaleaf-extracts
were effective compared to the control althoughdtiferences were not all significant (Table 5.2).
These results indicate that at sufficient concéiatna L. javanicais an effective alternative control
for cattle ticks and may provide farmers in rempggts of southern Africa with an effective tick
control option. Peripheral blood samples were ctdlé weekly for parasite screening. The untreated
control had higher least square mean tick count #ihathe other treatments but no haemoparasites
were detected implying that animals did not suffem clinical tick-borne diseases. Overall, the
results indicate thdt. javanicaleaf-extracts are acaricidal (Fig 5.18).

Table 5.2 east squares means (x SEM) of total tick count®lgd data) for a post-
acaricide treatment of 7 days (n = 4)

Mean daily tick counts (Day 1 to Day 7)
Treatment

1 2 3 4 5 6 7

Tickbuster (amitraz) 117 1.9 03 o0r 04 06 14

Negative control 1673 100.60 133.Ff 142.3 143.¢ 1056 103.3
5%L. javanica(w/v)  97.9 737 8558 599 5868 69.7 80.9
10%L. javanica(w/v) 28.8 19.0 17.6 157 147 1568 13.2
20%L. javanica(w/v) 28.5 234 224 258" 278 3168 182

+ SEM 1536 851 13.74 14.03 17.28 9.70 10.56

Within a column, LS means with a common superséeiper are not differenf(> 0.05)
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Fig. 5.18 Comparison of engorged, flat and totakllg tick counts on cattle over 7 weeks (April-May
2008) after weekly application of the L. javanieafl extracts & Amitraz treatments (n = 4).

On-farm efficacy of Lippia javanica (Burm F.) leaftracts on cattle ticks

On-farm experiments were carried out in Nyanga Ehaarabani districts between February and
March 2009 where the 10% wi/v leaf aqueous extrhtt gvanicawere tested against a commercial
acaricide and normal farmers’ practice (monthlypttig) on ticks. Animals unddrippia treatment
had mean total tick counts of 24 and 95 /animalNganga and Muzabani respectively. The animals
were considered infested according to Governme#irobabwe standards (Department of Veterinary
Services) which recommends <10 ticks/ animal. Amaithad 3 and 5 ticks/animal for Nyanga and
Muzarabani respectively which means the commemmatiuct is still effective. Nyanga had lower
tick counts than Muzarabani for farmer practicarfreeek 2 to 7 of experiment. This is because they
have a history of lower tick challenges at the b#eause of its topographical location and use more
frequent use of commercial acaricides. There wadeace ofL. javanicaacaricidal activity under
these on-farm conditions but comparative advanteggenot clear due to absence of a well-monitored
negative control (Fig 24-25). Under on-farm comdis including an untreated control would be
unacceptable since we were using the farmerseckitithe experiments.

This was a very interactive trial with the farmeénsthe same treatment groups working together
preparing and treating the animals. A total of @ihfers attended the feedback meeting to mark the
end of the experiment in Muzarabani while 35 ateeghth Nyanga. At these meetings, experiences
from the different groups were shared while theeagsh team also shared the scientific results. The
participants in th&.ippia javanicagroup, while appreciating the trial, cited theiter$ work involved

in harvesting and preparing the plant material,clwtdiompeted for labour especially during the peak
demand period for tobacco, a cash crop. This wpscesly the case in Muzarabani. It also emerged
from the discussions that the animals urldgavanicahad a shiny coat colour compared to untreated
animals.
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Figure 5.19: Effect okippia javanicaon tick challenge in Muzarabani
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Figure 5.20: Effect oLippia javanicatick challenge in Nyanga

Laboratory bioassays,

To get a deeper understanding of the effect ofig@dat plants on cattle ticks, further
laboratory experiments were conducted V@tlspinosal. javanicaandS. panduriforme

using an adaptation of the Soberane’s techniquee€Tltiifferent concentrations of 5 %, 10 %
and 25 % were incubated with tick larvae and mitiealfor each treatment level recorded
after 24 and 48 h. The results showed pesticidaligcof the extracts with the 5% inclusion
level optimal and will prevent over-harvesting (Big1). Under controlled conditions, a
lower concentration was thus required than thetaties optimal inclusion rate of 10%.
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Fig.5.21. Mortality (%) of tick larvae exposed téferent treatments for 24h and 48h
Field pest trials on tomato and Brassica rape inléta

A PRA tool was developed by Dr Phosiso Sola and tsedentify common pesticidal plants
used in crop and livestock pest management. We uobed on-farm Field Trials on
vegetables (included Rape and Tomato) at ChamphataNchenachena EPAs.

Dried plants were extracted in 0.1% liquid soap abncentration of 2% (W/V). Extracts
were tested at two sites Jenda and Nchenachenghoeerseasons (repeated three times=
three trial in total for each area). Preliminarguiés show that pesticidal plants are promising
especially in management of aphids on Rape butlésstive against red-spider mites in
tomatoes. Example field data is shown in Tabl8s%6.5 but the data from the field trials in
Malawi are written up in the upgrade report by 8&pNyirenda who is registered as p[art of
the SAPP project as MPhil/PhD student at UnivesitGreenwich (UK).The report is
available although too big to include here.

Table 5.3: Effect of pesticidal plants on Tomadtddy plant height and canopy spread at Jenda Nov.,
2008 — Feb., 2009

Treatments Total Yield Marketable % Yield Plant Canopy
Kg/ha yield kg/ha  damage height (cm) spread
(cm)
T. diversifolia 36289 30883 19.8° 42.50 38.28
A. indica 28617 23469 27.2° 43.0 35.78"
T. vogelli 20414 16477 28.0° 40.50 34.758°
S. panduriforme 24414 20055 26.8 41.50 40.06
V. amygdalina 32742 26352 15.2° 43.50 38.00
Phoskil 38320 36406 5.5 42.75 39.5¢
Unsprayed 21590 15117 46.8 36.25 31.50
Mean 28912 24117 24.2 41.43 36.82
Sed ) 6668.7 5793.2 9.50 2.695 1.860
CV % 32.6 34.0 55.6 9.7 7.2
Sign. Level Ns * * ns *x
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Table 5.4: Aphids and Diamondback moth counts perat Jenda and Nchenachena

Treatments Jenda Nchenacher

Aphids DBM Aphids DBM
Tithonia diversifolia 57.3b 4.67b 7.75 1.0
Azadirachta indica 51.7b 3.67b 9.0 1.0
Tephrosia vogelii 40.3 bc 3.33b 9.0 1.0
Solanum panduriforme 44.0 bc 433 b 6.5 0.75
Vernonia adoensis 53.7b 4.33b 7.25 0.75
Phoskil 10.3¢c 5.0 ab 25 1.0
Unsprayed/CONTROL 103.7 a 6.67 a 9.25 1.0
Mean 51.6 4.57 7.35 0.929
Sed 17.84 0.88 2.48 0.1942
CV (%) 42.4 23.6 48.0 29.6
Significance *x * ns ns

Table 5.5: Mean counts of red spider mites anddgptm tomatoes at Jenda (Champhira)

Treatments Red spider mite Aphids
Tithonia diversifolia 31.0b 6.75Db
Azadirachta indica 31.2b 7.00 b
Tephrosia vogelii 35.8 ab 8.75 ab
Solanum panduriforme 37.0ab 8.25 ab
Vernonia adoensis 315b 7.00b
Phoskil 118c 15c
Unsprayed 51.0a 125a
Mean 32.7 7.39
Sed 6.33 1.649
CV (%) 27.4 31.5
Significance Fhk e

Storage pest trials on maize and beans in Malawi

On-farm storage trials were conducted from July@@February 2009 storage season at two sites:
Nchenachena extension planning area (EPA) and OhieanBPA in Rumphi and Mzimba districts,
respectively. The aim of the trials was explaine@ddvance to the farmers at a pre trial farmer work
shop. Selection of farmers to participate in thaldrwas done with the assistance of agricultural
extension workers (AEW) from Mzuzu Agricultural Bdgpment Division (MZADD) in the
Northern region of Malawi. The criterion was toesg#lone farmer from one section of the EPA (five

ICART/CRARF/GC/005/06 9 ACP SAD 1-11
The SAPP project, correspondence to Dr Phil Stexerismail: p.c.stevenson@gre.ac.uk

Page 55 of 89



sections in each EPA) who had attended frequehéyfarmer schools and was willing to participate

in the trials. Small sacks (25 kg) were used forisg maize grains since most of the farmers in the
study areas used sacks for grain storage. As altowavork on storage pests trials in Malawi have
been written up as a MpHil/PhD upgrade report Far niversity of Greenwich by John Kamanula

who is registered for this higher degree. The rejgaavailable although too big to include here.

Figure 5.22 shows percent damage for maize grder & months of storage at
Nchenachena and Champhira EPRNeem seed kernel reduced damage from 66.0 to 146 %
Champhira and 36.2 to 4.6 % (Nchenachena), reptiages decrease in damage of 78 % and 87
%, respectively. Actellic super dust was supetioneem seed kernel. It produced a decrease in
damage of 99 % at each site. Bean results willrbsgmted at this year's mid-year meeting.
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Mean Damage (%)
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Untreated Azadirachta Azadirachta Tephrosia  Vernonia Tithonia Lippia Actellic
maize indica (L) indica (SK) vogelii (L) spp (L) diversifolia javanica (L) Super Dust
()
Pesticidal plant
Figure 5.22: Percent damage for maize grain treatéth dry powdered plant material (2 %, w/w)
and Actellic Super Dust (0.05 %) after 5 monthstofage at Nchenachena and Champhira EPAs

In 2009 storage seasdf, longepedunculateoot powder and water extract (2 % each), neenemwat
extract (2 %), ASD (0.05 %) and Actellic super 50 &ere used to treat maize against storage insect
pests. The results are shown in Figure 5.23. A%HD days (7 months), the maize damage was
reduced from 94 % in the untreated maize to 31 9%.inongepedunculatireated maize. Water
extracts were not as effective & longepedunculat®koot Bark preparation. As indicated from
laboratory trialsS. longepedunculatahows the greatest promise among Miombo plantispes a
material for storage protection of Maize. Sinlge tvater extracts were not as effective some effort
needs to be invested in optimising this processsemif the application rate was sufficient. Taetf
that S. longepedunculata was still effective aldeg#s so than the Actellic dust after 210 days
indicates considerable promise for this alternapesticidal plant.
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Figure 5.23 Grain damage for untreated maize anizeé&reated with S. longepedunculata root bark
powder and water extract, neem SK water extrach A&d Actellic 50 EC for a period of 210 days.

Storage pest field trials in Choma, Zambia (SARIRE

Species prioritisation

Farmer trials were initiated at community meetingsich aimed at introducing the SAPP project
objectives, documenting use of pesticidal plants @oritising species for the trials. The meeting
Nachibanga ward Choma was attended by approxima@flypeople. Nachibanga ward was divided
into six sections each consisting of at least twiages to facilitate the trials. At the end of the
introductory meeting the farmers had prioritisexéspecies for each crop of interest.

Setting up of trials
Storage trials were established in the three distruring the 2007/08, whilst during the 2008/09
season political tensions prevented the set upia@itin Zimbabwe. In Zimbabwe both field and
storage trials were undertaken whilst in Zambiay @tbrage trials were established. Collection and
processing of the plant material was based onairadr method. This was mainly mixing of powder
with grain. The trial material was brought to a tceh place where treatment application was
conducted using a standard protocol. The trial e@sducted with 5 farmer groups. Each farmer
group selected a lead farmer to host the trial. Séection criterion used included:

» Farmer experience and ability to communicate

* Farmers who are known in the community to be expeed in the crops targeted and

familiar with the technology i.e. pesticidal plantsder trial
» Farmers who are known to be experimenters or inoosa@f technologies
» Farmers who are willing to collaborate and abildyfunction as a member of a group.
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Table 5.6 Pesticidal plants used in the 2007/@8stswere as follows.

Choma Muzarabani Nyanga
Supper Actelic chirinda matura Supper Actelic chirinda matura Supper Actelic chirinda matura
dust dust dust

Securidaca longipendiculata

Cassia abbreviata
Cissus quadingularis

Bobgunnia madagascarensis

Bobgunnia madagascarensis

Dichrosyschys cineria
Bauhinia thonningii

Lippia javanica
Neem

Table 5.7 Profile of farmers participating in thivsage trials

Bobgunnia madagascarensis

Aloe ash

Bauhinia thonningii

Village Village Villages represented | Number of farmers
representative
Males | Females | Total

Choma
Thomas Mukonka | Sikalundu Situkali, Haluyasa

Huvumba, Kayongo | 17 20 37
Davison Masowe Mulimo Mutuwabulongo,

Simatanga 8 11 19
Simon Mudebwe Halwindi Chiweza 19 30 39
Rose Munamuzunga Mulamfu Kachele, Hamabonka| 20 40 60
Mozzy Kaumba Kaumba Nachibanga, Chineng,15 25 40

Munkombwe,

Chilibamba, Hambala
Total 79 126 205
Muzarabani
Protoctor Makombe Village 1
Mrs. Machiridza Village 2 and 3
Anywhere Muchenje Village 4
Mr. Mavhunga Village 5
Total 383 388 771
Nyanga
Rosina Tsvamuno | Kambudzi Kambudzi 5 20 25
Constance Nyamande Nyamande 6 17 23
Mandipaza
Maria Dzambacheka| Sakarombe Sakarombe 2 28 30
Raxson Munembe | Munembe Munembe 12 8 20
Catherine Sanyatwe| Sanyatwe Sanyatwe 7 21 29
Anna Pfunguro Munembe Mandidewa, Dzimano, 2 20 22

Mukurakudya and

Mususa
Total 34 113 147
Total 496 627 1,123
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Vi) - v

Establishment of storage trials in Choma, Muzarabani and Nyanda, i)
preparation of experimental material by the Zambia team withmority
members is Nachibanga ward, ii) weighing of samples as per probyc
Vincent Ziba in Zambia, iii) weighed patricidal material patKer use, iv)
mixing of the grain before sampling, Dr. Mvumi demonstrating prodess
Muzarabani, v) weighing of maize into 20 kg samples in Choma, vi) weighing of
beans into 5 kg samples by the Nyanga team and community meafhers

Guramatunhu ward, vii) application @fassia abbreviataon maize in Choma
viii) application of aloe ash to beans in Nyanga, ixX) mixing of maidth
pesticide in Nyanga and x) packing and labelling of samples in Choma
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Farmer assessments

Monitoring of the effectiveness of the pesticididnts was undertaken at two levels. The first level
was the farmer participatory monitoring system. Hedarmer group was trained in recording
observations in a book using a standard format toong presence of infestation, types of pests and
degree of attack (scale 1 to 10). These records vesiewed and summarised on a monthly basis by
staff and community members. Consequently sevenaintunity meetings were held where contact
farmers presented monitoring data from the trigdsrecorded in their monitoring books. These
meetings were used to feedback results from theatab compare performance of trials between
(replicates) village clusters (Figure 3). From faemers’ assessment tl&tophilus zeamaiwas the
most prevalent pest which was already presenteatrtrent time in some of the areas. From these
discussions the community drew up their own rankifithe performance of the pesticidal plants and
these comments were incoporated into the desidgineo2008/09 trials. At the end of the first trinét
Choma farmers concluded that the Super Actelic &mthetic pesticide) was the most effective
followed by Securidacalongepedunculataand Cissus quadrangulari$n maize whilst in cowpeas
Cassia abbreviatperformed better tha@issus The worst treatment in maize waassiafrom the
farmer's assessment whilst the lab analysis did stkdw much difference wittBobgunnia
madagascariensiéTable 8). It was interesting to note that althoug LGB was identified in the trial
samples it was prevalent in the farmer granarigsthB end of the trials a total of 1125 farmers had
been reached.

urh.ni-.-lll"d.l.}l.l-—mumlw P
e Nn‘-:.ku Fiiasiir %MM_ e m-rmaw ]

T, i . P 7.
P ik ety !
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N ] sl i

Community feedback meetings in Choma,; (top lefini&xs during plenary sessions, (top right)
farmer group discussions prior to presentations(bottom left) presentation from Sikalundu farmer

group
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Table: 5.8 Choma community assessment of the peafose of pesticidal plants in maize storage

Sikalundu Mulamfu Mulimo Halwindi Kaumba UNZA
group group group group group Lab
Pests 1st | 11th Oct 27th Sept Oct 7th Nov 13th Oct 1st Nov
Seen 2007 2007 2007 2007 2007 2007
Which Weevils Weevils Weevils Weevils Weevils Weevils
pest (musunse) | (musunse) | (musunse) | (musunse) | (musunse) | (musunse)
Treatment | C. abbreviatg C. control C. C. Bobgunnia
Most pest | (Mululwe) abbreviata abbreviata | abbreviata | (muyongolo)
(Mululwe (Mululwe (Mululwe
Best Actelic Actelic Actelic Actelic Actelic Actelic
treatment
Ranking Actelic Actelic Actelic Actelic Actelic Actelic
treatments | Securidaca | Securidaca | Securidaca | Securidaca | Cissus Securidaca
Cissus Cassia Cissus Cissus Bobgunnia | Cissus
Bobgunnia | Cissus Bobgunnia | Bobgunnia | Cassia Bobgunnia
Cassia Bobgunnia | Cassia Cassia Control Cassia
Control Control Control Control Control
Pest Weevils Weevils Weevils Weevils Moth
granaries | LGB LGB LGB LGB
Moth

Laboratory analysis

Samples of maize and beans from storage trialshom@ were collected and analysed with the
assistance of students from the University of Zambhe investigations included identification and

counting of pests, number of holes per grain anighwdoss due to damage. The 2007/08 trials were

concluded in May 2008 in Zambia and prematurelgmnil 2008 in Zimbabwe amid political tension.
The trials in Zimbabwe were undertaken in collatiorawith the University of Zimbabwe and more

details are in their report. However, indicationsr&v that the plant materials did have pesticidal

properties, however effectiveness was up tol6 wesdtex which there was no significant difference
with the control. The most effective were neem Bodunnia. In Zambia the storage trials ran for 24
weeks and the performance®dcuridacaandCissuswere significantly different from the control and

the other plants materials (Figure 5.24). Perforeanf Bobgunniaand Cassiawere worse than the

control for both cowpeas and maize storage. This atiibuted to introduction of moisture into the
experiment through use of plant material that watssufficiently dried. (high moisture exacerbates
pest infestation).
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Figure 5.24: Results of the 2007/2008 farmer trial<<homa (top) mean % damage of treated maize,
(top) and (bottom) mean % damage of treated cov pea

During the 2008/09 season SAFIRE did not facilitatey trials in Zimbabwe due to political
instability. In the 2008/2009 trials an additiocahcentration was included for each treatment dis we
as aSecuridacawvater extract. This increased the quantity of paaterial required to run the trial, as
a result the replicates (number of farmer groupa¥ weduced from six to three. Preparation and
application procedures remained the same but ngoeously testing of moisture content for both the
plant material and the grain was undertaken. I lnaises moisture content was maintained below

12%.

Trials in Zambia were run for 32 weeks to June 200Bthe plant materials were effective for 16

weeks in maize except fd@obgunnia5%. Securidacatreatments (2% and 5%) had less than 10%
damage up to 24 weeks after which no treatments wkective. In cowpeas pest control lasted for
merely 8 weeks for most treatments after which mparcentage damage was more than 40%.
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However,CissusandBobgunnia2% were effective until week 16 whilBbbgunnia5% was effective
until week 32 (Figure 5).

Work package 6
Activity 6.1. Propagation criteria

During the first Annual meeting partners agreed thapagation criteria be developed for
Securidaca Securidaca longepeduncultaBobgunnia Bobgunnia madagascariensiand Lippia
(Lippia javanicg. Securidaca is a particularly useful tree forage protection (see activities under
Work package 3 and 5) and like Bobgunnia, whiletritisted widely throughout Caesalpinioid
woodlands is not abundant and any program to prertstuse could exact substantial pressure on
natural stands of this species. Preliminary respiitgermination studies on Securidaca showed very
low (<20%) germination. Germination rates of int&etcuridaca seed were very low (<50% of seeds
emerging after 34 days), seeds lose viability rgpihd seedlings grow very slowly. Figure 6.1 a
shows a Securidaca seedlings under greenhouseioosdifter 4 months. Securidaca is also cited as
a problematic species in literature as having pseed germination and natural regeneration.
Bobgunnia on the other hand presents unique prablenfuture domestication endeavours because
plants propagated from seed exhibit a high degfegepetic variability. Its seed has a hard coat.
Therefore, seed pre-treatment is required to imgpgermination and growth in the field. On the other
hand Lippia germinated very well (>80% germination) withoukefreatment. The literature also
shows that it can be grown from seed (and also frattings) easily, it grows relatively fast even
under difficult circumstances, requiring little mtgénance. In addition, it was found abundantly
especially along roadsides. Therefore, developn@tpropagation protocols for Lippia was
subsequently deemed unnecessary.

Protocols were developed for the propagation ofuBdaca and Bobgunnia using micro-
propagation techniques and seed pre-treatment.mbiga MSc student undertook a thesis research
entitled “Preliminary studies on micro-propagatiohSecuridaca longepedunculastand Bobgunnia
madagascariensis The student was registered in the UniversityWéles at Bangor under the
supervision of Dr Zewge Teklehaimanot and myselie TWorld Agroforestry Centre (ICRAF)
sourced seeds of both Securidaca and Bobgunniim fatro micro-propagation, and the varioims
vitro tests were carried out between th& March and 1% August 2008 in the Plant Tissue Culture
laboratory at the Royal Botanic Garden, London. €kperiments involvedin vitro germination,
shoot initiation, multiplication and rooting of sits.

The study indicated that germination of Securidaaa be significantly increased in vitro
techniques that avoid damping-off and other pathsg&oaking the seeds for 30 minutes in 0.5%
sodium dichloroisocyanurate with a drop of Tween2® sufficient to avoid contamination. Soaking
for long periods of time was not necessary.
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(a) Four-months old seedling &ecuridaca
longepeducnulata

'Y

(c) In-vitro culture ofSecuridaca (d)xcised shoot (from c) sprouts multple
longepeducnulata shoots and each shoot produces one plant

Fig 6.1 Photos of Securidaca and Bobgunnia in grati@n using traditional and micro-
propagation techniques. Phot®sC. Stevenson (2008)
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Fig 6.2: Germination (%) of Securidaca after 30,a 60 minute sterilisation. Each replication had
10 seeds in a Petri dish (Zulu, 2008)

Seedlings germinateth vitro produced at least 2 re-sprouts as potential etgplaources for
subsequent sub culturing (Figure 6.2). Observatfdn vitro germinated seedlings showed seedlings
can produce an average of 4 re-sprouts without boentreatment after cutting of the shoot tip in 7
weeks. However, the number of re-sprouts coulchbeeased with an appropriate hormone.

Seedlingl seedling2 Seedling3 Seedlingd  Seedlings  Seedling

Number of resprouts
Lo R I S ¥ T ¥ T S I+ TN

Fig. 6.3: Number of resprouts per seedling of Siglana (Zulu 2008)

Explant response to shoot multiplication of Secaecal was encouraging with 3 mg/l of 2-
isopentanyladenine (2iP), 0.1 mg/l of Thidiazur®d®Z) on Gamborg’'s media (B5) and Murashige &
Skoog (MS) media. B5 media + TDZ gave the best wipgp. In vitro rooting of Securidaca was
achieved with liquid B5 media supplemented with g/l of both IBA and NAA.

Seeds of Bobgunnia pre-treated by nicking and sgaki deionised water with a drop of
Tween 20 for 24 hours gave 70 % germination ratB®media. Seeds pre-treated by only soaking in
deionised water with a drop of Tween 20 for 24 Bogave a poor germination rate of 35 % on B5
media. This same treatment with seeds cultured 8middia also recorded a poor germination of 30
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%. This means that better in vitro germination afbBunnia could be achieved with nicking the
seeds. However, shoot multiplication and root iniducexperiments were not successful.

Table 6.1: Seeds cultured on Gamborg’s B5 and M@ar{&ulu 2008)

Medium Seed pre treatment Germination (%)
Gamborg’'s B5 Seeds nicked + soaked in Tween 20 for 24 hours 70 %

Seeds soaked in Tween 20 for 24 hours only 35%
MS medium Seeds soaked in Tween 20 for 24 hours only 30 %

A Malawian undergraduate student under Mzuzu UsitgiCRAF supervision was involved
in this study. Thesis research entitled “Effecipog-treatment methods and potting mixtures on seed
germination and early seedling growth Bbbgunnia (Swartzia) MadagascariengiBesv) and
Securidaca Longipedunculdtavas completed. The study was conducted at Chétedigricultural
Research Station during January—April 2009. Bobguseeds were soaked in water for 12 and 24
hours. Another treatment involved soaking Bobgurand Securidaca seeds in different gibberellic
acid (GAg) concentrations (control = 0 mg/I, 100 mg/l, 209/m400 mg/l and 800 mg/l] for 24 hours.
For each treatment, 200 seeds were immersed imbflasks with 200 ml of the different solutions.
Then the seeds were sown in black polythene tuiled fvith two different potting mixtures: (1)
without compost manure (Sand + forest soil in liktune) and (2) with compost manure (sand +
forest soil + compost manure in 1:1:1 mixture). tBeal experiments in a completely randomized
design of four replicates of 25 seeds per replioa¢ee used. Results of the studies are briefly
described below.

Table 1 shows germination percentages in Bobguseea planted in potting media (with and
without compost manure) after soaking in waterfarand 24 hours. Germination was enhanced by
prolonging seed soaking in hot or cold water. Hgjhgermination in both potting mixture was
recorded in hot water seed soaking for 24 hourspeoetd with the control treatment. Among the
gibberellic acid (GA) treatments, the highest cumulative germinatios veeorded in 400 mg/l GA
with compost manure while the lowest was in 800l @g; without compost manure. Germination
probability was generally higher when seeds wezatéd with gibberellic acid than when they are not
(Figure 6.4).

Table 6.2: Effect of soaking time (hours) and gifeliiec acid (GA) concentration (mg/l) and compost
manure on germination (%) of seedBobgunnia madagascariengiBlackson 2008)

Treatment Soaking time (hr) or GA  Without compost With compost
concentration (mg/l) manure manure
Control No soaking 18 10
Hot water 12 hr 22 14
24 hr 45 22
Cold water 12 hr 19 30
24 hr 12 13
GA; 100 11 10
200 11 10
400 12 14
800 4 10
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Figure 6.4. Probability distribution of germinatiaf Bobgunnia seeds with different treatments
(Blackson 2008)

Seed germination in Securidaca significantly détkmith gibberelic acid seed treatment. The
highest seed germination (42.6%) in media with coshpnanure was recorded in the control (without
gibberelic acid). Seed treatment with 200 mg/l &;G&ignificantly enhanced germination in media
without compost manure compared to potting mediuth eompost manure and 800 mg/l &K able
2). Seeds also germinated early and uniformly és¢htreatments.

Table 6.3. Effect of gibberellic acid (gAoncentration on seed germination in Securidaca
longipedunculata (Blackson 2008)

GA; concentration (mg/l) Without compost manure With compost manure

0 (Control) 25.6 42.6

100 27.6 23.7

200 37.1 10.2

400 18.0 13.9

800 13.9 2.7
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Figure 6.5. Probability distribution of germinatiohSecuridaca seeds with different treatments

Activity 6.2. Harvesting improved

A draft guideline for germplasm collection has bgwepared to guide germplasm collection and
harvesting plant materials for other uses (Ann&gtural seed stands of Securidaca and Bobgunnia
have been identified in Zambia and Malawi for fetwollection and trees are being monitored to
identify the best time and place for seed collectior the other species this is also establislasdd

on observation and literature review.

Activity 6.3. Cultivation

Efforts to collect seeds of pesticidal plants froatural stands have given us a very useful lesson.
Seed or other planting materials as well as partpdsticidal use are difficult to find in natusdhnds

in large quantities. The review of the literatureldhe studies above highlighted how cultivation on
farm can significantly help in making pesticidahpts available to farmers. The lesson learnt is tha
clonal mass production of Securidaca is cruciakeigily that the species is being unsustainably
harvested by exploitation of the roots. Micropraogii@n may hugely complemeint situ conservation
strategies. Large scale micropropagation of desgredotypes of Bobgunnia is also required to
overcome the genetic variability especially withamts propagated from seed. Over 20 kg of
Bobgunnia seed was collected and stored undegeefited conditions for future use.

Through the household surveys and participatoryagghes it was learnt th@iephrosia vogeliis the
most popular pesticidal plant in eastern Zambia mordhern Malawi. Therefore, in December 2007
one hectare ofrephrosia vogeliwas established and maintained at Msekera Resé&iatlon in
eastern Zambia. In December 2008, another two teectaf the same species was established at
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Chitedze Research Station in Malawi (Figure 5).sEheontinued to serve as a seed sources as well as
source of pesticidal products for anyone to ugghgtochemical analyses.

Figure 6.6. A partial view of th&ephrosia vogelifield established at Chitedze Research Station in
Malawi. Photo G. Sileshi

WORK PACKAGE 7

Activity 7.1 Marketing of pesticidal plants (Zimbabwe)

The SAPP project sought to encourage the marketiqesticidal plants as a cash crop for small-
scale farmers living in the Caesalpinioid woodl@td-region. This aimed at promoting formalisation
of pesticidal plant use for agricultural pest maragnt to increase crop yields, reduce storagedosse
and protect livestock. A sector analysis was cotetlido characterise the pesticide industry in
Zambia. Findings from the study indicated that plesticide sector was not fully developed as most
pesticides were imported and no form of value a@mditvas conducted in country. The lack of
pesticide manufacturing industries implies totaléw investments would have to be made in terms of
technology to produce such natural pesticides lpcal

However the increasing demand for organic produessilts in an increased demand for organic
inputs such as natural pesticides. The Organic lRerd and Processors Association of Zambia
(OPPAZ) has a membership of over 1900 producerstwhequire organic inputs in production.
OPPAZ members export certified organic product&tomarkets, USA and South Africa in excess of
500 metric tons of fresh vegetables and 30 metris bf groundnuts among other products annually.
Therefore the organic products industry is a suaeket for plant pesticides.

Major Players in the Market

The pesticide industry had only 23 companies remst with Crop Life, an association for all
pesticide companies in Zambia. There were only Bpomplayers in the pesticide industry
including Crop Park, Plant grichem, Manner AgropoCrserve, Amiran Tiwgar, Agrivet,
minelands, ATS, Prime Agric center, Sygenba angarem. It is important to note that all
the firms listed above are distributing companies there has not been any known
manufacturing of chemical in Zambia. All the cheatscon the shelves are imported into the
country from countries such as china (which sugpbbout 50% of the Chemical), South
Africa, Zimbabwe and India (Figure 7.1). Most comieg highlighted inadequate financial
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resources, unavailability of appropriate technolagyg inadequate skills as major challenges
in venturing into the manufacturing business. Teads are that registered distribution points
(companies) have steadily increased from 26,149 208 in 2002, 2004 and 2007
respectively. Additionally registered Pesticided dioxic Substances (PTS) increased rapidly
from 181 in 2002 to 723 in 2007.

Solid Pesticides imports in Kilogrames
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Figure 7.1: Volume of imports of pesticides intoritéa
Source: ECZ annual reports 2005 to 2008 and Cer8tatistical Office (CSO) 2009

Legal framework

The Environmental Protection and Pollution Contkot (EPPCA) No. 12 enacted in 1990 (cap 204
of the laws of Zambia) provides the main legal fearark for the Pesticide industry in Zambia. Part
VII and sections 57 to 65 of the EPPCA lay the dkdive framework for Zambia's environmental
policy on pesticides. Part M, sections 81 to 8@yjates for the establishment of the inspectorate of
the Environmental Council (ECZ) which was foundadlB92. The legislation has undergone some
amendments in the resent years and is being revsedclude restriction of Persistent Organic
Pollutants (POPs). This is expected to stiffen l&tipns in the use of Banned pesticides. Currently,
trade in the pesticide industry is regulated byEhgironmental Council of Zambia (ECZ). However,
the ECZ on its own does not have enough capacitgdwitor activities in the pesticide industry, for
instance.

« Some chemicals are registered under the PharmeakAtt while others are registered under
the Environmental Protection and Pollution Contot creating confusion in the issuance of
import permits registration and regulation

 Repackaging of chemicals by players is done withtaltowing procedures in the
International code of conduct

e Many unregistered traders operate at open markets

Therefore, the council is complemented by otheregoment and nongovernmental organizations.
Crop life Zambia is one such organisation whichvfites training, information and advocate for good
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practices in pesticide trade. A number of legislainstruments are in place to guide the operations
this sector.

International code of Conduct for the Distributimmd Use of Pesticides (2002

The Food and Agriculture Organisation (FAO) of tbeited Nations established an International
code of Conduct for the Distribution and Use oftl#des (2002). This code details the standards to
be followed in the testing of pesticides, packagiadvertising, labelling, storage and disposal of
pesticides among other issues related to pestisdeand distribution. It also provide a base fonyna
of the national policies and also helps countries have not yet established regulatory controls on
quality and suitability of pesticide products nedde promote the judicious and efficient use of
pesticide products and handling of potential riaksociated with their use. The code also seeks to
encourage responsible and generally acceptable peattices. Article number six (6) of the code
highlights the technical and regulatory requireraetitat government and the industry should
endeavour to enforce. For example governments ghiottoduce necessary legislation, establish
registration schemes, conduct risk assessmentgadiedt data on the import and export of pestiside
and cooperative with other governments in the distahent of harmonised pesticide registration
procedures.

The Pesticides and Toxic Substances Regulation$ 199
The Pesticides and Toxic Substances Regulationgl 199Zambia’s main pesticide regulatory
instrument. The regulations seek to control the drtgiion, exportation, manufacture, storage,
distribution, sale, use, labelling, packaging, sfortation, disposal and advertisement of pesticide
Control of the above is achieved through regulaidio. 3 and 4 by registration and authorization
through a certificate. A pesticide is registereteraimeeting requirements of other sections of the
regulations (5 to 10). According to ECZ (1994), tiide may be registered or denied registration
based on information on some of the following:
» Toxicity: A pesticide that is highly toxic to man and theiesnment in general may not be
registered specially if alternative less toxic jmdes exist.
» Persistence:lt must not be very stable in the environment aveeriod of years.
» Carcinogenic or Teratogenic: It may be rejected if it is implicated that thespeide may
cause cancer or reproductive problems.
» Shelf life: It must have a reasonably long shelf life prefgravo (2) years.
» Safety Data: This must include information on treating poisons

Handling of Pesticides Code of Practice

The Zambia Bureau of Standards is responsiblecfondlating all the standards governing trade in all
products in Zambia and also ensuring that the si@sdare adhered to. ZABS is a statutory body
established under an act of parliament, the Standat of 1994 of the laws of Zambia for the
preparations and promulgation of Zambian StandaZd®S in 2006 developed thédandling of
pesticides code of practisethat governs the production, processing storagekéting and disposal
of pesticides in Zambia. The standard were compiled pesticide Committee which is comprised of
the Food and Drug control Laboratory, National itagt for Scientific and Industrial Research,
Zambia Agro Chemicals (now Crop Life), Zambia Coapiee Federation and the Zambia Bureau of
Standards in. Though the standard above was deagtlbp ZABS, pesticides are not one of the
products that the body is regulating.

Implications for plant pesticides

According to FAO, a Pesticide is defined as “anppstance or mixture of substances intended for
preventing, destroying or controlling any pest,luding vectors of human or animal disease,
unwanted species of plants or animals causing hdwnng or otherwise interfering with the
production, processing, storage, transport or nteagkef food, agricultural commodities, wood and
wood products or animal feedstuffs, or substanceielwmay be administered to animals for the
control of insects, arachnids or other pests iromrtheir bodies’. Under the Pesticides and Toxic
Substances Regulations 1994, a pesticide is defisedny substance or mixture of substances or
organisms intended controlling, repelling or mitigg any pests, and a substance or mixture of
substances intended for use as a plant regulatwliaht or desfoliant'. It is clear that the défion
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are based on the use of the chemicals and do finedeesticides in terms or ‘organic’ or ‘synthétic
Therefore, it is evident that natural pesticidesciwhare intended for the some cause as synthetic
pesticide are also subject to the some legislatiatherefore, holds that natural pesticides shdndd
registered just as synthetic pesticides before Alseough natural pesticides are generally perative
safer, emphasis should not only be on efficacystésit include mammalian toxicity and general
environmental effects (ECZ, 1994).

WORK PACKAGE 8

Activity 8.1 Build capacity in SADC scientists andinstitutes to evaluate, develop and promote
the use of botanical pesticides

MALAWI: Mzuzu University and Lunyangwa Agricultural Research Station

A lecturer (Mr Fred Masumbu), two graduate teclamsi (Messers Rashid Chiposa and Charles
Luhana) and two laboratory assistants (Mr Elvis NMamand Mr Treck Myaba) of Chemistry
Department were involved in carrying out storaggdfitrials data collection and phytochemical
analysis of pesticidal plants and as such recemnading directly in the associated techniques an
procedures.

One BSc (Education) student, Mr. Daniel Saka cdroet his BSc degree research finished
project on “Screening of indigenous plants for [pésal activity againsSitophilusspp. in stored
maize grain” as part of his BSc and was supervisetr John Kamanula.

Mr. J. Kamanula (Mzuzu University) and Stephen Biyda (Lunyangwa Agricultural Research
station — DARS-Malawi) registered with NRI-Univeysof Greenwich in UK for MPhil/PhD, and
spent three months training in analytical chemi&tr2008, where they learnt the theory and
standard operating procedures of analytical anggpegive chemistry techniques particularly with
respect to GC-MS, HPLC & LC-MS as well as laboratesafety. He also had training in
advanced bioassay techniques for evaluating plaemeals against insects. In 2009 (June to
September) he spent a further 3 months in UK fataaded bioassay and analytical chemistry
techniques. Mr Kamanula successfully upgraded tfitvabhe formal process of MPhil viva exam
on 29" September 2009 in UK.

A total of 4 technicians and 3 lab assistants haweéergone hands-on-training in
chemical analysis and bioassay techniques at Mraversity and Lunyangwa Research
Station, respectively.

ZIMBABWE/ZAMBIA: University of Zimbabwe and SAFIRE.

At UZ, 7 technical staff members are working wittspicidal plants through preparing
and or application of the plant material as welkasipling. Similarly, 2 SAFIRE staff
members and 5 staff members of the Institute ofofural Engineering were involved. In
each case, the SAPP project rationale and thetolge®f the respective experiments were
explained. This generated tremendous enthusiasaube it is a completely new area of
research for most involved.

During the field surveys conducted using a standaesstionnaire a total of 225 farmers
were interviewed and this process itself raisedsoarable awareness of pesticidal plants and
pesticide safety issues.

Five MSc and 4 BSc students did their researchept®jthrough SAPP and only one MSc
student did not manage to complete the studiesmiitte project time-frame (Table 8.2).
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Table 8.2. University of Zimbabwe students who und&ok their research projects on
various aspects of the SAPP Project.

Name Sex Degree studied for Comments
Simbarashe Muzemu Male MSc Crop Protection Completed; Now Lecturer,
Midlands State University,
Zimbabwe
James Madzimure Male MSc Animal Science Completed; Now PhD
student, Fort Hare
University, South Africa
Emmanuel Nyahangare | Male MSc Animal Science Completed; Now Lecturer,
Animal Science Dept, UZ
Grace Ndoro Female | MSc Agricultural Economics Not yet completed. Had
family problems
Larry Chikukura Male MSc Soil & Environmental | Completed
Management
Tsitsi Mandaza Female | BSc Applied Environmental| Completed
Science
Alex Chigoverah Male BSc Agricultural Completed
Engineering
Kenias Nyevedzanai Male BSc Agricultural Completed
Engineering
Dennis Male BSc Animal Science Completed

Other people who were worked on the project incltidese listed in Table 7. In additiaix field
staff in the Departments of Agricultural Technieadd Extension Services and Veterinary Services
helped in implementation of field trialfwo technicians in the Central Veterinary Laboratory
provided technical assistance in setting up tickabsays.

Table 8.2 Staff of various organizations who workedn various aspects of the SAPP
Project.

Name Sex Qualification Dates of Duties Status
appointment
Brighton Mvumi Male PhD Stored Product | 01 Jan 2007 National Part-time
Entomology Coordinator/ Studen
Supervisor
Thokozani Hove Female| Associate Professor,| 1 Aug 2007 Post-graduate Part-time
Paraclinical Veterinary Student Supervisor
Studies
Humphrey Male Professor, Animal 1 August Post-graduate Part-time
Hamudikuwanda Science 2007 Student Supervisor
Elliot Zitsanza Male PhD Entomology 1 Aug 2007 Postduate Part-time
Student Supervisor
David Icishahayo | Male MPhil 1 Jan 2008 Statistician Part-time
Thembinkosi Male National Diploma, 1 July 2007 Research Technician  Part-time
Siziba Applied Chemistry
Erikana Chitopo Male None 1 Dec 2007 Technical Part-time
Hand/Driver
Rodrick Kuseri Male “O” Level Aug 2008 Research idan Part-time
Robert Tumbare Male “O” Level Nov 2007 Field teifiegn Part-time
M. Munyangani Male BSc Hons Veterinary | Nov 2007 Vet Doctor Part-time
Science
Alfred Mare Male National Diploma Aug 2008 Techaigi Part-time
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2.3 Activities that have not taken place

All activities have been undertaken as set outénRroject proposal although as a consequence of
information that unfolded through project meetisgsne activities were modified to ensure the
best use of available funds was made. In partictie plants species that were identified by
farmers, our own literature searches and planniegtimgs as priority species based on their
potential value to farmers were mostly well knowrd af generally universal distribution within
the botanical zone of the project. Consequentlyiramepth evaluation of the diversity of
Caesalpiniod woodlands was not undertaken forpaities

2.4 What is your assessment of the results of the A@tio

The SAPP Project has successfully accumulatednvdtion on the use of pesticidal plants in
Malawi, Zimbabwe and Zambia and forms a basis oithvia regionwide change in their use
should be based.

One of the assumptions at the outset was thatuh#er of candidate botanical pesticides was
very large and that it would only be possible takvon a limited number in much detail and this
was born out. Prioritisation was based on disoamssiwith farming communities and existing
knowledge and as a results fourteen species otsplaave been identified with real value to
farmers in the region of which 8 have been provH#active under field conditions in trials
conducted by the farmers themselves and shouldhsidered for up-scaling. This has been an
enabling process for the more than 1000 farmers whre directly involved in the project
activities and has enriched their pest managematitres. There was much anecdotal evidence
that many farmers who were not directly involveaimr project activities were observant of them
and we hope have assimilated important specifiorimétion about pesticidal plants but at the
very least been sensitized to their use. Thidl igesy important since our field surveys showed
that while many farmers were aware of the existesfcearious plant based pest management
options few had actually used them and the aa#itif the project have enhanced the profile of
this technology.

In most cases our pre project expected outputetasus in the log frame and the detailed work
plan have been exceeded. For example, we predigtedould be able to conduct phytochemical
investigations of at least three key botanical ipekds but in fact have produced significant and
in some cases comprehensive analyses of the cheroisfTephrosia candida& T. vogelii
Bobgunnia madagascariensi$ithonia diversifolia Vernonioa amygdalina, Lippia javanica
Strychnos spinosaMucuna pruriens .We proposed to determine vertebrate toxicity sp8cies

a but managed to evaluate 6 species.

While we have engaged with local policy makers tigtwout the project it is not clear yet whether
this impact has had sufficient impact on agric@tyolicy for the promotion of pesticidal plants

to continue after the project has finished — howdire project partners will be able to continue to
monitor this under the scope of other projects tizate followed on the present activity and are
detailed below in 2. There was a strong commuagifgroach to the participatory trials and this is
likely to ensure sustainability of project actiesi particularly if followed up under new projects
by the current project partners.

One of the key risks at the project outset was kdrethe selected botanicals could show
unacceptable hazards. This has not been bornThe. most toxic material used was Tephrosia
spp. which are considered in the US to be at thwedt level of toxicity and in any event are
already used widely in the region. Otherwise tbgicity of the plant materials at the
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concentrations at which they are used and withecegsive consumption are safe. However, one
subsequent issue that has arisen is the scopeverrgnent to legislate on the use of materials
once any level of production beyond home made gidss is started. For example, if some
species are seen to have potential for cultivadiwh preparation could these then be considered to
be ‘pesticidal products’ and have limited valug¢heut the prohibitively expensive safety trails
associated with them normally associated with theremconventional synthetic pesticides.
Currently the collection, basic prep and distribntiof herbal remedies is not controlled in
Southern Africa and this could be similar with pedal plants. A new project following on
from the present one will investigate this.

2.5 What has been the outcome on both the final beéaeéis &/or target group (if different) and
the situation in the target country or target regiohich the Action addressed?

The SAPP project had two main groups of benefieg@riThe ultimate beneficiary was of course
the poor farmers for whom pesticidal plants offeappropriate, affordable effective and
environmentally benign pest management alternadiaynthetic products. The main project
outcome on these target beneficiaries was a dramgatiction in pest damage by field and stored
product pests and for livestock and changes tavthefarmers perceive that these pests can be
controlled or managed effectively and cheaply.

Evidence from patrticipatory trials shows that sahthe pesticidal plants are effective but also
that some, identified by the farmers themselvesewet and that care needs to be taken when
using these materials since for some pests cqrlaims may be suitable but for others they are
not.

The second group of beneficiaries were the studarmdgesearch scientists who have carried
out many of the experiments under supervision andagce from project experts and benefitted
from this training for both their immediate needmofect activities that are relevant challenging
and sufficiently significant for their degrees) lalgo provide important information. The
numbers of trainees involved is detailed elsewbeteagain the predicted number of training
beneficiaries has far exceeded predictions at titeed owing to the skill and hard work of the
project partners.

The importance and potential value to pest managefor poor farmers has been highlighted
under numerous workshops and meetings that hameaidtly raised awareness about pesticidal
plants. However, this heightened perception néetie maintained and increased to ensure that
the role of pesticidal plants is exploited fullyhis will be done during the course of the next 3-4
uyears through follow on projects through otheratsr{details below). The region has been

2.6 Please list all materials (and no. of copies) proéd during the Action on whatever format
(please enclose a copy of each item, except ihgwa already done so in the past).

One of the primary output target was the submissind publication of the research through

international refereed journals. We aimed at thiset to submit 5 papers of this type. In fact, we
have already submitted 6 and there are as man§ amde papers that are in preparation from the
research carried out in this project. The submitiaders are attached to the FTR as additional
documents.

Papers submitted to international scientific journds.

1. Stevenson, P.C. Veitch, N.C., Jayasekera, T.K.mB#l, S.R., Z009. Bisdesmosidic saponins
from Securidaca longepedunculatéPolygalaceae) with deterrent and toxic properties
Coleopteran storage peslsurnal of Agricultural and Food Chemistry7 (19), 8860-8867.

2. Nyahangare, E.T., Hove, T., Hamudikuwanda, H., B&mS.R. Stevenson, P.C., Mvumi, B.M.
Toxicity of the pesticidal plantStrychnos spinosham., Bobgunnia madagascariengipesv.)
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J.H. Kirkbr. & WiersamaVernonia amygdalindel. and Cissus quadrangulari&. in BALB/c
mice,Human and Experimental Toxicolgggubmitted).

3. Madzimure, J., Nyahangare, E.T., Hamudikuwandaliblvg, T., Stevenson, P.C., Belmain, S.R.,
and Brighton M. Acaricidal efficacy against cattileks and acute oral toxicity dfippia javanica
(Burm F.)Experimental and Applied Acarologfgubmitted).

4. Kamanula JF, Sileshi, G., Belmain, S.R., Sola, Rlyumi, B., Nyirenda, G.K.C., Nyirenda,
S.P.N. & Stevenson, P.C. Farmers’ Pest managematiqes and pesticidal plant use for
protection of stored maize and beans in Southerric#f International Journal of Pest
Management(submitted).

5. Stevenson, P.C., Nyirenda, S.P.N. and Veitch, NKighly glycosylated flavonoid glycosides
from Bobgunnia madagascariensiBhytochemistry(submitted).

6. Nyirenda, S.P.N. Sileshi, G., Belmain, S.R., Kantand.F., Mvumi, B., Sola, P., Nyirenda,
G.K.C. & Stevenson, P.Grarmers’ Ethno-Ecological Knowledge of VegetablestPend their
Management Using Pesticidal Plants in Northern Makand Eastern ZambiaAgriculture and
Human Values(submitted).

Paper to be submitted during 2010.

Toxicity and efficacy of pesticidal plants agailgestock
Propagation of pesticidal plants.
Field evaluation of pesticidal plants in Malawilfierops.
Laboratory evaluation of pesticidal plants /chenyist
Laboratory & field evaluation of pesticidal plamgainst stored product pests in Malawi
Tephrosiaactivity againstCallosobruchus maculatusndSitophilus oryzae
Novel flavonoids and rotenoids froffephrosia candida
Video capture of insect response to repellent gidsii plants.
Up to 3 papers from field evaluation of pesticigkints for stored products and field crop
protection in Zimbabwe and Zambia.
a) Combined farm trials (Zim/Zam) & lab bioassays
b) Community surveys
c) Station trials on vegetable pests.

©CoNOORWNE

Conference presentations

XIII International Congress of Entomology held in Durb&outh Africa from 6 to 12 July 2008
The following papers were presented

e Belmain, S.R.,Stevenson, P.C., Simmonds, M.S.J., Mvumi, B.V.eshl, G.S., Sola, P.,
Nyirenda,S.P. and Kamanula, J. Can botanical pesticidesskd safely and reliably in
stored product protection?

« Mvumi B.M. et al., Botanical pesticides for storgdhin protection: From the laboratory to
the farm

e Madzimure J. et al. The Efficacy &trychnos spinosfLam.) andSolanum panduriforme
(incanun) Fruit-extracts in Controlling Ticks on Cattle

43rd South African Society for Animal Science, 883ly 2009 South Africa

« Madzimure J. et al., The efficacy bipppia javanica(Burm f.) leaf water-extract against cattle
ticks in Zimbabwe (Oral presentation)
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7" Conference of Toxicity in developing CountriesTDC), 6-11 September 2009 in South Africa

« Nyahangare, E., et al., Single - dose Acute Oraticity of Strychnos spinosal.ippia
javanicaandBobgunnia madagascariensisBalb/c mice (Oral and poster presentation)

8th Biopesticides Meeting of the Phytochemical &paif Europe 22-26September 2009

e« Stevenson P.C., T. K. Dayarathna, S.R. Belmain,SBla and N.C. Veitch. 2009.
Bisdesmosidic saponins fro®ecuridaca longepedunculataots: Evaluation of deterrency
and toxicity to Coleopteran storage pests. (Abstragee additional documents)

e Stevenson, P. C. Belmain, S. R., S.P. NyirendaSd¢ta, B.M. Mvumi, G. Sileshi, J.F.
Kamanula and M.S.J. Simmonds. Optimizing sustd@akse of pesticidal plants by
subsistence farmers in southern Africa. (Abstraste additional documents)

Policy Document.

We proposed to write a policy and strategy docuntibat would be distributed among
stakeholders to highlight and detail the importaotcpesticidal plants as an appropriate alternative
synthetic products for farmers in Southern Africahis was produced as a chapter in a McKnight
Foundation Integrated Pest Management documenttdie distributed widely in Southern Africa
through pest management networks particularly tlopsgated alongside McKnight Southern African
Community of Practise and is available on their sitebas well as on the SAPP web site. This is
attached im the additional documentation— stratefpe Legumes Pesticidal plants but can also be
found at http://mcknight.ccrp.cornell.edu/program_docs/galisiRl _Legume_IPM_review2009.pdf

We will continue to distribute this further via szl follow on projects — (See 2.7 below)

Website www.nri.org/sapp

The website acts as a portal for all project sglahformation, with project documents such
as protocols, questionnaires, methods, minutessspreleases, etc. all available to download.
Documents designated for internal use are passprotécted; however materials related to publicity
and communication are freely available to downloadthis regard, the website acts as a central
information platform for sharing knowledge among tBAPP partners as well as with the wider
public. Contact information for all the project pars can be found on the site as well as
acknowledgements to the EC and SADC donors folGART programme funding, including links to
their respective websites.

Basic information on pesticidal plants and the @ctf objectives and activities are available
through the website plants database, and many @¢omughout the world are visiting the website to
obtain basic information about pesticidal plantsteely available web-tracking software has been
embedded into the SAPP website (www.statcountel),caifowing detailed monitoring of people
accessing the website, their time spent visitireystte per page, what keywords and search engines
were used to find the site, their IP addressesgscresolutions, etc.

The monitoring of access to the SAPP website Hawed the project team to improve the
information provided, making it more relevant tmsk who are accessing it. The project now links
directly to ICRAF pages providing more detailed @tbthe priority plant species identified by the
project and also to a new follow on network projectded through the Africa Caribbean and Pacific
Science and Technology Programme (ACP S&TWw.nri.org/adappt about which there is more
below under Exit Strategies.

The SAPP website also links to an independent hased networking site hosted by
GoogleGroups kttp://groups.google.co.uk/group/pesticidal-plantis pesticidal plants site acts as
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an email forum where people can post announcenasqueries related to the use of pesticidal
plants in agriculture, particularly their use irge¢able gardens, in grain storage and againstdigles
ectoparasites (ticks, mites). Members of this grougy be scientists or extensionists involved in
research and promotion of pesticidal plants or esers wishing to share their experiences or learn
more about pesticidal plants through discussion ahdring of information with other group
members. Anyone can join the GoogleGroup, alloviirem to email other members, create websites
and upload files to the pesticidal plant group.
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Location of sapp visitors
from last six months of
sapp project Jul-Dec
2009, map generated by
www.Statcounter.com

mmmmm

Public Media

A major communication strategy during the projeas been through interviews by radio and TV
stations and electronic media. An orientation tips organised for the media personnel to one
Vegetable site at Champhira in order to sensitisent on the activities of SAPP project in Malawi
during year 2. Three radio interviews were airedZmdiak Radio Station (Private Radio) and 3
interviews by Mr Wesley Kumwenda with Dr P.C Stesem (Project Leader)Prof. Landson
Mhango (Vice Chancellor, Mzuzu University) adichn Kamanula were aired on national radio
by the Malawi Broadcasting Corporation (MBC) Statmn 7 AM English News and 6 AM Chichewa
News on 18 December 2008. The electronic media has been isl@eming up with articles such
that only one article came out {2December, 2008) in Daily Times of Malawi tr Benson
Makhuyulato report SAPP activities after our Annual planningeting in 2008stanned example
provided below).

On 12" February (Morning basket from 7.45 to 8 AM) and” lecember 2009, (7 PM and 8 PM
main bulletin, in Chichewa and English, respectiy¢he Malawi Broadcasting Corporation (MBC)
aired the interview which Mr J. Kamanula had witlh $angwani Phiri of MBC in Mzuzu. The same
interview was also on TVM on f@ecember 2009.

During another orientation trip to our project siten Champhira and Nchenachena members of
Malawi national media were sensitized of SAPP mogetivities in Malawi. As a result radio scripts
both in Tumbuka and English were aired on Zodiaki&&tation (Private Radio) from $2January

to 2 February, 2010. These radio scripts are availahk will be posted on the project website
(www.nri.org/sapp

Two field days were organised in Champhira and Nabbena among vegetable farmers. Over 400
smallholder farmers attended these and expresta@st, confidence and zeal in taking up pesticidal
plant use further to a wider community in the stadga. The guest of honour at the field day was the
representative of the Traditional Authority Mwalviéor Rumphi district. He indicated his belief that
SAPP work was by far the most powerful way to divarmers away from using synthetic pesticides
which tend to be harmful to the environment and &okmnd. About 500 copies of newsletter were
published by DARS to facilitate dissemination of awrk to more farmers in Malawi.
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THE DAILY TIMES, Friday. December 26, 2008
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He said, according to
research done in some
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Fimbabwe and Zambia, use of
pesticidal plants greatly
checks down erop damage
caused by such ingects as
aphids, = weevils. and
spidermitcs and that it

iminates ticks that prey on
livestocks.

Stevenson, therefore, said
there was need for research
scientists to-equip small-scale

Sapp Project team leader |

Britain said use of pesticidal |

Stevenson, therefore, said
there was need for research
scientists to eguip small-scale
farmers with technical know-
how of growing. harvesting
and applying plant insecticides
so that they benefit from the

~The Sapp project team
leader further said growing of
pesticidal plants would
provide poor small-scale
farmers with -additional
income besides erop and
animal tion.
In his speech, Mzuzu
University Vice Chancellor
Landson Mhango, who
the meeting, hailed Sapp
project, saying it was a
solufion o controlling
because of the low cost
i “The major challenge in
m mta:ugn is to come up
farmers' use. Currently,
farmers rely on high cost
technologies like use of

farmers with techniceal knos-

Extract from newspaper coverage of project acési{Dec 2008)
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Four page newsletter published by DARS (500 comag)esticidal plants and the SAPP Project for
distribution to all Agricultural Development Divisis in Malawi, though much distribution targeted
our working areas to inform public and policy makand provide useful application details to

extension workers.

The SAPP Project has sought to influence the pallctpolicy makers through various forms
of engagement to enhance the profile of and propesécidal plants.

SAPP project leaddyeing interviewed for
Malawi National Radio

SAPP project leader, and Honourable
Deputy Agriculture Minister, Mr Binton
Kuntsaira, Malawi

Plant information sheets

Plant Information sheets have also been producdddimg one orlephrosia vogelii(See attached
in additional documents).
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2.7Please list all contracts (works, supplies, sersjcabove 10.000€ awarded for the
implementation of the action since the last interigport if any or during the reporting
period, giving for each contract the amount, theaedvprocedure followed and the name of
the contractor

None.

2.8 Describe if the Action will continue after the soppfrom the European Community has
ended. Are there any follow up activities envis&yéthat will ensure the sustainability of
the Action?

This is action is continuing through several newjgets.

a) A DelPHE proposalhitp://www.britishcouncil.org/delphe.hjnwas sought during the
course of Year 2 and led by one of the partnershi Xamanula and includes inputs
from Stephen Nyirenda and Phil Stevenson formally will benefit from the network
of scientists established during the project. Thigget has a value d&90,0000ver 3
years and will enable John Kamanula to continuerdsgarch towards his PhD degree
(which would not have been possible within the tilingts of the SAPP Project. The
title is OPTIMISATION OF PESTICIDAL PLANTS FOR THECONTROL OF
INSECT PESTS IN STORED MAIZE AND VEGETABLES

b) A McKnight Foundation project has also been fundbtbugh Southern African
Community of Practise. The project entitled OPTEED PEST MANAGEMENT
WITH TEPHROSIAON LEGUME CROPPING SYSTEMS IN MALAWI AND
TANZANIA is led by another Malawi based partenr froSAPP project Stephen
Nyirenda and is a collaboration between 4 inst#uteDepartment of Agric Research
Services (Malawi), International Centre for Tropigsgriculture (CIAT — Malawi)
(Roland Chirwa), Natural Resources Institute (St®a&main) and Ro6yal Botanic
Gardens, Kew (Phil Stevenson). Roland Chirwa iewa partner for collaboration to
the SAPP team. The overall aim is to take forwaodk initiated on the SAPP project
specifically on optimising Tepohrosia vogelii andevdloping opportunities to
commercial for small enterprise the production digdribution of the plant materials.
As with John Kamanula above this will allow himdontinue his research towards his
PhD degree (which would not have been possibleinvitiie time limits of the SAPP
Project. The project is wortiS$400,000 over 4 yeargSept 2009 — August 2013).

¢) A new EU funded project through the African Caribeand Pacific Science and
Technology program and which is led by Phil SteeanéSAPP Project leader) will
consolidate and expand the network of scientisteldped under the SAPP project. The
project title is AFRICAN DRYLAND ALLIANCE for PESTCIDAL PLANTS
TECHNOLOGIES and is funded to a value ©£,000,000 over 3 yearsThe new
project is a network of Universities, NGOs and ilngts in 8 African countries —
Egerton University (Kenya), National Botanical fhgie (Namibia), University of
Zimbabwe (Zimbabwe), Southern Alliance for Indigeadresources (Zambia), National
Agricultural Research Institute - Naliendele (Tamiay Ministry of Food and
Agriculture, Tamale (Ghana), Mzuzu University ancepartment of Agricultural
Research Services — Mzuzu (Malawi) and Plant Ptiotedkesearch Institute, Pretoria
(South Africa) along with Natural Resources IngdtuUniversity of Greenwich and
Royal Botanic Gardens Kew (UK) and includes ALL B®PP project partners but also
new partners from the new partners countries. Phgect will concentrate on
consolidating and expanding the network of sci¢rtig develop training and research
activities and upgrade the output quality of theridsh partners through the
development of the multidisciplinary teams of stigs. The project will continue the
outstanding publication record established on thEFS project and ultimately will host
an international conference on pesticidal plantfiica in 2013.www.nri.org/adappt
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d) SAPP Partners have submitted 3 additional DelPHpg®als in the last round/call of
funding (Feb 2010) from Malawi (ICRAF), Zimbabwe r(Mersity of Zimbabwe) and
Zambia (The Copperbelt University).

2.9 Explain how the Action has mainstreamed crossfmissues such as promotion of human
rights’, gender equalify democracy, good governance, children's rights iadijenous
peoples, environmental sustainabflitgnd combating HIV/AIDS (if there is a strong
prevalence in the target country/regién).

The main of the focus of the project from its otitsas been food security - not simply with
respect to stored products but also securing dropg® field and livestock) which is a particular
concern for female and child headed families whioch becoming increasingly abundant due to
HIV/AIDS and changing male employment patterns.sThas particularly apparent from surveys
although in north Malawi and eastern Zambia theonitgj of rural families were still represented
by men. The importance of women to the developroérstrategies for up-scaling the use of
pesticidal plants was highlighted by the significassociation between women and the greater
inclination to use pesticidal plants.

Women may be empowered by pesticidal plants siheeetare no barriers to their access
provided the appropriate information on their IDdallection is available or better still on their
cultivation e.g.,Tephrosia Female headed homesteads are on the increastendormally
have no alternative source of livelihood other tlemiculture. Increasingly, rural families in
southern Africa are often run by women as men ltmkjobs in cities, and the majority of
beneficiaries directly involved in the SAPP projbaie been women.

HIV/AIDS. As a strategy this project has been implemente&AFIRE in Zimbabwe as an
intervention in broader livelihood projects mostiynded by the EU through partnerships with
HIVOS http://www.bcoalliance.org/node/32hd TDH. Specifically

« Improvement of agricutlural production through foddr work in Provinces of
Manicaland and Matabeleland South (German Agroohgtin which farmers get inputs
and training from GAA.

e HIV/AIDs and nutrition: EC funds through TDH whicdupport the establishment of 4
gardens in the area where field trials are undertak

e SAFIRE Livelihoods programme funded through HIVO#®dlihood project facilitating
agricultural development

2.10 How and by whom have the activities been monitaeallated? Please summarise the
results of the feedback received, including fromeneficiaries.

The activities have been monitored and evaluategweral ways.
External Advisory Board At the project outset the project partners ediexternal advisors to

the inception meeting-who were introduced to theggmt activities and work plans and ambitions
of the project. Their feedback was instrumentasétting out clear and achievable work plans

6

Including those of people with disabilities. Foom information, see “Guidance note on disabilitd a
development” at
http://ec.europa.eu/development/body/publicatiomsstDisability_en.pdfhttp://ec.europa.eu/developiten
dy/publications/docs/Disability _en.pdf

http://www.iiav.nl/epublications/2004/toolkit_on aimstreaming_gender_equality.PDF

Guidelines for environmental integration are aafalid at: http://www.environment-integration.eu/

To refer to EC Guidelines on gender equality, loilgzes. ..
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while contributing their expertise about botanigadtitutes and conservation priorities for the
Southern African region. Subsequent meetings &duete activities were attended by External
Advisors from southern Africa and provided continsapport and analysis of the projects field
objectives while advising on new sources of peddiciplant that had otherwise not been
encountered and contributing invaluable knowledbgeua key pests in the target agricultural
systems.

International peer review Ultimately it is the intention of the project publish all the research
outcomes as research papers in refereed journdlsady 7 papers have been submitted or
published from this work with as many as 10 add#iopapers are under preparation. Indeed
publication of research is itself a process of rtaritig of quality since the submitted papers are
evaluated by independent review. One paper h&ardmeen published and has been through this
rigorous process already — a process that is paatlg robust for the particular targédournal of
Agricultural and Food ChemistrylSI Impact Factor 2.8). Furthermore, one othapgr was
actually invited by the journal directly as a résof a presentation made at an international
conferences which again demonstrates that peeuai@t has indicated the work of the SAPP
Project to be of high quality, relevant and of ineional standard for publication.

ICART Management teanWe invited the ICART project team to our first nyidar meeting and
2 annual meeting both in Malawi and which was apoofunity to demonstrate to them what the
project was doing but also to receive feedback abwel activities. One particularly important
piece of feedback at our end of year 2 meeting auM from the project coordinator was the
emphasis on exit strategies for the projects. ¥k tthis on board and from that moment
considered how we could continue the work beyosdifiitime and this resulted in sourcing new
funds from 3 different funding bodies based in Witish Council), Brussels (ACP S&T) and
USA (McKnight Foundation) to a total value of apgroately 1.5million euros. Otherwise
feedback at these meetings with ICART team wastigesand indicated that the project was on
track.

BeneficiariesAll the 1,500 farmers were co —researchers and &ik close collaboration with
SAFIRE, University of Zimbabwe and Department ofriggltural Research Services in Malawi.
The feedback from target farmers has invariablynbeesitive with all farmers appreciating the
potential benefits of using pesticidal plants iast®f synthetic pesticides. However, in several
field trials the effects of the plant materials weavot as profound as had been expected and in
some cases simply did not work. Indeed the numbgadicipatory farmers went down to 993
from 1100 in Zambia since the commencement of G88M9 trials as farmers felt there were no
immediate benefits in this action. This highlightéé importance of a full understanding of the
mechanisms of activity to ensure that plant matepaomoted to farmers were active against the
specific target pest and that the application wasrosed.

Other stakeholdersin Malawi the project has received positive suppimam Director of
Research Services as well as the programme MafagtZADD. We have had cordial support
from smallholder farmers in project sites with diex@ backup from the District Agricultural
Development Offices of Rumphi and Mzimba.

2.11.What has your organization/partner learnedirthe Action and how has this learning been
utilised and disseminated?

Partners learned about many new techniques from eter and the processes of operating a
large multi national and multi institutional projea Africa. The skills and knowledge gained
have helped to consolidate a network of scien#iat this is born out by our success in winning
three more substantial projects over the cominggtho four year.
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There is still scope for more regular communicatigremail among the partners. Some partners
suggested exploiting the use of other communicatioredia including skype which allows
prompt and direct e-discussion amongst partnersmexder necessary. However, perhaps the most
reliable communication device was the telephon@biM phone networks in Africa are extensive
and even in the field, project partners were edsi@ontact by phone tan by email when at their
desks owing to problems with the internet.

Slow turn around of co-authored papers held up arkonger than necessary. Processes of fast
tracking or prioritising by lead or correspondingtteors could assist in the process. Mentoring
can address this through bringing authors/contoitsutogether and applying pressure for outputs.
Two surveys papers for example really came togettmaugh a specific and dedicated slot of
time at which the three key players in Malawi catogether to thrash out the information.
Deadlines, even unofficial ones, also help to ntbiegs along as well as regular meetings.

Partner organizations learned new techniques ofodiital evaluation of plant materials in
laboratory and field trials and their chemical gs& from other partners and the experience of
working within an international network has beetrexely beneficial to building the capacity of
expertise. The project has been able to bring ¢éxgegether in order to share strengths and
improve weaknesses. The knowledge generated hasdireetly applied within the project and
has led to a number of output

3 Partners and other Co-operation

3.1 How do you assess the relationship betweerfaimeal partners of this Action (i.e. those
partners which have signed a partnership staterfferRjease specify for each partner
organisation

The relationship has been excellent among the @artrMeetings were characterized by
constructive dialogue where partners were openriticism and also provided sincere
criticism of the progress. Because of the rappoiit bBmong partners planning and execution
of project activities moved with ease. One pattic aspect was the fact that each partner
was responsible for a specific work package whintparaged interaction among the partners
and a sense of role and responsibility of eachnpatto the overall aim and ambition of the
project.

UZ worked more closely with SAFIRE on a day to dayplementation of some of the
components and the combination of the 2 organisativas been synergistic. Similarly
partners in Malawi, worked closely together but thieraction among All the partners was
overall very good. SAFIRE also conducts a closekimg relationship with University of
Zambia through its Lusaka office. All partners conmicated frequently and effectively with
the lead institute NRI.

3.2 Is the partnership to continue? If so, how? If whily?

Yes. Three new projects have been won that ovevidpthe current project and these are
detailed elsewhere as required in the report. flgribese are a DelPHE British council grant
awarded to John Kamanula (Malawi partner) for £80,& McKnight Foundation Southern
Africa Community of Practise project awarded topBen Nyirenda worth US$400,000 and
an ACP S&T project worth €1,000,000 awarded to Biélvenson NRI. In all cases SAPP
project partners are involved to a greater or kedegree and in the case of the ACP project
ALL current proj4ect partners continue to work ttgps.
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3.3 How would you assess the relationship between gmanisation and State authorities in the
Action countries? How has this relationship affelctiee Action?

Zimbabwe:

University of Zimbabwe: UZ gained a lot of supptmdm state authorities such as
Henderson Research Station which provided animal$ @esearch facilities. Mazowe
Veterinary College is another government institiin&t helped with blood sample collection
and analysis for work at University of Zimbabwel Klese institutions contributed towards
good quality research with no cost.

The Institute of Agricultural Engineering in theiéstry of Agricultural Engineering,
Mechanisation and Irrigation, located at Hatclifi@vided grain storage facilities for the on-
station storage experiments. The staff also ppéie in the experiment. The Crop Breeding
Institute, Department of Agricultural Research foevelopment (DAR4D) provided bean
weevils that have been used to start bean cultrd®e used in the bioassays at UZ. The
Chiredzi Research Station, DAR4D in collaboratiathvAgro forestry officer (Mrs Mwenye)
allowed the project to harvest neem leaves fromr thits. Plant Protection Research
Institute and National Herbarium Botanic Gardenpegts in DAR4D helped to positively
identify the species of vegetable pests and pdsatiplants respectively.

In 2007 and 2008, state authorities were reluctanghare information about the
regulatory aspects of pesticides and tended tohwithinformation or release it late even
after seeking permission to acquire it. It waspmdsible to acquire secondary data especially
on the structure of the pesticide industry befarergo 2007 (as part of the market structure
study) which have made a trend analysis impossible.

SAFIRE has a long standing relationship with thmistry of Tourism and SAPP is
the 3% project currently being implemented with the minjisn Zimbabwe. IN Zambia the
relationship has a long standing relationship vitimistry of Agriculture to collaborate in
environmental activities and this has made it efsythe project to be understood and
accepted at policy level. Implementation of SABBeing implemented with co-facilitation
with ward level based Agricultural Research andeBgion staff which has increased contact
time. At the district level in Zimbabwe SAFORE kasoordinated activities in conjunction
with Environmental Management Agency staff thus pineject has benefitted from legal
backing and in Muzurabani and Nyanga districts $&-httends all Rural district Council
meetings and gives progress reports. This has thadaction relevant and has the support of
the local leaders. A similar outcome has arise@homa districts (Zambia) where the project
is being implemented. Finally Forest DepartmerZimbabwe and participation of the Joint
Forest management initiative in Zambia have fatdid the harvesting of plant materials and
the related issues and has helped highlight theraas a strategy to enhance the benefited of
non timber forest products.

Malawi:

The relationship between ICRAF and State autlesritelevant to this project was
very strong. Historically, ICRAF has been hosted thg Ministry of Agriculture and
Cooperatives (MAC) over the last 20 years at Msekeegional Research Station. The
Msekera Research Station is now being managed &yZ#mbia Agricultural Research
Institute (ZARI), which had also strong ties witBRAF when it was under MAC. This long
history of relationship between ICRAF and MAC andRZ and the commitment of the
relevant staff has helped the actions in this midje be carried out smoothly. The activities
in this project were carried out in collaborationhaDr Smart Lungu, who is a staff of MAC
and also the national secretary of the Zambia Natidgroforestry Steering Committee.

In addition, this project is now incorporated in@RAF global research priority 2,
“Diversification on Farm”, demonstrating institutial ownership and commitment.
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It was possible for SAPP members to interact witmda College on a Bilateral project
between South Africa and Malawi. We had a greattiip the pesticidal plants project set up
of South Africa and Malawi for training of post duaate students in the two countries.

Mzuzu: Ministry of Agriculture, Mzuzu ADOThe relationship with Mzuzu ADD is
very good. They allowed their extension workersvirk with us in this project during and
after surveys of pesticidal plants. The field doffie at Nchenachena and Champhira helped us
in organising farmers for workshops and storagdstand helped the project to run smoothly.

Professor G.K.C. Nyirenda of Bunda College hagags been helpful in providing
information on pesticidal plants and is now parthef Steering group. .

3.4 Where applicable, describe your relationship withyaother organisations involved in
implementing the Action:

» Associate(s) (if any)

MALAWI: The project brought together different dtafiembers of various stakeholders such
as The Mzuzu Agricultural Development Division (ME2B), Mzuzu University, Mzuzu
Smallholder Coffee Planters Cooperative Union (MS8OPand Bunda College. Major staff
contacts during the project included staff below.

Name Sex | Qual Further study | Dates of | Duties Status
prospects appointment

Louis M Diploma BSc 1/1/2008 UndergraduatePart time
Mwalima Research

Student
Hastings M JCE None 1/1/2008 Lab Attendant  Part time
Nyasulu
Paulus M MSCE Diploma 1/1/2008 Research Part Time
Maluwa Technician
Chicco M MSCE Diploma 1/1/2008 Research Part Time
Kayange Technician
Mercy F MSc None 1/1/2008 Crop Part time
Tembo Protection

Officer
Victor M BSc None 1/1/2008 Horticulture | Part time
Kumwenda Extension

Officer
M.L.Banda | M Certificate] None 1/1/2008 Extension Il Fime
Festus M MSCE Diploma 1/1/2008 Research Part Time
Mghogho Technician
George M MSCE Diploma 1/1/2008 Research Part Time
Munthali Technician
Mytot M MSCE Diploma 1/1/2008 Extension Part Timg
Mhango
Robert M PSLC None 1/8/2008 Research Full Time
Chirwa Driver
Maria F MSCE None 1/8/2008 Office Part Time
Hojane(Mrs) Assistant

The project has facilitated participation of otlsefentists through BSc & MSc supervision:
Prof Thokozani Hove, Faculty of Vet. Sci.; Prof Hamery Hamudikuwanda, Animal Sci. Dept & Dr.
Elliot Zitsanza, Crop Sci. Dept. and facilitated@ss to resources in the different departmentksLin
made with Prof Zaranyika, Mr Tendaupenyu (Chemidbgpt, UZ) and Prof Nike of National
University of Sci. and Tech. in developing a praidor the mode of action of the pesticidal plants.
The project has brought together scientists andestis of different disciplines within the various
partner organisations. For example an Animal SEeviSc student worked on the vertebrate toxicity
studies in collaboration with the Faculty of Vetetiy Science at UZ. Two UZ BSc honours students
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have been engaged (one per site) to work on thak dterage trials. A Crop Science MSc student is
undertaking vegetable field pest control experiraemith assistance from an Applied Environmental
Science undergraduate student. Another Animaln8eidSc student is working on this component
of acaricidal plants for tick control in cattle. §lstudies are being undertaken in collaboratioh wit
Faculty of Veterinary Science at University of Ziaftve. The full list of University of Zimbabwe
staff involved is as follows,

Name

Sex Qualification Further study Dates of Duties Status

University of ZIM

prospects

appointment

Thokozani F  PhD Veterinary N/A 1 Aug 2007 — current  Post-graduatePart-time

Hove Studies Supervisor

Humphrey M  Assoc Prof, N/A 1 Aug2007 — current  Post-graduate Part-time

Hamudikuwan Animal Science Supervisor

Elliot Zitsanza M PhD N/A 1 Aug 2007 — current  Post-graduatePart-time
Entomology Supervisor

Simbarashe M BSc Crop MSc Crop 1 Augu 2007 — Post-graduate Full-time

Muzemu Science Protection current Student

James M  BSc Animal MSc Animal 1 Aug 2007 — current  Post-graduateFull-time

Madzimure Science Science Student

Emmanuel M  BSc Animal MSc Animal 1 Aug 2007 — current  Post-graduateFull-time

Nyahangare Science Science Student

Grace Ndoro F  BSc Agric Econ MSc Agric 1 Jan 2008 - current Post-graduatefull-time

Economics Student

Tsitsi F  NA BSc Applied 1 Oct 2007 —current  Under-grad  Part-time

Mandaza Env Science Student

Alex M N/A BSc Agric 1 Sept2007 - current  Under-grad Part-time

Chigoverah Engineering Student

Kenias M N/A BSc Agric 1 Sept 2007 - current  Under-grad Part-time

Nyevedzanai Engineering Student

Thembinkosi M  National Dip N/A 1 July 2007 — current  Research Part-time

Siziba Appl Chem. Technician

Erikana M  None N/A 1 Dec2007 - current Technical Part-time

Chitopo Hand

» Sub-contractor(s) (if any) None
» Final Beneficiaries and Target groups
o Considerable interaction with farmers (>1500) dgrihe project as farm based trials (PRAS)

ICART/CRARF/GC/005/06 9 ACP SAD 1-11

of some pesticidal plants have been initiated.
All farmers are co—-researchers and work in clogétly partners which is empowering.
Familiarisation meetings held with communities,nfars, technical stakeholders and other
significant parties. Field trials (gardens andrage) have generated lots of interest in the
beneficiary communities as evidenced by their actiwolvement at all stages of the trials eg
collection and preparation (pounding/crushing) ledé pesticidal plant for ease of application.
Support of local leadership secured. Other thindigginvolved.
UZ/SAFIRE: In Zimbabwe the project has more regenibt been able to reach out to
communities in the project sites because of thigigall situation on the ground.
ICRAF : Farmers in three districts of eastern Zambia.
Researchers: The activities in this project werei@a out in collaboration with Dr Smart Lungu,
a botanist (taxonomist) by training with a keererast in medicinal plants. He has personally
supervised most of the activities and will continioedo so. Researchers and students from
Mzuzu University and other scientists from ICRAFe also beginning to be involved in the
propagation of the species selected.Agroforestrg pt®gram at University of Wales, at Bangor.
A Masters student and his supervisor are closelykwg with me in the development of
protocols for the micro propagation stuARS: Smallholder Farmers have had a great interest
in conducting field trials with project members. €2\400 farmers have been in touch with
project staff in the two sites.Mzuzu: Extension keys and over 150 farmers from Nchenachena
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and Champhira (Jenda) were willing to work with inssurveys and storage trials and have
benefited from the knowledge gained.

« Other third parties involved (including other dosiasther government agencies or
local government units, NGOs, etc).

None not already mentioned above.

3.5 Where applicable, outline any links you have depetbwith other actions

In all cases partners have used collaborationsfaailities to help move the project forward. For
example, in Malawi, the rural appraisals interviesysl trials leant heavily on support from local
agricultural offices The major outreach tool to the community has bberMZADD extension staffs
who are vested with all responsibilities of extensservices in the area. UZ have developed links
with FAO, which is providing more information on bharatory bioassays using the Larval Packet Test
in tick bioassay work. SAFIRE also recognizes thigtough the work under the SAPP project was
time consuming the funds are limited so this projecbeing implemented as an intervention in
broader livelihood projects mostly funded by the Bldough partnerships with HIVOS and TDH.
These have already been outlined above under 2.9.

IN the final year work in Mzuzu was additionallypported by a new DelPHE fund through the
British Council.

3.6 If your organisation has received previous EC gramtview of strengthening the same target
group, in how far has this Action been able to dwipon/complement the previous one(s)?
(List all previous relevant EC grant$)/A

4 Visibility

All outputs either acknowledge the source of fugdim a written statement or publicise the EU
using the flag/logo on outputs such as press swteand perhaps most importantly the website
atwww.nri.org/sapp

All interviews with press make clear that fundirgg&U. It is not possible to ensure that this
information is presented in the final report. Distaire listed elsewhere in the report.

The European Commission may wish to publicise theesults of Actions. Do you have any
objection to this report being published on EuropeAd Co-operation Office website? If so,
please state your objections here.

No objections

Name of the contact person for the Action: Dr iphil Stevenson

o

Location: Natural Resources Institute

Signature.

Date report due: 31 March 2010

Date report sent: 31 March 2010
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