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“...whoever could maKe two ears of corn or two blades of grass
to grow upon a spot of ground where only one grew before,

would deserve better of manKind, and do more essential service
to his country than the whole race of politicians put together”

Jonathan Swift
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Integrated Crop Management Research in Malawi: Developing Technologies with Farmers.
Proceedings of the Final Project Workshop, Club Makokola, Mangochi, Malawi, 29 November — 3 December 1999

Welcome to participants

A.T. Daudi

Manager, Farming Systems Integrated Pest Management Project, PO Box 5748, Limbe, Malawi

| welcome you all to the final workshop of the Farming
Systems Integrated Pest Management (FSIPM) Project.

The FSIPM Project started in 1996 with a Stakeholder
Workshop at the Shire Highlands Hotel in Blantyre to
which some of you were invited. The project worked in
the two Extension Planning Areas (EPAs) of Mombezi and
Matapwata in the four villages of Magomero and
Kambuwa (Matapwata EPA) and Lidala and Chiwinja
(Mombezi EPA). Both EPAs are in Blantyre Agricultural
Development Division (ADD).

Management of the project has involved fortnightly man-
agement meetings and half-yearly steering committee meet-
ings. The members of the Steering Committee include staff
from the Departments of Agricultural Research, Extension,
and Crop Production, Bunda College of Agriculture, the UK
Department for International Development (DFID) and
NGOs. The findings of the project have been disseminated
through internal reports and presentations during project
meetings.

Much progress has been made in the area of human re-
source development. Six Malawians have been trained in
the UK at M.Sc. and diploma levels in crop protection, ag-
ricultural economics and social anthropology. Five students
have been trained at Bunda College at M.Sc. level and some
officers have been trained through workshops, seminars and
short courses abroad.

The project is building a new hostel (25/26 rooms) at Bunda
College. The old plant protection building at Bvumbwe Re-
search Station is being rehabilitated and the renovation will
be extended to the plant quarantine building.

Officially the project ended on 30 September 1999, how-
ever, it was extended for six months to 31 March 2000 to
allow this final workshop to take place and for all the project
results to be documented.

I now invite the Director of the Department of Agricultural
Research and Technical Services (DARTS) to officially open
this workshop.
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Opening address

A. P. Mtukuso

Director for Agricultural Research and Technical Services, Ministry of Agriculture and Irrigation, Malawi

Dr Potter, DFID Field Manager, Representatives of the
academic and NGO communities, Distinguished visitors
from overseas, Ministry and FSIPM Project staff, Ladies
and Gentiemen.

It is a pleasure to be with you today at the start of this
final workshop of the Farming Systems Integrated Pest
Management (FSIPM) Project, entitled Integrated Crop
Management Research in Malawi: Developing Technolo-
gies with Farmers.

We are meeting at that time of the year when farmers once
again are staking their skills and experience against the forces
of nature in their struggle to feed their families and achieve
a sustainable livelihood. Against that background it is ap-
propriate that we are gathered together to review what has
been learned about improving yields of food crops grown
by resource-poor smaltholder farmers, not only by the FSIPM
Project but by other research groups who have also been
working with farmers in the same endeavour.

The Ministry of Agriculture’s Strategy and Action Plan pub-
lished in 1995, drew attention to the fact that per capita
food production in Malawi has been falling in recent years
while average calorie consumption is still below the recom-
mended daily requirement. Several initiatives were proposed
to address these problems, with the aim of improving house-
hold food security and raising farm household incomes while
conserving natural resources, against a background of ris-
ing population, increasing land shortage and declining soil
fertility. In particular, it was recognized that resource-poor
households, especially female-headed households, needed
to be targeted in the development of appropriate technolo-
gies and approaches to increase productivity.

The Strategy and Action Plan advocated a participatory ap-
proach in which research scientists and extensionists would
work closely with farmers to identify and address farmers’
needs and constraints. This bottom-up approach was con-
trasted with the old ‘top-down’ prescriptive approach to iden-
tifying farmers’ needs, in which the researchers played the
main, and sometimes it must be admitted, the only role.

The FSIPM Project began work in January 1996 and will
end in March 2000. In developing its work programme, the
project was guided by a Stakeholder Workshop held in july
1996 which brought together the research community, and
by numerous consultation meetings with extension staff and
farmers during that year.

The project deliberately focused on those parts of Blantyre/
Shire Highlands with the highest population levels and

smallest landholdings and made a point of including a
significant proportion of female-headed households amongst
the participating farmers. The food crops targeted by the
project (maize, bean, pigeonpea and sweet potato) were
those deemed most likely to make a significant contribu-
tion to household food security and income.

Projects often outlive the value of the priorities set at their
inception. In the case of the FSIPM Project, it is interesting
to compare this choice of crops with the priorities set in the
Malawi Agricultural and Natural Resources Research Mas-
ter Plan, published by the National Research Council in
September 1999.

It is encouraging to find that in the Master Plan cereals are
still seen as the key commodity group, with legumes and
oilseeds, and root and tuber crops as third and fifth priority
commodities, respectively. Within each commodity group,
all the FSIPM Project focus crops are currently listed as ei-
ther first priority (maize, bean, sweet potato) or second pri-
ority (pigeonpea).

The pest management problems which were selected for
the initial focus of the project were those which had been
highlighted by the research community and farmers as pos-
ing the most serious threat to crop production. Pests and
diseases are still recognized in the new Research Master
Plan as a priority constraint to productivity.

However, declining soil fertility has risen to the top of the
production constraint agenda in recent years and | am de-
lighted that this meeting has brought together representa-
tives of most of the significant initiatives within Malawi who
are seeking to address what is now perhaps the single most
important limitation on smallholder production.

Ladies and gentlemen, three cropping seasons have
passed since the inception of the FSIPM Project and once
again a representative group of professionally qualified

‘and concerned stakeholders has been convened to dis-

cuss, and to find ways of applying, the lessons which
have been learned.

Many of us have spent at least part of our professional lives
as subject specialists, but this project was unusual within
Malawi in seeking to bring to bear a broad range of disci-
plines from both the natural and the social sciences to help
us understand all aspects of the farming system of the target
area. To a greater extent than previously, this project (along
with others represented here today) has sought to treat farm-
ers as experts in their own right, rather than simply the pas-
sive recipients and unquestioning users of the knowledge
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developed by researchers. During this workshop we will be
exposed to some unfamiliar ideas, some of which may run
counter to the wisdom that we have received from our teach-
ers. Let us take the opportunity to see what actually hap-
pens to our technologies when they are applied under small-
holder conditions and learn how farmers themselves judge
our efforts on the basis of that performance.

The project still has four months left to run and is trying to
involve other stakeholders in shaping the outputs of the
project, within the context of other initiatives which are seek-
ing to address common goals. All project findings will be
professionally documented and delivered to the Ministry,
the British High Commission and other interested
stakeholders.

This week’s workshop provides an excellent opportunity to
identify emerging priorities which will have to be addressed
by the research/extension/farmer combine in the opening
years of the new millennium. It can also enable us to de-
velop approaches, based on hard practical experience, to-
wards building a relationship of mutual trust between rural
people and the research community as we seek to develop
a common strategy for the sustainable enhancement of crop
production.

| am pleased to be able to tell you that a separate extensive

programme of evaluation has been conducted with the
project’s most important stakeholders — the participating
farmers — during the final season of fieldwork. This process
has involved meetings between participating farmers and
members of the Ministry’s Steering Committee for the FSIPM
Project and the Technology Clearing Committee.

The farmer evaluation process culminated in a final 1-day
workshop and party for about 100 farmers at Bvumbwe
Research Station earlier this month, together with the grass
roots extension staff from the project area.

At the original Stakeholder Workshop, Dr Harry Potter fo-
cused delegates’ attention by asking what the FSIPM Project
could do which would be of more direct benefit to the farm-
ing population of Blantyre/Shire Highlands than simply di-
viding the total cost of the project by the known population
of the Rural Development Project and giving all the money
to the farmers! It still does us no harm to have that thought
in our minds as we spend this week reviewing progress and
looking to the future.

With these few words, Mr Chairman, | now declare this
workshop open and | await with keen interest the practical
results of the sharing of ideas and development of specific
plans which are to take place at this meeting over the next
few days.
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The role of on-farm participatory research in enhancing rural

livelihoods in Malawi

H. L. Potter

Natural Resources Adviser, Department for International Development (DFID), British High Commission, PO Box 30042, Lilongwe, Malawi

Principal Secretary, Dr Daudi, Dr Ritchie, colleagues from
Malawi and our visitors from overseas.

| was very happy to accept the invitation to attend this work-
shop, both as a DFID representative and, as a chance to
return, albeit briefly, to my former role as an agronomist
involved in research and development in Africa for more
than 20 years.

As the DFID Project Officer for the project for the past 3
years or more, | have followed its progress closely as it has
attempted to address some of the problems of smallholder
farmers in southern Malawi. The partnership between the
British and local scientists has gradually developed to the
mutual benefit of both. It has moved toward a common
understanding of the difficulties faced by farmers and what
might be appropriate as interventions, bearing in mind the
severe limitations to the resources available to such farm-
ers. The professional team is somewhat unusual for an agri-
cultural project, having a substantial element of the social
sciences. This has fitted in well with the growing recogni-
tion that rural livelihood improvement depends on more
than the traditional agricultural disciplines of agronomy,
plant breeding and pest and disease management. The so-
cial scientists, both local and from overseas, have been able
to apply a ‘reality check’ to the wilder ideas of the agricul-
turalists by providing valuable information on the attitudes
and perceptions of the farmers. | can think back in my own
career to a couple of occasions where such a check would
have been helpful at an early stage in development of a
technical programme. Failure to fully realize the impact on
availability of family labour for weeding coffee, or recom-
mending a ‘cut and carry’ system for dairy farming in Kenya,
proved particularly salutory experiences for me!

DFID believes that this project is an excellent local exam-
ple of the change in research approach that is now gather-
ing pace world-wide. The smallholder farmer’s livelihood
does not just depend on crop, or livestock yields, but on a
complex set of factors, understanding the interdependence
of which requires a wide range of technical disciplines and
a good rapport with the farmers. There is a growing recogni-
tion that smallholder farmers are notignorant and extremely
conservative. To be able to survive at all in the difficult cir-
cumstances of small landholdings, poor soil fertility, lack of
investment resources and often unpredictable weather is a
challenge which many of us would be hard pushed to meet.
The more the smallholder farming systems are examined
then the more it becomes obvious that such farmers are

continually experimenting, albeit in a way that our
biometricians would have difficulty analysing. A major role
for researchers is to test how far these individual experi-
ments can be successful on other farms.

The world-wide trend is, therefore, to supplement the tradi-
tional discipline-based, or commodity-based research pro-
grammes, with a more holistic approach in which a wider
range of technical specialists, including those from social
sciences, work with farmers. This close contact with farm-
ers inevitably will involve more on-farm work if it is to take
account of the real conditions faced by the farmers. In many
cases, farmer participation in the design and implementa-
tion of such work gives more credibility to the recommen-
dations which might ensue. Credibility is much more diffi-
cult to obtain if the work is only carried out by the scientist
alone, especially if on a research station.

The implications of this change in approach are far-reach-
ing. Agricultural scientists in many cases will need addi-
tional training in techniques for successful interaction with
farmers. | know this has already been recognized in Ma-
lawi, with courses at Bunda College attempting to meet the
challenge. Greater involvement of social scientists — econo-
mists and anthropologists, biometricians, especially in the
design stage, engineers, ergonomics specialists, and small-
business specialists will certainly be needed. This may not
mean the establishment of more full-time positions within a
national research institution. Such institutions are becom-
ing more streamlined and flexible, with fewer full-time staff
and a greater element of part-time expertise in a wider range
of disciplines, as they accept the limitations of core budget
financing and move towards a research contract-based fu-
ture. The Department of Agricultural Research and Techni-
cal Services in Malawi will move inevitably in this direc-
tion. | can assure you that DFID and other donors are in
active discussion with the Minister and the Principal Secre-
tary regarding possible partnership in assisting the process.
Those who might be affected by such a move would do
well to talk to the three Technical Co-operation Officers on
the project and their visiting colleagues from the Natural
Resources Institute in the UK, to learn first-hand what is
involved!

A major implication of the need for increased attention to
on-farm work is the cost of such activities. Transport costs
are ever-rising and we all know about the growing interest
in fieldwork allowances! This will mean that work will have
to be given greater scrutiny, both in design and implemen-
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tation, to assess how high a priority it should have for fund-
ing. Researchers in Malawi, as elsewhere, will have to be-
come more skilled in seeking clients for their services,
through better investigation of the research market and at-
tention to preparation of properly costed, time-bound pro-
posals. An interdisciplinary approach, clearly involving par-
ticipation by farmers and extension agents is likely to be
more successful in attracting financial support, whether lo-
cal or from donors. The farmer participation will need to be
more than just cosmetic — we have to move away from the
sentiment | once heard expressed as “participation is teach-
ing farmers how to listen”!

In the interests of true participation, I, therefore, can take

my own hint and close my remarks. | wish you well in your
deliberations this week. | only wish that | could attend for
the whole week, but | am afraid the demands of the Starter
Pack Programme and the DFID involvement in the National
Forest Action Programme will not allow for that. | do hope
to return for the Friday session, when the discussions reach
their climax.

| will be particularly interested to hear what you feel would
be appropriate next steps to build on the achievements of
the FSIPM Project. | can assure you of DFID’s continuing
interest in the agricultural sector in Malawi, as part of an
overall strategy, shared with the Malawi Government and
people, to improve the livelihoods of rural communities.
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Groups and projects working in on-farm technology development

in Malawi

THE MALAWI-GERMAN PLANT PROTECTION PROJECT

l. Hoeschle-Zeledon

Malawi~German Plant Protection Project, PO Box 2111, Lilongwe, Malawi

The Malawi—German Plant Protection Project (GTZ-MGPPP)
is carrying out almost all its research activities on-farm and
involves farmers and extensionists; few trials are conducted
on-station. On-farm research is carried out on cassava along
the lakeshore (at Dwangwa, and Nkata Bay), on cabbage
and tomatoes in Ntcheu Rural Development Project (RDP)
and on stored maize in Chickwawa RDP.

To make sure that the research activities meet farmers’ needs,
problem analysis was carried out with farmers and they
prioritized the problems.

Several years of on-farm research experience exist for cas-
sava. Pest and disease resistant/tolerant cassava varieties,
which are also high yielding, were selected by farmers and
multiplied in communal nurseries for further distribution.
The palatability and cooking characteristics of the new va-
rieties were not acceptable to farmers initially. However,
through blending the flour with flour of the traditional pre-
ferred varieties and introducing different methods of cook-
ing, the new resistant varieties are now in great demand.
Farmers have been trained in pest and disease identifica-
tion and were advised to rogue virus-infected plants imme-
diately. Research activities have been limited to one Exten-
sion Planning Area (EPA) but will start soon in two more
EPAs.

For stored maize protection, integrated pest management
{(IPM) technologies, such as storage hygiene measures, shell-
ing maize, mudding of stores, use of chemicals, storage in
bags, have been developed with farmers. Loss assessments
are regularly made in farmers’ stores.

The vegetable programme focuses on clubroot and
diamondback moth control in cabbage, and red spider mite
control in tomatoes. Farmers’ traditional knowledge of pest
and disease control is included in the screening of possible
control options and they are involved in trial planning, data
collection and evaluation. All necessary work on the trial
plots is done by the farmers with the assistance of
extensionists. Training in pest identification and data col-
lection are provided for farmers and extension staff.

The vegetable research programme particularly, faced many
problems at the beginning of the project. Farmers were re-

luctant to participate in the trials due to negative experi-
ence gained with other organizations and programmes in
the past when, after a short time, researchers either never
returned or gave them no feed-back on the findings. They
expected immediate solutions to their problems from the
researchers because “they are the experts”. It was difficult
to make both farmers and researchers understand that in
research both sides must learn from each other and work as
ateam. Field assistants had a poor reputation in the villages
and farmers did not believe in their commitment. Farmers
feared possible losses of their crop due to the project’s inter-
ventions and they also feared that project and extension
staff would claim the yields. Those farmers who finally vol-
unteered in the trials partly abandoned the programme for
various reasons, such as family problems, irrigation prob-
lems, insufficient assistance by extensionists and research-
ers, or because the interventions seemed to them to have
had little impact.

In the second year, participation was much higher with few
farmers dropping out of the trials. Most farmers actively co-
operate while others still show little interest. They show
particular interest in those trials where chemical pesti-
cides are applied, because they believe those treatments
will give the highest yields. More women than men are
carrying out trials that employ traditional plant protection
measures.

Regular visits of farmer groups to other farmers take place
to exchange information. During farmers’ field days, farm-
ers explain the trials to larger numbers of invited farmers
who are not participating in the trials. The trials have initi-
ated constant discussion in the villages about pest control
approaches and even farmers’ groups with chairmen have
been formed to better organize the trials.

The project works with about 20 farmers in the cabbage
programme and 70 farmers in the tomato programme. Be-
cause of the intensive assistance required by farmers when
participating in the research and the limited resources avail-
able to both the extension and project staff, it is not possible
to increase the number of farmers at this stage. However,
once they have proved acceptable to the project farmers,
these technologies can be easily disseminated.
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CONCERN UNIVERSAL
J. Mapemba

Concern Universal, PO Box 1535, Blantyre, Malawi

Concern Universal (CU) is a British-based NGO. In Malawi,
it has three major programmes among which is the Food
Security and Sustainable Livelihood Programme. This
programme is based in Dedza and has four projects on
household food security and sustainable livelihoods. The
major activities carried out under this programme are
listed below.

Agricultural diversification

Legume production

CU is promoting legume production by providing seed
on loan. The aim is to improve household nutrition and in-
comes as well as improving soil fertility through nitrogen-
fixation. Legumes promoted are bean, groundnut,
soyabean, cowpea and Bambara nut. Over 15 000 house-
holds are benefiting from this activity. Out of these house-
holds, 612 participated in the multiplication of bean and
groundnut seed.

Small-scale irrigation and water development

CU is promoting winter cropping through small-scale
irrigation. This year, CU provided treadle pumps to two
irrigation sites and drilled boreholes to more than 30
villages.

Agroforestry

CU is promoting agroforestry to restore soil fertility which is
a major problem.

Livestock production

CU provides livestock on loan including rabbits, goats,
sheep, pigs and ducks.

Village extension systems

CU is promoting village extension systems through the
establishment of village resource centres and the devel-
Opment of extension packages.

Technologies

CU is promoting technologies, such as permaculture, irri-
gation, crop storage, seed multiplication, agroforestry and
livestock feed formulation.

Small enterprise development

CU is promoting small enterprises by providing loans and
training in business management.

Capacity building of communities through
training and participatory research

CU conducts participatory research to assist households to
identify their own problems and find solutions to these prob-
lems. Some of the research work that has been carried out
includes:

* constraints on livestock production
* constraints on the adoption of agricultural technologies
¢ bean and maize variety trials

* participatory rural appraisal in all the villages in which
CU is working.

The lessons learnt so far include:

* households experience more problems than the CU is
presently addressing

* designs for some variety trials demand more land than a
farmer can afford and, therefore, it is difficult to find farm-
ers who are willing to participate in research activities

* households know most of the technologies. However,
they do not adopt such technologies because of limiting
factors, such as lack of resources (land, labour, planting
materials), and low yields, both in crops and livestock.
One farmer asked why he did not adopt technologies in
crop storage responded by asking: “What am | going to
store? | harvest maize enough for three months only!”
Another farmer asked why he does not formulate feed
for livestock responded by asking: “Should | formulate
feed for one chicken? All the animals have been stolen
from me!”
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CIMMYT

B. Kamanga

CIMMYT-Malawi, PO Box 219, Lilongwe, Malawi

The International Center for the Improvement of Maize
and Wheat (CIMMYT) is an international organization
with headquarters in Mexico. It has several outreach
centres throughout the world. The outreach office for
southern Africa is based in Zimbabwe (University of Zim-
babwe Farm).

CIMMYT works largely on improving maize and wheat
through breeding and production programmes in the
world with special interests in smallholder farming. Re-
search is being conducted in various disciplines employ-
ing a large number of international and national scien-
tists. CIMMYT activities are grouped into five pro-
grammes, one of which is the Natural Resources Group
(NRG).

To look into ways of improving productivity and
sustainability of maize-based systems, the Australian Cen-
tre for International Agricultural Research (ACIAR) and Aus-
tralian Aid fund the Risk Management Project (RMP) under
CIMMYT’s NRG programme. The Agricultural Production
Systems Research Unit (APSRU) in Australia successfully
developed a model called Agricultural Production Simula-
tion Modelling (APSIM). The model is used in the RMP for
validation and use in running farmer condition scenarios.
The RMP has two components, modelling and farmer
participatory research (FPR). The modelling section con-
ducted validation work along with FPR in site charac-
terization. FPR work concentrated on farmer typologies,
soil typologies, climatic typologies and livelihood issues
of households. The information gained is now being used
in agronomic practices in the second year for which
farmer scenarios will be identified and appropriate in-
formation entered into the model runs. The model re-
sults will identify production issues that will be discussed
at length with farmers. Modelling and FPR will at this time
interface strongly.

The project is currently covering Malawi and Zimbabwe
in southern Africa and, depending on the first phase per-
formance, the project will cover other countries in the
region. The project was initially funded for 3 years from
1997 to 2000 and is likely to be extended for another 3-
year period.

ACTION AID MALAWI
B. Msiska

Action Aid Malawi, PO Box 30735, Lilongwe 3, Malawi

Action Aid’s mission is to eradicate poverty by working in
partnership with the poor. Its mandate is to co-ordinate all
matters concerning issues of food security and natural re-
sources management.

The goal of the Food Security Sector — Smallholder Seed
Multiplication and Dissemination Project is to improve
household food security of the resource-poor smallholder
farmer. Its purpose is to increase availability and accessibil-
ity of improved seed and plant materials to resource-poor
smallholder farmers.

In response to the 1991/92 drought when farmers failed to
produce sufficient food and hence consumed the seed which
should have been used for planting in subsequent seasons,
Action Aid distributed 13 t of assorted seed types to 1.2
million affected households. From the subsequent crop yields
realized from this seed input, it was confirmed that prob-
ably the major constraint to smallholder food production
was unavailability and inaccessibility of improved seeds.

[n 1995/96, Action Aid-Department for International De-
velopment (DFID)-Government of Malawi initiated the
Smallholder Seed Multiplication and Dissemination Project.
The objective of the project was to assist smallholder farm-
ers to multiply and disseminate improved seed types and
plant materials of their choice.

Community seed producer groups (SPGs) were formed in
four Agricultural Development Divisions (ADDs) in Blantyre,
Madunga, Kasungu and Mzuzu. Each SPG comprised about
20 members, both male and female farmers. These groups
were asked to select a crop of their preference whose seed
would be multiplied. The project distributed a seed supply
worth about £2. The SPG multiplied the seed and sold it
around the neighbourhood and shared the remaining seed
among group members. Proceeds from the seed sales were
deposited in a group account to be used as a revolving fund
around the community.

Four years after the start the project has achieved the
following:

® 543 SPGs have been formed, of which 333 have multi-
plied 255 000 t grain seed from 26 t, and 210 SPGs
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have multiplied cassava (11 000 m sticks) and sweet
potato plant materials (600 50-kg bags of vines);

* these 543 groups have the capacity to operate and main-
tain group revolving fund accounts;

® 54% of the target primary beneficiaries (>8000 in to-
tal) claim to have experienced food security improve-
ment after participating in the project;

e female farmers, who make up 68% of the participat-
ing households, claim to spend less time looking for
food since their household food security has im-
proved;

* increased trade for cassava and sweet potato materials.
Some of the constraints experienced are:

* low seed multiplication rate (at a ratio of 1:10 on average)
due to the nature of the crops that are being multiplied;

e pests and diseases in the bean seed crop due to exces-
sive rainfall in the last 2-3 years;

* low seed diffusion from the nucleus SPGs to other
farmers, especially those more distant from the
groups.

In future, the project will focus on:

* empowering the communities to run their own seed
multiplication and dissemination programmes and as-
sociated activities;

* facilitate community uptake of processing and utiliza-
tion technologies;

* link the SPGs to effective and efficient marketing sys-
tems for seed and crop produce through which they can
bargain for favourable market prices.

GTZ-INTEGRATED FOOD SECURITY
PROGRAMME (IFSP)

M. M. Kayembe

CTZ-IFSP, PO Box 438, Mulanje, Malawi

IFSP aims to support smallholder farmers in reducing levels
of food insecurity and establishing sustainable food secu-
”{Y systems. The programme started in January 1999 and
will continue for 3 years. The area covered by IFSP is
Mthiramanja, Mkanda and Juma in Thuchila and
Msikawanjala EPAs in Mulanje. IFSP’s work is arranged in
seven sectors.

Village planning process sector

:)?Srg‘:ipatory rural appraisals (PRA) are conducted. Before
starts work in any new villages, the PRA team, com-

posed of experienced counterparts in the Ministry of Agri-
culture and Irrigation and IFSP, hold PRA meetings at all
levels within the community. In the meetings they discuss:

* identification and analysis of current problems that
hinder development;

¢ prioritization of problems and possible solutions to such
problems;

* presentation of PRA results to other sectors for imple-
mentation after approval by the committee composed
of members from the communities, government and IFSP.

Agriculture sector
Currently this sector implements the following activities.

Soil conservation

Soil is conserved by activities such as making compost ma-
nure, construction of contour ridges using A-frames, and
community-based agroforestry nurseries.

Seed multiplication

The sector distributes seeds of maize, pigeonpea, groundnut
and soyabean to farmers who have carried out the soil con-
servation measures mentioned above. The seeds are given on
credit to be repaid in kind to the Conservation Area Develop-
ment Committees. The repaid seed (village seed bank) is given
to new members of the same group the following season.

Small-scale irrigation

Irrigation enhances production through a second harvest in
the dry season. Crops grown include maize and vegetables
on an average 1-ha area of land. The income realized from
sales of produce can be used for buying food (maize). In-
puts such as treadle pumps, agrochemicals, seeds and ferti-
lizers, etc., are given on credit to be repaid completely after
two seasons. IFSP also provides training for farmers.

Poultry production

The programme organizes vaccination campaigns against
Newcastle disease, distributes black Australop birds at a
subsidized cost and disseminates information on nutrition.
The aim is to multiply the birds using the local birds hatch-
ery but distribution will be discontinued because of the
unreliable source of supply of chicks.

Fruit tree production

IFSP trains farmers in the techniques of fruit tree production
so that they can become commercial producers. Training
includes seed collection, nursery establishiment and man-
agement, budding and grafting, gross margin analysis and
market information systems. Four fruit tree nurseries of dif-
ferent fruits are currently set up for training. The programme
will subsidize the cost of a single tree per farmer.
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Kitchen garden horticulture

The aim is to supplement households’ vitamin require-
ments, especially during the dry season, when vegeta-
bles are scarce and if available, expensive. The garden
is established close to the house for ease of watering
using waste water from the kitchen. IFSP trains farmers
and gives them starter packs of seeds and watering cans
free of charge.

Health sector

This sector carries out the following activities:

* promotion and dissemination of family planning mes-
sages through youth theatre, meetings, training and
posters;

* promotion of safe motherhood through training of
community-based traditional birth attendants;

* provision of community-based drug boxes in com-
munities far from hospitals; the community buys the
drugs from the box kept by trained personnel;

¢ construction of clinics for the under-5s;

* training the communities to construct clean toilets.
Public works (food for work activities)

This sector distributes food (maize) to communities where
food shortages are acute, due to flooding and bad weather.
The food is given when the communities have carried out
some development work, such as forestation, road construc-
tion, etc. Such development work is identified by the com-
munities themselves. IFSP only supplements what the com-
munity cannot afford, for example, cement for bridge con-
struction. Currently, communities are managing large com-
munity-based forestry nurseries of different trees, both ex-
otic and indigenous.

Water sector

The major activity of this sector is the sinking of boreholes
in vulnerable areas where water shortage is an important
problem. The vulnerable villages are identified by the com-
munities which provide labour and materials, such as sand
and stones, while the programme provides technical train-
ing on maintenance. Digging of the holes is done by local
trained artisans.

Food processing and storage sector

The main objective is to train men and women farmers in
the preparation and processing of some food crops, such as
soyabean and pigeonpea. It also trains farmers in how to
store cooked and uncooked perishable foodstuffs. The cur-
rent major activity is the moulding of mud stoves which are
economical with firewood during cooking.
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Income generating activities sector

This sector works with the existing credit institution, FINCA
in Mulanje. IFSP does not intend to become a credit organi-
zation and is looking forward to establishing an independ-
ent credit institution such as APIP.

Achievements and challenges

So far the programme has had many achievements.

* thas managed to establish community-based farmer
groups which deal with land/soil conservation issues.

* Through the public works sector, the road network
in the villages has improved enormously. Most river
banks have been planted with either exotic or indig-
enous trees.

* Through the village planning sector, communities
have been greatly empowered, evidenced by the
strong two-way flow of information.

® More than 9000 households have been given access to
improved seeds of maize, pigeonpea, groundnut and
soyabean and also planting materials of cassava and
sweet potato vines. Demonstrations of various crop va-
rieties have been carried out every year.

* The drinking water problem in the programme area has
been greatly reduced due to the sinking of boreholes by
IFSP.

* Through small-scale irrigation, farmers are selling large
quantities of vegetables and generating income to buy
maize.

IFSP faces many challenges.

* Technology adoption is a slow process. Farmers tend to
see what other farmers are doing first before they fol-
low.

* Targeting is notan easy task, especially in regard to seed
distribution.

* Farmers are generally willing to take up new technolo-
gies but they lack facilitation and motivation.

* There have been problems in procuring some inputs,
such as pigeonpea seed for distribution.

* The programme has had problems with an unreliable
supply of poultry to the point that distribution will dis-
continue.

* The programme would like to cease handing out free
inputs for the establishment of kitchen gardens.

DISCUSSION

A. Orr. An important theme from the opening session is the
importance of markets. Dr Potter emphasized the impor-
tance of market-led agricultural research. Mr Simtowe
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mentioned the importance of market incentives for the
adoption of legumes to increase soil fertility. Finally, Mr
Msiska told us about the need to include marketing as-
pects (processing and utilization) as components of seed
multiplication projects. This theme of markets will get
stronger as the workshop proceeds.

J. M. Ritchie. It is interesting to hear from Dr Hoeschle-
Zeledon that it is only possible to work in depth with a lim-
ited group of farmers in any one season. This has also been
our experience in the FSIPM Project. We only work overall,
with about 100 farmers, because we have to spend so much
time visiting them and discussing with them.

I. H.-Z.To get meaningful data, farmers have to be trained
in data collection which requires a lot of time and other
resources. Farmers have to be guided throughout the
growing season which requires individual visits. Since
their plots are often far from passable roads, these visits
require a lot of time. Research cannot rely fully on the
extensionists since they lack transport and have to go
on foot to the farmers which they are reluctant to do
unless there are some incentives.

T. D. Mzilahowa. Since farmers were reluctant to partici-
pate, how did you overcome the problem of their unwill-
ingness?

I. H.-Z. We developed a working plan with farmers and we
made sure that we never failed to visit at the agreed time or
to carry out the agreed activities. Regular evaluation meet-
ings and farmers’ visits to fellow farmers also helped.
Extensionists had to be motivated through special training
and convincing them that through the project they could
improve their reputation in the villages.

C.R. Riches. What type of model was the Risk Management
Project’s first-year field work set up to validate?

B. K. The APSIM model, a biophysical model developed in
Australia.

M. M. Kayembe. You indicated that it was not within the
scope of the Action Aid seed project that planting materials
and seed be sold outside the impact area. When farmers
produce and want to sell, they want to sell at a higher price.
What mechanisms did you put in place to make sure that
the planting materials and seeds were sold within the im-
pact area?

B. M. The project was designed to satisfy seed demands
Within the neighbourhood of the target area. However, farm-
€rs were not forced to sell their seed produce within the
target area. The project advised groups to record every buyer

Of seed to facilitate monitoring on how wide the seed was
distributed.

H. Potter. The Action Aid project was designed to encour-
aﬁ’? &roups of producers to become sustainable businesses.
co:; led oa conflic!. between supply of seeds to the local
Othe:numty — at relatively low pri_ces — compared to sale to
o Programmes or buyers outside the community where

€ were higher. To survive as a business the higher price

market is preferable. This accords with world-wide experi-
ence as examined by the Overseas Development Institute.

D. Coyne. Were cultivars chosen for farmer distribution ac-
cording to farmer preference?

B. M. Prior to formation of groups, the project conducted a
PRA exercise in which communities in the target areas indi-
cated the type of seed crops which were scarce. Groups
then selected two crop types in order of priority, and the
project supplied seed of the first or second preferred seed

type.

J. Lawson-McDowall. Why was there a slow process of dif-
fusion?

B. M. Groups tended to sell their seed crop within the area
of operation, particularly to relations and friends. Group
workers were very happy and very protective of the seed
they multiplied. It gave them social status to be associated
with the improved seed types. In general, all the seed crops
being multiplied had a low seed multiplication ratio (1:10
on average), hence low production.

V. Saka. Experience has shown that intermediate buyers
have intercepted the seed, especially bean, groundnut,
pigeonpea, and materials for cassava and sweet potato,
that farmers expected to get from source, e.g. Action Aid,
the following year. Did you experience these activities
in your target areas?

B. M. There were no reported cases of intermediate buyers
accessing the seed produced by groups. However, there were
a few reported cases where other NGOs bought seed from
the groups.

A. J. Sutherfand. Can you explain more about why sales
of seed to collaborator NGOs was not part of the project’s
objectives? (This could be regarded as effective dissemi-
nation.)

B. M. Action Aid was worried about seed being sold to other
NGOs because these NGOs were supplying this seed to
communities outside the target area and in the process de-
nying the target communities access to seed which was pri-
marily meant for them.

F. P. Chipungu. A word of caution to NGOs involved in the
multiplication and distribution of cassava seed. Fields should
be inspected for purity in terms of variety and should be
clean in terms of pests and diseases. This will enable the
production of quality seeds.

P W. Kabuluzi. In the roots and tubers multiplication pro-
gramme, what has been the percentage impact of the pro-
duced cuttings and vines over the target number of benefi-
ciaries? What was the measuring system used to determine
the total length of cassava sticks and number of bags of sweet
potato vines produced from the nurseries?

B. M. The project did not meet its targets in terms of
cassava and sweet potato materials produced and supplied
to groups. Project staff in collaboration with extension
personnel measured each and every cassava stick (usually
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about 0.5-1.0 m in length) supplied to farmers. Sweet
potato vines were supplied in 50-kg bags.

J. M. Ritchie. What varieties of bean were grown in the situ-
ation where you describe uptake as falling off? Our experi-
ence with ‘improved’ varieties has been that they do not
cope well with smallholder management (e.g. intercropping

12

with maize) and tend to succumb to diseases.

B. M. Action Aid was promoting Napilira, Nasaka, Mkhalira,
Kambidzi, Sapatsika and Kalima, obtained from the Bunda
College Bean/Cowpea Project and the Chitedze Bean Im-
provement Programme. Napilira, Mkhalira and Kambidzi
were the farmers’ preferred choices.



Integrated Crop Management Research in Malawi: Developing Technologies with Farmers.
Proceedings of the Final Project Workshop, Club Makokola, Mangochi, Malawi, 29 November — 3 December 1999

1. Setting the Scene

The FSIPM Project and the smallholder farming system in Blantyre/
Shire Highlands

J. M. Ritchie, A. Orr, ]J. Lawson-McDowall, B. Mwale, C. S. M. Chanika and D. Saiti

Farming Systems Integrated Pest Management Project, PO Box 5748, Limbe, Malawi

ABSTRACT

This paper sets the Farming Systems Integrated Pest Management (FSIPM) Project within the context of the Blantyre/Shire Highlands Rural
Development Project (RDP) area and the predominant farming system of the RDP. The main socio-economic, social and biophysical
factors affecting farmers are briefly outlined. Biophysical factors include the unimodal rainfall pattern with a pronounced dry season which
largely defines where and when specific crops may be grown. Land shortage and declining soil fertility are major factors which together
constrain the range of innovations and the levels of yield which farmers can expect from their fields. Among socio-economic factors
affecting smallholders are the peri-urban nature of the Blantyre/Shire Highlands with national and international markets within reach.
High costs of inputs and lack of access to good quality seeds and credit are major constraints to farmers’ productive capacity. Social factors
defining relationships within and between households, such as matrilineality, and the close spatial arrangement of related households have
a profound effect on farmers’ coping strategies and the ways in which new information is acquired and passed on. The original purpose and
outputs of the FSIPM Project are described and the processes of consultation and establishment of a crop and pest focus within the work
programme are discussed, together with some consideration of the changing context to which the project needed to adapt its work as the

project developed.

INTRODUCTION

The Farming Systems Integrated Pest Management (FSIPM)
Project began work in January 1996 with the aim of “im-
proving the welfare of poor farm families by reducing on-
farm crop losses from pests, weeds and diseases” (BDDCA,
1995). The project is funded by the UK Department for In-
ternational Development (DFID) and the Government of
Malawi and is based at Bvumbwe Research Station, between
Limbe and Thyolo. The original logical framework specified
that the project would work initially in Blantyre/Shire High-
lands, but with the intention of covering all three regions of
Malawi in 4 years. This objective was considered over-am-
bitious by the Stakeholder Workshop (June 1996) (Ritchie,
1996) and the logframe was amended accordingly (Table
1). The project has in fact spent three field seasons in Blantyre/
Shire Highlands and has sought to validate crop manage-
ment technologies within this recommendation domain. In
the process a great deal has been learned about the farming
system, about pests and about how social aspects of farm-
frs lives influence their evaluation and potential use of in-
“grated crop management technologies.

(?J’:'“E the lifetime of the project, DFID has added a fifth
in F:Ut 1o the logframe, covering documentation of the farm-
uﬁ ystem, tlje methods employed by the project and evo-

on of project philosophy, recommendations for farmers

and extension staff and lessons for the donor. This is in-
tended to ensure that all the learning gained by the project
is made available to stakeholders, whether farmers,
extensionists, researchers or donor representatives and
policy-makers. This workshop is itself a part of that docu-
mentation process and provides a means of disseminat-
ing information on the farming system, methods and
approaches to on-farm participatory research, and the
performance of specific technologies.

THE FARMING SYSTEM: AN OVERVIEW

The FSIPM Project operates in two extension planning ar-
eas (EPAs) in the Shire Hightands Rural Development Project
(RDP) in Blantyre Agricultural Development Division (ADD).
The RDP has a land area of 450 000 ha.

The Shire Highlands form a plateau of rolling or flat upland
plains 600-1200 m above sea level. The climate is warm
tropical with rainfall ranging from 600 mm to 1300 mm
depending on altitude. Rainfall distribution is unimodal with
one continuous wet season during November-April, fol-
lowed by sporadic showers (chiperoni) between May and
July and a dry period during July-October. Rainfall diagrams
for Matambo Estate, Chiradzulu North (Mombezi) EPA for
1990/91 to 1995/96 and for 1996/97 to 1998/99 (Figures 1
and 2) show that rainfall during the project period was much
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Table 1. FSIPM Project: revised project logical framework

Narrative summary

Measurable indicators

Means of verification

Important assumptions

Supergoal
1. Improved incomes for
resource-poor farmers.

Goal
1. Farmers adopt low-cost
sustainable integrated pest

management (IPM) strategies.

Purpose
1. Local capacity for IPM
improved.

Outputs

1. Research capacity
for farming systems IPM
research strengthened.

2. IPM strategies suitable for
resource-poor farmers
developed.

3. Improved extension
materials prepared and
disseminated by both
formal and informal
extension networks.

4. Project management
systems implemented.

5. Full documentation and
archiving of all project trials
data, analysis,
recommendations and
methodologies used.

1.1 X percentage of farmers in
zone adopt by year y.

1.1 Commodity Teams (CT)
incorporate IPM strategies for
maize and two other major
food crops.

1.1 At least six Malawian
postgraduate scientists trained
in IPM by end of project.

1.2 Three seasons on-farm [PM

research experience for staff
attached to project by end of
project.

1.3 Two seasons on-farm [PM
research experience for
returned graduates by end of
project.

1.4 Buildings completed
according to contract date.

2.1 At least one pest
management strategy per crop
by end year 2.

3.1 Three packages of
extension materials (one per
crop for verified pest
management strategies)
developed by end year 3.

4.1 List of management
responsibilities.

4.2 Schedule of activities.
4.3 Accounting systems.

Archive of trial and survey
data.

Recommendations for farmers
and extension workers.
Record of project

methodologies and evolution of

project philosophy.
5.4 Descriptions of local

farming system characteristics.

1.1 ADD Monitoring and
Evaluation Surveys.

1.1 Department of
Agricultural Research and
Technical Services
(DARTS) annual reports
and CT reports.

1.1 Project reports.

1.2 Project reports.

1.3 Project reports.

1.4 Quantity surveyor’s
reports.

2.1 Project reports.

3.1 Project reports and
extension materials.

4.1 Project document
(Annex), job descriptions.
4.2 Work plans, GANTT
charts.

4.3 Accounting records.
5.1 Archive to be updated
annually.

5.2 Preliminary materials to
be tested during 1998/99
field season.

Existing documentation to
be supplemented by
specific reports during
write-up period at end of
project.

5.4 as for 5.3.

(Goal to Supergoal)
1.1 Economic environment
remains favourable.

(Purpose to Goal)
1.1 Extension system continues
to function effectively.

(Output to Purpose)

1.1 Suitable staff are identified,
assigned to the project, and
retained by DARTS.

1.2 Adequate budget.

1.3 Returned graduates remain
attached to project.

1.4 Building costs remain
stable.

2.1 Stakeholders continue to
develop and refine [PM
strategies.

3.1 Informal and formal
networks willing and able to
co-operate.

3.2 Timely approval of IPM
strategies by Technology
Clearing House.

4.1 Timely financial
information available to
management.

Prepared at Stakeholder Workshop (Ritchie, 1996) with fifth output added by DFID Reviews (Hansell et al., 1998).

The growing season averages 165-195 days in the north,
rising to 225 days further south. Soils are mostly deep, well
drained and medium textured but generally low in soil car-
bon and organic matter. The maize ecology of the RDP is

higher than in the preceding 5 years. This has had signifi-
cant effects on disease incidence in bean and pigeonpea
crops which increases in wet years, and on damage due to
termites, which is generally less pronounced in wet years.
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Figure 1. Annual rainfall (October-September ) for 3 years
(1996/97-1998/99) at Matambo Estate, Mombezi EPA.

representative of 40% of the area planted to maize in Ma-
lawi (Heisey and Smale, 1995).

Smallholder agriculture is characterized by small farm size,
intensive maize cropping, and low productivity. In 1992, of
the 336 000 smallholder households in the RDP, 61% culti-
vated 0.5 ha or less (GoM, 1996). More than 90% of the
arable area is planted to maize. At current productivity lev-
els, the average household is self-sufficient in maize for 7~
8 months of the year. These factors help explain the perva-
sive poverty found among smallholders in this RDP. Of the
smallholder households in the RDP, 38% are headed by
women, and are generally poorer than average (World Bank,
1996). Adult literacy rates are low, access to safe drinking
water is limited, and there is widespread malnutrition evi-
denced by high rates of wasting among children under 5
years of age (FEWS, 1996).

Both Mombezi and Matapwata EPA, where the project re-
search sites are located, are classified as among the poor-
est in Malawi (Moriniere et al., 1996). Selection of these
EPAs was based on reconnaissance surveys by project
staff and discussions with extension personnel which
elicited evidence of serious pest problems. Both EPAs
are considered representative of the RDP in terms of cli-
mate, topography and cropping pattern. They have the
highest population density of any EPA in Malawi (285-
290 persons/km? in 1987). Matapwata was a field site
fqr the Chancellor College Soil Pest Project surveys and
trials (1989-92) and Chiradzulu was the site of BLADD’s
Adaptive Research Team’s on-farm trials, 1985-90. The
four main villages where the project set up on-farm tri-
als were chosen by a similar process (Ritchie et al., 1996).
Presence of pest problems was essential, but addition-
glfly, Manageable size (100-150 households), presence
co:: range of land types (dambo, upland, hill slope) and

_'venient all-weather access from Bvumbwe were con-
sidered important.

Eaeizgi,ming system in Blantyre/Shire Highlands RDP is
arid le~ aSEC! with pigeonpea and bean as the main pulse
fa ;SOSUme.lnter.crops. Relay planting of bean and field pea

Practised in Matapwata EPA, taking advantage of the
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Figure 2. Annual rainfall (October-September ) for 5 years
(1990/91-1995/96) at Matambo Estate, Mombezi EPA.

longer growing season. Average maize yields are low (836
kg/ha for local varieties and 1765 kg/ha for hybrid semi-
flint varieties between 1992 and 1996), reflecting poor soil
fertility and low application rates of inorganic fertilizer.
Burley tobacco and dimba vegetables are the most valu-
able commercial crops. One third of households in
Matapwata EPA grow dimba vegetables while in Mombezi
about 10% of households grow buriey.

Sweet potato is an important cash crop in the southern part
of Matapwata EPA. Smallholders enjoy close access to the
international tobacco auction floor and the urban markets
of Blantyre and Limbe. Agriculture is strongly orientated
towards the market and crops grown for household con-
sumption are also widely sold. Two presentations in this
workshop will specifically address the problems of small-
holders in relation to markets: Orr et al. (p. 279) will illus-
trate how the markets for pigeonpea, bean and sweet po-
tato can be used to provide economic incentives for the
adoption of IPM strategies. Jones et al. (p. 150) will focus on
improving poor farmers’ access to technologies and mar-
kets for pigeonpea.

CROPPING CALENDAR

The crop calendar (Figure 3) illustrates the complexity of
farmers’ crop management in this rain-fed farming system.
Crop scheduling revolves around maize, which is planted
in late November and harvested when fully mature in early
May. Four points are highlighted.

Harvest dates for bean and pigeonpea vary according to
farmers’ choice of crop variety. Farmers prefer varieties with
different field durations in order to extend the period when
these crops may be eaten fresh.

Relay planting (mbwera) of bean, field pea and sweet po-
tato occurs in mid-March. The yield of the relay bean crop
depends on rainfall during May-June, and is particularly
critical for long duration bean varieties.

Sweet potato is usually planted in February, not Novem-
ber, after farmers have completed the second weeding
of maize.
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Figure 3. Crop calendar at FSIPM Project research sites, Blantyre/Shire Highlands RDP.
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, Crop I Pest Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Maize Whitegrub
Termite
Striga asiatica
Pigeonpea Fusarium wilt
Podborers and pod-
sucking bugs
Bean Bean stem maggot
Striped bean weevil
Bean foliage beetle
Foliar diseases '
Sweet potato | Cylas puncticollis
Matapwata rainfall (1998/99) (mm) 63 284 386 219 | 346 278 | 14 46 45 0 0 13

Figure 4. Crop calendar for foodcrop pests and diseases, FSIPM Project research sites, Blantyre/Shire Highlands RDP.

spueySi4 a11ys/a1iuelg ur waisAs Suiuiiey soapjoyjews ay |



J. M. Ritchie et al.

Dimba crops are chiefly grown in the dry season, when pres-
sure from pests and diseases is lower. However, farmers will
plant tomato, rape and mustard to provide cash income to
buy maize during the hungry period between November
and late March, before green maize becomes available.

Target pests of food crops in the region were identified
through extensive field surveys by the Overseas Develop-
ment Administration (ODA)-funded Chancellor College Soil
Pest Project, in 1990-92. These showed termite, whitegrub
and Striga asiatica as the major field pests of maize, bean
stem maggot (Ophiomyia spp.) and Ootheca spp. as major
pests of bean, and Fusarium wilt as the major pest of
pigeonpea (Figure 4) (Munthali et al., 1993; Hillocks et al.,
1996). These rankings were confirmed by a Stakeholder
Workshop with Malawian crop protection professionals
(Ritchie, 1996) and by diagnostic surveys using participa-
tory techniques in four villages in Mombezi and Matapwata
EPAs (Orr et al., 1997).

SOCIAL ORGANIZATION IN SOUTHERN
MALAWI

Researchers and practitioners now understand that pest
management cannot be considered in isolation from the
farming system as a whole. However, the work of the FSIPM
Project has made it clear that the farming system must be
viewed as a component of the broader set of activities that
make up peoples’ livelihood strategies. For most resource-
poor smallholders in southern Malawi, farming is only part
of the way that they make a living. Other activities that con-
tribute to their livelihood may include marketing agricul-
tural produce in urban areas, casual agricultural labour,
making handicrafts, making bricks, collecting and selling
firewood and so on. ‘

The success that a farmer can have in this range of activities
is influenced by many factors. Chief amongst these is his or
her access to financial, physical and environmental capital
and to human capital resources such as training, education
or good health care. Access to any type of capital is medi-
ated by a series of structures and processes, such as the
rules of lending institutions, government policy on ferti-
lizer pricing, patterns of inheritance or the responsibili-
ties attributed to men as opposed to those for women. A
final type of capital, only recently described as such, is
social capital. The concept of social capital captures how
membership of groups (such as extended families or
churches) or networks (such as regular clients at a mar-
ket) can facilitate or deliver resources that would other-
wise be unavailable. Another way to view social capital is
in terms of the claims one is entitled to make on other peo-
ple in pursuit of one’s livelihood.

If a farmer is seen as a “central node in a series of intersect-
ing and overlapping systems of relations and influences that
include household, family, neighbourhood, regional mar-
ket organization, etc.” then it is much easier to see how
these connections “influence patterns of access to key re-
sources (land, labour, other inputs, cash, etc.) and to infor-
mation” (Peters, 1999).
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To this end, a brief description is provided below of the
basic structure of social organization in southern Malawi.
This structure could also be described as the social organi-
zation of production.

Southern Malawi is made up principally of matrilineal soci-
eties. This means that land passes through the mother’s line
and is normally transferred to female heirs. Women are,
therefore, the owners of the land with all this implies. A
husband usually moves to his wife’s village upon marriage.
While husband and wife share much agricultural decision-
making and labour, they often pursue other income-gener-
ating activities where they may both pool or keep separate
their working capital or part of the profits. Ideally, husbands
are expected to provide the larger amounts of cash needed
for purchases like fertilizer or for school fees or hospital
treatment while wives concentrate on smaller purchases of
foodstuffs or inputs.

Although husbands are formally said to be the head of the
household, it appears that many decisions about farming
are made together and after discussion. Approximately one
third of all households in Malawi are female-headed. This
means that there is no adult male and that the woman who
heads the household is divorced, widowed or her husband
is away for more than 6 months of the year. Some
commentators prefer to use the term ’joint’ for ‘male-headed’
households. This captures the importance for an agricul-
tural project of ensuring that its work includes both male
and female farmers and a variety of household situations.
Without this representativeness, it would not be possible to
see if interventions are suitable for the variety of household
types found amongst the resource-poor.

Other kinship links or neighbourhood may be as important
as the marriage bond. Matrilineal kin, usually a mother and
her daughters, live close by each other in a cluster of house-
holds known as an mbumba. Small gifts of maize, vegeta-
bles, fruit and matches, for example, or offers of first refusal
on paid labour and small cash gifts or loans flow between
these households make a significant difference to peoples’
ability to ‘get by’. Similarly, related or neighbouring
mbumbas are often involved in long-standing relationships
of mutual benefit. Information, for example, about new
varieties, flows most freely between these groups of re-
lated or neighbouring households. The issue of informa-
tion flows is dealt with in more detail by Lawson-
McDowall et al. (p. 138).

All these relationships will have a role in enhancing or im-
peding the ability of an individual farmer “to juggle multi-
ple activities, patterns of labour allocation and the trade-
offs among the multiple, often competing, activities and their
outcomes” (Peters, 1999). Only by being sensitive to the
complexity of rural livelihoods in their social, economic and
cultural context, can a project promoting interventions con-
cerned with as singular an aspect as pest management hope
to succeed. The process by which the project has sought t0
understand and adapt to farmers’ anxieties and expectations,
rooted in their particular historical experience of externa
intervention, is the subject of a further presentation (Lawson-
McDowall, p. 21).
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CHARACTERIZATION OF HOUSEHOLD
TYPES

Tentative recommendation domains for IPM strategies were
identified through cluster analysis (Orr and Jere, 1999). Based
on a range of socio-economic and production variables,
five distinct household types were identified at our research
sites:

* dimba households producing both maize and high-value
vegetables;

* burley tobacco households which do not produce veg-
etables but produce enough maize to be reasonably
food-secure;

¢ stable male-headed households producing neither burley
nor vegetables, but with enough maize to be reason-
ably food-secure;

¢ stable female-headed households producing neither
burley nor vegetables, but producing enough maize to
be reasonably food-secure; and

* vulnerable households producing neither burley nor veg-
etables and without enough maize to be food-secure.

Differences in terms of crop combinations, food security
and fertilizer use suggest that IPM strategies for food crops
will not be equally appropriate for all five types of house-
hold. Of 20 IPM strategies tested in the 1996/97 season, 13
(65%) were judged to be equally appropriate for all house-
holds. However, IPM strategies that required extra cash in-
vestment (e.g. fertilizer for Striga, chemical seed dressing)
orincreased labour requirements (e.g. hand-pulling Striga,
extra weeding) were judged to be problematic for vulner-
able households and for dimba households where labour
was required for vegetable production.
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DISCUSSION

V. W. Saka. Did the farmers in the project area mention in-
frastructure, i.e. roads and bridges, as major constraints to
crop production?

J. M. R. No.

P. W. Kabuluzi. During project design and appraisal is it
not possible to include a component of construction
works (e.g. bridges and roads) in the selected rural areas
if the main objective of the project is to assist the small-
holder farmers to accept the developed technologies
without any obstacles?

J. M. R. Normally within the scope of a natural resources
project, donors would not wish to enter into a programme
to upgrade rural roads. That is more appropriate to a more
general rural development project.

C. T. Kisyombe. On the list of common beans presented in
the paper you do not mention foliar diseases, why is that?
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J. M. R. In this general overview figure there is a general
heading for foliar diseases. The specific diseases change in
severity from year to year (e.g. Ascochyta one year and com-
mon bacterial blight the next).

D. Coyne. How did the project account for pest problems
farmers are unable to identify or appreciate?

J. M. R. Some symptoms are recognized by farmers al-
though they do not identify the causal agent (e.g. Fusarium
wilt and bean stem maggot which are both described as
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wilting by farmers).

A. Polaszek. | was surprised that for neither sorghum nor
maize were stem borers recognized by farmers as being
a production constraint, especially given the importance
of Busseola fusca and Chilo partellus on maize in the
region.

J. M. R. Farmers do not lose many maize plants to stem bor-
ers compared to whitegrubs and termites. We monitored
deaths due to stem borers in every season.
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Whose agenda? The evolution of the FSIPM Project to accommodate
scientists’ and farmers’ interests and needs

J. Lawson-McDowall

Farming Systems Integrated Pest Management Project, PO Box 5748, Limbe, Malawi

ABSTRACT

This paper attempts to explain why the Farming Systems Integrated Pest Management (FSIPM) Project as originally designed proved not to
be appropriate for the farmers targeted, and describes how the project changed its focus and methods in response to farmers’ requirements.
Farmer-researcher interactions are discussed in the context of Malawi’s specific history: a highly top-down agricultural extension and
research bureaucracy, an authoritarian socio-political structure, and experiences of land expropriation and of private and state controls. An
exploration is made of the uneasy relationship between the project research design and the requirements of farmer livelihoods, for
example, the single purpose of a scientist’s experimental plot and the multiple and contingent demands on farmers’ fields. The experimen-
tal plot is only a small (if significant, because of the interest of influential outsiders) part of farmers’ multiple strategies in cropping and
income generation. Means of reconciling the tension between the participatory and experimental modes are explored. How can farmers
make scientists their clients, and how can scientists carry out on-farm experiments? The combination of a plot each for researcher and

farmer is offered as a compromise solution.

INTRODUCTION

The purpose of this paper is to track how the Farming Sys-
tems Integrated Pest Management (FSIPM) Project evolved
to meet farmers’ and scientists’ needs and interests, and to
describe how, over the three agricultural seasons of its im-
plementation, the project has behaved as a ‘process’ project
rather than a blueprint project. The project’s precise out-
puts and objectives, and how to achieve them within the
overall objectives, have been revised and developed as the
project proceeded. This has happened through the identifi-
cation of technical difficulties with the original project de-
sign, and through taking note of what the farmer partici-
pants had to say about the trials.

We start with a brief summary of the technical reasons why
the project as designed proved inappropriate for the farm-
€15 targeted. In the following section an attempt is made to
P'ac.e farmer—researcher interactions in the context of Ma-
Ia“f"s specific history of top-down and authoritarian inter-
actions between state representatives and ordinary villag-
efS-’This is believed to account (in part) for widespread sus-
Picions among the farmers about the intentions of the
ﬁ;‘:;lei?a'rhe specific experience of development interven-
IPM PfS_Cf ibed to show that the context and style of the
fore. Oject were different to anything that had gone be-
However, g
plots run dee
or |ay°utl an
Ut research

iculties in the design and management of the
per than mistakes about appropriate content
d h_ave implications for any attempt at carrying
o Wwith farmers. Throughout the lifetime of the
OF the gie Tifl:[t there has b-een a tension between the needs
and the parﬁcﬁ on .the project to carry out rigorous research,

'Pating farmers’ primary interest in enhanc-

ing their food or income security. Such conflicting agendas
have created tensions focused on the running of the research
plots.

Similarly, the experimental mode of the researchers (their
need to know) has come into conflict with the participatory
mode (the right of the farmers to direct the content of the
research trials) which it was intended the project should
adopt. The two-plot arrangement of the final year has been
a compromise solution to this problem. These challenges,
and the difficulties of participatory experimental work in a
food-insecure context, are discussed in the final two sec-
tions of the paper. It is argued that any project is inserted
into a set of ongoing social, economic and political proc-
esses, and that these will influence the direction and suc-
cess of the work undertaken.

PROBLEMS IN PROJECT DESIGN
IDENTIFIED AT THE END OF YEAR 1

By the end of the first year, it was clear that it was necessary
to rethink several key aspects of the project design and con-
tent. This section provides a brief summary of project think-
ing about objectives and methods at this stage, taken from
Orr and Jere (1997).

Just as farmers had told us, the major constraint on maize
yields was not crop losses from pests, but low soil fertility.
Lack of fertilizer and unusually heavy rains in 1996/97 had
resulted in very low yields. Farmers had lost interest in the
plots, realizing there would be little return on their labour.
Contrary to assumptions, there was no ready-made menu of
IPM strategies available for smallholders. Nor did the nor-
mal economic incentive for the adoption of IPM, saving cash
spent on pesticides, apply to maize, bean or pigeonpea.
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Farmers’ participation was limited by the complex design of
the on-farm trials, and their lack of scientific knowledge of
the biology of pests, such as the bean stem maggot or Striga.
Farmers also rejected labour-intensive cultural IPM strate-
gies such as mulching or earthing-up. Unfortunately, farmer-
developed pest management strategies turned out to be few
and localized.

Before discussing in detail how the project responded to
these problems, we look at the project from the perspective
of the trial participants.

INTO WHAT CONTEXT WAS THE
PROJECT INSERTED?

This section draws heavily on a study carried out in 1998
specifically to investigate farmers’ suspicions and expecta-
tions regarding the project. This research also aimed to un-
derstand better the context regarding attitudes to develop-
ment interventions into which the project had been intro-
duced, and to identify barriers to farmer understanding
(Lawson-McDowall et al., 1999b).

An investigation into farmers’ expectations of the project
showed that suspicions of our intentions were more wide-
spread and serious than had been thought. Just over half of
the participating farmers interviewed (31 of 55) told us that
their expectations were broadly positive from the start, and
that they hoped to see bumper harvests and to receive free
inputs. However, nine farmers said they feared that their
land would be stolen. When we asked what other villagers
were saying, 44 of 55 respondents mentioned rumours that
we were planning to steal their land and resettle the own-
ers; that village chiefs were collaborating to sell their peo-
ple to the Chinese; or that there might be a return of forced
labour (thangata).

While these fears have to be interpreted against the real
historical experience of land expropriation and labour con-
trol systems in the colonial period and thereafter in the Shire
Highlands, this ‘litany of fears’ is, it appears, well known to
researchers in Malawi. Dr Pauline Peters argues that these
suspicions are best understood as conventional ways of ex-
pressing fears about the intentions of outsiders (and not just
foreigners):

“In modern terminology, these are discourses of dis-
content. The real historical experience of past groups
has been captured in dramatic icons of hardship and
cruelty in much the same way that any drought in
this region tends to be likened to ‘the 1949 famine’.
In short, the suspicions can be seen as both recall-
ing the real experience of past generations that con-
tinues to be retold to new generations, and as the
conventional or accepted modes of expressing fear
in a way that does not directly accuse the specific
incoming strangers.”
(Peters, 1999)

However, it also became clear from these interviews that
the FSIPM Project was very novel in purpose and style for
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all four villages. The main interventions to date had been
focused on maize and tobacco clubs (targeting the better-
off farmers), or visits by health visitors to advise on improve-
ments in hygiene. Other interventions, cited by only a few
respondents, appear to have had a limited impact. There
had been little history of success with agricultural in-
terventions in particular: about 65% had failed (due to de-
faulting, lack of relevance to farmers, poor implementation
and so on).

These findings are supported by an earlier project study of
how farmers learnt about agricultural innovation. Only those
farmers who were members of clubs had contact with their
local extension officers, and the block extension system with
demonstration plots was largely moribund (Lawson-
McDowall et al., 1999a).

The research also showed that the style of interventions had
historically been top-down and authoritarian, and targeted
the better-off farmer. The agricultural extension and research
bureaucracy carried out both basic and adaptive research
on-station. Although there were attempts to modify this
approach through, for example, the Adaptive Research
Teams, the model of research and extension meant that
technology developed off-farm was to be transferred to
farmers.

These findings show that farmers had much less context in
which to place the project and its objectives than had been
anticipated. Previous research had been extractive, whereas
the FSIPM Project, with its ‘participatory hat’, aimed to un-
derstand villagers’ criteria and to ensure that technologies
were evaluated according to farmers’ preferences rather than
researchers’.

On-farm research was also new. None of the participating
villagers had previously been asked to take part in technol-
ogy testing or evaluation in their own fields, and very few
had seen demonstration plots elsewhere. Finally, the notion
that experimentation aimed at fitting in with existing farm-
ing systems, rather than demonstrating the best practice
possible, was previously unknown.

All this means that the farmers taking part in the trials were
being asked to make major conceptual reversals in the way
that they viewed influential outsiders and representatives of
the state bureaucracy. In their dealings with the trials and
the project personnel, farmers were asked to comment hon-
estly and freely on any aspect of the trial. Historically, open
criticism such as this might well have put individuals at risk.

Farmers were being asked to assess and, if necessary, criti-
cize technologies. Previously, where they had interacted with
extension officers, this had been on the basis that the officer
was the expert and provider of new and improved tech-
nologies, while the farmer was backward in his or her prac-
tices and in need of guidance. In comparison, the philoso-
phy behind the FSIPM Project was that the farmer was the
ultimate customer and thus the judge of these technologies
(this is not to claim that this philosophy always or even fre-
quently dominated practice, but it has strongly influenced
the evolution of the project).
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CONFLICTING AGENDAS: RESEARCH
VERSUS LIVELIHOODS, PARTICIPATION
VERSUS EXPERIMENTATION

Having outlined some important features of the context into
which the FSIPM Project was introduced, we now explore
some fundamental contradictions that appeared to exist
between the needs of farmers and the requirements of re-
searchers aiming at hard scientific data collection through
on-farm research. Firstly, the demands of research are com-
pared with the way that farmers in a declining farming sys-
tem such as that of southern Malawi have to “juggle muiti-
ple strategies in cropping and income” (Peters, 1999). Sec-
ondly, an examination is made of the tensions that may lie
between working in a participatory as opposed to an ex-
perimental mode. Finally, the project’s development of the
kanthu nkako plots alongside the research plots is put for-
ward as a possible compromise, and the advantages and
disadvantages of this approach are discussed.

Research versus livelihoods?

Farming one element in a set of livelihood
strategies

The first task is to define what is meant by ‘livelihood’.

“A livelihood comprises the capabilities, assets (in-
cluding both material and social resources) and ac-
tivities required for a means of living.”

(Carney, 1998)

The idea of a livelihood is married with the idea of
sustainability in much recent development thinking. So, to
complete the quote

“A livelihood is sustainable when it can cope with
and recover from stresses and shocks and maintain
or enhance its capabilities and assets both now and
in the future, while not undermining the natural re-
source base.”

(Carney, 1998)

Farming contributes different proportions of income accord-
'N8 10 a household’s overall package of livelihood strate-
Bles. Some so-called ‘farmers’ earn a greater part of their
'ncome from handicrafts, marketing or off-farm labour. So a
{’“)Jec_l such as the FSIPM should, whatever the degree of
gaargeung or self-selection, expect to find gradations of en-
ofi‘:':e"}: among trial par_ticipants. For example, we know
s :e olds where a wife or motho_ar spends most of her
age chil?rarketzng and leaves most agricultural _wor.k to teen-
Success fulen or h{red labour, b'ecause ma.rketmg is a more
s thand reliable form of income. This has !ed to prob-
failed o uned project lna.ls because teenage children have

erstand their parent’s instructions, or have not

oth
. ered to do the work required on the parent’s behalf.
he "esearch p
pdual’s or hey,

lgh Pfiori:y

lot may be only a small part of an indi-
sehold’s resources, and may not have a
when compared with other activities or

assets. Furthermore, some individuals are more interested,
knowledgeable and skilful farmers than others and will en-
gage more enthusiastically with the aims of the project.

However, for the researcher, the trial plots are the founda-
tion stone of the project’s research. Without the trials there
is no research, there are no results and nothing is learnt.
This may result in tunnel vision on the part of the researcher,
while farmers are reluctant to explain why they are not par-
ticularly interested in the plots.

Maximization of short-term gains

Resource-poor farmers, in the experience of the project,
hope to maximize material gains from the project and take
a short-term perspective on the results. This means that
many farmers, if a crop is poor, will not persist with the
crop but seek to compensate for this lost income and capi-
tal. This may mean uprooting the crop and planting some-
thing else, or abandoning the field and looking for casual
agricultural employment instead. Farmers do carry out ex-
periments but are conceptually and practically unable to
apply the rigour of research scientists. Furthermore, farm-
ers frequently abandon what looks to be unsuccessful so
that they do not waste resources.

Salvaging harvests versus learning from plots

By contrast, it is crucial for researchers to persist with trials
until a high level of damage has been reached. Scientists
and statisticians think long and hard about the design of
trials: which issues or variables are to be examined, the size
of plot, the type of location, how to demarcate the plot, the
need to measure soil and moisture content or how to elimi-
nate border effects. Every variable must be replicated a suf-
ficient number of times for the statistical results to be valid.
Controls must be set up. Criteria, indicators and a time-scale
for monitoring must be agreed and a systematic procedure
established. The scientists’ aim is to think out in advance all
the important aspects of the trial. This means that anything
that interferes with the trials following their planned course
is potentially disastrous. In participatory on-farm research,
as a result, scientists (including FSIPM Project researchers)
often express frustration when they see farmers failing to
honour the ‘contract’ that they have with researchers about
the management of the trials.

However successful the technologies being tested in a
trial, the need for controls guarantees some level of fail-
ure within a set of research plots. This has been hard for
farmers to understand. Consequently, for example, a sig-
nificant number of farmers who feared that there would
be a reduced yield in half of their plots if they were not
banked, went ahead and banked the plots. This made it
impossible for researchers to compare the with and with-
out effect of banking on termites. Researchers are also
able to take a longer-term view. Trials have to be repli-
cated over several seasons to verify a technology or ex-
plore its adaptive potential. Resource-poor farmers may
be compared to patients in the trial of a new drug: where
a drug appears to work, there is frequently pressure to
administer it to those who were receiving placebos rather
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than continue the trial as it was established. Poor farm-
ers need benefits in the short term.

Researchers want to model poverty, farmers
want access to the wealth of the project

Trial participants have seen that the project has access to a
wide range of resources (seeds, fertilizer, vehicles, foreign
employees, etc.). It is natural that farmers should hope to
obtain some share of this wealth, in particular through ac-
cess to decent quantities of good quality inputs. Farmers
also expect to see research station associates promoting the
best practice available; so, for example, FSIPM Project staff
have often been asked why researchers have not used pesti-
cides or double applications of fertilizer.

The desire of farmers to see really good farming taking place
on their plots has contradicted the need of researchers to
generate results applicable to the local farming system. To
this end, the FSIPM Project researchers have tried to follow
a low-input model. This is why, in the first year, no inor-
ganic fertilizer was put on the plots — many farmers cannot
afford to apply fertilizer.

In many ways the problem is one of mutual misperception.
Farmers have ideas about how agricultural science works —
ideas that many researchers working on problems experi-
enced in low external-input, diverse and risk-prone envi-
ronments are seeking to change. The researchers’ direction
of change is towards working within the constraints faced
by farmers, and working with farmers to identify ways of
removing these constraints. Farmers, on the other hand, hope
that agricultural professionals will bring solutions to their
problems from outside their impoverished farming system.
Researchers are often unable to appreciate how much farm-
ers need the resources that they are providing.

Some farmers have taken the project’s goals on board and
enjoy working with the team. For others, it is a useful if
minor contribution to income, but not one for which they
can spare much time or energy. For another group, it is a
frustration that their needs cannot be met more easily
through their contact with a resource-rich project. This vari-
ation in engagement with project objectives must be seen
in the context of declining food security and farmers’ knowl-
edge that the project has a limited life span.

Experimental mode versus participation

The FSIPM Project was designed as a participatory project.
Participation may be defined as:

“...a process by which people take an active and
influential hand in shaping decisions that affect their
lives. Popular participation may involve difficult and
long processes but brings many benefits: the contri-
bution of local knowledge [and] an increased chance
of objectives and outputs being relevant to perceived
needs...”
(ODA, 1995)

Participation should ultimately empower individuals or
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groups to “initiate action on their own or negotiate with
more powerful actors”. Participation should therefore ben-
efit all the stakeholders in a project, as the technical aims of
the project should be achieved more efficiently if partici-
pants are empowered to seek solutions to their problems. In
practice, however, participation may contradict the need of
a project to run scientifically valid trials.

From the project’s perspective, participation required that
farmers taking part in the trials were prepared to communi-
cate openly with us about the management and the results
of the trials. Yet where problems arose with trial manage-
ment, farmers avoided confrontation, and it has often been
hard to discover the true reasons why farmers did not do
something they had been asked to do and to which they
had agreed. In interviews with farmers during both moni-
toring and the research on farmers’ suspicions, project staff
often felt that the responses they were getting were bland
and that some farmers did not say what they really thought.
We had assured participants that we really valued their opin-
ions and that we needed them to help us evaluate the re-
sults. We emphasized that their comments would not be
individually attributed. We also explained that a large
number of participating farmers were being asked the same
questions to help us understand the larger picture.

Did farmers believe us? Should they have believed us —
given how brief our acquaintance had been? Question-
naires to garner opinion are a new phenomenon and
are not well understood. Open feedback of problems to
the authorities has not been encouraged in the past. Simi-
larly, criticism of the work of high-status outsiders and
government officials — to their faces — runs counter to
cultural norms of respect, humility and the obligation to
avoid open confrontation. Negative views and opinions
came indirectly at first, through relatives teasing partici-
pants in front of team members or in reports of what
others were saying. (The exception that proves this rule
is fertilizer — low fertility and high fertilizer prices com-
bined to make farmers vocal on the subject of their need
for fertilizer or for the “correct” mode of application.)

However, from the researchers’ perspective it was crucial
that farmers should give their honest opinions of technolo-
gies and trial design. Without this feedback researchers were
working in the dark, not knowing if they were fitting their
work with farmers’ preferences or not.

Importantly, it is hard, certainly in the early stages of the
project, to see where the incentives might lie for farmers to
offer unfavourable opinions. Here was a project that, while
it was not dealing with low fertility (the most important
problem facing farmers), was handing out free inputs and
promising to compensate farmers for low yields if they
occurred. Given that project staff seemed determined to
persist with technologies and activities, the objective of
which was unclear to many farmers, why risk incurring
trouble by criticizing? This problem would have been
avoided if farmers had a greater sense of ownership ©
the trials, and in particular if the trials had been focuse
on a problem identified by farmers themselves as one ©
their most serious problems.
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Participation was also impeded, particularly in the first year
(although much less in succeeding years) by the extent to
which farmers understood the purpose and content of the
trials. Monitoring and the work on farmers’ expectations
showed that farmers best understood the whitegrub, termite
and Striga trials. This fits experience elsewhere in pest man-
agement research. Participants understand the purpose of
the trials where the pest is visible, is considered a serious
problem, and either the treatment is easy to understand or
training is provided on pest or disease biology. Where the
pest or disease was much less visible and possibly less seri-
ous, and the treatment less intuitively obvious, as with
pigeonpea wilt or bean stem maggot, the purpose appears
to have been grasped only by a minority. It should also be
stressed that where most farmers had little or no knowledge
of the pest or disease or their effects, they would not have
been looking for treatments. These findings suggest that train-
ing or education about pest or disease biology is required
where a treatment or pest is not visible but is important.

From the agricultural researchers’ point of view, the seri-
ousness of a pest or disease and the availability of potential
treatments have been the main factors in-deciding which
problem to target. On-farm research with farmers forces re-
searchers to look again at their treatments, trial design, and
the need for farmer education, in order to ensure that farm-
ers are able and want to be involved in monitoring and evalu-
ating this work.

RECONCILING AGENDAS?

How has the project tried to deal with these differences in
agenda and move towards a more participatory mode with-
out sacrificing the need for scientific rigour?

Successful plots and soil fertility

The FSIPM Project has addressed this issue on a range of
fronts. While keeping pest management issues as the focus
of the trials, it has been accepted that soil fertility is the
priority for farmers. Hence work began on green manures
and on the timing of fertilizer applications. Since the first
Year, we have tried to avoid having plots that look like mis-
erable failures. This has meant including fertilizer in the pack
and having technical team members visit farmers where plots
are being neglected to find out what has gone wrong, or

Providing labour if this is due to illness or other unavoid-
able problems.

Simpler plots

M .
ye:‘:‘al':"l:mrt::xntly, the trials have been simplified year by

design p‘:(r)oieCt members sought.to irnf:lyde farmers in the
that the EXCES§, to respond to their criticisms and to ensure
tereses Thepenment wafs relevant tp farmers’ needs a}nd in-
SIBN With ffomplex flrst'-season. mcomplete‘ factorial de-
o ;‘:\cnonal rgpllcate, w!th one plotin each 'of the
SeCong Yo Ee exPe.rlmepta! unit, was abandoned in the
that the o valuation findings were taken on board so
mber of treatments per crop was reduced, and

treatments rejected by farmers (such as labour-intensive ac-
tivities) were left out. The final focus was on varietal resist-
ance, seed dressing and some cultural practices that fitted
with farmers’ pre-existing work patterns. The research plots
were divided into four sub-plots so that most of the treat-
ments were visible to each farmer. This meant that the data
required for scientific analysis could still be collected, but
that farmers could see what was happening on the plots
and give us their views.

Enhanced participation

These adjustments have been possible because more time
has been spent talking to and working alongside farmers,
and on reflecting on the methods we were using. We have
also tried hard to observe local cultural norms in order to
make our relationship more like that of collaborators; so,
for example, we offer food and drink at field days, and as-
sistance where appropriate, such as on the unfortunate oc-
casions of funerals of trial participants.

In this way we have been able to ensure that the research
was, as far as possible, oriented towards technologies that
farmers required, for example, legumes that were early
maturing as well as pest- or disease-resistant.

By the final year of the trials, farmers were invited to meet
with project staff to agree a programme for the implementa-
tion of the trials. A training consultancy on Participatory
Approaches in September 1998, by Dr Alistair Sutherland
of the Natural Resources Institute, considerably strength-
ened the project’s methodology in the final year. Partici-
pants were consulted about the varieties that would be
planted (considerable information had already been col-
lected on this in the previous monitoring round), and there
were negotiations about which activities required the pres-
ence of both farmers and researchers, or who could repre-
sent the farmer if s/he were absent on a particular day.

Institutionalization of participatory processes

These joint activities were then included in monitoring
checklists so that technical team members recorded any
relevant details about the meeting: who came, what the
farmer said, or whether there were any problems. This may
appear a very formal procedure for enhancing participa-
tion, but the experience of the FSIPM Project is that partici-
pation by farmers must be a planned and monitored activ-
ity. Technical officers are used to working to very tight time-
tables and to collecting precise data sets, often in a me-
chanical fashion. They, therefore, needed to be given pre-
cise aims for each encounter with farmers. Such institution-
alization has raised the profile and status of the task.

Sharing information and reinforcing under-
standing

Networking activities and visitors to the on-farm trials also

seem to have helped convince farmers that the project takes
their contribution and the trials on the plot very seriously.
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Field days and monitoring exercises have been used more
and more to encourage farmers to present and develop their
understanding of the content and purpose of the trials. For
example, in monitoring we asked farmers to describe the
trial on each plot and where s/he was not clear, we explained
again. Training on aspects of pest and disease biology, oron
processing or marketing related to the crops, has also been
offered. These activities have motivated farmers and research-
ers alike by offering new perspectives on the trials or through
visitors’ appreciation of the project work.

Final-year innovations: the kanthu nkako plots

There were two other innovations designed to bring farm-
ers’ and researchers’ interests closer together in the final
year of the trials: the farmers’ observation plots (kanthu
nkako) and the specialist pest groups. Having two trial plots,
one designed by researchers, the other by farmers, both
managed by farmers, provided solutions to a range of sub-
stantive and methodological problems. The project was com-
mitted to having farmer-designed and managed trials in the
final year, but biophysical data (damage levels, yield meas-
urements) were still required for some technologies for a
further year. (Seasonal variation, both climatically and in
levels of infestation and infection, means that 3 years’ data
are normally required if a technology is to be passed by the
Technology Review Committee of the Department of Agri-
cultural Research and Technical Services.) A plot for each
resolved this dilemma.

The observation plots also met farmers’ expressed needs.
Many had asked, through meetings and monitoring, for the
trials to take place on a larger area and to have more varie-
ties to try out. Farmers were given the same varieties as on
the research plots and some new varieties to experiment
with. The project asked only that the kanthu nkako plots
should be close to the research plot for comparative pur-
poses, and that at the beginning farmers should use the la-
bels provided so that we could map the location of the dif-
ferent varieties.

It had been expected that farmers would give similar infor-
mation about the kanthu nkako plots to that about the re-
search plots. To our surprise, farmers talked much more about
varietal differences and much less about the layout of the
plot than when discussing the research plots. (This finding
is discussed in detail in a review of the project’s monitoring
activities; Lawson-McDowall et a/., 1999c.) The double lay-
out also enabled us to compare design and management,
and to collect more information on farmers’ practices.

Specialist pest groups

The final innovation in the last season was to form specialist
pest groups. Following through the logic that some pest
management strategies are only economically rational where
pest damage levels are high, we aimed to identify farmers
with specific problems of whitegrub or termite. This approach
had been taken from the start with the Striga trials. While
the success of the experiment has been mixed due to patchi-
ness of results, and has been reported upon elsewhere, we
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would argue that the approach is sound. Both farmers and
researchers are able to concentrate on a single pest, and
farmers’ monitoring feedback has been much more focused
than previously.

CONCLUSIONS

A critic might suggest that a project which was more appro-
priate from the beginning, for example, one which had iden-
tified the most serious problem with clients and for which
there were a range of viable technologies to try, would not
face the problems encountered by the FSIPM Project. Un-
fortunately, carrying out research on-farm is more than iden-
tifying a problem and technologies, as we have discovered.

Firstly, any project enters into a particular context. People
in rural areas live in a world of economic constraints and
possibilities, in a network of friends and kin, have a pre-
formed, if changing, socio-political culture, and expecta-
tions and fears about what outsiders may bring. It will take
time and work to build up a relationship with farmers (or
any other group) so that researchers and farmers are able to
negotiate honestly about what they really hope to gain from
a project.

Secondly, however carefully tailored to local needs and
knowledge, conflicting agendas are all too likely. The re-
search work (and the capacity building that should result)
may only play a small part in an individual’s livelihood strat-
egies, whereas it is the sole justification for the project. Al-
though farmers do carry out experiments, the fixed param-
eters of scientific research are alien to them. In particular,
farmers want to respond when they perceive failure in their
plots. They do not want to waste land or resources in the
short term. By contrast, scientists need to see the experi-
ment through and take a several season perspective. They
do notexactly welcome failure, but they learn from it. Where
there are with and without plots, a poor result is an integral
part of the learning process if a technology is successful.
Similarly, whereas farmers hoped to gain a share of the
project’s ample resources, the scientists wished to model
poverty as closely as possible.

Such differences in agenda can only be overcome over time
and through extensive consultation with the clients of the
research. This should include the provision of training for
farmers where necessary. This consultation has to be institu-
tionalized so that it is a regular part of the project’s activi-
ties, as normal as measuring pest damage or yield. The two-
plot system has offered solutions to several of the issues faced
by the project, and a variation on this for future on-farm
research is highly recommended. The unexpectedness of
some of the results shows how worthwhile handing over 2
part of the learning process to farmers can be.

Perhaps the most important lesson here is that any project
and its funders must be flexible so that they can respond 0
what they find in the field. This cannot be known in its €
tirety until the research is underway. At the end of the day. 2
project should be assessed not only on technical resu‘“f"
but on the level of co-operation and mutual understandin8
that has had to be achieved to gain those results.
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DISCUSSION

I. Hoeschle-Zeledon. The two-plot system: did farmers re-
peat the same trials without your supervision and if yes, did
they have the necessary land?

J. L.-M. The farmers did not repeat the trials, they were
just given the same inputs and we observed what they
were doing, whether or not they adopted some of our
technologies.

B. Mwale. It was an opportunity for the research team to
evaluate the adoption of the technologies that we were test-
ing with farmers.
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ABSTRACT

This paper presents an outline of experimental details concerning on-farm and on-station trials conducted during three crop seasons of the
Farming Systems Integrated Pest Management (FSIPM) Project. Statistical and computing issues associated with on-farm trials are discussed
and illustrated using examples from FSIPM work. Statistical issues addressed include (i) recognizing the inability to replicate all treatments
within each farm, (ii) the need for using concepts associated with the design of surveys together with concepts associated with the design
of on-station experiments, (iii) the importance of recognizing multiple levels of variation (e.g. farm level, plot level), taking account of
different sources of variation in evaluating pest management strategies, and (iv) the use of non-standard methods of analysis. On the
computing side, the critically important issue of ensuring good quality data by having a well-defined system for data management is
emphasized. A brief outline is given of the main stages to be considered within the data management process.

INTRODUCTION

A number of experimental trials, both on-station and on-
farm, were conducted during the three cropping seasons
(1996/97, 1997/98 and 1998/99) of the Farming Systems
Integrated Pest Management (FSIPM) Project, in order to
investigate a range of potential strategies for improved
pest management.

The aim of this paper is to present a brief overview of the
design aspects of these trials and to discuss some interest-
ing aspects of statistical methodology that are typical of
experiments conducted on farmers’ fields. Particular em-
phasis is given to methodological issues concerning the
analysis of on-farm data with reference to FSIPM’s experi-
mental trials.

EXPERIMENTS WITHIN FSIPM

Main intercrop trial

The aim of the main intercrop trial, conducted in each of
the three cropping seasons, was to investigate pest manage-
ment strategies under a maize/bean/pigeonpea intercropping
system. Experimental details are provided in Appendix 1.
An outline is provided in Table 1.

Striga trial

In the 1996/97 season, 10 farmers (five from Chiradzulu
uplands and five from Matapwata uplands) were included

Table 1. Experimental details concerning the main intercrop trial

1996/97

1997/98

1998/99

Two factors: seed
dressing; banking
Five factors:
mulching; earthing;
seed dressing;
planting density;
variety

Two factors:
variety; planting
position

No. of farmers 64

No. of plots 122

Maize

Beans

Pigeonpea

One factor: varietal

Two factors: seed -
dressing; banking
One factor: varietal
tolerance

One factor; varietal
tolerance

One factor: varietal

tolerance tolerance
61 40
244 160

792
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in a trial to investigate the effects of different methods of
fertilizer application, i.e. no application or dolloped or
spread fertilizer, and the use of a trap crop (soyabean) and
green manure (Tephrosia), for the management of Striga in
plots planted with maize (MH18), bean (Kalima) and
pigeonpea (local). The layout is shown in Appendix 2.

Factor f:

f, = no fertilizer

f, = (50 kg N/ha spread)

f, = (50 kg N/ha dolloped)

Factor t:
t, = no Tephrosia or soyabean
t, = Tephrosia

t, = soyabean

In the 1997/98 season, the experiment included two treat-
ment factors: use or otherwise of fertilizer; use of a legume
treatment factor, i.e. no legume, the use of Tephrosia or the
use of cowpea. The treatments thus were:

Factor f:
f, = no fertilizer
, = fertilizer applied

Factor t:

t,=no Tephfosia or cowpea
t, = Tephrosia

t, = cowpea

Six farmers participated in the trial. Three of the farmers
permitted the use of more than one field (block) in their
farm for this researcher designed and managed experiment.

The experimental layout and instances where extra repli-
cates (blocks) occurred for some of the farmers are shown
in Appendix 2.

The trial was repeated in 1998/99 with the same set of farm-
ers and the same treatments as in 1998/99 except that
Crotalaria was undersown in the extra control plot.

On-station trials at Thuchila

Two experiments were conducted in the 1996/97 crop sea-
son at Thuchila. The first was to compare six maize varieties
and the second was to compare six pigeonpea varieties.

Maize trial at Thuchila

The trial involved just one treatment factor, namely maize
variety. Six varieties were included to study their tolerance
to pest attacks. The varieties were:

1=MH17

2 = NSCM41

3 =LOCAL

4 =CCC

5 = SYNTHETIC C
6 =MHI18

The experiment was planned as a randomized complete
block design with four blocks labelled A, B, C, D, but be-
cause of the presence of termite mounds in two of the plots,
the affected plots were placed elsewhere, i.e. by increasing
the number of plots in Block A by 1, and by shifting all plots
in Block D away from the termite mound. The resulting de-
sign structure is shown in Figure 1a.

(a) Block
5 6 2 4 5 3 1 A
2 5 6 1 4 3 B
1 2 3 Termite | 6 4 (o]
mound
6 5 4 1 3 2 Termite | D
mound
(b) Block
6 4 1 5} 3 1 A
2 5 6 1 4 3 B
5 1 2 3 6 4 C
6 5 4 1 3 Termite | 2 D
mound

Figure 1. Design structure of (a) maize and (b) pigeonpea trials at Thuchila.
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Pigeonpea trial at Thuchila

The aim of this trial was to compare pigeonpea yields and
Fusarium wilt disease incidence across six different varie-
ties of pigeonpea, and to investigate how plant deaths due
to pest attacks by whitegrubs, termites and other causes, as
measured by numbers of dead plants, varied across the
pigeonpea varieties. The trial involved just one treatment
factor, namely the pigeonpea variety; six varieties were in-
cluded. The varieties were:

1 =ICP9145

2 =QP38

3 = ICPL86012
4 = ROYES

5 =CPL87105
6 = LOCAL

The experiment was planned as a randomized complete
block design with four blocks labelled A, B, C, D, but be-
cause of the presence of a termite mound on one of the
plots, the affected plot was placed elsewhere, i.e. by shift-
ing five plots in Block D away from the termite mound. The
resulting design structure is shown in Figure 1b.

The presence of the termite mound in this experiment caused
no difficulty since the number of plots remained equal in
each block. Hence, standard techniques for analysing data
from a complete block design apply and raw treatment
means were used.

On-station trials at Bvumbwe Research Station

In the 1996/97 season, a trial was conducted to investigate
the effect of treating bean seeds with one of six chemical
treatments to control the occurrence of bean stem maggot
attack on beans. The chemicals were derived from various
sources: (i) neem; (i) Tephrosia; (iii) dema root; (iv) carbaryl
(Sevin); (v) imidacloprid (Gaucho); and (vi) control. The aim
was to investigate whether these treatments would reduce
the occurrence of bean stem maggot.

In the 1997/98 season, a second experiment was conducted.
The aim of this trial was to evaluate six newly released or
experimental bean varieties against natural infestation of
bean stem maggot. The experiment was carried out using a
randomized complete block design with four replicates. The
varieties investigated were:

Mlama 127
G22501
PAD3
Nagaga
Napilira
Kalima
Kaulesi

On-farm trials at Mangunda section of
Matapwata EPA

In the 1997/98 season, an on-farm trial to evaluate the per-
formance of seven pigeonpea varieties in terms of their yield

A

potential and resistance to Fusarium wilt disease was inves-
tigated. Five farmers from the Mangunda section of
Matapwata Extension Planning Area (EPA) participated in
the trial. The design was planned by the FSIPM team as a
randomized complete block design with each of the seven
varieties grown on seven plots in each farm. The allocation
of varieties to plots in each farm was made at random. The
experimental design can thus be regarded as a randomized
complete block design with farmers comprising the blocks.

The varieties investigated were:

1 = ICEAP 00020
2 = ICEAP 00040
3 =I1CEAP 00053

4 =1CP 9145
5=QP38
6 = ROYES
7 = LOCAL

In the 1998/99 season, most of the same farmers partici-
pated in a follow-up trial. Twelve plots were used within
each farm as parts of two separate experiments. One ex-
periment evaluated four medium duration pigeonpea varie-
ties, i.e. ICP 6927, Chilinga, ICEAP 00073 and ICEAP 00068
grown as an intercrop with maize. This experiment could
be regarded as a randomized block design taking the five
farms as blocks. The second experiment was set up as a split
plot design to compare four long duration pigeonpea varie-
ties, i.e. ICP 9145, ICEAP 00053, ICEAP 00040 and a local,
grown as a sole crop or as an intercrop with maize. The type
of cropping pattern was applied to the main plots and vari-
eties to the split plots. All plots where maize was grown
received fertilizer.

Sweet potato trials

Trials were conducted in Mangunda section of Matapwata
EPA and in Chiradzulu to investigate the effects of different
timings of crack sealing in reducing damage to sweet po-
tato tubers by the weevil Cylas puncticollis. In Mangunda,
five treatments were used: farmer practice (FP), FP + 1 early
sealing, FP + 1 late sealing, FP + 2 sealings, FP + 3 sealings.
Eight plots were used in each of five farms. Hence, the treat-
ments were unequally replicated within each farm, some
treatments replicated twice within a farm and some only
once.

tn Chiradzulu, two separate, but similar experiments were
conducted, each involving six farmers. One experiment was
conducted in Chiradzulu uplands and one in Chiradzulu
dambo. Four treatments were studied within each experi-
ment, i.e. FP, FP + 1 sealing, FP + 2 sealings, FP + 3 sealings-
Eight plots were used within each farm with each treatment
replicated twice within each farm. Both experiments weré
designed as randomized block experiments with farmers a5
blocks.

Fertilizer and green manure trial

A small-scale on-farm trial was set up in the 1998/99 s€2”
son to study the effects of early and late fertilizer timing’
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and the value of two green manures to enhance soil fertility
and increase maize production. The trial involved 22 farm-
ers distributed between Kambuwa and Magomero villages.
The 22 farm locations were chosen to represent 11 dambo
sites and 11 upland sites. The factors investigated were:

timing of fertilizer application:

* early - application at crop emergence (researcher prac-
tice)

* late — application 4 weeks after crop emergence (farmer
practice)

use of green manure

» Crotalaria undersown at first weeding
e Tephrosia planted alongside the maize
° o green manure grown.

In each farm, either Crotalaria or Tephrosia were grown in
two of the four ‘research’ plots in each farm. Crotalaria was
planted in six dambo and five upland sites. Tephrosia was
grown in five dambo and six upland sites. One pair of plots
in each farm had a late fertilizer application, the remaining
pair had an early fertilizer application. One plot of each
pair had a green manure grown within a maize/pigeonpea
intercrop. The remaining plot of the pair had no legume.
Gross plot size was 5.4 x 5.4 m% Net plot sizes for maize,
pigeonpea, Tephrosia and Crotalaria were 3.6 x 3.6 m?, 3.6
x 2.7 m?, 3.6 x 4.5 m? and 3.6 x 5.4 m?, respectively. All
plots received 50 kg/ha N.

OVERVIEW OF STATISTICAL AND COM-
PUTING ISSUES IN ON-FARM TRIALS

In any research study, there are three main areas where sta-
tistical considerations have an important role to play in en-
suring that results from data collection activities give reli-
fible and meaningful answers in a form that fulfil study ob-
jectives. These are:

aspects concerning the design of the trial

* effective management of the data

analysis of the data.

::h?.se are briefly discussed in turn below in relation to ac-
Vities within the FSIPM Project.

Issues concerning study design

toﬁ:!es‘k;‘;nﬁm?t to consider at the de§ign stage of on-farm
able. ¢ thec: a"dly where farmer participation is consider-
design o o rl:e to use ideas ‘normally associated with th-e
Ated with the ?’Savtogether with standard concepts associ-
€Oncepts apo| esign of on-station experiments. The latter
While SUrve Y n Tf?latlon to data collected at the plot level,
the farm, !e\,gpfr'gc'P!ES generally apply to data collected at
" the stugy, 1, us, in the selection of farmers for inclusion
domajp, for"v\,hie ;arge[ population, i.e. the recommendation
© Ssample ¢ N results are intended, must be kept in mind.

0sen should be appropriately representative

of this domain with respect to key characteristics of the farm-
ers. In the FSIPM Project trials, for example, a stratification
of farmers with respect to the type of land they farm (i.e.
whether dambo or upland) was used. At the data analysis
stage, it was clear that this was an important feature con-
cerning variation at the farm level.

Survey elements also enter with respect to plot level infor-
mation when, for example, farmers are asked to score ex-
perimental treatments at plot level.

Other concepts of design include the choice of treatments
and units, the number of treatments to use, the number of
treatments per farm, procedures for allocating treatments to
experimental units, plot size and shape, the exact specifica-
tion of a control plot, what measurements to use, and match-
ing the degree of replication required with available re-
sources to get statistically meaningful results. These are dis-
cussed in the booklet titled On-farm Trials: Some Biometric
Guidelines (SSC, 1998a).

Issues concerning data management

A well-defined system of data management is crucially im-
portant within any research project which involves the col-
lection of a large volume of data. The FSIPM Project was
forced into different data management strategies in each of
its 3 years — with varying degrees of success, but has never-
theless paid careful attention to data quality throughout its
activities over three cropping seasons.

Data collection

Recording data accurately in the field requires considerable
effort, prior to field data collection, to ensure, for example,
that the recording sheets are appropriate and set up in a
form that will allow the data to be later entered directly to a
computer. The recording form should be pre-tested in the
field and modified if needed. It should include space for
comments by the data collection team so that any unusual
events or observations can be recorded. Units of measure-
ments must be made clear. Additional variates may be re-
corded for checking purposes (e.g. total number of dead
plants per plot adding to the number of plants dead by dif-
ferent causes).

At the time of data collection, the team should be alert in
spotting ambiguities (e.g. pigeonpea plots where large num-
bers of plants with pods are recorded should also generally
have higher pod yield records). The data collection team
must be clear about the difference between recording a zero
value (e.g. a plot with high disease attack and yielding no
pods) and a missing value (e.g. farmer harvesting the crop
in advance). The team as well as the farmers must be made
aware of the importance of gathering high quality data.

Entering raw data in the computer

This requires: (i) a clear specification of the data collection
sheet so that it is in a form suitable for entering the data
directly from the recording sheet to the computer; (ii)
paying attention to the data structure (e.g. providing links
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between key variables when the data structure is hierarchi-
cal); (iii) identifying suitable software for the data entry proc-
ess; and (iv) having a workable strategy for data entry and
checking.

Organizing the data for analysis

Re-structuring the data into an appropriate form for analysis
is often a first step in the data organization process. In the
FSIPM Project experimental trials, for example, damage to
plants by pests and diseases was recorded throughout the
season at several sampling occasions. Data from each oc-
casion were entered on to a single sheet in an Excel file at
the data entry stage, but for analysis, data from each of sev-
eral sheets (corresponding to multiple sampling occasions)
had to be collated into a single sheet for analysis.

Often, different versions of the data are created for different
analysis purposes. Here it is important to keep a record of
all the different data files that are created. If errors in the
data are identified, corrections should be made in the ‘mas-
ter copy’ of the data, and all back-up files updated.

Archiving the data

The archiving of all information collected during a research
study is a valuable resource for further exploration of the
data at a subsequent stage and for access by others involved
in similar research studies. The archive is not merely a stor-
age place for only the computerized data files. It must also
include other information, such as details of the trial de-
sign, reports concerning the trial, photographs, etc.

Further details concerning data management issues can be
found in the booklet entitled Data Management Guidelines
for Experimental Projects (SSC, 1998b).

Analysis of the data

Since on-farm trials typically give rise to data that are col-
lected at both farm level and plot level, the analysis can be
viewed in three stages:

* analysis of farm level information

* analysis of plot level information

Table 2. Experimental details concerning the main intercrop trial

Experiment 1 in 1996/97
Number of farmers
Treatment structure

64 (one research plot/farm)
Eight factors at two levels and one factor at three levels

Maize Seed dressing with one or two doses of carbary! (Sevin) or no

dressing

Banking at second weeding (Yes/No)

A2

Bean

Pigeonpea

Blocking structure
Unit of measurement for
experimental treatments

Experiment 2 in 1997/98
Number of farmers
Treatment structure
Maize

Bean
Pigeonpea

Blocking structure
Unit of measurement for
experimental treatments

Experiment 3 in 1998/99
Number of farmers
Treatment structure

Bean

Pigeonpea
Blocking structure

Unit of measurement for
experimental treatments

Seed dressing with carbaryl (Sevin) (Yes/No)

Earthing (Yes/No)

Mulching (Yes/No)

Use of a variety tolerant to bean stem maggot (Kaulesi or Kalima)
Planting density at high or low levels

Use of a wilt-resistant variety, ICP9145 or the local variety
Planting on ridge side or in rows

Land type (dambo/upland) and EPA

An individual farm

61 (four research plots/farm)

Two factors each at two levels, and two factors each at four levels
Banking (Yes/No)

Seed dressing with imidacloprid (Gaucho) (Yes/No)

Use of a variety tolerant to bean stem maggot (Kaulesi, Nagaga,
Napilira or Kalima)

Use of a wilt-resistant variety (ICEAP 00053, ICEAP 00040, |CP
9145 or the local variety)

Land type/EPA, and farms within these two strata

Plots within farms

40 (four research plots/farm)

Two factors, each at four levels

Use of a variety tolerant to bean stem maggot (Kaulesi, Nagaga,
Napilira or Kalima)

Use of a wilt-resistant variety (ICEAP 00053, ICEAP 00040, ICP
9145 or the local variety)

Land type/EPA, and farms within these two strata

Plots within farms
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* analyses which combine farm-level and plot-level
information.

If trials are conducted at a number of different sites (e.g.
differing agro-ecological regions), or over a number of dif-
ferent years, analyses which combine results across sites
and years should also be considered.

Within the FSIPM Project activities, most of the socio-eco-
nomic studies took place at the farm level, while agronomic
and pest management work took place at the plot level. The
latter involved experimental trials conducted on farmers’
fields which were largely researcher-designed but managed
by the farmers.

Since the first author’s work as a biometrician was mostly in
relation to the experimental analysis work, the main focus
in the remainder of this paper will be on methodological
aspects relating to statistical treatment of the data during
data analysis.

METHODOLOGICAL ASPECTS IN DATA
ANALYSIS

Some important aspects of statistical methodology used in
analysing data from the FSIPM Project’s experimental trials
are presented in this section. A number of trials were con-
ducted in each of the three cropping seasons, but only one
trial will be used here for purposes of illustration.

Recognizing the data structure

The illustrative example is the main intercrop trial conducted
each year under a maize/bean/pigeonpea intercropping
system. Basic details concerning this trial are shown in
Table 2.

One of the difficulties associated with analysing data from
on-farm trials can be seen from this example. Information
concerning the trial resides at different levels of a hierarchy.
Thus Table 2 shows information associated with the experi-
ment in each of 3 years. This forms the highest level of the
hierarchy. At the next level of the hierarchy, we have infor-
Mation collected within a year at a farmer level, e.g. land
type (or zone, i.e. whether dambo or upland), socio-eco-
Nomic variables concerning the farmer, and soil nutrient
Measurements. At the lowest level of the hierarchy, we have
Plot level information.

:hsu:\ciierarcl?ical structure implies that due consideration
- be given at the study design stage to the types of
shoull;fzmgnts to ‘be coll_ected at each Ie_vel and how they
e, & e linked in relaf.uo_n to the obJe'ctlves 9f the experi-
data 'a;" example, variation in crop yields (i.e. plot lev‘el
applieq a?ssl different pest management strategie_s (agam

Boss Plot level) may need to be explored within differ-
tiroge. ps of _fsfrmt‘ers, the farmer groups being identified
8" a stratification of farmers according to their socio-

QCQnO .
mi phr 3 .
Mation € characteristics, i.e. according to farm level infor-

N ana| Sioe
Ysing information such as crop yields (i.e. plot level

Table 3. Mean usable maize grain yield
with or without seed dressing

With Without Difference
Land type  dressing  dressing in means
Dambo 1312 1193 119
Upland 2721 2216 505

data), it is also important to consider whether this analysis
should take place across plots within each farm, across all
farms within each year, or across all years. In the example
above, the latter procedure is inappropriate because the
treatment structure varies from year to year. However, within
any year, an analysis that combines farm level stratification
variables with plot level information is very relevant. In par-
ticular, it allows interactions between farm level variables
and plot level variables to be explored. Unlike on-station
trials where block by treatment interactions can usually be
regarded as non-existent, in on-farm trials, the farm by treat-
ment interaction is of particular importance. If this interac-
tion exists, then it is important to determine reasons for
this interaction, for example, whether the interaction can
be explained in terms of the variation in socio-economic
variables.

Table 3 illustrates the interaction between the application
of seed dressing with Gaucho (i.e. a plot level treatment)
and type of farmland (i.e. a farm level stratification vari-
able), when studying the effect of seed dressing on usable
maize grain yields (kg/ha). It is clear that seed dressing has a
beneficial effect, but the increase in maize yields under seed
dressing is much greater (about 500 kg/ha) in the uplands
than in the dambo areas where the increase is only about
100 kg/ha.

Study of variation due to different causes

The main statistical technique used for analysing yield data
was the analysis of variance (ANOVA). This is a standard
method for separating the overall variation in the data into
components so that each component reflects variation due
to a different source. For example, the 1997/98 main
intercrop trial involved 61 farmers with four plots on each
farm, two of which were seed dressed with Gaucho while
the remaining two plots were left untreated. The ANOVA
structure here may take, for example, the following form:

Degrees of
Source of variation freedom
EPA 1
Land type (dambo/upland) 1
Between farm variation 58
Seed dressing 1
Land type x seed dressing interaction 1
EPA x seed dressing interaction 1
Within farm variation 180
Total variation 243

33



S. Abeyasekera et al.

Additional sources of variation may enter this analysis at
either the farm level or the plot level. Soil measurements,
for example, may be relevant at either level, but will de-
pend on whether soil measurements were taken on each
plot in a farm or a composite soil sample was taken at the
farm level.

With two levels of variation involved in this analysis, sum-
maries such as the coefficient of variation (CV) have little
relevance unless the level of variation is specified. Even then,
the value of a CV as a summary measure for reporting pur-
poses is limited. The more important issue is to recognize
that large farm to farm variation is likely to be the norm in
on-farm trials, and that this variation needs to be explored
further to ascertain reasons for the high farm to farm varia-
tion. Further investigations of this nature, taking account of
information available at the farm level, are important since
they may well serve in identifying recommendation domains
that are appropriate for IPM interventions being investigated
via on-farm experimental trials.

Non-standard methods of analysis

It is almost inevitable that on-farm trials will lead to data
that have to be analysed using non-standard statistical pro-
cedures (Mead, 1988; Martin and Sherington, 1997). There
are several reasons for this.

(i) Firstly, it is quite unusual for even one replicate of all
treatments to be tested within a single farm. This is often
because each farmer is unable to allocate more than
three or four plots for research trials. If the number of
treatments to be investigated is larger than the number
of plots available within a farm, then it will not be pos-
sible to include every treatment within every farm. In
the 1997/98 season, for instance, it was relevant to in-
vestigate whether or not maize seed dressing had an
effect on bean yields, as well as to investigate how bean
yields varied across four different bean varieties. This
resulted in eight treatment combinations (i.e. seed
dressed or not with each of four varieties). However,
only four of these could be applied to the four plots
available on any farm. This leads to an analysis which is
non-standard but which can be handled with good sta-
tistical software.

(ii

=

It may also happen that some farmers can provide only
a few plots while others are able to provide more plots.
For example, in the 1997/98 trial to investigate the use
of trap crops and application of fertilizer for manage-
ment of the parasitic weed Striga asiatica, six farmers
were involved. Three were able to provide four main
plots (each subdivided into two) for allocation of the
trap crop, two farmers provided eight main plots each,
while the remaining farmer had enough land to allocate
12 main plots for the trial. When a relatively large number
of plots within a single farm are included, attention is
also needed at the design stage of the experiment to
possible sources of variability (fertility gradients, slop-
ing land, etc.) within that farm. Usually some kind of
within farm blocking would be needed.
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(i) A further complication that is generally almost always
present in on-farm trials, is the occurrence of missing
data. This happens, for example, when the farmer har-
vests all the plots rather than keeping the harvests from
each plot separate, or when some unusual event hap-
pens (e.g. field mice eating maize cobs).

(iv) When missing data occur, or when the design itself leads
to fewer than the full set of treatment combinations be-
ing tested on any given farm, summarizing the data in
the form of simple averages to represent the effect of
each treatment is no longer appropriate. Inevitably there
is considerable farm-to-farm variation. Hence, the analy-
sis must allow for such variation before investigating
treatment effects. In particular, results concerning the
mean effect of each treatment must be reported in terms
of adjusted treatment means, i.e. means that have been
adjusted for (or freed from) other extraneous sources of
variation. Failure to do so can lead to misleading results
since they will be confounded with farm-to-farm vari-
ability as well as other sources of variability that exist
between or within farms. Reporting results in terms of
adjusted means also becomes necessary when additional
quantitative measurements (such as soil nutrient meas-
urements or amounts of fertilizer applied) are made on
the experimental units and included in the analysis as
possible sources of variation.

{v) Damage assessments to plants by various pests and dis-
eases generally lead to data sets which are non-normally
distributed. Thus data arising in the form of counts (e.g.
number of whitegrubs in soil samples taken per plot,
number of emerged Striga plants) follow a Poisson dis-
tribution, while data in the form of proportions or per-
centages (proportion of germinating plants killed by
whitegrubs, proportion of pigeonpea seeds damaged by
pod borers) follow a binomial distribution. Such data
do not conform to assumptions associated with the
ANOVA procedure, and so, more advanced analysis
procedures, involving the fitting of generalized linear
models, have to be adopted in analysing these types of
data (Collett, 1991; Dobson, 1990). Such modern meth-
ods of analysis are more appropriate and lead to more
meaningful results than traditional analysis methods
which were often based on data transformations such as
the arc sine or square root transformations.

(vi)It is also typical in pest management trials for data on
pest damage and disease incidence to be collected
throughout the season at a number of sampling occa-
sions. Such data are referred to as repeated measure-
ments data. Typically, these data require special meth-
ods of analysis to take account of correlations among
observations made on the same experimental units. This
is an added complication in on-farm trials, but was han-
dled within the FSIPM Project by adopting a simple ap-
proach whereby the multivariate nature of the data was
reduced to a univariate case by using a single statistic to
summarize the information across the entire season. The
summary was often in terms of totals, e.g. the total number
of plants damaged by termites through the season.
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DISCUSSION

This paper emphasizes the need to think carefully about
many statistical and computing issues concerning the de-
sign and analysis of on-farm experimental trials. Although
statistical concepts associated with the design of on-station
experiments and analysis of data from such trials are still
relevant and important, there are several additional issues
that must be recognized and considered when dealing with
on-farm trials. Of particular relevance is the need to collect
additional information concerning the farmers associated
with the trial so that in the event of finding a farmer by
treatment interaction, reasons for this interaction can be
explored and recommendations regarding treatments made
for different groups of farmers. It is important to note that
such an investigation requires a large number of participat-
ing farmers of the order required when conducting surveys
of farming populations.

Multiple levels of variation must be recognized and analy-
sis procedures undertaken to take account of different
sources of variation at each level of a hierarchically struc-
tured set of data. There is also the need to report experimen-
tal results in terms of adjusted means when treatments are
unequally replicated, when missing data occur and when
the analysis procedures involve a mixture of classification
variables and quantitatively measured covariates (e.g. treat-
ment factors and soil nutrient measurements). Where possi-
ble it is desirable to explain reasons for farm-to-farm vari-
ability and use this information to identify suitable recom-
mendation domains.

It is also critically important to keep a clear view of the
objectives of the experimental trials and the population to
which the results may generally apply. Clarifying the objec-
tives in detail at the start of project activities can help to
identify specific pieces of information that need to be col-
lected and analysed. Each data collection activity must be
carefully considered so that the resulting information con-
tributes meaningfully towards fulfilling a stated project ob-
jective. The selection of farmers for inclusion in the trial
must be decided keeping in mind the target population to
which project results are anticipated to apply.

Finally, the importance of a clear strategy for data manage-
ment cannot be over-emphasized. No amount of sophisti-
Cation with respect to the design of experimental studies
and subsequent statistical analysis can overcome the inevi-
tability that research results will be meaningless if they are
based on poor quality data. Despite various difficulties faced
by the FSIPM Project concerning data management issues,
itis possible to claim that the project has made consider-
able efforts to ensure their experimental data are of the high-
Est possible quality.
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DISCUSSION

A. Sutherland. Given the nature of the project, to test exist-
ing new technologies with a farming systems perspective,
why was an ‘in-trial” approach useful? This is quite different
from most projects using a farming systems/adaptive research
approach in the region. Would it not have been easier to
have a number of discrete trials focusing on key issues, with
careful on-farm monitoring alongside?

S. A. Several reasons. (a) A major aim was to look at pest
management strategies for maize, bean and pigeonpea
grown as an intercrop. Particularly in the initial year, little
was known about the way in which a pest management
strategy for one crop would affect a pest management strat-
egy for another. Discrete trials would not have identified
interactions between the strategies. (b) Many trials would
have had resource implications as well as difficulties of build-
ing rapport with a larger group of farmers. (c) Further trials
were conducted for some strategies, e.g. for Striga control,
use of green manures for improving soil fertility, crack seal-
ing for control of sweet potato weevil, comparing a range of
pigeonpea varieties.

A. M. Chirembo. Why did the FSIMP Project work with four
varieties of pigeonpea, for instance, as if it was a breeding
study? Why not work with only one or two varieties?

S. A. Firstly it must be pointed out that in 1996/97, when
many pest management strategies were explored, only two
varieties were included, i.e. a local variety and a wilt resist-
ant variety for pigeonpea and a local variety (Kalima) and
Kaulesi for beans. Secondly, breeding studies use a lot more
than four varieties. Thirdly, ICRISAT had developed new
varieties which have been found to be wilt tolerant in other
regions. So exploring the potential of these varieties in the
FSIPM Project trials, in addition to the two included in 1996/
97 seemed very relevant. For bean, additional varieties
(Nagaga and Napilira) included in 1997/98 and 1998/99
were those that had been developed by the CIAT bean pro-
gramme and found to be pest and disease resistant.

D. Coyne. Is it possible to analyse the individual compo-
nents of possible variability to reduce the overall variability,
or at least identify the sources of greatest variability?

S.A. The data analysis does take account of all known sources
of variability and compares IPM strategies after having
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allowed for such sources of variability. Much of the farm-
to-farm variability, for example, was due to EPA and land
type differences. Comparisons between IPM strategies within
the FSIPM Project were free from such effects, but where
they differed (e.g. across land types) results were provided
for each stratum.

J. Mapemba. Was there any attempt to categorize the house-
holds participating in trials into poor, rich or poorest?

S. A. The project’s economist had developed a categoriza-
tion of households into five clusters, i.e. burley growers,
dimba households, stable male-headed and stable-female
headed households and vulnerable households. This strati-
fication was incorporated into the analysis but we found
that it did not account for additional variability over and
above the variability that was due to EPA or dambo/upland
differences.

APPENDIX 1
Experimental details concerning
the main intercrop trial

INTHE 1996/97, 1997/98 AND 1998/99
CROP SEASONS

Background

In each of the three crop seasons, the trials were conducted
in four villages, i.e. Chiwinja and Lidala in the Chiradzulu
EPA, and villages Magomero and Kambuwa in the
Matapwata EPA. The project was aimed at resource-poor
subsistence farmers within the maize/pigeonpea/bean
intercropping systems. The distribution of farmers across type
of farmland, EPAs and villages is shown in Table 4.

Experimental design and treatments used in
the 1996/97 trial

In the 1996/97 season, several pest management strate-
gies (hereafter referred to as ‘treatment factors’) were ex-
plored in the first year of the FSIPM Project trials. Different
strategies were used for maize, bean and pigeonpea as
described below.

The nine treatment factors included in the 1996/97 main
intercrop trial are shown below.

g/w, seed dressing maize with carbaryl (Sevin) (85% WP
formulation) with g being two doses and w being one dose
absence of letter g or w represents control, i.e. no seed
dressing

t, indicates maize termite treatment (different in two loca-
tions)

absence of letter t represents control, i.e. weed and bank
at second weeding

i, indicates use of wilt-resistant pigeonpea variety ICP 9145
absence of letter i represents control, i.e. local pigeonpea
variety

r, indicates pigeonpea planted on ridge side

absence of letter r represents control, i.e. planting in rows
s, indicates bean seed dressing with carbaryl (Sevin) for
beanfly

absence of letter s represents control, i.e. no bean seed
dressing

b, indicates earthing up bean plants

absence of letter b represents control, i.e. no earthing up
m, indicates mulching of beans

absence of letter m represents control, i.e. no mulching

v, indicates tolerant bean variety (Kaulesi or Kalima)
absence of letter v represents control, i.e. Chimbamba

p, indicates planting density is high

absence of letter p represents control, i.e. planting density
is low.

Table 4. Distribution of farmers across villages and land types in three

Crop seasons

Chiradzulu Matapwata
Land type
(zone) Chiwinja Lidala Kambuwa Magomero Total
1996/97
Dambo 8 8 10 6 32
Upland 8 8 6 10 32
Total 16 16 16 16 64
1997/98
Dambo 11 6 8 5 30
Upland 5 12 7 7 31
Total 16 18 15 12 61
1998/99
Dambo 8 6 4 5 23
Upland 2 8 3 4 17
Total 10 14 7 9 40
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Following discussions with FSIPM Project staff, there ap-
peared to be little knowledge of likely interactions between
the above factors. Hence it seemed appropriate to design
the trials in such a way so that interactions between factors
within each of three separate sets of factors (strategies) could
be measured. The three sets were:

(i) factors concerned with whitegrub and termite control in
maize, i.e. g/wand t

(ii) factors concerned with control of wilting in pigeonpea,
ji.e.iandr

(i) factors concerned with control of beanfly in beans, i.e.
s, b, m, vand p.

For various reasons, not all trials or all factors were to be
included in each EPA and each of dambo and upland areas.

The main intercrop trial involved nine factors, but since fac-
tor g was to be tested only in dambo areas and t only in
upland areas, the trial could be regarded as involving just 8
factors. The number of levels of all but factor g was 2 and
hence a slightly modified fractional replicate of a 28 facto-
rial was thought a reasonable design to use. (The slight
modification needed was to take account of factor g being
at 3 levels.) .

Since 28 = 256 represented the total number of treatment
combinations, a quarter of this was considered, i.e. use of
64 plots. Project staff felt that with 1 plot/farm, carrying out
fieldwork with 64 farms was practically feasible. It was
agreed that an additional plot in each farm with the farm-
ers’ own practice would be useful for purposes of local com-
parison. The design finally proposed appears in Table 5.

Experimental design and treatments used in
the 1997/98 trial

FSIPM Project trials in the 1997/98 season were a follow-
up to trials conducted in the 1996/97 season in two villages
in each of Chiradzulu and Matapwata EPAs. During 1996/
97, the design was set up as an incomplete factorial design
with a fractional replicate, one plot in each of the 64 farms

being used as the experimental units. The design was planned
to ensure that all relevant 2-factor interactions could be es-
timated from the data. One complication with this design
was that each farmer saw only one treatment combination.
They were, therefore, unable to observe the effect of the
different treatments. Hence in the 1997/98 season, the total
number of intervention treatments was reduced to fewer fac-
tors: 2 for maize, 1 for pigeonpea and 1 for bean. The trial
was designed to ensure that most of the proposed treatment
combinations were visible to each farmer on one or more
of the four experimental plots on his/her farm.

The design was again an incomplete block design with a
factorial treatment structure with 4 units/ farm forming a
block. Allocation of treatments to the incomplete blocks
was made so that all important 2-factor interactions could
be estimated. The design layout (unrandomized) for farms
in each village and by zone (dambo/upland) appears below
in Table 6.

Four treatment factors were included in the trial. For maize,
1 factor, i.e. seed dressing with Gaucho, was used for the
management of whitegrubs, and 1 factor, i.e. mbwera or no
mbwera in Matapwata, and weeding with banking or weed-
ing without banking (in Chiradzulu North) was used for the
control of termites.

On bean and pigeonpea, only varietal tolerance was inves-
tigated. For bean, four varieties were used:

¢ control, local check: Kaulesi

* tolerant variety: Nagaga

* tolerant variety: Napilira

* tolerant variety: Kalima.

For pigeonpeas, four varieties were used:
* control, local pigeonpea

* ICEAP 00053 variety

¢ ICEAP 00040 variety

* [CP 9145 variety.

Table 5. Final design for the main intercrop trial in the 1996/97 season

Block 1 Dambo in Matapwata

irg sbirg smig bmig spirg bpirg mpigw sbmpigw
svrw bvrw mvw sbmvw pvr sbpvr smpv bmpv
Block 2 Upland in Matapwata

sirt birt mit sbmit pirt sbpirt smpit bmpit

vt sbvt smvrt bmvrt spv bpv mpvr sbmpvr
Block 3 Upland in Chiradzulu

s b mr sbmr p sbp smpr bmpr

vi sbvi smvir  bmvir spvit bpvit . mpvirt sbmpvirt
Block 4 Dambo in Chiradzulu (no beans here, so no bean treatments)

g ig w irw g ig g irg

w iw w irw 1 i r ir

t, Different termite treatment in the two locations.

37



38

S. Abeyasekera et al.

Table 6. Allocation of treatments in the main

trial for maize/pigeopea/bean intercrop

Farmer Plot 1

Plot 2

Plot 3

Plot 4

Block 1 Dambo in Chiradzulu North, Chiwinja (11 farms)

1 iu V) 8| i\ Vz gc iz V| g\ il Vﬂ 80

2 g Vo 8 iV, 8 iV, 8 LV, g

3 iV, 8 i, Vo o i,V g, LV, 8

4 ipV, B i\ v, 8 i, v, 8 i, v, 8

5 in V] gn i! V: go il Vl gﬁ i) vﬂ gl

6 io Vo B iy vy 8y i Vi B Vi 8

7 iV, 8 A v, g i, Vv, 8

8 io v, gl ir vy gx i.' Vo B- i) V, go

9 iu to Vs 80 i! tr Vi S: i: lﬂ vy go il t* Vo g‘

10 i(l tD VO gU i] t\ v'\ g\ il tQ vl gﬂ i3 t] v] gl

11 iO t'I vl g(] i| tU VU gl i] t‘ Vl gl) 13 t0 V1 g‘

Block 2 Dambo in Chiradzulu North, Lidala (6 farms)

1 iD VJ gl i| V'I gO il V| g\ iJ VO gﬂ

2 15 V5 8 i, v,8 i, V; 8 I, ViBy

3 iD vY gl il VO g() i.‘ VJ gl iJ VZgO

4 iO VI g! iI V‘ gﬂ ic‘ VD gD iJ V3g1

5 iO V1 gD il V! gl i.‘ VV gl EJ VO g'l

6 iU VU gl I‘l v] gU i.' vlgl '] vl gU

Block 3 Upland in Chiradzulu North, Chiwinja (5 farms)

1 iﬂ t"l VD gl i| tO v] gﬂ i] tI V1 g1 i] t!) V'I 80

2 iD tD V'( g\ i\ t'I VO gD il tO vl 81 iJ tI v! gU

3 iﬂ tl vI gO i| rO vl g\ i} t'l V!) gﬂ i] tO VJ gl

4 i0 {1 V] gl iV t() VZ g[] i.' tl Vl gl i‘ t0 VD gO

5 iD tD V;, gi i'l t‘ V\ gD iZ tﬂ VO gl i'i t! V] gu

Block 4 Upland in Chiradzulu North, Lidala (12 farms)

1 Wtv,8  hLvg Ltvig L VE

2 io by Vo B it Vi i.v LV: 8 v, &

3 i,V 8 itV g, LLv,g LV, 8

4 io b Vs B v, g iy Ve B LV, 8

5 btvi8  Ltv.g, Ltvig  Ltvg

6 LhthveB LLvE htv,g v, g

7 LLwig. LWLvE btvig  Luvig,

8 LtV bW ELVeB  LLvg

9 i, t,v, it v, 8 B WViB 4 V8

10 bt Ve  LhLVE htv,g, Ltvg,

1 io to v 8 v, g, Lew8  LLvg

12 Ltv,g8 iitv, g Ltved Hhw%E

Block 5 Dambo in Matapwata, Magomero (5 farms)

1 io 81 V3 i 8V, i 8 Vi is Bo Vo

2 io 8o Vo i 8 Vs i, 8o Vs i 8 Vi

3 I 8 v, - Y- i 8o V.

4 io 8 V. i 8 vy [ BVe LBV

5 io 8o Vs i 8 Vs iz 8o V1 iy 81 Vo

Block 6 Dambo in Matapwata, Kambuwa (8 farms)

1 iU g\ VU i‘ g() VJ I‘? g‘ VZ i] gﬂ VV

2 is 8o V; i, 8 Vo T2 8o Vs [F-%

3 io 8 v, i 8o Vi i, B Ve i, 8 vy

4 iO gO VJ i\ gl vZ ]'2 gD v| i] gl VO

5 i0 gﬂ VO l-'\ g'l VJ i? gO vZ i! g| v|

6 iU g‘ v\ i'I go VU il gl VJ i] gﬂ vl

7 0 8 V. L8V, i, 8 Vo iy 8 vy

8 18 Vs i BV, LBV i, Bo Vo
Continued

Table 6 continued

Farmer Plot 1

Plot 2

Plot 3

Plot 4

Block 7 Upland in Matapwata, Magomero (7 farms)

1 Lhtv,g LLVg Ltvig, LLVvg

2 in Vo 8 i! Ly 8 i: LVv: 8 i: Lv &

3 BLvig L LV.8 Ltv,g LV

4 intov.-gn il Lvig i.v 1, Vo 8 il(.‘ Vi &

5 iolovl 8 iy LVv:8 i.‘ Lv, 8 ivt: VoBa

6 b VeBa  hLVi8 LtV g E,l,,V, &

7 blVi8 LY. Lhvig& Ltvg

Block 8 Upland in Matapwata, Kambuwa (7 farms)

1 iO ti VZ gV i' tl) Vl g[) i.' t) v() gl ?'l t(] VJ gl]

2 .io LV 8 i, LV, 8 iz LV, 8 !J 4, v, 8

3 ID tl V[) g‘ il tl) VJ gﬂ i! t.’ Vl g\ I‘i t() V\ gD

4 Lbvig V8 LHvig Vv, g

5 iptbv,g:  Ltvg Ltveg  htv,g

6 iO IZ v3 gl iI to Vl g(’ i.’ [) Vl gl iJ tD VO gD

7 iD tD VO gU i\ tJ v] gl ij tﬂ Vl gl) i] t.' vl g\

g seed dressing maize

g, seed dressing maize with imidacloprid (Gaucho,
70 WS formulation)

g control - no seed dressing

t maize termite treatment (upland only, different in
two locations) :

t, mbwera tillage in Matapwata (+ weeding without
banking)

i weeding without banking in Chiradzulu North

i control — no mbwera in Matapwata (+ weed and
bank), weed and bank at second weeding in
Chiradzulu North

i Wilt-resistant pigeonpea

i, ICP 9145 variety

i, ICEAP 00040 variety

i ICEAP 00053 variety

i control — local pigeonpea

v tolerant bean variety

v, tolerant variety: Kalima

v, tolerant variety: Napilira

v, tolerant variety: Nagaga

vV, control, local check, Kaulesi

Experimental design and treatments used in
the 1998/99 trial

Only a minority of farmers experienced termite and
whitegrub attack in the 1997/98 season. Therefore, field-
work was restricted to 12 farmers for investigating pest man-
agement strategies for termites and another 9 farmers for
investigating pest management strategies for whitegrub at-
tack. In the termite management trial, four plots were again
used within each farm, each allocated one of the treatment
combinations coming from the use or otherwise of banking
and seed priming. In the whitegrub management trial, the
four plots used in the previous season were each split I"
half to give eight plots, each 5.4 x 5.4 m?. The treatmen®®
applied formed a 2 x 2 x 2 factorial structure for the folloW
ing three treatment factors, i.e. use of Gaucho as a s€®

dressing in the 1997/98 season or not; use of Gaucho 2%



Experimental trials within the FSIPM Project

Table 7. Treatment allocation in the 1996/97 Striga trial

EPA Farmer Plot 1 Plot 2 Plot 3 Plot 4 Plot 5
Chiradzulu 1 £k fot, f,t, o 7
Chiradzulu 2 f,t, fit, f.t, f,t f,t,
Chiradzulu 3 t.t, 8 ft, fit, f,t,
Chiradzulu 4 1oL, £, it f.t, f.t,
Chiradzulu 5 fit, f,t, foli f,t, f,t,
Matapwata 6 fit, f,t, fit, f.t, f,t,
Matapwata 7 f,t, f.t; fot, fits fit,
Matapwata 8 fit: fit; £t .k fots
Matapwata 9 f.t ft, fil f,t, i
Matapwata 10 £k fols fuls fit; f.t,
seed dressing in 1998/99 or not, and the incorporation or Factor t:

not Tephrosia in the plot.

The remaining 40 farmers participated in a trial within a
maize/bean/pigeonpea intercropping system to investigate
varietal tolerance for bean and pigeonpea. The trial, with 4
plots/farm, was similar to that used in the 1998/99 season
but did not involve seed dressing or banking as treatment
factors.

APPENDIX 2

Experimental designs for the
Striga trials

1996/97 SEASON

In the 1996/97 season, 10 farmers were included in a trial
to investigate the effects of different methods of fertilizer
application, i.e. no application or dolloped or spread ferti-
lizer, and the use of a trap crop (soyabean) and green ma-
nure (Tephrosia), for the management of Striga in plots
planted with maize (MH18), bean (Kalima) and pigeonpea
(local) (Table 7),

Factor f:
f, = no fertilizer

f =50 kg N/ha spread
f, 50 kg N/ha dolloped

t, = no Tephrosia or soyabean
t, = Tephrosia
t, = soyabean

Each plot was of a standard size, 5.4 x 5.4 m, 5 plots/farm.
Four of these were labelled as ‘research’ plots since they
included treatment combinations to be evaluated during the
trial. The remaining plot was referred to as the ‘farmers’ piot’
since the farmer was allowed to farm this plot according to
his/her own practice.

The cropping pattern was maize (MH18), 3 seeds/station,
plus pigeonpea (local), 3 seeds/station, both at 90 cm spac-
ing, with one station of bean (Kalima), 2 seeds/station be-
tween each pair of adjoining stations, intercropped on ridge.
Since there were only 40 plots in the trial for the applica-
tion of the nine treatment combinations (3 fertilizer treat-
ments by 3 legume treatments), the design was an incom-
plete block design with the 3 x 3 factorial treatment struc-
ture applied as evenly as possible across the 10 farms.

1997/98 SEASON

In the 1997/98 season, the experiment included two treat-
ment factors, namely the use or otherwise of fertilizer; and
the use of a legume treatment factor, i.e. no legume, the use
of Tephrosia or the use of cowpea. The treatments were:

Factor f:
f, = no fertilizer
f, = fertilizer applied

Table 8. Treatment allocation (before randomization) in the 1997/98 Striga trial

Farmer Block No.  Plot 1 Plot 2 Plot 3 Plot 4

v 1 fit, fit, £, ft, i, fit, £, fit,
2 2 it f,t, f t f,t f,t f.t, it f,t
3 (1 St re ) 172 02 0 0 0 0 0
% 2rd P. 3 f,t, £t fit, tit; fik; ik £k f.t,
3 nd rep) 4 fit, fit, fit, fot, i ft, £t f.t,
5 (-l t 5 f\ t0 f0 tﬂ fi t1 fD t: f? tV fl)t| f! tU fOtO
5 (2f|drfp) 6 thI f! t| f| [2 f0 tl fl tD fD to fO t!) f\ tl}
6 (1 st re::;) 7 fO tl f! tl fl') tﬂ f\ tD f\ t\ fﬂ [| fU tO f| tﬂ
6 (2nd re ) 8 fa to f\ tc fo to fs to f: tz fotz f1 tv fot)
6 (3l'd p 9 fo tu f| ru f1 tz f0 tz f\ tv fu tl fo [n f| tn
\i ] 0 fﬂt| fV t! f! tZ fI?l tl fl t0 fo tD fu [0 fl tD
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Factor t:

t, = no Tephrosia or cowpea
t, = Tephrosia

t, = cowpea

To give farmers the opportunity to compare legume treat-
ments, and at the same time observe fertilizer effects, the
experiment was laid down, within each ‘block’ of area in a
farm, as a split-unit design with four main plots (10.8 x 5.4
m), each divided into two to give a total of eight sub-plots
(split-plots). Among the four main plots, one had Tephrosia,
one had cowpea and two plots were left as controls with no
legume. Of the sub-plot pair within each main plot, one
was left unfertilized and the other was fertilized with CAN
at 50 kg N/ha. This arrangement left two of the eight sub-
plots within each block with neither a fertilizer application,
nor a legume treatment, thus increasing the chances of ob-

40

serving good Striga emergence in the absence of any inhib-
iting treatments. In addition, each farmer had the same com-
bination of treatments and could, therefore, compare his/
her own field(s) with those of other farmers.

Six farmers participated in the trial. Three of the farmers
permitted the use of more than one field (block) in their
farm for this researcher designed and managed experiment.
The experimental layout and instances where extra repli-
cates (blocks) occurred for some of the farmers are shown
in Table 8.

1998/99 SEASON

The trial was repeated in 1998/99 with the same set of farm-
ers and the same treatments as in 1998/99 except that
Crotalaria was undersown within the extra control plot.
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ABSTRACT

Efforts to reduce the damage caused by insect pests and diseases in crops in Malawi started more than 60 years ago. However, since that
time the numbers of pests and diseases have increased. Some are very destructive agricultural pests while others are of lesser importance.
Early work in plant protection using pesticides was carried out mainly on cash crops, such as coffee, cotton and tobacco. Previous research
projects in plant protection focused on pesticides and few other pest control strategies. Integrated pest management (IPM) systems involv-
ing even reduced pesticide use are not feasible for many smallholders in Malawi since they lack the resources to purchase chemicals. The
smallholder farmers’ use of pesticides has been limited to vegetable production and grain storage. Most smallholder farmers mainly use
indigenous methods of pest control and the effectiveness of such methods is yet to be evaluated. To address concerns about environmental
pollution and human health hazards, however, present plant protection projects aim to achieve sustainability by combining IPM with full
farmer participation. At present, farmer involvement is a priority in the development of researchable areas and the dissemination of
technical messages. The participatory approach has also revealed that soil fertility is the most important production constraint in the
Farming Systems Integrated Pest Management (FSIPM) Project area. Current research to improve IPM strategies needs to incorporate
indigenous knowledge. The future of integrated crop management in Malawi will involve an interdisciplinary approach bringing together

plant protection, soil fertility, other production practices and the social sciences.

INTRODUCTION

Plant protection is as old as crop farming itself. Smallholder
farmers have always tried to keep crop losses caused by
pests and diseases as low as possible, using measures which
appeared effective in the light of their state of knowledge.
On aglobal scale, these losses, including post-harvest losses,
are estimated as being equivalent to about one-third of the
€rops produced (GTZ, 1994). The advent of pesticides in
the 19505 assisted in the production of export crops, such
as cotton, tobacco and coffee. The use of insecticides such
3s DDT, dieldrin and aldrin was the order of the day in the
‘969&‘- However, these pesticides are now among those
Pesticides - persistent organic pollutants (POPS) — which
ti::.e been banned from agricultural use. As crop produc-
Sequzxplamded so the pests and diseases increased, and con-
fie i ntly, the use of pesticides expanded. Concerns over

'NCreased use of pesticides have been expressed and

Me resistance of pests to pesticides has emerged, result-
81N pest resurgence.

znﬁdr?oss ha\fe seen sh'ifts in thinking and priorities in agri-
agricu:{u,;'fta'"ab""Y is now an important aspect in the
Ko l?genda- because of W|despread.environmental
NOWadays th ealth risks posed by agro-chemicals. However,
€reis a conflict between agribusiness and those

Porte . - 4
ok ecofarming/sustainable agriculture. Opponents

in

of sustainable agriculture control much of the media and,
therefore, their opinions dominate the debate. They assert
that if farmers stop using chemicals (that they just happen to
produce) then the world would starve (Tesfai, 1999). There
is a recognition that agricultural research in the past has
been more beneficial to resource-rich, rather than resource-
poor farmers. In Malawi, it is not just a question of sustain-
able agriculture but sustainable livelihood and an agricul-
ture that has to be both economically viable and ecologi-
cally sound. Crop protection for the future has to face the
challenges posed in the 1990s, that of working within sus-
tainable agricultural systems which will ensure the liveli-
hoods of farmers, especially resource-poor farmers. Many
agricultural systems today depend on pesticides for crop
protection on a regular basis, but these can cause environ-
mental contamination as well as loss of biodiversity. A
number of different options for crop protection are avail-
able and the options employed should be those best suited
to the agro-ecology of the country and for the benefit of
farming communities; not only for commercial interests and
profits. Some of these options include biological control,
indigenous methods of pest management, cultural control,
use of resistant crop varieties, biopesticides, regulatory func-
tions and plant quarantine (Daudi, 1999).

The environment has been adversely affected in one way or
another by the use of pesticides. The recent approach to
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reduce the build-up of pest populations is to use some non-
chemical pest control measures, thereby reducing the
amounts of pesticides applied and, in some cases, a total
use of non-chemical control measures. Research projects
have been carried out since the 1960s, and include projects
on control of cotton pests, macadamia nut borer, larger grain
borer, cassava green mite, biological control of cassava
mealybug, coffee breeding and the present Farming Systems
Integrated Pest Management (FSIMP) Project, all of them
mainly investigating IPM approaches. Some regulatory ap-
proaches, such as the uprooting of cotton and tobacco stalks
at prescribed dates, have been instituted to reduce carry-
over of pests from one season to another.

This paper discusses the approaches that farmers have been
using, i.e. indigenous methods of pest control, use of pesti-
cides, regulatory methods, and farming systems IPM meth-
ods. It also discusses pests and diseases in general com-
pared to other production constraints in the project areas of
Blantyre Agricultural Development Division (ADD).

CONTROL OF PESTS AND DISEASES

FAQO (1982) produced a catalogue of major and minor crop
pests in Malawi. Since then many new pests and diseases
have invaded the country. The most important ones are the
larger grain borer (Prostephanus truncatus) (LGB) and grey
leaf spot disease of maize, Fusarium wilt of pigeonpea caused
by Fusarium udum, and sweet potato weevil (Cylas
puncticollis). Other pests which have invaded and have in-
creased in magnitude include the citrus woolly whiteflies in
citrus in Mwanza and other citrus growing areas, red spider

mites in tomatoes, banana weevil, Cosmopolites spp., ba-
nana bunchy top virus disease and banana sigatoka disease.
Besides the normal use of pesticides in controlling the early
and newly introduced pests and diseases, some new ap-
proaches to pest control have been implemented which have
also caused changes to some of the pesticides used. For
example, the control of Sitophilus zeamais, the maize wee-
vil, has been through the use of Actellic (pirimiphos-me-
thyl) 2% dust. However, this pesticide does not control LGB.
Actellic Super has been recommended for the control of
both LGB and maize weevils and consequently, the use of
Actellic 2% dust has been phased out. There is also a change
in the extension approach. Previously, the message to farm-
ers was to store maize in cobs but LGB multiplies faster
when maize is stored in cobs. The current recommendation
is to store maize already shelled in bags treated with Actellic
Super. The use of a biological control agent, Teretrius
nigrescens, has been recommended especially for the con-
trol of LGB in its natural habitat. For control of Fusarium
wilt disease, the use of resistant varieties has been recom-
mended, one of which is ICP 9145. A biological control
agent, Cales noacki, is effective in controlling citrus woolly
whiteflies. For red spider mites, work is still going on in
screening for resistance, biopesticides and pesticide screen-
ing. The recommendation for control of banana bunchy top
virus disease is to uproot the infected plants together with
the corms. Any re-growth has to be removed and the land
left bare for 2 years while clean suckers are being multi-
plied. This operates alongside the prohibition on the impor-
tation of banana suckers, even in tissue culture. Cassava
mealy bugs and cassava green mites are being controlled
by biological control agents, such as Apoanagyrus lopezi

Table 1. Some of the findings and potential solutions to pest and disease control in Malawi

developed over many years

Crop Pest/disease problem Solution and possible solutions
Maize Larger grain borer Shell maize, treat with Actellic Super and use of Teretrius nigrescens as a
biological control agent
Termite Use of kaselera method, avoid banking
Striga Trap cropping, hand-pulling, extra weeding and use of inorganic fertilizers
Grey leaf spot Resistant varieties
Streak virus Resistant varieties
Whitegrub Seed dressing, varietal resistance
Cotton Various pests Pesticides, resistant varieties, regulatory control, monitoring, benefit
threshold, and forecasting through pheromone traps
Banana Bunchy top virus Uprooting bananas for 2 years and then supply clean suckers
: Radopholus nematodes Hot water treatment, chicken manure, paring and neem
Pigeonpea Fusarium wilt Resistant varieties, e.g. ICP 9145
Sweet potato Cylas weevil Crack sealing and vine selection
Tomato Red spider mites Resistant varieties, cultural control
Root-knot nematodes Resistant varieties, uprooting, rotation, use of Pasteuria penetrans as a
biocontrol agent
Macadamia Insect pests Calendar spraying, IPM
Cabbage Club root Raising pH by liming, good soil drainage, crop rotation, general weed
control, avoid using manure from animals fed with infected crop residues
Cassava Mealybug Apoanagyrus lopezi biological control agent
Green mite Typhlodromalus aripo biological control agent
Beans Bean disease Resistant varieties such as Napirila
Groundnut Virus and rusts Resistant varieties
Coffee Coffee berry disease Ruiru 11 resistant to CBD

Cultural practices for pest control
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Table 2. Some indigenous methods for pests and disease control

Indigenous methods Comments

Weed control

Garlic, chilli, soap and

Mphanjobvu

Mixed cropping

Shifting cultivation

Seed selection and drying
damage.

Burning crop residues

Striga seed bank reduced. Some pests are also removed with weeds.
Used for insect pest control in vegetable crops.

Results in heterogeneous host population that limits spread of pests and diseases.
Prevents build-up of pests and diseases inherent in a continuous cultivation system.
Seeds are selected which have survived pests and diseases. Drying prevents weevil

Destroys the developmental and over-wintering instars of pests, thus reducing their

population in subsequent seasons.

Mechanical crushing, practised with armyworm, grasshopper and locust.
Around tree trunks to prevent caterpillars from climbing and destroying tree crops.

Various devices, such as drumming, catapulting, human voice, scarecrows for birds,

Hand picking

Use of light traps To attract nocturnal insect pests, such as grasshopper and locust.
Sticky bands

Tempting food Traps placed in pits or large buried pots to kill rodents.

Scaring

monkeys, locusts and grasshoppers have been used successfully.

Direct trapping Rodents and monkeys.
Slurry of goats and sheep
droppings
Wood ash

grazing on crops.

Used on foliage and stems of maize, pepper and cassava to deter these animals from

Used in controlling ants destroying vegetables such as cabbage. Treatment of seeds and

ware stock. Dusting of barns and granaries and then exposing to the sun for some time

before storing new produce.
Tobacco leaf extracts
Neem oil extracts
Groundnut oil
Rogueing and pruning
Infested fruits
Bicycle spokes

Used against destructive snails and other crawling pests.

Used to prevent the moulting of locust and other insects.

Used to prevent weevil infestation and damage to stored stock and seed.
To remove infested and infected plants or branches.

Removal and burying them to reduce inoculum build-up.

Used to kill stem borers in coffee.

Source: MoAl (1996) and Nebane (1999).

and Typhlodromalus aripo, respectively. The selection of
clean planting material is one of the IPM approaches in the
production of cassava (Table 1). Diamond-backed moth is a
serious pest of cabbage and Baciflus thuringiensis has been
used to reduce infestation. Work is in progress to control
cabbage club root disease and to date, raising soil pH has
managed to reduce the incidence of the disease.

INDIGENOUS KNOWLEDGE OF PEST
CONTROL

Man’s knowledge of plant protection systems probably cor-
relates with man's history of plant domestication. This knowl-
Edse has certainly evolved with man’s increased sophisti-
€ation, expansion of his cultivation base, and knowledge of
gg::c?:d diseases. Thus over the years, man has made a
mGthod:S effort to p{otect his crops, however crude _the
abedg re;tio ?nabl_e him to face the challenges of survival
eE pect o faml.ne. The |nt.ent|0n‘ha§ always been to re-
to tolerableplopulatnons and d|§ease mcsdenge apd severity
one of s evels. Pests and disease forecasti ng is the bzfck-
Nowledge g?siful pest management and entails a detailed
€ase congarn L e biology and ecology of the pest and dis-
ROt be gagil e ;‘{\ccurate‘pt.est and disease forecasting can-
®ters. The iz (?ic ieved as it involves several natural param-
SOUrce-poor w fge"f)‘{s plant protection systems of the re-
tive eXperic, ten illiterate, farmers draw upon past collec-
¢ 1€ of pest occurrence, in which serious out-

bI'EQ 3
ar :
19 99) € often altributed to the whims of the gods (Nebane,

There are many methods, which farmers have been using
for a long time, to control pests and diseases, although there
is no scientific basis and little documentation to support
them. Placing maize, sorghum and other seeds on a plat-
form above a fireplace hardens the kernels and weevils find
it difficult to destroy them. Wood ash has been used to con-
trol pests in legume seeds since the ash interferes with egg
laying. Other farmers have used natural pesticides extracted
from trees such as Mphanjobvu, to control pests in vegeta-
ble crops, and neem has also been used as a pesticide. Crop
rotation and intercropping have been used for many years
for reasons besides controlling pests and diseases. Seed se-
lection before planting has assisted farmers to discard in-
fested and infected seeds, increasing seedling vigour in the
new crop. Nurseries for vegetable production have been
prepared by burning maize stalks to reduce soil pathogens
such as nematodes. The removal of infested fruits, which
drop to the ground, has significantly reduced populations
of fruit flies in guava and citrus trees. Some farmers have
used bicycle spokes to kill coffee stem borers in stems of
coffee plants (Phiri, 1998).

All these control methods have assisted in planning some of
the IPM strategies presently available. The agricultural ex-
tension staff of the Ministry of Agriculture and Irrigation pro-
vided information on pest control methods by holding a
competition, which produced much useful information on
indigenous pest control methods (MoAl 1996). Table 2
presents some indigenous methods of pest and disease con-
trol but the list is far from being exhaustive.
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Indigenous plant protection technologies are more effec-
tive against insect pests than diseases, possibly because pests
are more readily recognized by farmers, and the damage
they cause is direct. Farmers can afford to use these meth-
ods although some of them are labour intensive. The effi-
cacy of indigenous systems may not be easily quantifiable,
although it can be qualitatively assessed or appreciated.

There has also been some confusion between the biology
of the pest, particularly migratory pests, such as armyworm
(Spodoptera spp.), and the myths that surround them. This
has also contributed to a misunderstanding of the impor-
tance of pest control in the farming community.

For example, in some sections of Blantyre ADD, when-
ever, there is an invasion of armyworm, the villagers brew
some traditional beer and dance for a few days to ask
their ancestors to solve their current pest problem. The
armyworm disappears by the time the farmers finish their
rituals. In fact, the armyworm has pupated but the vil-
lagers think their prayers have been heard. Some farm-
ers are now aware of the biology of the pest but others
think they have supernatural powers enabling them to
control the pest.

One farmer in Thyolo RDP, explained that his beans were
not attacked by bean bruchids when his wife dipped her
hand into the bag of stored beans. Consequently, to avoid
any infestation, she is the only one to collect beans from the
bags (probably it is a way of avoiding wastage by other peo-
ple, including their children).

FARMERS’ PERCEPTIONS OF PEST
MANAGEMENT

It is interesting to note that for many years, farmers only
appreciated the damage caused by migratory pests, such as
armyworm, locusts and grasshoppers. To some farmers, re-
duction in yields is associated with production factors other
than pests and diseases. For example, a wilting tomato plant
is never associated with nematode damage.

Farmers from the project area of Mombezi and Matapwata
Extension Planning Areas (EPAs), and also farmers from other
parts of the country, have reported the decline in soil fertil-
ity as their major problem, rather than pests and diseases.
This was manifested by a demand for fertilizers rather than
pesticides by farmers in many parts of the country. Using

Table 3. Some of the projects in plant protection and their major findings

Project Station Some major findings

ARC (ODA) Makoka Pheromone traps.

(before 1975) Monitoring and forecasting.

Different insecticides used.
Regulatory control measures by establishing dates for uprooting cotton stalks.
Cotton varieties resistant to jassids.
Crop storage (ODA) Bvumbwe Recommended the use of Actellic 2% dust for the control of Sitophilus weevils.
(1970s) Recommended the use of rat guards in granaries.
Recommended mudded granaries for insect control.
Soil pests (DFID) Chancellor Termite control — kaselera.
(1990s) College Crack sealing to control sweet potato weevil.
Documented pests of pigeonpea.
Documented nematodes associated with maize in Malawi.
MGPPP (GTZ) Chitedze Biocontrol of LGB by use of Teretrius nigrescens.
(1990-2002) Use of Actellic Super; maize storage in bags (shelled) or in mudded granaries.
Recommended cassava [PM.
Work on tomato red spider mite/cabbage club root control in progress.
Working on organizational changes in plant protection.
FSIPM (DFID) Bvumbwe Control of whitegrub in maize through seed dressing.
(1996-2000) Control of termites in maize.
Control of Striga in maize.
Control of bean stem maggot and diseases in beans.
Varieties of pigeonpea resistant to Fusarium wilt.
Agricultural economics.
Social anthropology to understand the behaviour of farmers in respect to pests
and diseases.

ICRISAT (1980s) Chitedze Varieties of groundnut resistant to rust and virus.

Macadamia Bvumbwe IPM in macadamia pest control.

(ODA)(1980/90s)

DARTS (continuous) All major Recommended pesticides, resistant varieties, biological control, biopesticides,
research cultural pest control strategies, regulatory pest control and plant quarantine
stations measures,

Coffee (FAO) Lunyangwa Resistant variety, Ruiru 11, plus cultural practices.

(1990s)

Rice (ASC) 1990s Mkondezi Pesticide for the control of rice blast.

FAO (1995) Bvumbwe Pesticide draft bill and safe use of pesticides training.

EEC (1994) Bvumbwe Biological control of nematodes in tomatoes.
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Table 4. Some of the constraints farmers face which have a direct influence on plant protection

Constraint

Implications

Labour shortage
Shortage of cash

Knowledge of pest/disease
Poor health of farmer
Illiterate

Politics

Migration of working people
to towns

Climatic factors

Poor marketing system

Policing of laws

Non-aggressive extension
techniques
Lack of infrastructure

Hand hoe

Farmers not treating farming
as business

Few extension staff

Little money allocated to
Ministry of Agriculture

No subsidies for inputs and
machinery

Farmers failing to complete weeding.

No cash to purchase pesticides, sprayers and protective clothing to control pests and
diseases.

Farmers fail to appreciate pest and disease damage, confuse with a problem of fertility.
Farmers falling sick at the peak of farming operations, weeding and pest/disease control.
This problem cuts across many areas, e.g. farmers cannot read instructions.

Farmers not willing to follow some advice from extension workers on pest control,
thinking the officer belongs to a certain political party.

Productive men leaving for town and yet they are the ones able to carry out control
measures.

May induce pest outbreak.

Farmers may not realize profits because of poor marketing systems. Sometimes not
profitable to control pests and diseases.

Plant protection acts or acts related to pest control are in place but there is no
enforcement. Vendors end up selling obsolete or substandard pesticides.

Extension staff having no messages to convince the farmers about new methods of pest
control.

Farming might not be profitable if roads are impassable and the marketing system is not
organized.

Difficult to control all weeds at the right time and also one cannot progress much with
farming using hand hoes.

Few farmers take farming as a business seriously like the tomato and potato growers in
Dedza and Ntcheu districts who purchase pesticides and other inputs.

Extension staff not reaching all farmers for plant protection messages.

Agriculture is the backbone of our economy, but insufficient funds are allocated to this
Ministry; the Plant Protection Service is the least considered.

Spraying machines and fertilizers are expensive and this has a deleterious effect on crop
production.

participatory methods, Orr and Jere (1999) confirmed that
low soil fertility and low maize productivity are major causes
of food insecurity among smaliholders in the Shire High-
lands. Consequently, deliberate efforts were made to ad-
dress the fertility problem by using cheap sources of nutri-
ents, such as Tephrosia vogelii and Crotalaria spp. Improv-
ing the health of plants through nutrition will make the plants
more able to withstand attack by pests and diseases. There-
fore, we should be looking at an integrated approach to
increase crop production rather than solving one aspect of
crop production in isolation (Orr, 1997).

The participatory approach was used in this project where
all crop production activities were discussed with the farm-
ers and the latter agreed on the way forward. This is the way
forward rather than a top-down approach. However, client-
oriented research is also being encouraged these days by
other countries (Mbwaga, 1999). It is an approach that em-
phasizes stakeholders’ involvement in research identifica-
tion, allocation of resources and evaluation of new tech-
nologies. Client-oriented research is, therefore, demand-
driven, reflecting the increased attention to technology that
satisfies the well-defined needs of communities. The
stakeholders in client-oriented research include extension
officers, researchers, farmers and NGOs involved in agri-
cultural production. Each of these stakeholder groups has a
role to play in plant protection. The advent of Farmer Field
Schools (FFS) in extending IPM strategies to the farming com-
munity is an extension of the participatory method that the
FSIPM Project has been using.

Over the years, different approaches have been tried for pest

and disease control. Different pesticides and other control
methods have been tested and recommended for various
crop pests and diseases. This has depended on donors and
the general thinking on pest management approaches at
any particular time (Table 3). Some of the donor projects
concentrated fully on pest control, while other projects
had approached the pest problem in a holistic way. For
example, the Agricultural Research Council (ARC) project
which was based at Makoka Research Station in the early
1970s, looked at all aspects of cotton production, in-
cluding cultural methods, soil chemical and physical sta-
tus, pesticide use, use of pheromone traps and various
scouting techniques, while the macadamia project con-
centrated on macadamia pest control using calendar
spraying. However, we must appreciate the problems
farmers face and this may influence pest management.
Farmers have numerous problems which are summarized
in Table 4. If most of these problems are solved, then the
farmer may be in a better position to appreciate the con-
tribution of pest management. Some of the problems have
to be solved by government while others are of local
concern.

RECOMMENDATIONS

Indigenous knowledge systems in Malawi should be
documented. Initially surveys should be carried out in
all the ADDs to collect this information. Future research
should concentrate on evaluating their effectiveness in
pest and disease control and then incorporate them into
IPM strategies.
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There is need for training as part of human resource capac-
ity building in the changing face of pest management. These
training courses could be in the form of seminars, short
courses and certificate training courses.

Demand-driven research is the way forward, i.e. when there
is a problem, let us solve it. However, we should also be
thinking about long-term programmes in plant protection.
By analogy, research on computers began some 50 years
ago and we are benefiting from the results now. Back then
this research was not demand-driven. There is a lesson here
for plant protection.

CONCLUSIONS

Many research projects in plant protection have developed
various methods of pest and disease control and farmers
have been involved in the implementation of some of these
methods. Most smallholders have hardly used pesticides
because of a lack of resources, unlike estate farmers who
can afford to purchase them. The only instances where small-
holder farmers have used pesticides are in vegetable pro-
duction and maize storage. The general idea of IPM reduc-
ing pesticide application probably does not apply to
Malawian smallholder farmers since their use of pesticides
is minimal. However, smallholder farmers have been im-
plementing IPM by using a mix of intercropping, cultural
control methods, natural pesticides and indigenous know!-
edge methods. Therefore, more efforts should be made to
assist smallholder farmers to reduce pest and disease build-
up to increase crop production and productivity in Malawi.
To achieve increased productivity, however, soil fertility has
to be improved since this is a major constraint. Pests and
diseases will continue to reduce the yields of both small-
holder and estate farmers if proper control strategies are not
put into operation.

Many control options are available but they need to be made
available in a way that the extension personnel can use. We
need to address the problems that farmers face in the pro-
duction of crops with respect to plant protection. Govern-
ment can solve some of the problems but farmers should
not wait for government to assist them all the time. They
have to be responsible for solving some of their own prob-
lems, particularly now liberalization and privatization are
the order of the day. Indigenous knowledge systems have
not been documented and this is an area where more re-
sources should be used. Some of the indigenous strategies
could be tested to determine their usefulness in future rec-
ommendations.

Donor assistance is, therefore, called for in this new area of
research. We are living in an integrated world. As profes-
sionals in plant protection, we should not work in isolation,
we have to integrate our activities with other disciplines in-
cluding agronomy, crop physiology, soil fertility, social sci-
ences (agricultural economics and social anthropology) and
other disciplines in crop production to increase crop pro-
ductivity. We need to understand the way in which farmers
work, why they behave the way they do in decision-making
with respect to plant protection. On a wider scale, collabo-
ration with other projects, international agricultural research
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centres, training institutions, private investors and NGOs is
necessary. This is a changing face of pest management in
Malawi.
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DISCUSSION

P W. Kabuluzi. Having noted that little money is allocated
to the Ministry of Agriculture and lrrigation and that there
are no subsidies for inputs for the improvement of crop pro-
duction and protection, this seems to be a policy issue. How
best can we advise the government on the improvement of
funding on important agricultural programmes?

A.T. D. There is a need for a position paper for policy-mak-
ers on this issue. | hope that our Minister can convey our
request to the Cabinet or Treasury.

M. M. Kayembe. The use of local products from plants (e.g.
tobacco, neem, Tephrosia, etc.) as pesticides has been men-
tioned several times. You indicated that there is a need for
documentation and research in this area. What is the de-
partment of research doing on this aspect? This should have
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been an area of research with the FSIMP Project. Why did
the project not investigate this issue?

A. T. D. Very little work and documentation has been
carried out in this area and donor funding is required.

Probably if the FSIMP Project continued for another
phase we would look at this subject and it would be an
opportunity to consolidate our knowledge of these in-
digenous systems.
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Cultural management of sweet potato weevil (Cylas puncticollis)
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ABSTRACT

An on-farm trial was mounted in Matapwata and Mombezi Extension Planning Areas (EPAs) in the 1998/99 season to test the efficacy of
crack sealing in reducing the population of Cylas weevil and damage to sweet potato. In Matapwata, the results showed significant effects
on mean yield, and the total weight of both clean and damaged tubers. In Mombezi EPA, crack sealing showed no significant effects on
any of the variables assessed, either in dambo or upland zones. However, the treatments showed a consistent tendency to reduce yield in
the upland area while showing positive effects on yield in the dambo. By disturbing the vines, crack sealing might have reduced the above-
ground biomass and thus the capacity of sweet potato for photosynthesis, thereby reducing yields. Injury to roots from crack sealing during
this period might have also impaired tuber development and reduced yields. In addition, because of high rainfall and low population levels
of Cylas weevils, treatments might not have had the most appropriate conditions to demonstrate their potential benefits. Gains in yields in
the dambo may have resulted from agronomic benefits associated with crack sealing, such as reduced weed competition and improved
aeration and drainage due to frequent weeding. Farmers’ perceptions about crack sealing as an integrated pest management (IPM) strategy
for Cylas weevil were generally positive, but their main concerns were that it was labour-demanding and sometimes the benefits were not
high enough to compensate fully for their investment in labour and time. However, economic analysis of the Chiradzulu dambo trial
suggests that farmers could expect to gain, on average, in return for their investment in labour when they decide to change from their one

weeding practice to two extra weedings (crack sealings).

INTRODUCTION

Sweet potato (l[pomoea batatas) is the most second impor-
tant root and tuber crop, after cassava, in Malawi. In Blantyre/
Shire highlands, it plays an increasingly important role in
the smallholder farming system. National statistics show a
nine-fold increase in production and doubling of yield (from
5 tto 10 t/ha) of sweet potato from 1993/94 to 1997/98
(FEWS, 1998). A study of sweet potato and smallholder food
security in Blantyre/Shire Highlands (Mwale et al., 19993,
b) revealed that this expansion is due to an increase in the
area planted to sweet potato and increased average yields.
The expansion in area planted is because of the substitution
of sweet potato in place of other crops rather than the inten-
sification of the farming system, while increased average
yields reflects wider adoption of Kenya, a high yielding va-
riety that is grown primarily for the market.

Crop losses from sweet potato weevil (Cylas puncticollis),
however, are still a major production constraint in Malawi.
Research has shown that a promising IPM approach is to
encourage the adoption of cultural practices that prevent
build-up of the pest and so reduce damage to economically
acceptable levels. Sealing of cracks has been proved to be
effective against Cylas formicarius. In Malawi, the Chancel-
lor College Soil Pest Project successfully tested the method
in Katuli EPA, Mangochi in 1993-95, although no detailed
report of their results has been produced.

For the past two seasons, the FSIPM Project initiated a trial
at Mangunda section in the Matapwata Extension Planning
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Area (EPA) to test the efficacy of sealing cracks of differ-
ent sweet potato varieties to Cylas attack and also to
test the resistance or tolerance of different sweet potato
varieties to Cylas damage. Orr et al. (1998) reported a
farmer diagnosis and evaluation of the trial. The con-
clusion was that crack sealing up to eight times was
laborious and counter-productive owing to an adverse
effect on yield despite a slight reduction in weevil in-
festation. In the 1998/99 season, a similar trial was
mounted with the maximum number of sealings lim-
ited to three. A similar trial was mounted in Mombezi
EPA in the 1998/99 season because diagnostic work
there also showed a high incidence of Cylas weevil
(about 35-45%, Ritchie (1999)). Only the Kenya vari-
ety of sweet potato was used in this trial.

CRACK SEALING TRIAL OBJECTIVES,
DESIGN AND RESULTS

Trial design and treatment structure

The 1998 crack sealing trial was reviewed with farmers
ata meeting in Mangunda on 24 August 1998 with five
participating farmers. It was agreed at that meeting to
repeat the experiment with only one variety, Kenya, and
to use no more than three crack sealings/plot, which
were drawn on a time line by farmers (treatments A, C,
D, E). Farmers suggested that a single crack sealing (treat-
ment C) should be timed to coincide with the second



Cultural management of sweet potato weevil

Table 1. Treatment structure and timing of crack sealing

Matapwata Mombezi — upland Mombezi — dambo
Treatment Planned dates  Actual Planned dates  Actual Planned dates  Actual
Median 2 February 2 February 27 January 27 January 4 March 4 March
planting dates
A.FP 3 weeks after 3 weeks after 3 weeks after 3 weeks after 3 weeks after 3 weeks after
planting planting planting planting planting planting
B.FP+ 1 early 7 weeksafter 7 weeks after - - - -
sealing planting planting
C.FP+1late 10 weeks 10 weeks 5 weeks after 7 weeks after 6 weeks after 7 weeks after
sealing after planting  after planting  planting planting planting planting
D.FP+2 13 weeks 13 weeks 7 weeks after 9 weeks after 8 weeks after 9 weeks after
sealings after planting  after planting  planting planting planting planting
E.FP+3 15 weeks 15 weeks 9 weeks after 11 weeks 10 weeks 12 weeks
sealings after planting  after planting  planting after planting  after planting  after planting

FP, Farmer practice.

sealing of the two treatments with two or more sealings. In
Mangunda, an additional treatment was included in the
experiment (treatment B) which was a single sealing on the
same date as the first sealing of the two multiple sealing
treatments (D and E). The agreed treatment structure for the
trial in both Mangunda and Mombezi and the planned and
actual times of operations are shown in Table 1. The on-
farm trial in Mombezi was split into two zones, the dambo
and the upland. Farmers plant sweet potato in the dambo
later than in the upland zone to wait for improved water
drainage. Generally, weevil infestation is also believed to
be higher in the dambo than the upland.

The trial consisted of eight plots, each with six ridges. Each
plot measured 5.4 x 5.4 m. In Mangunda, farmers’ normal
practice is to weed twice (at 3 and 7 weeks after planting)
The second weeding is a form of kukwezera. In Mombezi,
farmers normally weed sweet potato fields only once 3 weeks
after planting. Farmers provided labour for crack sealing. At
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Figure 1. Pheromone trap catches of Cylas puncticollis, Mombezi
EPA, January-September; diamond, upland; triangle, dambo.

harvest, the net plot of 4 ridges/sub-plot (4.8 x 3.6 m) was
assessed. All the tubers from each net sub-plot were sorted
into damaged and undamaged categories and weighed. Ten
damaged tubers were chosen at random, dissected and the
weevils counted. Farmers’ perceptions about losses from
weevil damage were also obtained by asking them about
the alternative uses of tubers classified as damaged by the
research team.

The population pressures of adult weevils available to at-
tack tubers were also assessed using pheromone traps. Ten
traps were set up in Mombezi EPA in Lidala and Chiwinja
villages, five each in the dambo and upland zones. The traps
were placed in sweet potato fields around the area where
the trials were being conducted, no less than 50 m away
from the experimental plot to avoid disruption of weevil
attack on the crop.

Experimental results

Mombezi EPA

Weevil population dynamics for the Chiradzulu upland zone
are shown in Figure 1. The population was low during this
period of experimentation (27 January-15 May). The
treatments may, therefore, not have had suitable condi-
tions to show their potential benefits. In addition, the sea-
son generally experienced a high amount of rainfall as shown
in Figure 2. Weevil population and damage are likely to be
low in wet years.

Table 2 summarizes the statistical analysis for the main vari-
ables in the Chiradzulu upland zone. No treatment effects
were found to be significant for any of the variables ana-
lysed. Crack sealing seemed to have a slight negative effect
on yield. On a per hectare basis, average gross yields in the
upland decreased from 6.092 tto 5.958t, 5.893 tand 5.526
t, although they were not statistically different. By disturb-
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ing the vines, crack sealing may have reduced the above-
ground biomass and thus the capacity of sweet potato
for photosynthesis, thereby reducing yields. Sweet po-
tato experiences active tuber enlargement from 6 weeks
after planting until about the sixteenth week after plant-
ing (Bouwkamp, 1983). Injury to tubers from hilling-up
during this period would impair tuber development and
reduce yields.

Weevil population dynamics in the Chiradzulu dambo are
also shown in Figure 1. The populations of weevils were
slightly higher than in the upland zone, butstill low enough
not to create a sufficient condition to show the treatments’
potential benefits. With the high rainfall during this season,
the waterlogged environment in the dambo might not have
been conducive to Cylas weevil activities.

The summary of the statistical analysis for the main vari-
ables in the Chiradzulu dambo is presented in Table 3. As in
the upland, no treatment effects were found to be signifi-
cant for any of the variables analysed. There was also no
evidence of a farmer by treatment interaction. Crack seal-
ing, however, showed some positive effect on sweet potato
yields in the dambo. Total yields (clean weight + damaged
weight) increased from 2450 tin the control to 3303 t, 3684
t and 3381 t with 1-3 crack sealings, respectively. These
yield gains might have come from reduced weed competi-
tion that is a serious constraint to increased sweet potato
yields. Most of the dambo in Chitera have star grass which
is a difficult weed, requiring several weedings to eradicate.
Again, frequent weeding may have helped loosen the soil,
thus allowing sufficient air circulation and space for tuber
enlargement. Without proper management, dambo soils tend
to be hard and have poor air and water circulation, thus
inhibiting tuber development.

Table 4 summarizes the statistical analysis for the main vari-
ables of field pea, usually grown as an intercrop with sweet
potato in the dambo. No evidence was found to prove the
research hypothesis that sealing would produce a reduc-
tion in the yield. There were no significant differences in
any of the yield components of the pea crop regardless of
the sealing treatment applied.

Matapwata EPA

Table 5 presents the summary of the statistical analysis for
the main variables in Mangunda. Unlike in Chiradzulu, the
trial results showed clear evidence of differences in mean
yields (taken as total weight of tubers in the net plot, includ-
ing clean and damaged tubers between treatments
(P=0.009). The analysis of variance corrected the treatment
effects for farmer’s effect (P=0.001) and indicated farmer by
treatment interaction (P=0.035). The latter indicates that treat-
ments have different results depending on the farm where
they were tested, i.e. the farmer by treatment interaction is
different behaviour in carrying out the treatments depend-
ing on the farmer. There were two treatments that changed
their relative performance depending on the farmer, i.e.
farmer practice (FP) and one early sealing. Significant differ-
ences were also observed in the total weight of damaged
tubers (P=0.008). However, there were o significant differ-
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Figure 2. Rainfall pattern in Mombezi and Matapwata EPAs
in the 1998/99 season. (a) Mombezi EPA; (b) Matapwata
EPA, Mangunda.

ences for the percentages of damaged tubers. This implies
that the overall level of damage was relatively similar for all
treatments and was around 52%. Other variables that yielded
significant differences between treatments were total clean
tubers (0.012), and number of tubers suitable for home use
only (P=0.023). The main pattern that emerges from this
analysis was that the treatment ‘farmer practice’ was the one
that consistently presented desirable results.

As in the Chiradzulu upland, sweet potato yields decreased
with crack sealing. Previous studies have shown that while
two crack sealings at 4 and 6 weeks after planting increases
yields, hilling-up after 6 weeks did not further reduce wee-
vil damage but instead tended to reduce yields (Pardales et
al., 1987). Table 1 shows that crack sealing in the trial was
carried out from 7 to 11 weeks for the upland on-farm trial,
from 7 to 12 weeks for the dambo trial and from 10 to 15
weeks in Mangunda.

Farmers’ evaluation of the on-farm trial

Sixteen of the seventeen trial farmers were met individually
soon after the sweet potato harvest to elicit their final com-
ments about the trial using a check-list of questions. The
individual interviews focused on two main areas:
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Table 2. Summary of the analysis for the main variables in the Chiradzulu upland sweet potato trial

Total No. Total Total Ground Total yield
weight damaged Total wt Weightof damage damage cover by (clean +
Netplot No.clean of clean  Weightof tubers damaged 20 score from score from  vinesin  Damage  damaged
stand tubersin  tubers 20 clean from tubers  damaged sample sample net plot wt/total wt  tubers)
Treatment count netplot  (kg/ha)  tubers (kg) netplot (kg/ha) tubers (kg (TOP)  (BOTTOM) (%) tubers (%)  (kg/ha)
Farmer practice 54.42 117:6 4769 1.84 216 1323 1.60 32.2 303 65.00 24% 6092
FP + 1 late 56.92 106.6 3872 179 343 2085 1.74 35.2 371 63.33 33% 5958
sealing .
FP + 2 sealings 55.58 87.5 3853 1.97 32.6 2040 2.14 44.6 4.2 65.42 35% 5893
FP + 3 sealings 56.50 93.3 3844 1.84 345 1682 1.74 40.1 40.1 64.17 31% 5526
P (treat) 0.296 0.076 0.072 0.913 0.179 0.942
0.75 0.198 0.545 0.895 0.07 0.152
SE (diff) 6.03 36.2 18538 0.605 13.1 886 0.705 1.7 10.4 7.67 0.125 2337
P (treat*farmer) 0.792 0.942 0.777 0.73 0.706 0.998
0.179 0.861 0.965 0.322 0.412 0.359
df in the error 24 24 24 24 24 24 24 24 24 24 24 24
term
Table 3. Summary of the analysis for the main variables in the Chiradzulu dambo sweet potato trial
No. Total Ground
No. clean Total weight damaged weight Weightof cover by No. tubers Total Total Mean
Net plot tubers clean Weight of  tubers damaged 20 vines in No.  suitable for No. useless damage  damage no.
stand from net tubers 20 clean fromnet tubers damaged netplot saleable homeuse tubers score, score, Cylas/ Percentage Total
Treatment count plot (kg/ha)  tubers (kg) plot (kg/ha)  tubers (%) tubers* only*  (rejected)* TOP' BOTTOM' tuber  damage’ yield
Farmer practice  49.67 77.8 1577 1.058 33.1 873 0.942 37.5 6.42 13.7 13.33 35.5 33.33 1.42 0.349 2450
FP + 1 late 50.58 66.6 1741 1.542 507 1780 1517 463 10.5 20.7 19.42 41.2 35.42 2.53 0.445 3303
sealing
FP + 2 sealings 50.33 72.2 2397 1.333 40 1288 1.308 44.2 11.33 174 11.75 38.6 33:5 1.37 0.395 3684
FP + 3 sealings  52.33 70.9 2098 1.558  42.3 1534 1375 454 10 21.3 10.67 39.4 35.83 2.67 0405 3381
P (treat) 0.803 0.875 0.285 0.056 0.294 0.157 0.092 0.176 0.466 0.605 0.143 0.603 0.882 0.172 0.423 0.097
S.E. (diff) 6.85 33.6 375.7 0.475 22.1 973 0.548 10.3 8.01 15.5 9.6 10.3 9.51 1.8 0.139 485
P (treat*farmer) 0.712 0.932 0.695 0.898 0.655 0.957 0.89 0.986 0.988 0.897 0.086 0.2 0.772 0.612 0.3 0.824
df in error term 24 24 24 24 24 24 24 24 24 - 24 24 24 24 24 24 22

*As perceived by farmer. 'Total damage score for sample (TOP) (1--5 scale). 'Total damage score for sample (BOTTOM) (1-5 scale). "Weight of damaged tubers/total yield.
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Table 4. Summary of analysis for the main variables of field pea in Chiradzulu

dambo sweet potato trial

Treatment Net plot No. plants with  Total pod Biomass
stand count  pods/plot weight (kg/ha)  weight (kg/ha)

Farmer practice 138.7 136.5 949 452

FP + 1 sealing 136.3 133.7 720 360

FP + 2 sealings 145.7 142.8 1097 520

FP + 3 sealings 144.5 141.8 886 351

Significance probability (treat) 0.845 0.85 0.116 0.069

SE (diff) 21.2 20.8 142 65

Significance probability 0.253 0.229 0.051 0.034

(treat*farmer)

df in error term 12 12 12 12

* their knowledge about the sweet potato weevil and its
means of dispersal and nature of damage, plus their per-
ception of the severity of damage;

* their evaluation of crack sealing as a strategy for con-
trolling the weevil.

Farmers were shown samples of damaged tubers for their
perceptions about the causes and severity of damage.
Two levels of damage were shown: the primary damage
that may be rejected or accepted by farmers for specific
purposes such as eating or selling and the advanced
damage. Farmers’ perceptions of the severity of weevil
damage and their evaluation of crack sealing as a strat-
egy for controlling weevils are shown in Table 6 and sum-
marized below.

Knowledge about Cylas weevil and farmer
perception of its damage to sweet potato

About 63% of farmers said that primary level damage on
sweet potato is caused by the weevil (nakafumbwe), 31%
said other soil pests and borers were responsible and only
one farmer said he did not know what caused the damage.

About 56% of farmers perceived advanced level damage
on sweet potato to be caused by weevils, while 25% thought
it was caused by other soil pests.

Only 19% of the farmers associated the advanced level dam-
age with heavy rains. About 69% of farmers said that the
eggs found in the tubers were laid by weevils that entered
through the soil cracks which occur as the sweet potato plant
starts to develop tubers. Only 31% of farmers said they did
not know how the eggs were found inside the tubers.

Lightly damaged sweet potato was said to be used for food
in 57% of cases and can be sold, though at low prices in
43% of cases.

Advanced level damaged tubers are left in the field in 43%
of cases, 29% fed the tubers to livestock , 14% cooked them
while 14% made into makaka (sliced and dried for future
use).

52

Objective of sealing cracks, observed damage
levels, yield and tuber size differences

To check if farmers understood the objective of the trial,
each farmer was asked what s/he thought was the purpose
of sealing ridges in sweet potato fields.

About 70% of the farmers said sealing the cracks helped to
prevent the weevil from damaging sweet potato, while 18%
said crack sealing helped to reduce weed infestation and
another 12% said it helped to loosen the soil for good tuber
development.

About 75% of farmers observed more weevil damage on
tubers from plots that were unsealed than from the sealed
plots. While 19% said more damage was observed in the
sealed plots than in the unsealed plots, only one farmer (6%)
said he observed no difference in the level of damage be-
tween sealed and unsealed plots. There were no differences
in perceptions about observed damaged tubers between the
dambo and upland trial farmers. They both perceived that
more damage was observed on unsealed plots than sealed
plots.

About 56% of farmers observed larger tubers on sealed plots
than on unsealed plots while 25% thought small tubers were
harvested from sealed plots than unsealed plots. About 19%
observed no difference in the size of tubers.

About 69% of farmers observed higher yields in plots
that were sealed than from the unsealed plots. Plots that
were sealed were perceived to have given higher yields
because frequent weeding reduced weed competition
and sealing of ridges helped to loosen the soil, thus im-
proving air and water circulation which was good for
tuber development.

Only 18% observed smaller yields from plots that were
sealed than unsealed. The argument for this observation
was that frequent crack sealing makes the ridges com-
pact and tubers cannot expand. Only 12.5% of farmers
observed no difference in yield between sealed and un-
sealed plots.



Table 5. Summary of the analysis for the main variables in the Mangunda sweet potato trial

Total No. Weight Total Total % % damage:  Total yield
weight Weight  damaged 20 No. tubers No. damage damage ground damage (clean +  Total weight
Net plot No.clean  clean 20clean  tubers  damaged No.  suitable for useless score from score from cover by weight/total  damaged damaged
stand tubers tubers tubers  fromnet  tubers saleable home use  tubers sample sample vines in weight tubers) tubers

Treatment count  innetplot (kg/ha) (kg plot (kg tubers only (rejected)  (TOP) (BOTTOM)  net plot tubers (kg/ha) (kg/ha)
Farmer practice 51.6 109.7 11360 4.28 70.8 4.32 48.4 237 0.2 392 33.8 67.0 46.6 19381 8021
FP + 1 early 46.4 85.2 7917 4.42 80.4 4.98 43.1 35.4 2.0 36.1 34.7 71.0 57.8 17517 9601
sealing
FP + 1 later 49.5 88.8 8142 3.69 74.9 4.47 35.6 35.3 245 40.6 38.5 63.0 53.6 15839 7697
sealing
FP + 2 sealings 46.4 78.0 7824 4.24 78.5 4.39 46.6 27.2 3.5 37.5 33.6 66.5 51.2 14988 7164
FP + 3 sealings 47.4 98.5 8212 3.63 69.8 4.09 51.4 17.8 0.3 35.7 33.6 55.5 50.4 14502 6291
P (treat) 0.515 0.246 0.012 0.603 0.405 0.813 0.167 0.023 0.065 0.826 0.677 0.083 0.158 0.009 0.008
Approx. standard 715 27.6 1932 1.27 14.6 1.87 12.8 9.8 2.9 10.6 10.5 9.7 9.7 2530 1631
error difference
P (treat*farmer) 0.854 0.681 0.027 0.808 0.098 0.715 0.002 0.043 0.009 0.975 0.906 0.615 0.335 0.035 0.002
df in error term 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

€S
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Table 6. Farmers’ evaluation of crack sealing trial

No. %
Cause of primary damage on sweet potato
Sweet potato weevil (nakafumbwe) 10 62.5
Other soil pests 5 31,25
Don'’t know 1 6.25
16 100

Cause of advanced damage on sweet potato

Sweet potato weevil (nakafumbwe) 9 56.25
Other soil pests 4 25
Due to heavy rains 3 18.75
6 100

\
How eggs entered the sweet potato.tubers

By weevils which entered through the cracks 11 68.75
Don't know 5 31,25
16 100
Alternative uses of primary damaged tubers
Cooked for food 12 57.14
Sold at low prices 9 42.85
21 100
Alternative uses of advanced damaged tubers
Cooked for food 3 14.29
Sliced into makaka 3 14.29
Fed to livestock 6 28.57
Left in the field 9 42.86
21 100
Purposes for sealing ridges in sweet potato field
To prevent weevil from damaging sweet potato 12 70.59
tubers
Keeps field free of weeds 3 17.65
Loosens soil to improve air and water circulation 2 11.76
for tuber growth
17 100
Observed yield differences in the trial plots
High yields in sealed plots 1 68.75
Lower yields in sealed plots 3 18.75
No yield differences 2 12.5
16 100

Observed tuber sizes differences in trial plots

Big tubers in sealed plots 9 56.25
Small tubers in sealed plots 4 25
No differences 3 18.75
6 100
Observed damaged tubers differences in trial plots

More damage on unsealed plots 12 75
More damage on sealed plots 3 18.75
No difference in damage 1 6.25
16 100
Perceived benefits of crack sealing
Helps prevent weevils from damaging tubers 1 35.48
Keeps field free from weeds 9 29.03
Loosens soil for tuber expansion 1 35.48
31 99.99
Disadvantages of crack sealing
Labour demanding 12 75.0
Disturbs tuber development and sometimes 3 18.75
damages tubers
Disturbs other intercrops such as field pea 1 6.25
16 100
Perceived best number of crack sealings
None 1 6.25
One 2 125
Two 6 37.5
Three or more 7 43.75
16 100
Number of crack sealings household willing to do
None . 1 6.25
One 3 18.75
Two 5 31.25
Three or more 7 43.75
16 100
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Table 7. Labour requirements for crack sealing, Mombezi EPA -

dambo and upland zones

Mean time (min)/plot

Mean time (man-hours/ha)

Treatment Upland Dambo Upland Dambo
Farmer practice - = - -

FP + 1 late crack sealing 26.22 38.18 149.86 218.22
FP +2 crack sealings 21.22 29.23 121.28 167.07
FP +3 crack sealings 19.08 19.10 109.05 109.17

Farmers’ evaluation of crack sealing as a
strategy for preventing weevils

Perceived benefits of crack sealing and con-
straints to adoption

Farmers thought crack sealing is beneficial because it helps
to prevent weevils from damaging tubers (35% of responses),
helps to keep the field free of weeds (30%), loosens the soil
to improve air and water circulation for tuber development
(35%).

About 75% of farmers perceived labour constraints to be
the major limiting factor that could prevent farmers from
adopting the technique. Another 16% thought crack seal-
ing, carried out at a period when the sweet potato has al-
ready started developing tubers, damages the tuber and dis-
turbs its development. One farmer said crack sealing dis-
turbs the field pea that is grown as an intercrop in the dambo.

Farmers’ willingness to carry out crack sealing

Farmers were asked what they perceived as the best number
of crack sealings from the experience they had with the trial.
About 44% recommended three crack sealings, 37.5%
thought two crack sealings would be sufficient taking into
consideration the competing demands of labour. Only one
farmer thought crack sealing was not necessary because he
was not convinced it yielded much higher benefits than his
own practice of weeding twice.

Asked how many crack sealings each farmer would be will-
ing to do with their own available labour in the household,
43.75% of the farmers said they would seal cracks on at
least three occasions. Another 31.25% of the farmers said
they could seal up to three times while 18.75% said one
sealing was enough for them.

As a group, the participating trial farmers also discussed the
results of the trial at the farmer to farmer/researchers and
€xtension staff farewell meeting that was held at Bvumbwe
on 4 November 1999. This meeting also gave them an op-
POrtunity to share their results with other collaborating farm-
€IS, extension staff as well as researchers. Three important
elements were the centre of the presentation that the farm-
€rs made at the farewell workshop. They all agreed that crack
sealing reduces damage from weevils but has a negative
€ltect on tuber size. Crack sealing, when carried out at an
advanceq stage of plant growth, disturbs tuberization and

sometimes damages the tubers themselves in the process.
The practice is labour demanding and sometimes the ben-
efits are not high enough to compensate for the time and
effort required by the farmer.

Farmers’ vs researchers perceptions of losses —
a quantitative approach

Summaries of the statistical analysis for alternative uses of
damaged tubers in Chiradzulu dambo (Table 3) and
Mangunda (Table 5) suggests that farmers’ perceptions of
the severity of damage from weevils is lower than the re-
searchers’ perceptions. Farmers generally accepted what
were classified as ‘damaged tubers’ to be of some use, nota-
bly, for sale or home use. In Mangunda, the number of dam-
aged tubers that farmers considered to be useless was al-
most negligible in all the treatments. Thus, the economic
threshold level required for farmers to adopt crack sealing
as a pest management strategy for Cylas weevil is higher
than that of researchers and may vary depending on the use
of sweet potato.

ECONOMICS OF CRACK SEALING

Labour requirements

The trial design, as stated earlier, required a total of up to 3
crack sealings/farmer. Labour requirements for crack seal-
ing on trial plots were timed. In the upland zone, a total of
26 observations were made for the first crack sealing, 15
observations for the second crack sealing and 12 observa-
tions for the third crack sealing. in the dambo, a total of 17
observations were made for the first crack sealing, 24 ob-
servations for the second crack sealing and 12 observations
for the third crack sealing. Times per unit area were weighted
according to the type of labour used (1.0, male; 0.8, fe-
male) and converted to a per hectare basis. Table 7 shows
the labour requirements for crack sealing which differed by
zone, reflecting the differences in texture between dambo
and upland soils.

Dominance analysis for crack sealing trial
Dominance analysis is an initial examination of the costs
and benefits of each treatment. It is carried out by first list-

ing the treatments in order of increasing variable costs. Any
treatment that has net benefits less than or equal to those of
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Figure 3. Net benefit curve, sweet potato crack sealing trial
— dambo zone.

a treatment with lower variable costs is dominated. The costs
and benefits for this analysis are taken from Tables 10-12.

In the dambo, the third crack sealing is dominated be-
cause it has lower net benefits than the second, yet with
higher variable costs. In the upland zone, the other three
crack sealing treatments (I, 2, 3), however, all have lower
net benefits but higher variable costs than the FP treat-
ment and, therefore, do not merit any further economic
analysis. In the dambo, treatment two (one crack seal-
ing) and four (three crack sealings) are also dominated
because they have higher costs but lower net benefits
than farmer practice.

The net benefit curve

Dominance analysis eliminated treatments two and four but
has not provided a firm recommendation. To compare treat-
ments farmer practice and two crack sealings requires a fur-
ther analysis. Farmers are generally interested in seeing the
increase in costs required to obtain a given increase in net
benefits. This is comparing the costs that vary with the net
benefits. This is best illustrated by plotting net benefits of
each treatment against total costs that vary - the net benefit
curve (Figure 3). As only non-dominated treatments are
included in the net benefit curve, its slope will always
be positive.

Marginal rate of return

The net benefit curve shows the relation between the costs
that vary and the net benefits for the treatments. This helps
to clarify the reasoning behind the calculation of marginal
rates of return, which compare increments in costs and ben-
efits between pairs of treatments. The purpose of marginal
analysis is to reveal just how net benefits from an invest-
ment increase as the amount invested increases. If farmers
who grow sweet potato in the dambo invest MK1357 in two
additional crack sealings, they will recover MK3463 (the
costs that vary have already been subtracted from the gross
field benefits, plus an additional MK4746).

An easier way to express this relationship is by calculating
the marginal rate of return, which is the marginal net ben-
efit (i.e. the change in net benefits) divided by the marginal
cost (i.e. the change in costs), expressed as a percentage
(Table 9). The marginal rate of return from changing from
the existing farmers’ cultural management practice to add-
ing two additional crack sealings is, therefore:

(MK 19 064-MK15 601)/(MK 16 522-MK 15 165)
=3463/1357=2.5519
=255.19%

This means that for every MK1/ha invested in one additional
crack sealing, farmers can expect to recover the MK1 and
an additional MK255.

The foregoing positive marginal rate of return (255%) con-
firms the visual evidence of the net benefit curve.

The marginal rate of return is a characteristic of the change
from one treatment to another. It indicates what farmers can
expect to gain, on average, in return for their investment
when they decide to change from one weeding practice to
more than one. In the above case, for farmers who plant
sweet potato in the dambo, adopting two additional crack
sealings implies a 255% rate of return.

However, a decision cannot be taken without knowing what
rate of return is acceptable to farmers. It is necessary to es-
timate a minimum rate of return. For the majority of situa-
tions, experience and empirical evidence have shown that
the minimum rate of return acceptable to farmers will be
between 50% and 100%. This is an estimate for crop cycles
of 4-5 months. If this range of 50-100% serves as a useful
guide in this trial, farmers would be advised to adopt two

Table 8. Dominance analysis, sweet potato crack sealing trial

Total costs that vary (MK/ha) Net benefits (MK/ha)
Treatment Chiradzulu  Chiradzulu Chiradzulu  Chiradzulu
Mangunda upland dambo Mangunda upland dambo
Farmer practice 4747 4195 15165 29333 10112 4746
FP + early sealing 5253 - - 18498 d - -
FP +1 late sealing 5805 4747 15874 18621 d 6869 d 869 d
FP+2 crack sealings 6288 5230 16522 17184 d 6329 d 8209
FP +3 crack sealings 6702 5648 16997 17934 d 5884 d 3457 d

56



Cultural management of sweet potato weevil

Table 9. Marginal rate of return analysis, crack sealing trial in the dambo

Total costs Marginal Marginal rate
Treatment that vary Marginal costs Net benefits net benefit of return (%)
FP 15165 4746
1357 3463 255.19
FP + 2 crack sealings 16 522 8094

Table 10. Economic analysis for crack sealing — upland farmers, Mombezi EPA

Farmer FP+ 1 late FP + 2 crack FP + 3 crack
Variable practice crack sealing sealings sealings
Benefits
Yield (kg/ha) 6092 5958 5893 5526
Clean yield 4769 3872 3853 3844
Adjusted yield (kg/ha) 3815 3098 3082 3075
Unit price (MK/kg) 3 3 3 3
Gross benefits (MK/ha) 11445 9294 9246 9225
Variable costs
Materials (MK/ha) 0 0 0 0
Vines 1251 1251 1251 1251
Labour requirements (h/ha) 768 768 768 768
Labour for intervention (h/ha) 0 144 270 378
Total labour requirements (h/ha) 768 912 1038 1146
Unit price (MK/day) 23 23 23 23
Imputed labour cost (MK/ha) 2944 3496 3979 4397
Total variable costs (MK/ha) 4195 4747 5230 5648 -
Net benefits
Return over variable costs (MK/ha) 10112 6869 6329 5884
Benefit:cost ratio {full-cost basis) 2.73 1.96 1.77 1.63
Benefit:cost ratio (cash-cost basis) 9.15 7.43 7.39 7.37
Gross returns to labour (MK/day) 89.41 61.14 53.45 48.30

additional crack sealings on top of their normal weeding
practice which is carried out 3 weeks after planting.

Although treatment three (two sealings) had the highest net
benefits and yield, it is not always the case that farmers have
to invest in treatments that give the highest benefits and
yields. Farmers should continue to invest as long as the re-
turns to each extra unit invested (measured by the marginal
rate of return) are higher than the cost of extra units invested
(measured by the minimum acceptance rate of return).

CONCLUSION

Technical evaluation of crack sealing

Asin the 1997/98 trial, crack sealing showed no significant
effects in reducing the population of Cylas weevil or dam-
38¢ to sweet potato tubers in Mombezi EPA. This might have
been because of the high rainfall and low population levels
of Cylas weevils experienced during the season. The treat-
;‘;ents might not have had high enough weevil populations
o show their potential benefits. Instead, crack sealing tended
Sho"edUCe y‘ields. In the dambo, however, crack sealing
& C";"ed positive effects on both total yield and total weight
. €an tubers. This might have been a result of reduced
Competition and particularly improved air circulation

and drainage due to frequent weeding. Poor drainage and
severe weed competition have negative effects on the per-
formance of any crop. These conditions are all prevalent in
the dambo. In Mangunda, the trial yielded significant ef-
fects with respect to mean total yield, total weight of clean
tubers and total weight of damaged tubers.

Treatments were also found to be significant in reducing
the number of damaged tubers that farmers considered use-
less. The farmer by treatment interaction showed also sig-
nificant effects (P=0.035) which indicates different behav-
iour in the treatment effects depending on the farmer. Farm-
ers’ perception assessment also showed significant effects
of treatments on the numbers of damaged tubers that could
be used for home use.

Again as in Chiradzulu upland, crack sealing in Mangunda
persistently showed a negative effect on yield. By disturb-
ing the vines, crack sealing may have reduced the above-
ground biomass and thus the capacity of sweet potato for
photosynthesis, thereby reducing yields, and may also have
disturbed tuber development more directly.

Farmer evaluation of the trial

Farmers generally understood the rationale of crack sealing
as a management strategy for Cylas weevil. They believed
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Table 11. Economic analysis for crack sealing — dambo farmers, Mombezi EPA

Farmer FP+ 1 late crack FP + 2 crack FP + 3 crack .
Variable practice sealing sealings sealings
Benefits
Sweet potato yield (kg/ha) 2450 3303 3684 3381
Clean yield 1577 1741 2397 2098
Adjusted clean yield (kg/ha) 1262 1393 1918 1678
Unit price” (MK/kg) 3 3 3 3
Gross benefits (MK/ha) 3786 4179 5754 5035
Field pea yield (kg/ha) 949 720 1097 886
Adjusted clean yield (kg/ha) 759 576 877 708
Unit price (MK/kg) 20 20 20 20
Gross benefits (MK/ha) 15180 11520 17540 14160
Total gross benefits (MK/ha) 19911 16743 24731 20454
Materials’ (MK/ha t) 0 0 0 0
Vines (MK/ha) 1251 1251 1251 1251
Field pea seed (MK/ha) 10855 10855 10855 10855
Labour requirements' (hha) 798 798 798 798
Labour for intervention (h/ha) 0 186 354 480
Total labour requirements (h/ha) 798 984 1152 1278
Unit price” (MK/day) 23 23 23 23
Imputed labour cost (MK/ha) 3059 3768 4416 4891
Total variable costs (MK/ha) 15165 15874 16522 16997
Net benefits
Return over variable costs (MK/ha) 4746 869 8209 3457
Benefit:cost ratio (full-cost basis) 1.31 1.05 1.50 1.20
Benefit:cost ratio (cash-cost basis) 1.64 1.38 2.04 1.69
Gross returns to labour (MK/day) 35.68 5.30 42.75 16.23

*Unit price of sweet potato is price that prevailed during the survey period. Price for main crop sweet
potato.

"The vine cost was calculated as follows: the recommended planting density requires 37 000 plants/ha using
vines of 25-30 cm (guide to agricultural production, MAI 1994). One 30-cm vine weighs 20 g. Thus total
wt/ha is 751 kg. Farmers buy vines normally in bags that carry 50 kg of fertilizer. One such bag is estimated
to weigh 30 kg. The market price of such bags in 1998/99 was MK30-MKS50. Taking the higher rate, the cost
of vines/ha was MK1251.

*Labour for land preparation, planting, farmers’ cultural practice and harvest were obtained from secondary
sources but the additional crack sealing was timed during actual operation in the on-farm trial plots.

aWage rate for male estate labourer, 1998/99, Mombezi EPA, working 6 h/day.

Table 12. Economic analysis for crack sealing - Mangunda, Matapwata EPA

Farmer FP+1early FP+1late FP+2crack FP+ 3 crack
Variable practice sealing crack sealing sealings sealings
Benefits
Yield (kg/ha) 19381 17517 15839 14988 14502
Clean yield 11360 7917 8142 7824 8212
Adjusted yield (kg/ha) 9888 4334 6514 6259 6570
Unit price (MK/kg) 3 5 3 3 3 3
Gross benefits (MK/ha) 27264 19002 19542 18777 19710
Variable costs
Materials (MK/ha) 0 0 0 0 0
Vines (M/ha) 1251 1251 1251 1251 1251
Labour requirements (h/ha) 912 912 912 912 912
Labour for intervention (h/ha) 0 132 276 402 510
Total labour requirements (h/ha) 912 1044 1188 1314 1422
Unit price (MK/day) 23 23 23 23
Imputed labour cost (MK/ha) 3496 4002 4554 5037 5451
Total variable costs (MK/ha) 4747 5253 5805 6288 6702
Net benefits
Return over variable costs (MK/ha) 22517 13749 13737 12489 13008
Benefit:cost ratio (full-cost basis) 5.74 3.62 3.37 2.99 2.94
Benefit:cost ratio (cash-cost basis) 21,79 15.19 15.62 15.01 15.76

Gross returns to labour (MK/day) 148.14 79.00 69.37 57.02 54.89




Cultural management of sweet potato weevil

that crack sealing reduced the level of weevil damage in
the trial and they expressed their willingness to practise the
technique because they said it also has other associated
benefits like keeping the field free from weeds and loosen-
ing the soil for improved air and water circulation. Their
main concern, however, was that crack sealing is labour
demanding.

Farmers’ acceptance of what are technically considered
damaged tubers was also high for sweet potatoes that are
used either for home use or for sale. This may have an effect
in influencing the eventual uptake of the technology.

Economics of crack sealing

No further economic analysis was done for Mangunda and
Chiradzulu because all the crack sealing treatments were
associated with higher costs than FP and yet with low net
benefits. The economic analysis of the Chiradzulu dambo
trial showed that farmers can expect to gain, on average, in
return for their investment in extra labour when they decide
to change from their one weeding practice to two extra
weedings (crack sealings).
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DISCUSSION

J. Sutherland. What proportion of the sweet potato crop is
grown in dambos in the Shire Highlands? How was the op-
portunity costs for labour arrived at in the economic analy-
sis of crack sealing?

B. W. The proportion of sweet potato varies from area to
area, but in Mombezi EPA a large proportion of dambo is
used for sweet potato because generally maize does not do
well here. The wage rate was the labour wage taken from
neighbouring estates (i.e. MK23) — opportunity cost.
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ABSTRACT

This paper reports the results of three seasons of on-farm trials (1996/97, 1997/98 and 1998/99) of potential pest management strategies
against whitegrubs attacking smallholder intercropped maize in Blantyre/Shire Highlands. Farmers in Chiradzulu North Extension Plan-
ning Area (EPA) were found to have adopted the practice of seed dressing maize with Sevin (carbaryl 85% WP) which they claimed
reduced pre- and post-germination plant destruction by adults of the black maize beetle, Heteronychus licas, in valley bottom clay soil
areas (dambos). A trial was mounted in 32 dambo fields using Sevin at dose rates of 7 g and 14 g/kg of maize seed, as a pest management
strategy for whitegrubs (principally Heteronychus, but also [arval stages of Schizonycha spp.). Sevin seed dressing had a significant
negative effect on maize yield at the higher dose rate (P=0.051). There was no beneficial effect on germination success and a significant
negative effect in Matapwata at the higher dose rate (P=0.027). Whitegrub numbers at harvest were not reduced by Sevin and in fact were
increased at the lower dose rate (P=0.038). In Chiradzuiu (but not Matapwata), the higher dose of Sevin significantly reduced the number
of early deaths by whitegrub by five times (P=0.001). Sevin treatment had no positive effect on yield and actually reduced yield signifi-
cantly at the higher dose. It is probable that a heavy dose of Sevin and a high whitegrub population are needed to justify farmers’ belief in
the benefits of Sevin, since in the absence of whitegrub attack it reduces maize yields by 300-600 kg/ha.

In 1997/98 Gaucho 70 WS (imidacloprid) (5 g/kg of seed) was used instead of Sevin as a maize seed dressing on both dambo and upland
fields since sampling indicated that upland fields had higher numbers of scarabaeid larvae. Levels of plant deaths by whitegrub were low
overall (23% plots <2% plants). Maize yields were consistently higher in upland than in dambo fields and there was some indication of
reduced yield at high soil potassium levels in the presence of seed dressing. Seed dressing significantly increased maize yields in upland
fields by about 500 kg/ha (P=0.001) but in dambo fields the gain (c. 120 kg/ha) was not significant. Whitegrub numbers at harvest were
reduced by seed dressing in dambo fields (P=0.001), but not in upland fields. Five whitegrub species collected from farmers’ fields were
identified as: Heteronychus licas Klug, Schizonycha fusca Brenske, S. salaama Kolbe, 5. angustula Moser and Trochalus exasperans Peringuey.
Aserica sp. and Anomala sp. were only identified to genus level. The Schizonycha species complex was the most prevalent and found in
both EPAs, while Heteronychus licas was potentially the most serious maize pest in its adult stage in the Chitera dambo in Mombezi EPA.

During the 1998/99 cropping season, an on-farm trial was undertaken with nine farmers to assess the effects of seed dressing with Gaucho-
T as a cheaper alternative to Gaucho 70 WS, and the incorporation of Tephrosia vogelii leaves in the ridge before planting on whitegrub
numbers and maize yields. Seed dressing and incorporation of Tephrosia leaves significantly (P<0.05) increased maize yield though further
analysis revealed that the beneficial effect was only realized in Chiradzulu upland fields. However, T. vogelii also significantly increased
the numbers of whitegrubs in farmers’ fields, contrary to expectation, given the insecticidal properties of Tephrosia. Despite the high cost
of Gaucho, it appears that farmers with upland fields in Chiradzulu could achieve a satisfactory marginal rate of return (201%) using
Gaucho as a maize seed dressing.

tial crop focus of the project was determined by a
Stakeholder Workshop held in June 1996 which also high-
lighted particular key pests (Ritchie, 1996). The rationale
for the selection of specific Extension Planning Areas (EPAs)
within the RDP and specific villages within those EPAs has
been documented by Ritchie (1997).

INTRODUCTION

The Farming Systems Integrated Pest Management (FSIPM)
Project, financed by the UK Department for International
Development (DFID) and the Government of Malawi, and
based within the Department of Agricultural Research and
Technical Services (DARTS) at Bvumbwe Research Station,

has been conducting on-farm trials and investigations to
develop appropriate pest management strategies for major
pests of maize, bean, pigeonpea and sweet potato which
can be extended to resource-poor farmers in Blantyre/Shire
Highlands Rural Development Programme (RDP) area of
Blantyre Agricultural Development Division (ADD). The ini-
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Economic importance of whitegrubs

Surveys by the International Crop Research Institute for the
Semi-Arid Tropics (ICRISAT) during the 1986/87 growing
season found whitegrubs to be the major pest of groundnut
in areas receiving more than 1000 mm of rain annually,



Costs and benefits of seed dressing

Table 1. Whitegrub species found in farmers’ maize fields

in Mombezi and Matapwata EPAs

Species

Family

Subfamily

1. Heteronychus licas (Klug)

2. Schizonycha fusca Brenske

3. Schizonycha salaama Kolbe

4. Schizonycha angustula Moser
5. Trochalus exasperans Peringuey
6. Aserica sp.

7. Anomala sp.

Scarabaeidae
Scarabaeidae
Scrabaeidae

Scarabaeidae
Scarabaeidae
Scarabaeidae
Scarabaeidae

Dynastinae
Melolonthinae
Melolonthinae
Melolonthinae
Melolonthinae
Melolonthinae
Rutelinae

while termites were the most serious pests in areas with lower
rainfall (Wightman and Wightman, 1994). The Chancellor
College Soil Pests Project conducted surveys of soil insect
pests in farmers’ fields in the 1990/91 and 1991/92 seasons. It
recorded whitegrubs as the second most damaging soil insect
pest of maize (after termites) in 1990/91, while Schizonycha
sp. was the most prevalent pest of vegetative groundnuts
(Khonga, 1997; Logan et al., 1995; Soil Pests Project, 1992).
Between 29 and 38 species of scarabeid beetles were thought
to be involved in crop damage but adults and juvenile stages
of most individual species were not identified.

Several meetings were held with separate groups of men
and women farmers in the selected villages to discuss their
perceptions of the major pests of their crops and possible
control methods. Whitegrubs, termites, cob rot and Striga
asiatica were perceived by farmers as the most serious field
pests of maize. With the exception of cob rot, all the field
pests were perceived as increasing in severity. Farmers also
used a wide range of control methods, several of which (e.g.
the use of Sevin (carbaryl) seed dressing for whitegrub con-
trol) were innovative farmer practices.

The perceptions of farmers were consistent within and be-
tween Matapwata and Chiradzulu and were also similar to
the views of the group of professionals and experts assem-
bled at the Stakeholder Workshop. However, there was one
major exception to this general agreement, i.e. whitegrubs,
which were identified as the most important pest of maize
in both Chiradzulu and Matapwata, although not ranked as
a major pest by participants at the Stakeholder Workshop.
This farmers’ opinion receives some support from the find-
ings of the Soil Pests Project (1992).

IDENTIFICATION OF WHITEGRUBS

There is relatively little published work detailing the spe-
cies making up the whitegrub fauna in smallholder farmers’
fields. A study was therefore undertaken (Mzilahowa, 1999)
to identify the whitegrub species affecting maize
intercropping systems in Matapwata and Chiradzulu
(Mombezi) North EPAs.

Sampling was carried out in fields of 61 farmers who par-
ticipated in the 1997/98 main trial. Refer to Abeyasekera,
p- 28, for the full experimental design and plot layout. Sam-
pling was done three times (in January, March and june) in
the net plots. The adult beetles collected were preserved
dry and sent to the International Institute of Entomology,
UK for identification.

Table 1 shows the species of scarabaeid beetles found at-
tacking maize in farmers’ fields. Five species of scarabaeid
beetles, Heteronychus licas, Schizonycha fusca, S. salaama,
S. angustula, and Trochalus exasperans were identified, a
further two species, Anomala sp. and Aserica sp., were iden-
tified to genus level. They belonged to three subfamilies:
Dynastinae, Melolonthinae and Rutelinae. The genus
Schizonycha was the most prevalent and occurred across
both EPAs (Table 2).

The scarabaeid, Heteronychus licas (Klug), one of sev-
eral related species commonly referred to as black maize
beetle, is a potentially serious pest of maize in its adult
stage. In the 1995/96 cropping season there was an unu-
sual outbreak of this pest which forced some farmers to
abandon their maize fields in the Chitera dambo in
Mombezi EPA.

Table 2. Occurrence of whitegrub species in farmers’ maize fields

in Mombezi and Matapwata EPAs

Mombezi EPA Matapwata EPA
Species Chiwinja Lidala Kambuwa Magomero Total
Heteronychus licas + - - - 1
Schizonycha fusca + * + + 4
Schizonycha salaama  + + + + 4
Schizonycha angustula — - + - 1
Trochalus exasperans - = = + 1
Aserica sp. = = + + 2
Anomala sp. = = = + 1
Total 3 2 4 5 14

61



J. M. Ritchie et al.

MAIZE WHITEGRUB TRIAL 1996/97

Context and objectives

Technical options for whitegrub IPM include cultural con-
trol, crop resistance, biological control and selective use of
pesticides. A participatory rural appraisal (PRA) in Chiwinja
village (Chiradzulu North EPA) in 1996, found that a small
group of innovative farmers had adopted the practice of treat-
ing maize seed with Sevin (Carbaryl) WP formulation (85%)
against whitegrubs. Respondents indicated that the tech-
nique, which involved soaking seed, draining and mixing it
with the insecticide, had been highly effective in killing
beetles and reducing damage. In 1996/97, the effect of seed
dressing maize with Sevin on whitegrubs was assessed in a
multi-factorial experiment across 32 dambo fields in four
villages in two EPAs.

The 1996/97 main intercrop trial was conducted with 64
farmers in four villages in two EPAs. This trial was set within
the maize/pigeonpea’/bean intercropping system with relay
cropping of bean or field pea which is the commonest crop-
ping system within the Blantyre/Shire Highlands. The ob-
jectives and design of the experiment have been detailed
by Ritchie et al. (1997).

In addition to evaluation of several IPM strategies relating
to pigeonpea and bean, there were two IPM objectives re-
lating to maize:

* evaluation of a modified kaselera system (in upland fields
in Matapwata) and weeding without banking at the sec-
ond weeding stage (in upland fields in Chiradzulu) to
reduce lodging of mature maize by termites;

¢ evaluation of seed dressing for the reduction of whitegrub
damage to maize; the quantity used and the method
followed was as close as possible to the farmers’ own
practice.

The advantages of combining trials of pest management strat-
egies for the different crops within one on-farm experiment
were listed by Ritchie et al. (1997). These include the fact
that the approach mirrors the actual farming system; inter-
actions between different pest management strategies and
resource competition can be detected and obviated; and
logistics are simplified by dealing with a limited area and
farmer group; a factorial design cuts replication and reduces
plot numbers and associated labour and expense.

To gain detailed information about the performance of maize
varieties in relation to termites and whitegrubs, a replicated
on-station monocropped varietal maize trial was mounted
at the Veterinary Research Station at Thuchila. The results
from this trial were analysed and reported by Abeyasekera
(1998) and relevant conclusions are reported below.

Treatments and experimental design of 1996/97
trial

The maize treatment factors were:

* whitegrubs (seedling attack) — dambo only (Chiradzulu
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and Matapwata)

* seeddressing with Sevin (85% WP formulation) (level 1:
7 g/kg seed)

* seed dressing with Sevin (85% WP formulation) (level 2:
14 g/kg of seed)

* control: no seed dressing.

These treatments were a subset of a range of pest manage-
ment strategies that were carried out for the overall intercrop
farming system. During 1996/97, the main trial within a
maize/pigeonpea/bean intercropping system involved 64
farmers with one plot in each farm under an intervention
treatment and a second plot managed by the farmer ac-
cording to his/her own practice. In view of the trial objec-
tives to investigate two treatment factors for maize (one at 2
levels, one at 3 levels), two for pigeonpea (each at 2 levels),
five for bean (each at 2 levels), a large number of treatment
combinations resulted. The experiment was designed to
ensure that any ‘economic’ type response made in the over-
all system could be analysed to take account of the full range
of strategies tested within the experiment. The design was,
therefore, set up as an incomplete factorial design with a
fractional replicate of a 2¢ factorial experiment in four blocks,
each having 16 plots, i.e. 64 experimental plots in total, 1
plot/farmer being used as the experimental unit.

The design was planned to ensure that all relevant 2-factor
interactions could be estimated from the data. The 1996/97
design as originally proposed, together with a list of the
full range of treatment factors used in the trial, appear
in Abeyasekera, p. 28. The design is discussed in greater
detail by Abeyasekera (1998) and is shown on p. 29. In
addition to the 64 research plots, each farmer had a
‘farmer’s plot’ in the same field where they implemented
their own management practices using their own inputs.
During the trial, variation in maize height and yields in
research plots were found to be closely correlated with vari-
ation in the adjoining farmer’s plot. This meant that farmer’s
plot data could be used as a covariate in the analysis which
served to account for some inter-farm variation and reduced
the residual variance.

Results for the management of whitegrubs in
maize using Sevin

In 1996/97, the effect of seed dressing with Sevin on
whitegrub was masked by the low fertility of the plots and
the effects of waterlogging which led to many fields being
abandoned. As a result no significant beneficial effect of
seed dressing was observed, while at the higher dose rate,
there was a significant negative effect on both maize yield
(P=0.051) and on maize plant height (P=0.022).

The Thuchila on-station maize variety trial showed that
Masika (Synthetic C) had the least number of plants killed
by whitegrubs, significantly fewer than MH17 (P=0.004)-
However, Masika suffered significantly worse early mortal-
ity from other causes than MH17 (P=0.018 to 0.025). There
were no other significant effects and further varietal testing
for whitegrub resistance did not appear to be justified.
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Data on plants killed by whitegrubs and other pests and
diseases during the season were scanty because many plots
were abandoned due to waterlogging. However, data on
the numbers of live and dead plants on just a few of the
initial sampling occasions were extracted and the germina-
tion stand count of maize plants in the 1996/97 season de-
termined by taking the maximum, over the first two sam-
pling occasions, of the sum of live plants and plants dead
up to (and including) that occasion.

Analysis of germination stand count

Data on germination stand count were analysed, allowing
for other sources of variation, e.g. variation due to EPA dif-
ferences. There was insufficient evidence to indicate that
germination stand count was influenced by the Sevin seed
dressing treatment factor or by EPA. However, the analysis
indicated that the effect of Sevin varied across EPAs
(P=0.088). Further analyses were, therefore, carried out to
compare germination rates across different levels of seed
dressing within each EPA (Table 3). In Chiradzulu, germina-
tion rates were not significantly different. However, in
Matapwata, there was some evidence that using the higher
dose of Sevin (14 g) leads to a reduction in the germination
stand count.

Table 3. Predicted mean germination stand count
under different levels of seed dressing

Germination stand count

Sevin treatment factor ~ Sample

size* Chiradzulu  Matapwata
No seed dressing 8 305 312
7 g Sevin/1 kg seed 12 298 297
14 g Sevin/1 kg seed 12 316 272
Control vs 7 g Sevin P=0.683 P=0.416
Control vs 14 g Sevin P=0.541 P=0.027

*ANOVA, d.f. = 26.

Whitegrub numbers at harvest

Atharvest, whitegrubs were found associated with damaged
plants in 8 out of 16 plots. The numbers of whitegrubs found
on 20 damaged plants were recorded. These data were sub-
Jected to a generalized linear modelling procedure with a
Poisson error structure, allowing for EPA differences. The
results showed some evidence that whitegrub numbers were
higher on average for plots with 7 g Sevin/kg seed com-
Pared to control plots (P=0.038). There was insufficient evi-
dence to indicate a difference in whitegrub numbers be-
tween control plots and plots with 14 g Sevin/kg seed
(P=0.168). The predicted mean numbers of whitegrubs on
le(:/ (:amaged plants are shown in Table 4 across different
. ©ls of seed dressing. These data provide little evidence to
UPport the use of Sevin for the control of whitegrubs.

Whitegrub numbers in early part of season

Althoy

pl 8h several plots were abandoned due to flooding,

Nt mortality due to whitegrub had been recorded in the

Table 4. Predicted mean numbers of white-
grubs in 20 damaged plants

Sample  Mean numbers
Sevin treatment factor size of whitegrubs
No seed dressing 8 0.750
7 g Sevin/1 kg seed 9 2.000
14 g Sevin/1 kg seed 1 1.455
Control vs 7 g Sevin P=0.038
Control vs 14 g Sevin P=0.168

Table 5. Predicted mean number of plants killed by
whitegrub, early in the season

Mean number of plants killed

Sevin treatment factor Chiradzulu Matapwata
No seed dressing 22.75 2.00

7 g Sevin/1 kg seed 22.50 3.00

14 g Sevin/1 kg seed 4.67 2.17
Control vs 7 g Sevin P=0.303 P=0.367
Control vs 14 g Sevin P < 0.001 P =0.859

early part of the season. The number of plant deaths due to
whitegrub, recorded at the first five sampling occasions, were
analysed using a generalized linear model with Poisson er-
rors. The analysis showed strong evidence of differences in
the mean numbers of plant deaths due to whitegrubs across
the Sevin treatment factor and across EPAs (P<0.001). There
was also strong evidence of an interaction between these
two factors (P<0.001). Further analyses revealed that the
Sevin effect was not apparent in Matapwata. However, in
Chiradzuly, the higher dose of Sevin led to a significant
reduction in the mean number of plant deaths by whitegrub.
Without this high dose of Sevin, the mean number of plant
deaths was about five times higher, either without seed dress-
ing or with a 7 g dose of Sevin. The results are summarized
in Table 5.

Raw data summaries for maize grain weights
(kg/ha) and usable grain weights (kg/ha)

Table 6 gives simple summary data for maize grain weights
and usable grain weights. Sample sizes are also included.
Note that the true seed dressing effect cannot be judged
from these summaries since they have not been adjusted to
allow for other sources of variation.

Maize yields modelled (including yields
recorded as zeros)

The two yield responses, i.e. the total grain yield (kg/ha)
and the usable grain yield (kg/ha), were subjected to analy-
sis of variance models, allowing for EPA differences and
variation due to the other treatment factors. Each farmer
had only one research plot, hence farmers formed the repli-
cates for analysis. However, the yield from the farmer’s own
plot was used to account for some of the large variability
between farms. The analysis showed insufficient evidence
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Table 6. Mean grain weight (kg/ha) by EPA and use of seed dressing

Sample size Grain weight (kg/ha) Usable grain wt (kg/ha)

EPA Chiradzulu  Matapwata  Chiradzulu  Matapwata  Chiradzulu = Matapwata
No seed dressing 4 3 162 597 131 539

7 g Sevin/1 kg 4 5 74 139 59 113
seed

14 g Sevin/1 kg 5 6 106 578 92 479
seed

Mean (or total) (13) (14) 114 425 94 361

Table 7. Predicted mean maize yields (kg/ha)
under different levels of seed dressing

Sevin treatment factor ~ Grain yields  Usable grain yields
(kg/ha) (kg/ha)

No seed dressing 390 338

7 g Sevin/1 kg seed 349 312

14 g Sevin/1 kg seed 208 164

Control vs 7 g Sevin P=0.610 P=0.746

Control vs 14 g Sevin P=0.038 P =0.046

ANOVA residual df 12 12

for an EPA effect, but several of the bean treatment factors
were found to have an influence on maize yields. The Sevin
seed dressing treatment factor showed only a marginal ef-
fect (P=0.082 for grain yields and P=0.087 for usable grain
yields). However, further analysis revealed a significant ef-
fect at the 5% level for the difference in mean maize yields
between the control plots and plots which had 14 g Sevin/
kg seed (Table 7). There was no evidence of a difference
between control plots and plots with 7 g Sevin/kg of seed.

Data that had been recorded as missing did not enter the
analysis above. However, some of these missing data could
effectively be regarded as zero observations since they arose
when the farmer abandoned plots and grew another crop
because of poor maize yields. Re-analysing the data with
such missing records replaced by zero values gave similar
results as above. The yields were poorest for plots having a
14 g dose of Sevin seed dressing.

Maize yields modelled (excluding yields re-
corded as zeros)

An analysis similar to the above was undertaken with the
non-zero yield records. The sample sizes for this analysis

Table 8. Distribution of farmers with non-zero
yields

EPA Chiradzulu  Matapwata Total
No seed dressing 2 2 4
7 g Sevin/1 kg seed 2 5 7
14 g Sevin/1 kg seed 4 6 10
Total 8 13* 21

*One farmer’s grain rotted, so only 12 farmers in Matapwata
had usable grain yields.
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are shown in Table 8 for total grain yields. For usable grain
yields, the total number of non-zero values was 12 for
Matapwata since one farmer’s crop rotted and yield was
very low.

Model predictions for mean maize yields across different
levels of seed dressing are shown in Table 9. The means
here vary in much the same way as those shown in Table 7.
However, results here must be treated with slightly more
caution since the small sample sizes resulted in only 7 d.f.
for estimating the residual variation.

Conclusions on management of whitegrubs
using Sevin seed dressing

These conclusions apply only to farmers growing maize in
dambo areas, since only dambo fields were used in the trial.
All results emerging from yield data analyses, except the
raw summaries, demonstrate a systematic reduction in maize
yields with increasing doses of Sevin used as a seed dress-
ing for maize. The mean yield difference between control
plots (no seed dressing) and plots with 14 g Sevin/1 kg seed
was estimated to be 182 kg/ha for grain yields (95% confi-
dence limits range from 12 to 352 kg/ha) and 173 kg/ha for
usable grain yields (95% confidence limits range from 4 to
343 kg/ha). The very wide confidence intervals for the re-
duction in mean maize yields is not surprising since the
residual variation in this trial has been determined in rela-
tion to farmer-to-farmer variation. Despite this high level of
variation, it is interesting that the results still demonstrate
some evidence of a reduction in mean yields with the ap-
plication of Sevin seed dressing.

In the 1996/97 season, many farmers lost all their yield be-
cause of flooding. The analysis was, therefore, repeated us-
ing only the non-zero yield data. Although the sample sizes

Table 9. Predicted mean maize yields (kg/ha)
under different levels of seed dressing

Grain yields Usable grain
Sevin treatment factor (kg/ha) yields (kg/ha)
No seed dressing 637 560
7 g Sevin/1 kg seed 457 397
14 g Sevin/1 kg seed 320 261
Control vs 7 g Sevin P=0.144 P=0.244
Control vs 14 g Sevin P =0.022 P =0.050
ANOVA residual df 7 7
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that then resulted were less than adequate for definitive
conclusions to be made, the results obtained were simi-
lar. Mean yield differences between control plots and plots
with 14 g Sevin/1 kg seed were 317 kg/ha for grain yields
(95% C.I. = (62, 572) and 300 kg/ha for usable grain yield
(95% C.I. = (0,600).

Farmers who use Sevin seed dressing claim that the use of
the dressing leads to better plant emergence by killing the
whitegrub at the initial stages of seed growth. However, in
Matapwata, where whitegrub incidence was low, Sevin seed
dressing appeared to lower germination rates. In this EPA,
the lower dose of Sevin reduced the germination stand count
by about 5% (a non-significant reduction), while the higher
dose of Sevin reduced the germination stand count (signifi-
cantly) by about 12%.

The overall incidence of plant death by whitegrubs was much
lower in Matapwata (<1%) than in Chiradzulu (about 6%).
The data did not demonstrate any beneficial effects of seed
dressing where the incidence was low. However, in
Chiradzulu, the mean number of plants killed by whitegrubs
was about five times higher in plots without seed dressing
or with a low dose of seed dressing compared to plots with
the higher dose of seed dressing. It is possible that farmers’
claim of the effectiveness of Sevin applies only when the
whitegrub populations are large. However, the results here
do demonstrate that, although Sevin can be effective in
significantly reducing whitegrub populations, the effects
of dressing in the absence of whitegrubs can be serious
and lead to reductions in maize yields by as much as
300-600 kg/ha.

MAIN INTERCROP TRIAL 1997/98

Treatment factors

Maize IPM trials in the 1997/98 season were a follow-up to
trials conducted in the 1996/97 season. The more expen-
sive but less toxic alternative seed dressing, Gaucho
(imidacloprid), which is sold elsewhere in Africa specifi-
cally for whitegrub control, was used instead of Sevin. The
experiment was conducted both in dambo fields (as for 1996/
97) and in upland fields because it had been established in
1996/97 that larval whitegrub attack occurs throughout the
area, and also because there is known to be an anti-feedant
effect of Gaucho on termites which it was hoped would be
detectable on upland farmers’ trial plots.

Farmer evaluation of IPM strategies carried out by Jere
(1997) using semi-structured interviews was hampered
by the complex experimental design and because each
farmer saw only one treatment combination and, therefore,
could not observe the full range of treatments on their fields.
In some cases, farmers were unsure of the intended effect of
a strategy.

The design of experiments for the 1997/98 season was spe-
cifically intended to ensure that most of the proposed com-
binations of management practices would be visible to each
farmer on one or more of the four experimental plots on his/
her farm. In addition, there was a radical reduction in the
number of treatment combinations involved (2 for maize, 1
for pigeonpea and 1 for bean), focusing attention on those
interventions most likely to have a significant effect which
could be evaluated by farmers.

Four treatment factors were included in the trial. For maize,
one factor, i.e. seed dressing with Gaucho, was used for the
management of whitegrubs; and one factor, i.e. mbwera or
no mbwera (in Matapwata), and weeding with banking or
without banking (in Chiradzulu North) was used for the
control of termites. Thus for maize, the treatment factors
(effectively three factors) were:

for whitegrubs:
* seed dressing with Gaucho 70 WS vs no seed dressing
for termites:

* mbwera tillage in Matapwata (+ weeding without bank-
ing) vs weeding and banking without mbwera

* weeding with banking at second weeding in Chiradzulu
North vs weeding without banking.

On bean and pigeonpea, only varietal tolerance was investi-
gated. In both cases, four varieties were used, including a
local variety as a check. The yield and damage responses for
these intercrops were analysed separately and are not con-
sidered further in this paper. There were no significant inter-
actions between maize treatments and intercrop varieties.

Distribution of farmers

Sixty-one farmers were included in the 1997/98 main
intercrop trial. Each farmer had four plots on his/her farm
with each plot having one of the proposed treatment com-
binations. The distribution of farmers across zones, villages
and EPAs is shown in Table 10.

Table 10. Distribution of farmers across villages and land types

Chiradzulu Matapwata
Land type
(zone) Chiwinja Lidala Kambuwa Magomero Total
Dambo 1 6 5 30
Upland 5 12 7 31
Total 16 18 12 61

65



J. M. Ritchie et al.

Table 11. Mean values for four maize yield parameters according to land type and treatment

factors
Usable grain weight Mean height of Average weight/ Average number
(kg/ha) plants at harvest (m) cob (kg cobs/plant
Treatment
factor No. Dambo Upland Dambo Upland Dambo Upland Dambo Upland
Seed
dressing  Yes 120 1299 2701 1.74 2.03 0.093 0.145 0.755 0.939
No 118 1180 2174 T.72 1.96 0.095 0.138 0.752 0.925
Banking  Yes 175 1429 2404 1.79 2.01 0.105 0.142 0.827 0.928
No 63 630 2532 1.53 1.97 0.060 0.141 0.522 0.942
Mbwera  Yes 54 1309 2109 1.74 1.87 0.112 0.138 0.896 0.923
No 54 1522 2243 1.75 1.83 0.121 0.140 0.927 0.946

Design layout

The general form of the experimental design used for the
1997/98 main intercrop trial was that of a randomized block
experiment with a factorial treatment structure of 4 units/
farm forming a block. Factorial combinations between treat-
ment factors were allocated to the incomplete blocks so
that all important 2-factor interactions could be estimated.
The design layout (unrandomized) for farms in each village
and by zone (dambo/upland) and the treatment structure
used can be seen in Abeyasekera, p. 28.

In each farm two plots had maize seed dressing while two
did not. Where banking and mbwera were applied, two plots
were banked, two were left unbanked, mbwera was done
on two of the four plots.

Maize harvest data

Four yield responses were considered for analysis:

* usable grain weight (kg/ha) adjusted for stolen cobs and
moisture content;

* mean height (m) of 10 randomly selected plants from
the net plot at harvest;

* average weight per cob (kg), i.e. ratio of the weight of all
cobs at harvest to the number of cobs;

* average number of cobs per plant = number of cobs/net
plot stand count.

The means under each of the treatment factors across zones
are shown in Table 11. Results demonstrate a beneficial ef-
fect due to seed dressing in upland fields with respect to
usable grain weightand an improvementin grain yields with
banking in dambo fields. Mbwera appears to have little ef-
fect except for a possibly poor effect in the dambo zone.

Itis important to note that the summary data presented above
make no allowances for other sources of variation that re-
side in the data such as the farmer-to-farmer variability, vari-
ation due to zones and EPA, etc. Investigation of the effect
of the intervention treatments must take these sources of
variability into account in order to provide information about
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the true performance of the maize crop under the different
treatments. Such an analysis is presented below.

To study the treatment effects more formally by appropriate
statistical procedures, two components of the analysis must
be recognized:

* investigating maize yield responses at the farmer level
relative to the farmer-to-farmer variation;

* investigating the effects of seed dressing, banking and
use of mbwera, all of which were applied at the plot
level within farmers’ fields, hence these factors were in-
vestigated relative to the ‘within farmer’ variation.

Each of these analyses and corresponding results are dis-
cussed below.

Farmer level analysis

The major factors and variates likely to influence farmer-to-
farmer variation are:

o EPA;

* zone, i.e. whether farmers fields were in a dambo or
upland area;

® socio-economic cluster groupings of farming households
as developed by Orr et al. (199) who used a number of
socio-economic parameters to produce ‘clusters’ of farm
households with shared characteristics (e.g. access to
dimba, burley farmers, stable male-headed households,
stable female-headed households, vulnerable house-
holds with low maize-provision ability);

* soil nutrient measurements, i.e. nitrogen, phosphorus,
potassium, calcium, magnesium, zinc, pH and percent-
ages of organic matter, sand, silt and clay.

Two measurements of soil nutrients were made on the re-
search plot area within each farm. One measurement was
made on a composite sample of 3-5 top-soil samples taken
within 15 cm of the surface; these were referred to as ridge
samples. A second measurement was made on a composite
sample of 3-5 sub-soil samples taken at a depth of more
than 15 cm from the soil surface; these were referred to as
furrow samples.
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Regression analyses, with EPA, zone and cluster as factors
(grouping variables), were used to investigate the possible
influence of these factors and the soil nutrient measurements
on each of the yield response variables, averaged over the
four plots in each farm. The soil nutrient measurements were
included, in turn, as either ridge values, furrow values or
combined values, the latter being an average between ridge
and furrow values. The analysis was repeated using the mean
from plots with seed dressing and then using the mean from
plots without seed dressing.

The results (Table 12) show evidence of a strong zone ef-
fect, i.e. strong evidence that maize yields differ between
dambo and upland areas with a better performance in the
uplands. There was also some evidence of a zone by EPA
interaction, except with respect to usable grain weight for
seed-dressed plots, and an effect due to the availability of
potassium in the soil in seed-dressed plots. The latter effect
varied according to whether the fields were in dambo or
upland areas. Further analyses demonstrated that the potas-
sium by zone effect for seed-dressed plots was caused largely
by records at Chiwinja village in dambo areas in the
Chiradzulu EPA. About eight observations showed a nega-
tive linear pattern, giving some indication that for seed-
dressed plots, increasing levels of potassium gave lower grain
yields. The apparently strong potassium effect for the number
of cobs/plant must be treated with some caution since the
low significance probability was largely due to just three
observations giving very low maize yields under high levels
of potassium in village Chiwinja (Figure 1).

The effect of the socio-economic measurement factor clus-
ter was also investigated but did not contribute significantly
to variation in maize yield responses after accounting for
EPA and zone differences.

Yield analysis

In the plot level analysis, treatment factors applied at the
plot level were investigated. These were the application of
seed dressing, banking and the use of mbwera. The interac-
tions of these factors with zone and EPA differences were
also investigated. Mbwera was relevant only within
Matapwata and so the analysis involving mbwera was re-
stricted to those farmers in the Matapwata EPA. Banking
Wwas generally practised in the Chiradzulu dambo areas, so

1.2

Number of cobs per plant
0

0.0

0 1 2 3 4 5 6

Soil potassium

Figure 1. Effect of soil potassium on the number of cobs/plant;
circles, Chiwinja (n=17); stars, other villages (n=44).

again the analysis involving banking was restricted to the
remaining areas.

In the analysis, clear differences were found in maize yield
responses between plots which had seed dressing and those
that had not (P<0.001). This difference, favouring plots with
seed dressing, was mainly due to the substantially greater
yields (by about 500 kg/ha) in the upland areas compared
to the dambo areas; the increase in maize yields under seed
dressing in dambo areas was only about 120 kg/ha (Table
13). The latter was not a significant difference. There were
no observable significant effects due to banking. The ex-
tremely low mean grain yields without banking shown in
Table 11 come from dambo plots in Chiradzulu where farm-
ers either banked all the plots or did not bank any of them.
Three of the farmers who did not bank any of the research
plots in their field had extremely low maize yields of less
than 200 kg/ha. The difference between banking and not
banking could not be assessed even for this group of farm-
ers because banking or not banking did not happen within
farms, only between farms.

Finally investigated were the effects of mbwera in Matapwata
EPA. There was insufficient evidence in the data to demon-
strate that mbwera had any effect on maize yield param-
eters (Table 14).

. Table 12. Mean yield values and significance of effects in farm-level analysis

Average over plots with
no seed dressing

Average over seed-
dressed plots

Parameter Location Dambo Upland Dambo Upland
Mean grain yield (kg/ha)  Chiradzulu 1125 2913 1409 3684
Matapwata 1316 1986 1262 2623
Mean height (m) Chiradzulu 1.72 2.21 1.73 2.39
Matapwata 1.71 1.84 1.73 1.94
Average weight/cob (kg)  Chiradzulu 0.080 0.165 0.087 0.184
Matapwata 0.117 0.144 0.105 0.147
Number of cobs/plant Chiradzulu 0.716 0.968 0.703 0.985
Matapwata 0.848 0.908 0.872 0.981

67



J. M. Ritchie et al.

Table 13. Mean yields to show beneficial effects of seed dressing

With seed Without Difference

Yield response dressing dressing in means SE (diff) P
Mean grain yield (kg/ha)*

Dambo 1312 1193 119 104.3 0.255

Upland 2721 2216 505 103.7 <0.001
Mean height (m) 1.891 1.840 0.0515 0.0209 0.015
Average weight of cobs (kg) 0.121 0.119 0.0017 0.0028 0.550
No. cobs/plant 0.852 0.843 0.0089 0.0155 0.568

*Only mean grain yields have been disaggregated by zone since this was the only response variate which gave a

significant zone by seed dressing interaction.

Table 14. Results on the use of mbwera in
Matapwata EPA

Use of mbwera (mean

values)
Yield response With Without P
Mean grain 1564 1784 0.098
yield (kg/ha)
Mean height (m) 1.870 1.861 0.756
Average weight 0.130 0.134 0.392
of cobs
No. cobs/ plant 0.908 0.949 0.077

Analysis of damage data at harvest

Atharvest, data were collected on the numbers of whitegrubs
in a random sample of five plants. Frequency distributions
for these numbers over the 244 plots in the trial are shown
in Table 15. A skewed distributional pattern is seen. There
are also a large number of plots showing no incidence of
whitegrub attack.

Whitegrub numbers at harvest

The effects of seed dressing and banking on whitegrub num-
bers were investigated using a generalized linear model with
Poisson distributed errors. For whitegrub numbers, there was

Table 15. Frequency
distribution for numbers of

whitegrubs
Whitegrubs® Plots

0 93

1 52
2 44
3 19
4 17
5 9
6-10 8
11-15 2
Total 244

‘Numbers of whitegrubs found in five
plants.
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some evidence of a difference between the EPAs (P=0.029)
and strong evidence of a difference between dambo and
upland areas (P<0.001). The application of seed dressing
also had a beneficial effect (P<0.001) but there was no evi-
dence of an effect due to banking (P=0.576). Further inves-
tigation of the seed dressing effect showed an interaction
with the land type (P=0.009). The effect of seed dressing
appeared to be evident only in dambo areas and not in the
uplands. The mean numbers of whitegrubs/plot are shown
in Tables 16 and 17.

Whitegrub incidence during the season

Mean numbers of plants/plot, dead or attacked by
whitegrubs, were studied at each sampling occasion for plots
with/without seed dressing. There was little incidence dur-
ing the season but where it occurred, yields were about 8-
10 tlower in plots with seed dressing than for plots without
seed dressing. Deaths due to larval whitegrub were found
mainly in the first two sampling occasions (10 December-2
January 1998). Deaths caused by adult beetles were noted
only at the seventh sampling occasion (9-14 March 1998).
There was little indication that banking had an effect on
mean numbers of plants/plot affected by whitegrub.

The actual numbers of plots affected over the entire season
by whitegrub and hence, giving rise to varying numbers of
affected plants, are shown in Table 18. The percentage of
plots affected was about 30%.

Chi-square tests were applied to determine whether the pro-
portion of plots affected by whitegrub attack differed sig-
nificantly across the seed dressing and banking treatment
effects. The results are shown in Tables 19 and 20 for plots
with dead plants due to whitegrubs and plots attacked by
whitegrubs. The results indicate a significant lowering of

Table 16. Mean whitegrub
numbers/plot at harvest by zone
and seed dressing factors

Seed

dressing Dambo Upland
No 2.7 377
Yes 1.54 3.68

P <0.001 0.879
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Table 17. Mean whitegrub numbers/ha at harvest in different
EPAs, zones and across treatment factors

EPA, zone and treatment

Mean whitegrub

factor Sample size numbers/ha P

EPA Chiradzulu 136 4.95 0.029
Matapwata 108 0.90

Zone Dambo 120 2.13 <0.001
Upland 124 3.72

Seed dressing No 122 3.24 <0.001
Yes 122 2.61

Banking No 64 2.68 0.576
Yes 180 2.96

Table 18. Number of plots affected by whitegrubs (n=244)

Dead plants Dead plants
No. plants caused by caused by Attacked by
affected/plot whitegrub larvae whitegrub adults whitegrub
0 225 192
14 8 31
5-10 8 16
>11-15 3 5
No. plots affected 19 52
% plots affected 7.8% 6% 21.3%

Table 19. Number and percentage of plots with dead plants due to

whitegrubs
Seed dressing Banking
Effect of
whitegrub No Yes No Yes
No dead plants 102 (83.6%) 119 (97.5%) 55(85.9%) 166 (92.2%)

Dead plants 20 (16.4%) 3 (2.5%)

P

<0.001

9 (14.1%) 14 (7.8%)
0.139

Table 20. Number (and percentage) of plots with plants attacked

by whitegrubs

Seed dressing Banking
Effect of
whitegrub No Yes No Yes
No dead plants 89 (73%) 103 (84.4%) 55(85.9%) 137 (76.1%)
Dead plants 33 (27%) 19 (15.6%) 9 (14.1%) 43 (23.9%)
P 0.029 0.099

Table 21. Whitegrub incidence at plot/plant level over

sampling occasions

Incidence at plot

Incidence at plant level

level (n=24) (n=12 834-25 542)
Sampling % of plots % of plants killed
occasion showing incidence by larvae/adults
11/12/97-17/12/97 6.1 0.33
29/12/97-2/1/98 2.0 0.14
12/1/98-16/1/98 0.4 0.01
26/1/98-1/2/98 0 0
13/2/98-25/2/98 0 0
26/2/98-5/3/98 0 0
9/3/98-14/3/98 1.6 0.21
23/3/98-31/3/98 0 0
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Table 22. Number (and percentage) of plants killed by whitegrubs,

totalled over all sampling occasions

Chiradzulu Matapwata
Seed dressing Dambo  Upland  Dambo  Upland  Totals
Without dressing 0.59% 1.85% 0.97% 1.57% 0.13%
With dressing 0% 0.13% 0% 0.21% 0.09%
Totals 0.28% 0.97% 0.46% 0.84% 0.65%
19 72 27 52 170
n 6827 7387 5817 6164 26195

Table 23. Number (and percentage) of farmers
experiencing whitegrub attack on research plots

No. plots affected

Farmers 0 1 2 3 4 Total
Number 47 8 4 1 1 61
Percentage 77.0 13.1 76.6 1.6 1.6 100

whitegrub incidence in plots with seed dressing compared
to plots without seed dressing. There was insufficient evi-
dence to demonstrate an effect due to banking.

Incidence of plant deaths due to whitegrubs at plot (and
plant) level over the eight sampling occasions is shown in
Table 21. The plot level summaries show that less than 10%
of plots are affected, while the plant level summaries show
that the proportion of plants killed by whitegrubs (in ap-
proximately 2-week periods) is less than 0.5%. Incidence is
greater in the early part of the season.

The numbers of plants killed by whitegrubs, totalled over
all sampling occasions, are shown in Table 22. The percent-
ages shown correspond to the numbers killed as a propor-
tion of the initial germination stand count. The latter has
been taken as the maximum number of standing (live) and
dead plants over the first two sampling occasions. The over-
all incidence of plants killed by whitegrubs is low (less than
2%), but there does appear to be a reduction in incidence
for plots that have maize seed dressing. Incidence in
Matapwata is substantially higher than in Chiradzulu within

Table 24. Model predictions of percentage of
whitegrub-affected plants across seed
dressing levels

Zone
Overall seed
Seed dressing Dambo Upland  dressing effect
No 0.77 73 1.26
Yes 0 0.17 0.09
Overall zone 0.36 0.91 P for difference
effects between seed

dressing levels
is <0.001

P for difference between dambo and

upland areas is <0.001
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dambo areas but there appears to be little difference in the
uplands.

It was also interesting to see how many farmers had 0, 1, 2,
3 or 4 of the research plots on their farm with plants killed
by whitegrubs. The results in Table 23 show that most farm-
ers (77%) had no plants killed by whitegrubs. Only six farm-
ers (about 10%) had whitegrub incidence in more than one
of their plots.

The results presented so far in this section all relate to raw
data summaries. Data on the numbers of plants killed by
whitegrub larvae or adults, considered as a proportion of
the initial plant stand, were subjected to a generalized lin-
ear modelling procedure to investigate whether this propor-
tion was affected by seed dressing, having allowed for pos-
sible effects due to variation between EPAs, zones and farm-
ers. Predictions following the modelling procedures are
shown in Tables 24 and 25. There was no evidence of an
EPA effect (P=0.825). Seed dressing significantly reduced
plant proportions killed by whitegrub (P<0.001). Dambo
areas had a significantly lower incidence than the uplands.
There was also a significant zone by seed dressing interac-
tion (P=0.006).

There was evidence of an effect due to banking (P=0.010)
and a banking by zone interaction (P<0.001). Banking ap-
pears to slightly reduce the percentage of plant deaths due
to whitegrubs. The overall incidence, however, is very low.

It is important to note that the occurrence of highly signifi-
cant differences is not an indication that the results are of
practical significance. The overall incidence is extremely

Table 25. Model predictions of percentage of
whitegrub-affected plants across banking
levels

Zone
Overall

Banking Dambo  Upland  banking effect
No 0.40 1.20 1.26
Yes 0.35 0.80 0.09
Overall zone 0.36 0.91 P for difference
effects between

banking levels

is 0.010

P for difference between dambo and
upland areas is <0.001
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low and it is clear that most farmers do not have serious
problems with whitegrub attacks on maize. Demonstrating
that a very minor attack with no seed dressing is signifi-
cantly reduced by the application of seed dressing is of no
practical value. Therefore not too much emphasis should
be placed on the significant findings reported above.

Conclusions from the 1997/98 trial

The main finding is a clear beneficial effect of the applica-
tion of seed dressing with Gaucho in upland areas. The in-
crease in usable grain weight (kg/ha) with seed dressing was
about 500 kg/ha (SE = 104) in the upland areas, but only
about 120 kg/ha (SE = 104) in dambo areas. Seed dressing
had only a marginal effect on the mean height of plants
(P=0.015). There was no evidence of an effect of seed dress-
ing on the average weight of a cob, nor on the number of
cobs/plant.

The mean number of whitegrubs found at harvest time on a
random sample of five plants differed significantly across
EPAs (P=0.029), zones (P<0.001) and seed dressing levels
(P<0.001). A lower incidence was found in Matapwata, in
dambo areas and in plots which had been seed dressed.
There was insufficient evidence of an effect due to banking.

During the season, no record was made of whitegrub num-
bers, only the number of plants affected in each plot. Inci-
dence in terms of plots with dead plants was low (less than
10%). However, about 20% of plots showed plants attacked
by whitegrub. Less than 0.5% of plots were found to have
more than 10 plants killed or attacked by whitegrub during
the season.

The percentage of plots affected by whitegrubs differed sig-
nificantly between plots with and without seed dressing.
The incidence in terms of dead plants was about 16% for
plots with no seed dressing compared to about 3% for plots

with seed dressing. Attack by whitegrubs was also signifi-
cantly lower (about 16%) for seed-dressed plots compared
to plots without seed dressing (27%). There was no evidence
of an effect due to banking.

WHITEGRUB MANAGEMENT TRIAL
1998/99

During the 1998/99 cropping season, Tephrosia and seed
dressing with Gaucho-T 45 WS were tested for the manage-
ment of whitegrubs. The FSIPM Project has been using the
legume, Tephrosia vogelii (fish bean) as a green manure to
improve soil nutrient status and organic matter content. T.
vogelii contains rotenoids and tephrosin which have insec-
ticidal activity. Although results from the 1997/98 on-farm
trials by the project showed that Gaucho 70 WS significantly
reduced the number of plants killed by whitegrubs
(Abeyaskera, 1999), the cost (US$ 41.50/125 g packet) is
prohibitive for application by the smallholder farmer. There-
fore, a cheaper formulation combining Gaucho 70 WS and
thiram, called Gaucho-T (35% Gaucho: 10% thiram) was
selected for the 1998/99 trial. The aim of the trial was, there-
fore, to assess the effect of incorporating Tephrosia leaves at
2 t/ha wet biomass and Gaucho-T on whitegrub numbers,
plant deaths due to whitegrubs and maize yield.

Design of the 1998/99 trial

In the 1998/99 season, a smaller trial involving just nine
farmers was conducted; these farmers were those who had
experienced high whitegrub populations in previous years.
The four plots used in the 1997/98 trial (two with Gaucho
seed dressing, two without) were split in half to give eight
plots, each 5.4 x 5.4 m. The treatment combinations were:

1. Gaucho in 1997/98, no Gaucho in 1998/99, no
Tephrosia incorporated

Table 26. Mean yield responses by location and for seed dressing

treatments
Chiradzulu Matapwata

Yield Seed
response dressing Dambo Upland Upland
Usable grain weight No 1398 2947 1106

Yes 1468 3376 1105
Average weight/cob No 0.107 0.120 0.076

Yes 0.103 0.202 0.083

Table 27. Mean yield responses by location and incorporation or

not of Tephrosia

Chiradzulu Matapwata
Tephrosia
Yield response incorporated Dambo Upland Upland
Usable grain weight No 1328 2959 1073
Yes 1538 3363 1137
Average weight/cob No 0.099 0.188 0.073
Yes 0.111 0.210 0.087
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2. Gaucho in 1997/98, Gaucho in 1998/99, no Tephrosia
incorporated

3. Gaucho in 1997/98, no Gaucho in 1998/99, Tephrosia
incorporated

4. Gaucho in 1997/98, Gaucho in 1998/99, Tephrosia in-
corporated

5. no Gaucho in 1997/98, no Gaucho in 1998/99, no
Tephrosia incorporated

6. no Gaucho in 1997/98, Gaucho in 1998/99, no
Tephrosia incorporated

7. no Gaucho in 1997/98, no Gaucho in 1998/99,
Tephrosia incorporated

8. no Gaucho in 1997/98, Gaucho in 1998/99, Tephrosia
incorporated

The above treatment structure falls into a 2 x 2 x 2 facto-
rial array. As in 1997/98, maize was intercropped with
bean and pigeonpea. Maize and pigeonpea were planted

at a rate of 3 seeds/station, beans at 2 seeds/station. Dam-
age assessments were made at each of eight sampling
occasions.

Maize harvest data — basic summaries

Two yield responses were considered for analysis:

* usable grain weight (kg/ha) adjusted for stolen cobs and
moisture content

* average weight/cob (kg), i.e. ratio of the weight of all
cobs at harvest to the number of cobs.

Mean values for each of these responses by location and
the 1998/99 Tephrosia and seed dressing treatments are
shown in Tables 26 and 27.

Modelling maize harvest data

The 1998/99 whitegrub trial had data arising from three dif-
ferent types of fields and locations, i.e. Chiradzulu dambo,

Table 28. Mean usable grain weight (kg/ha) across seed

dressing
Chiradzulu Matapwata

Treatment

factor Dambo Upland Upland
No seed dressing 1396 2926 1104

Seed dressing with Gaucho 1466 3454 1103

Diff. in means 70 528 -1

SE (diff) 232 168 190

P 0.763 0.003 0.991

Table 29. Mean usable grain weight (kg/ha) according to

Tephrosia incorporation
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Chiradzulu Matapwata

Treatment

factor Dambo Upland Upland
No Tephrosia 1327 2937 1073
Tephrosia incorporated 1538 3448 1137

Diff. in means 211 511 64

SE (diff) 230 166 188

P 0.365 0.003 0.735

Table 30. Mean numbers of whitegrubs when Tephrosia
incorporated

Tephrosia
Sampling Not
occasion Size (cm) incorporated Incorporated P
1 0-15 20.0£5.93 49.0+£9.20 e
15-30' - - =
2 0-15 20.0 +4.19 19.0+ 4.09 NS
15-30 37.0 £5.51 69.0+£7.22 &

'Sampling was not carried out during first sampling occasion.
Significance: *, significant at 5%; ***, significant at 0.1%; NS, not significant,
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Chiradzulu upland and Matapwata upland. The analysis
involved fitting analysis of variance models to the yield re-
sponses, allowing for variation across types of fields and
locations, residual farm-to-farm variation, treatment factors
and their interaction with type of field and location.

Usable grain weight (kg/ha)

Overall effects of seed dressing and Tephrosia, averaged over
land types and EPAs, were found to be significant (P=0.030
for seed dressing and P=0.013 for Tephrosia). However, fur-
ther analysis showed that a significant beneficial effect was
evident only in the Chiradzulu uplands. Tables 28 and 29
summarize the results.

Average weight per cob (kg)

Only Tephrosia incorporation was found to have an effect
on the average weight of cobs (P=0.003). However, the in-
crease in cob weight was quite marginal, increasing merely
from 139 g to 157 g (SE (diff)= 0.006).

Effect of Tephrosia on whitegrub numbers

Table 30 shows the mean numbers of whitegrubs as affected
by the incorporation of Tephrosia at two sampling occa-
sions. Tephrosia significantly increased whitegrub numbers
during the first sampling period (P<0.001) and during the
second sampling period at level 2 (P<0.05) compared to
the control. However, Tephrosia had no significant effect
on whitegrub numbers during the second sampling occa-
sion at level 1 (samples from a depth of 0-15 cm). This
is contrary to the expected results. Leaves of Tephrosia
vogelii were expected to reduce whitegrub numbers. it
is possible that the botanical insecticides in Tephrosia
are broken down rapidly after incorporation. Since
Tephrosia is a green manure, its decomposition could
encourage whitegrubs in the soil because of the in-
creased organic matter content.

Conclusions from the 1998/99 trial

Whitegrub management using Gaucho-T and
Incorporation of Tephrosia vogelii leaves

The main finding was that the use of Gaucho-T and Tephrosia

leaves increased maize yields though the beneficial effect

\é‘/:S only realized in upland fields in Chiradzulu (Mombezi
A).

Neither Gaucho 70 WS nor Gaucho-T are yet approved as
Seed dressings for maize in Malawi, although Gaucho 70
S is routinely used for this purpose in South Africa and
€nya. The smallest packet size currently available is 125 g
Which is too expensive for most smallholder farmers.

Z}:re most ec9n0mic§l way in which Gaucho can be used is as
cur:atment for h;_/bnd maize seed by seed companies (as oc-
ite at presgnt with thiram treatment). In the case of compos-

seed, which is promoted by government and NGOs rather

th : :
N commercial companies, there appears to be scope for

mass treatment of seed before distribution. Compared to most
other pesticides Gaucho is of very low toxicity and is very
stable during storage. Supplies might be obtained using exist-
ing arrangements with donors (e.g. Kennedy Round Funding)
(G. Lenoux, personal communication).

Number of whitegrubs

The study found that incorporating Tephrosia vogelii leaves in
the soil increased the numbers of whitegrubs. Though the in-
corporation of T. vogelii leaves has a beneficial effect in in-
creasing maize yields, there is one major drawback in that it
encourages whitegrub populations in the soil. This, however,
requires further investigation since the conclusion made is
based on 1 year’s data and a small number of farmers. Gau-
cho-T had no significant effect on whitegrub numbers.

ECONOMIC ANALYSIS

An economic analysis was carried out by Mwale (1999).

Table 31 compares the economic returns of seed dressing
maize with Gaucho at FSIPM Project research sites in
Matapwata and Chiradzulu uplands in 1997/98. Maize
yields with seed dressing in Chiradzulu were 2976 kg/ha,
and 2472 kg/ha without seed dressing. Adjusted downwards
by 20% to allow for farmer management, these were equiva-
lent to 2381 kg/ha and 1978 kg/ha, respectively.

Gross benefits were higher for plots where maize was seed
dressed with Gaucho (MK15 477/ha) than where it was not
seed dressed (MK12 857/ha). When the cost of Gaucho was
included in the variable costs, returns over variable costs
(net benefits) were MK9504/ha with seed dressing com-
pared to MK7507/ha without seed dressing. The ben-
efit-cost ratio (full-cost basis) for seed dressing (2.59)
was similar to the ratio without seed dressing (2.40), but
gross returns to labour were higher for seed dressing
(MK67/day) compared to MK52/day without seed dress-
ing. The marginal rate of return, which is the marginal
net benefit divided by the marginal cost (320%) indi-
cates that farmers can expect to gain, on average, in re-
turn for their investment when they decide to seed dress
their maize seed with Gaucho.

In Matapwata, maize yields in the 1997/98 season were
slightly lower than in Chiradzulu. Average maize yield was
2465 kg/ha with seed dressing, and 1960 kg/ha without seed
dressing. Adjusted downwards by 20% to allow for farmer
management, these were equivalent to 1972 kg/ha and 1568
kg/ha, respectively.

As in Chiradzulu, gross benefits were also higher for plots
with seed dressing (MK12 818/ha) than without seed dress-
ing (MK10 192/ha). When the cost of Gaucho was included
in the variable costs, net benefits were MK6845/ha and MK
4842/ha, respectively. The benefit—cost ratio (full-cost ba-
sis) for seed dressing was higher with seed dressing (2.15)
than without seed dressing (1.91). Overall gross returns to
labour were also high for seed dressing. The marginal rate
of return for Matapwata was 321%, also indicating that farm-
ers can expect to gain in return for their investment when
they decide to seed dress with Gaucho.
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Table 31. Economic evaluation of Gaucho for treatment against

whitegrubs 1997/98

Chiradzulu upland Matapwata upland
Without Without

seed With seed seed With seed
Variable dressing dressing dressing dressing
Benefits
Yield (kg/ha) 2472 2976 1960 2465
Adjusted yield (kg/ha) 1978 2381 1568 1972
Unit price 6.50 6.50 6.50 6.50
Gross benefits 12 857 15477 10192 12818
Variable costs
Materials (MK/ha)
Seed 1000 1000 1000 1000
Fertilizer 890 890 890 890
Credit 202 202 202 202
Other material inputs (Gaucho) 0 623 0 623
Labour requirements (h/ha) 850 850 850 850
Labour for intervention (Wha) 0 0 0 0
Total labour requirements (h/ha) 850 850 850 850
Unit price (MK/day) 23 23 23 23
Imputed labour cost (MK/ha) 3258 3258 3258 3258
Total costs 5350 5973 5350 5973
Net benefits
Return over variable costs (MK/ha) 7507 9504 4842 6845
Benefit-cost ratio (full-cost basis) 2.40 2.59 1.91 215
Benefit-cost ratio (cash-cost basis) 6.15 5.70 4.87 3.57
Gross returns to labour (MK/day) 52.99 67.09 34.18 48.32

Sample size = 61.

Marginal rate of return for applying Gaucho:
Chiradzulu upland

= Marginal benefit/marginal cost

= (9504-7507)/(5973-5350)

=1997/623

= 3.2054=320.54%

Table 32 presents the same analysis for Chiradzulu upland
only in the 1998/99 season. Matapwata upland fields showed
insignificant benefits from Gaucho for the 1998/99 season.
Again, the results in Chiradzulu favoured seed dressing
against no seed dressing.

Gross benefits with seed dressing were MK23 486/ha com-
pared to MK19 899/ha without seed dressing. Net benefits
with seed dressing were MK15 412/ha and MK13 015/ha
without seed dressing. The benefit-cost ratios at full cost
were similar but returns to labour were higher for seed dress-
ing (MK108/day compared to MK92/day. With a marginal
rate of return of 201%, farmers should expect to gain if they
seed dress with Gaucho.

CONCLUSION

Economic analysis (Mwale, 1999) shows that farmers could
benefit by seed dressing their maize seed with both Gaucho
70 WS and Gaucho-T for the management of whitegrubs.
The potential benefits to be realized by farmers are higher
in Charadzulu North than Matapwata EPA. The benefits from
use of Gaucho are not restricted to whitegrub management
but also include reduction in damage by termites as FSIPM
Project results indicate (Ritchie et al., p. 77). However, the
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Matapwata upland

= marginal benefit/marginal cost
= (6845-4842)/(5973-5350)
=2003/623

=3.2150=321.5%

cost of Gaucho remains the limiting factor for adoption
by the smallholder farmer.

Farmer evaluation

For the 1998/99 season, a decision was made to concen-
trate the trials related to termite and whitegrub on the
fields of farmers who had a specific problem in previous
years and to omit any treatments related to companion
crops (pigeonpea and bean). This enabled farmers to con-
centrate on the performance of the specific treatments. At
the same time a much larger monitoring exercise was
mounted to elicit farmer assessment of trial perform-
ance during the season. Farmers were also given the
opportunity to use seed treatment on their own seed
and under their own management. This was success-
fully implemented and farmers reported that they had
no difficulties with the technique. However, as indi-
cated above low incidence and patchy distribution of
damage due to whitegrubs remained a problem.

Farmers observed that maize in treated plots had better
survival, was more vigorous and healthy, and better yields
were expected than from the untreated plots (Kapuplula
and Lawson-McDowall, 1999). .



Costs and benefits of seed dressing

Table 32. Economic evaluation of Gaucho for
treatment against whitegrubs 1998/99, Chiradzulu
upland

Without
seed With seed

Variable dressing dressing
Benefits
Yield (kg/ha) 2926 3454
Adjusted yield (kg/ha) 2341 2763
Unit price 8.50 8.50
Gross benefits 19899 23486
Variable costs
Materials (MK/ha)
Seed 1000 1000
Fertilizer 2140 2140
Credit 486 486
Other material inputs (Gaucho-T) 1190
Labour requirements (hha) 850 850
Labour for intervention (h/ha) 0 0
Total labour requirements (h/ha) 850 850
Unit price (MK/day) 23 23
Imputed labour cost (MK/ha) 3258 3258
Total costs 6884 8074
Net benefits
Return over variable costs (MK/ha) 13015 15412
Benefit—cost ratio (full-cost basis) 2.892 2.91

Benefit—cost ratio (cash-cost basis) 5.49 4.88
Gross returns to labour (MK/day) 91.87 108.79

Sample size = 9 (Chiradzulu upland only).
Marginal rate of return for applying Gaucho:
=marginal benefit/marginal cost

=(15 412-13 015)/(8074-6884)
=2397/1190

=2.0142=201.42%

REFERENCES

ABEYASEKERA, S. (1998) FSIPM 1996-97 On-Station and
On-Farm Experimental Trials. Statistical analysis reports. (9
reports and appendices). Limbe, Malawi: Farming Systems
Integrated Pest Management Project (unpublished).

ANON. (1996) Diagnostic Surveys in Matapwata and
Chiradzulu EPAs. Limbe, Malawi: Farming Systems Integrated
Pest Management Project (unpublished).

JERE, P. (1997) Integrating farmer evaluations in IPM research:
Concepts, experiences and lessons. Paper presented at An-
nual Project Meeting for Crop Protection, Mangochi, 24-29
August 1997 (unpublished).

KAPULULA, P. and LAWSON-MCDOWALL, J. (1999)
1998-99 On-Farm Trials. Monitoring Reports. Limbe, Ma-
lawi; Farming Systems Integrated Pest Management Project
(Unpublished).

E;HONGA, E. B. (1997) Integrated Pest Management of Soil
815 in Malawi. EMC X0147 (Phase 2). Final Technical Re-
Port. Zomba, Malawi: University of Malawi, Chancellor

College, ol Pests Project (unpublished).

L
OGAN, J. W. M., NYIRENDA, G. K. C. and MUNTHALI,

D. C. (1995) The Importance of Termites as Pests of Maize in
Smallholder Farms in Southern Malawi. Zomba, Malawi:
University of Malawi, Chancellor College, Soil Pests Project
(unpublished).

MWALE, B. (1999) Economic Analysis of OFTs 1997/98—
1998/99. Limbe, Malawi: Farming Systems Integrated Pest
Management Project (unpublished).

MZILAHOWA, T. D. (1999) The Populations, Biology and
Control of Whitegrubs (Coleoptera: Scarabeidae) Associated
with Maize-based Smallholder Cropping Systems in the
Blantyre Shire Highlands RDP. M.Sc. Thesis, Bunda College
of Agriculture, Malawi.

RITCHIE, J. M. (1996) Workshop Summary Report,
Stakeholder Workshop 4-6 June. Limbe, Malawi: Farm-
ing Systems Integrated Pest Management Project (unpub-
lished).

RITCHIE, ). M. (1997) Proposals for on-farm pest man-
agement field trials. 1997-98 Season. Limbe, Malawi:
Farming Systems Integrated Pest Management Project (un-
published).

RITCHIE, J. M., DAUDI, A., FERO, W., MKANDAWIRE, B.,
MAULANA, T., MILANZI, T. and SHABA, E. (1997) Interim
progress report on pest management trials in intercropped
maize, pigeonpea and beans, 1996/97. Paper presented at
Annual Project Meeting for Crop Protection, Mangochi, 24~
29 August 1997 (unpublished).

SOIL PESTS PROJECT (1992) The Major Insect Pests, Plant
Diseases and Weeds affecting Subsistence Farmers’ Crops
in the Southern Region of Malawi. Report No. 2. Zomba,
Malawi: University of Malawi, Chancellor College (un-
published).

WIGHTMAN, J. A. and WIGHTMAN, A. S. (1994) An in-
sect, agronomic and sociological survey of groundnut fields
in southern Africa. Agriculture, Ecosystems and Environment,
51:311-331.

DISCUSSION

F. M. T. Gondwe. Why did the farmer or researcher choose
Sevin, Gaucho and Tephrosia?

T. D. M. We had been using Tephrosia as a green manure to
improve soil fertility. As it was known to contain insecticidal
compounds, e.g. tephrosin, it was decided to also use it to
control whitegrub. Gaucho and Gaucho-T have been recom-
mended for use against whitegrubs in South Africa and Kenya.

A. M. Chirembo. The Tephrosia study involved nine farmers.
Was the pattern of increase in whitegrub in Tephrosia plots
the same for all farmers or was it based on the aggregate?

T. D. M. It was based on the aggregate numbers.

C. Pelekani. Since the whitegrub populations vary from year
to year, can we identify the factors that determine the num-
bers and try to manipulate them so that we end up with
reduced whitegrub populations?

T. D. M. The major factor is soil moisture content and, there-
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fore, indirectly, rainfall.

B. Kamanga. Did you apply the Gaucho-T at the same time
as you incorporated Tephrosia?

T. D. M. Tephrosia leaves were incorporated 2 weeks prior
to planting while seed dressing with Gaucho was carried
out at planting.
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V. Kabambe. In some cases it was not economical to apply
Gaucho. Is there a way of predicting the levels in order to
tell farmers when not to apply?

T. D. M. Currently, there is no information available on
economic or action thresholds. However, the presence
of the black maize beetle, Heteronychus sp. would war-
rant treatment.
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ABSTRACT

This paper reports the results of three seasons of on-farm trials (1996/97 to 1998/99) of candidate cultural pest management strategies
against termites attacking smallholder intercropped maize in Blantyre/Shire Highlands. The first pest management strategy for termites was
to carry out second weeding without the normal banking up of the ridge, a farmer-developed cultural practice designed to avoid burying
rotting organic matter close to the maize roots where it is believed to attract termites. The second strategy was to isolate mature maize
plants from the surrounding soil, by removing soil from the old ridges between planting stations in order to form a new ridge in the furrow
on which a relay crop of beans was planted (kaselera). However the new kasefera ridges caused the relay beans to desiccate, reducing
yields by an average of 28.7 kg (P=0.05), so this practice was replaced in 1997/98 by a related technique (mbwera) in which the soil
removed is spread within the furrow to create a flat planting area for the relay bean crop. In 1996/97 each of 32 farmers with upland fields
had a single 10.8 x 10.8 m experimental plot with a specific factorial combination of treatments, designed to ensure that all relevant two-
factor interactions could be assessed. All pest management strategies were tested within a single trial included within a larger group of 64
farmers. Treatments for maize also included seed dressing with Sevin (carbaryl) against whitegrubs, a practice already adopted by some
farmers with dambo fields. Though technically efficient this design was confusing for farmers, and was replaced in 1997/98 by four smaller
plots in each farm, each with a different treatment combination, the same combinations replicated across 61 farms. The trial did not show
any evidence that the cultural practices or the Sevin seed dressing affected levels of termite damage or maize grain yield. However, early
second weeding was found to significantly increase maize yield by 387 kg/ha. In 1997/98, treatments for the management of termite
damage involved presence or absence of mbwera (in Matapwata Extension Planning Area) and second weeding with or without banking
(in Chiradzulu North). Seed dressing with Gaucho 70WS (imidacloprid) was used as a management strategy for whitegrubs. Termite attack
affected about 40% of plots during the season, mainly towards harvest. 46% of farmers had no termite attack on their plots, but 21% had
each of their four plots attacked. The mean percentage of plants attacked never exceeded 3%. There was no evidence that either of these
cultural practices affected termite damage or maize yield during the season. However, both no banking and seed dressing had a significant
effect in reducing termite lodging of maize at harvest (P=0.001), although the numbers of plants involved were small and significance must
be treated with caution. In 1998/99 a group of 12 farmers was selected on the basis of having experienced termite damage in the previous
two seasons. Farmers were to compare banking (kubandira) against weeding without banking (kukwezera), and seed priming against
normal planting. In the event there was very little termite attack due to heavy rains, and some farmers varied the weeding treatment to
address this. There was no significant beneficial effect of either banking or seed priming on either termite lodging or maize or grain yields.
There appeared to be a marginal increase in termite damage to living plants with seed priming. In all 3 years, termite attack was sporadic
in time and space and significant treatment effects could be demonstrated only occasionally, despite the shared belief of farmers and
researchers that banking does increase termite damage. It is concluded that farmers and extensionists need to be given details of the
available range of weeding options from which to choose the most appropriate strategy for a particular situation.

lNTRODUCTlON management recommendations for major pests of maize,
bean, pigeonpea and sweet potato which can be extended
Backgl'oun d to resource-poor farmers in the Blantyre/Shire Highlands

Rural Development Programme area of Blantyre Agricul-
tural Development Division. The initial crop focus of the
project was determined by a Stakeholder Workshop in June
1996 which also highlighted particular key pests (Ritchie,
1996). The rationale for selection of specific Extension Plan-

i ing A EPAs) withi ! I tP
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on- : e ; and specific vill ithin those EPAs has been docu-
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The. Farming Systems Integrated Pest Management (FSIPM)
V:)JeCt, financed by the UK Department for Overseas De-
the‘)gment and the Government of Malawi, and based within
: ©partment of Agricultural Research and Technical Serv-
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Economic importance of termites

The Chancellor College/Natural Resources Institute Soil Pest
Project conducted surveys of soil insect pests in farmers’
fields in the 1990/91 and 1991/92 seasons. Termites were
found to be the major insect pests of maize in all EPAs sur-
veyed (Logan et al., 1995). Most damage took place near to
harvesting with a mean of 23.7% of plants attacked, of which
73.5% were severely damaged. During the vegetative
stage 12.9% of plants were attacked, and 60.6% were
severely damaged. The Maize Productivity Task Force
identified termites as the main national priority for pest
management.

Several meetings were held with separate groups of men
and women farmers in the selected villages to discuss their
perceptions of priority pests on their crops and possible
control methods. Whitegrubs, termites, cob rot and Striga
asiatica were perceived by farmers as the most serious field
pests of maize. With the exception of cob rot, all field pests
were perceived as increasing in severity. Farmers also used
a wide range of control methods, several of which (e.g. the
use of Sevin seed dressing) were innovative farmer prac-
tices. The perceptions of farmers are consistent within and
between Matapwata and Chiradzulu, and also show simi-
larity with the views of the group of professionals and ex-
perts assembled at the Stakeholder Workshop.

Many farmers believe that the second weeding and re-ridg-
ing (kubandira) conventionally carried out in maize causes
increased termite damage because the decomposing organic
material brought into contact with the maize plants attracts
termites. A recent survey (Orr et al., 1999) has documented
the range of alternative strategies used to reduce this prob-
lem without foregoing the benefits of weeding altogether.
In Katuli EPA, maize is grown on the previous winter sea-
son’s bean crop ridges. After several weeks the ridge is partly
demolished and dragged into the inter-row to form a new
ridge. Later more soil is pulled away from the maize plants
to augment the new ridge. This practice, known as the
chisalangalkaselera system, was proposed by the Soil Pest
Project to reduce lodging due to termite attack. In 1996/97
a trial of this approach was conducted on the upland fields
of 32 farmers in four villages in Matapwata and Chiradzulu
North EPAs.

MAIZE TERMITE TRIAL 1996/97

Context and objectives

The 1996/97 main intercrop trial was conducted with 64
farmers in four villages in two EPAs. This trial was set within
the maize/pigeonpea/bean intercropping system with relay
cropping of beans or field peas, which is the commonest
cropping system in Blantyre/Shire Highlands. The objectives
and design of the experiment have been detailed by Ritchie
etal. (1997).

In addition to evaluation of several IPM strategies relating
to pigeonpea and bean, there were two IPM objectives re-
lating to maize.
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* Evaluation of a modified kaselera system (in upland fields
in Matapwata) and weeding without banking at second
weeding (in upland fields in Chiradzulu) to reduce lodg-
ing of mature maize by termites. The trial followed up
the Soil Pest Project technique of using modified kaselera
tillage to discourage termites by removing soil from
around maize plants and forming a new ridge in the
furrow on which a relay crop of beans could be planted.

* Evaluation of seed dressing for reduction of damage to
maize by whitegrubs. The quantity used and the method
followed as closely as possible the farmers’ own prac-
tice which they described to us.

The advantages of combining trials of pest management strat-
egies for the different crops within one on-farm experiment
are listed by Ritchie et al. (1997). These include the fact that
the approach mirrors the actual farming system; interactions
between different pest management strategies and resource
competition can be detected and obviated; logistics are sim-
plified by dealing with a limited area and farmer group; a
factorial design cuts replication and reduces plot numbers
and associated labour and expense.

To gain more detailed information about the performance
of maize varieties in relation to termites and whitegrubs, a
replicated on-station monocropped varietal maize trial was
mounted at the Veterinary Research Station at Thuchila. The
results from this trial were analysed and reported by
Abeyasekera (1998), and relevant conclusions are reported
below in relation to the performance of maize in the main
on-farm intercrop trial.

Treatments and experimental design of 1996/
97 trial

The maize treatment factor for termites (upland only) was as
follows:

* Chiradzulu only - no relay bean crop

1. Hand weed without banking maize at second weeding
2. Control: weed and bank normally at second weeding
* Matapwata only — followed by relay bean crop

1. Use modified kaselera system: hand weed without bank-
ing at second weeding around time of cob formation
(February), leave weeds to dry in furrow, form new ridge
(February/March), plant short-duration beans on new ridge.

2. Control: weed and bank at second weeding. Break down
ridge to form flat area for beans when maize is drying
{February/March), plant short-duration beans on new ridge.

These treatments were a subset of a range of pest manage-
ment strategies that were carried out for the overall intercrop
farming system. During 1996/97, the main trial within a
maize/pigeonpea/bean intercropping system involved 64
farmers, with one plot in each farm under an intervention
treatment and a second plot being managed by the farmer
according to his/her own practice. In view of the trial ob-
jectives requiring investigation of two treatment factors for
maize (one at two levels, one at three levels), two for
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pigeonpeas (each at two levels), and five for beans (each at
two levels), a very large number of treatment combinations
resulted. The experiment was designed to ensure that any
‘economic’ type of response made in the overall system
could be analysed to take account of the full range of strat-
egies tested within the experiment. The design was there-
fore set up as an incomplete factorial design with a frac-
tional replicate of a 28 factorial experiment in four blocks,
each having 16 plots, i.e. 64 experimental plots in total,
one per farmer being used as the experimental units.

The 1996/97 design as originally proposed, together with a
list of the full range of treatment factors used in the trial, are
detailed by Abeyasekera (1998).

In addition to the 64 research plots, each farmer had a ‘farm-
er's plot’ in the same field where they implemented their
own management practices using their own inputs. During
the trial, variation in maize height and yields in research
plots were found to be closely correlated with variation in
the adjoining farmer’s plot. This meant that farmers’ plot data
could be used as a covariate in the analysis which served to
account for some inter-farm variation and reduced the re-
sidual variance.

Results and conclusions on management of -
termite damage to maize from 1996/97 trials

Preliminary results were presented to the 1996/97 Annual
DAR research meetings (Ritchie et al., 1997) and detailed
biometric analyses of all trials have been presented by
Abeyasekera (1998). The main conclusions from these analy-
ses are summarized here. It should be noted that all plots
were unfertilized, which mirrored the state of many of the
surrounding farmers’ fields. This probably influenced farm-
ers’ weeding decisions and may have altered the perform-
ance of and interactions between intercrops.

In general, on-farm termite attack was very low, possibly as
a result of the heavy rainfall in the 1996/97 cropping sea-
son, although occasionally banked fields were heavily at-
tacked. As a result, there was no evidence for either im-
proved maize yield or reduced termite damage with either
kaselera or weeding without banking. Modified kaselera was
found to differ little in reality from the local practice of
mbwera which is normally undertaken slightly later when
Maize plants are starting to dry out. Mbwera produces a flat
planting area which is also used to support a relay crop of
f)eans planted in a regular spacing at high densities, whereas
In kaselera a new ridge is formed in the inter-row on which
beans are planted. In addition the trial showed that the seed
yield from relay beans planted on the new kaselera ridge
Was on average 28.7 kg/ha less than those planted on the
flat (P=0.051). In a major bean-growing area this would seem
1 militate against the technique.

An interesting discovery was that, although second weed-
"8 without banking and second weeding with banking were
""distinguishable in their effect on maize yields and termite
AMack, there was a marked beneficial effect of early com-
P'eflon of second weeding (by early February) in increasing
Maize grain yield by 387.4 kg/ha (P=0.027).

The on-station monocropped maize variety trial set up in
the hotter and drier area of Thuchila in 1996/97 was de-
signed to detect inter-varietal variation in susceptibility to
termite and whitegrub attack. The trial results showed more
marked damage to maize than the on-farm intercrop trials
in Chiradzulu and Matapwata. Khonga (1997) found that
intercropping with pigeonpea significantly reduced termite
attack compared to monocropped maize. However, the
Thuchila trial showed no significant varietal advantages with
respect to termite damage, and consequently varietal test-
ing was discontinued.

MAIZE TERMITE TRIAL 1997/98

Treatment factors and design layout

Maize IPM trials in the 1997/98 season were a follow-up to
trials conducted in the 1996/97 season on 61 farms in four
villages in Chiradzulu and Matapwata EPAs. The more ex-
pensive but less toxic alternative seed dressing, Gaucho
70WS (imidacloprid), which is sold elsewhere in Africa spe-
cifically for whitegrub control, was used instead of Sevin.
The experiment was conducted both in dambo fields (as for
1996/97) and in upland fields, because it had been estab-
lished in 1996/97 that larval whitegrub attack occurs
throughout the area and also because there is known to be
an anti-feedant effect of Gaucho on termites which it was
hoped would be detectable on upland farmers’ trial plots.

Farmer evaluation of IPM strategies carried out by Jere (1997)
using semi-structured interviews was hampered by the com-
plex experimental design and by the fact that each farmer
saw only one treatment combination and, therefore, could
not observe the full range of treatments on their fields. In
some cases farmers were unsure of the intended effect of a
strategy. The design of experiments for the 1997/98 season
was specifically intended to ensure that most of the pro-
posed combinations of management practices would be
visible to each farmer on one or more of the four experi-
mental plots on his or her farm. In addition, there was a
radical reduction in the number of treatment combinations
involved (two factors for maize, one for pigeonpea and one
for bean) focusing attention on those interventions most likely
to have a significant effect which could be evaluated by
farmers.

The two treatment factors for maize were:

* seed dressing with Gaucho for the management of
whitegrubs;

* mbwera plus weeding without banking, or no mbwera
and normal banking in Matapwata and weeding with or
without banking (in Chiradzulu North) for the control of
termites.

On beans and pigeonpeas, only varietal tolerance was in-
vestigated. In both cases four varieties were used, including
a local check. The yield and damage responses for these
intercrops were analysed separately and are not considered
further here. There were no significant interactions between
maize treatments and intercrop varieties presenton the plots.
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Table 1. Distribution of farmers across villages and land

types (1997/98)

Chiradzulu Matapwata
Land type
(zone) Chiwinja Lidala Kambuwa Magomero  Total
Dambo 1" 6 8 5 30
Upland 5 12 7 7 31
Total 16 18 15 12 61

The general form of the experimental design used for the
1997/98 main intercrop trial was that of a randomized block
experiment with a factorial treatment structure, with four
units per farm forming a block. Factorial combinations be-
tween treatment factors were allocated to the incomplete
blocks so that all important two-factor interactions could be
estimated. The design layout {unrandomized) for farms in
each village and by zone (dambo/upland) is described by
Abeyasekera (p. 28).

A total of 61 farmers participated in the 1997/98 main
intercrop trial, each farmer maintaining four research plots
on one of his/her fields. The distribution of farmers across
villages is shown in Table 1 according to the type of land
(dambo/upland) farmed. The land type will be referred to as
the ‘zone’ in what follows. In each farm two plots had maize
seed dressing and two did not. Where banking and mbwera
were applied, two plots were banked, two were left
unbanked, mbwera was done on two of the four plots.

Maize harvest data basic summaries

Four yield responses were considered for analysis. These
were: ~

usable grain weight (kg/ha) adjusted for stolen cobs and
moisture content;

mean height of 10 randomly selected plants from the
net plot at harvest (m);

average weight per cob (kg), i.e. ratio of the weight of all
cobs at harvest to the number of cobs;

average number of cobs per plant = number of cobs per
net plot stand count.

Basic summary statistics for these responses by zone, and

the means under each of the treatment factors across zones,
are shown in Tables 2 and 3. Table 2 shows that the maize
yield performance is generally better in upland fields than
in dambo fields. Results in Table 3 demonstrate a beneficial
effect due to seed dressing in upland fields with respect to
usable grain weight and an improvement in grain yields with
banking in dambo fields. Mbwera appears to have little ef-
fect, except for a possibly poor effect in the dambo zone.

It is important to note that the summary data presented above
make no allowances for other sources of variation that re-
side in the data, such as the farmer-to-farmer variability, vari-
ation due to zones and EPA, etc. Investigation of the effect
of the intervention treatments must take these sources of
variability into account in order to provide information about
the true performance of the maize crop under the different
treatments.

Statistical analysis of harvest data

Treatment factors applied at the plot level were investigated.
These were the application of seed dressing, banking and
the use of mbwera. The interactions of these factors with
zone and EPA differences were also investigated. Mbwera
was relevant only within Matapwata, and so the analysis
involving mbwera was restricted to those farmers in the
Matapwata EPA. Banking was generally always practised in
Chiradzulu dambo areas, so again the analysis involving
banking was restricted to the remaining areas.

In the analysis, clear differences were found in maize grain
yield between plots which had had seed dressing and those
that had not (P<0.001). This difference, favouring plots with
seed dressing, was mainly due to the substantially greater
yields (by about 500 kg/ha) in the upland areas compared
to the dambo areas (Table 4). The increase in maize yields

Table 2. Summary plot level statistics for four maize yield parameters (1997/98)

No. obser-
Yield response Zone vations Mean SD Max. Min.,
Usable grain weight (kg/ha) Dambo 118 1239 906 4374 17
Upland 120 2442 1072 5596 305
Mean height of plants at Dambo 120 1.73 0.291 2.44 1.12
harvest Upland 124 1.99 0.299 2.86 1.37
Average weight per cob Dambo 120 0.094 0.044 0.209 0.008
Upland 120 0.142 0.040 0.228 0.062
Average number of cobs per Dambo 120 0.753 0.253 1.195 0.060
plant Upland 124 0.932 0.137 1.426 0.494
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Table 3. Mean values for four maize yield parameters according to land type and treatment factors

(1997/98)
Usable grain weight Mean height of Average weight/cob Average number
(kg/ha) plants at harvest (m) (kg) cobs/plant
Treatment
factor N Dambo  Upland  Dambo  Upland  Dambo Upland  Dambo Upland
Seed Yes 120 1299 2701 1.74 2.03 0.093 0.145 0.755 0.939
dressing No 118 1180 2174 1.72 1.96 0.095 0.138 0.752 0.925
Banking Yes 175 1429 2404 1.79 2.01 0.105 0.142 0.827 0.928
No 63 630 2532 1.53 1.97 0.060 0.141 0.522 0.942
Mbwera Yes 54 1309 2109 1.74 1.87 0.112 0.138 0.896 0.923
No 54 1522 2243 1.75 1.83 0.121 0.140 0.927 0.946

Table 4. Mean yields to show beneficial effects of seed dressing (1997/98)

With Without  Difference

Yield response dressing dressing in means SED P
Mean grain yields (kg/ha)*

Dambo 1312 1193 119 104.3 0.255

Upland 2721 2216 505 103.7 <0.001
Mean height (m) 1.891 1.840 0.0515 0.0209 0.015
Av. weight of cobs (kg) 0.121 0.119 0.0017 0.0028 0.550
No. cobs/plant 0.852 0.843 0.0089 0.0155 0.568

*Only mean grain yields have been disaggregated by zone since this was the only response
variate which gave a significant zone by seed dressing interaction.

under seed dressing in the dambo areas was only about
100 kg/ha. The latter was not a significant difference.
There were no observable significant effects due to bank-
mng.

The extremely low mean grain yields without banking shown
in Table 3 come from dambo plots in Chiradzulu where farm-
ers either banked all plots or did not bank any of the plots.
Three of those farmers who did not bank any of the research
plots in their field had extremely low maize yields of less
than 200 kg/ha. The difference between banking and not
banking could not be assessed even for this group of farm-
ers, because banking or not banking did not happen within
farms, only between farms.

Finally we investigated the effects of mbwera in Matapwata
EPA. There was insufficient evidence in the data to demon-
strate that mbwera had any effect on maize yield param-
eters. The results are summarized in Table 5.

Table 5. Results concerning the use of mbwera in
Matapwata EPA (1997/98)

Mean values according
to use of mbwera

Yield response With Without P

Mean grain yields (kg/ha) 1564 1784 0.098
Mean height (m) 1.870 1.861 0.756
Av. weight of cobs 0.130 0.134 0.392
No. cobs/plant 0.908 0.949  0.077

Analysis of termite-lodged plants at harvest

At harvest time, data were collected on the number of ter-
mite-lodged plants per net plot. Table 6 shows the frequency
distribution of numbers of termite-lodged plants over the
244 plots in the trial split between dambo and upland ar-
eas. Very skewed distributional patterns are seen, and there
are also a large number of plots showing no incidence of
termite attack. Termite-lodged plants occurred mostly in the
upland areas. Only about 17% of plots in the dambo areas

were affected by termites.

An analysis of the number of termite-lodged plants using a
generalized linear model with Poisson errors showed strong
evidence of differences between farms with respect to the

Table 6. Frequency distribution of
termite-lodged maize plants by zone

(1997/98)

No. plants

affected/plot Dambo Upland
0 100 55
1 7 7
2 6 5
8 3 9
4 1 1
5 2 4
6-10 1 2]
11-15 8 8
>15 0 14
No. plots 120 124
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Table 7. Mean number of termite-lodged
plants per net plot of 32.4 m’(1997/98)

Banking (n)
Seed Overall seed
dressing No Yes dressing effect
No 3.02 (28) 5.35 (94) 4.18
Yes 2.18(36) 2.30(86) 2.24
Overall For difference
banking 2.60(64) 3.82(180) of1.94
effects between seed

dressing levels
P<0.001

For difference of 1.22 between
banking levels P<0.001

mean numbers of termite-lodged plants and strong evidence
of an effect due to the seed dressing factor (P<0.001) and
due to banking (P<0.001). There was also some evidence of
a seed dressing by banking interaction (P=0.016). As ex-
pected, farmer differences were also highly significant. The
strong farmer-to-farmer effect was largely caused by four
farmers having considerably larger numbers of termite-
lodged plants, averaging over 20 lodged plants per plot.
The effects of seed dressing and banking are shown in
Table 7.

Analysis of termite damage data during the
season

Data on the number of maize plants dead, or attacked by, a
range of pests/diseases were recorded during the period from

Table 8. Mean number of termite-lodged plants
per plot, over sampling occasions and across
treatment factors (1997/98)

Seed dressing Banking
Sampling occasion No Yes No Yes
10-18 Dec 1997 0.016 0 0.031 0
28 Dec 97-2 Jan 98 0 0 0 0
12-16 Jan 1998 0 0 0 0
26 Jan—1 Feb 1998 0.033 0.033 0.031 0.033
13-25 Feb 1998 0.492 0.230 0.234 0.406
24 Feb-5 Mar 1998 0.689 0.590 0.641 0.639
9-14 March 1998 0.680 0.713 0.469 0.778
23-31 March 1998 0.868 0.647 0.846 0.722
Totals 0.317 0255 0.253  0.298

Table 9. Number (and percentage) of plots with
termite-lodged plants across treatment factors
(1997/98)

Plots with Seed dressing Banking
termite-

lodged plants No Yes No Yes
No 74 (60.7) 77(63.1) 36(56.3) 115(63.9)
Yes 48(39.3) 45(36.9) 28(43.8) 65 (36.1)
P 0.693 0.280
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Table 10. Number (and percentage) of farmers
experiencing termite attack on research plots
(1997/98)

No. plots affected

Farmers 0 1 2 3 4 Total

No. 28 6 7 7 13 61
Percentage 45.9 9.8 115 115 213 100

early December 1997 to late March 1998 on eight sam-
pling occasions, approximately 2 weeks apart. In Matapwata
EPA, data had been collected over only seven sampling
occasions. The net plot germination stand count was taken
as the maximum of the stand counts and dead plants re-
corded on the first two sampling occasions. There was little
evidence that germination rates differ across villages or
zones.

Mean numbers of termite-lodged plants on each sampling
occasion and by seed dressing and banking treatment ef-
fects are shown in Table 8. Incidence is very low earlier in
the season, but rises slightly later in the season. Neither seed
dressing nor banking appears to have an effect. Chi-square
analyses to compare proportions of plots with termite-lodged
plants across seed dressing and banking treatment factors
showed no evidence of a difference. The results are sum-
marized in Table 9.

Looking at the number of farmers who had between none
and four of the research plots on their farm affected by ter-
mite-lodged plants, the results in Table 10 show that slightly
less than half the farmers (46%) had no plants affected by
termite lodging in any of the four research plots on their
farm. The incidence at plot level was rather high for about
20% of the farmers. These farmers had all four of their plots
affected.

Tables in this section have thus far referred to raw data sum-
maries. Data on the numbers of plants with termite lodging,
considered as a proportion of the initial plant stand, was
subjected to a generalized linear modelling procedure to
investigate whether this proportion was affected by seed
dressing and by banking, having allowed for possible ef-
fects due to variation between EPAs, zones and farmers.
Predictions following the modelling procedures are shown
inTables 11 and 12. There was no evidence of an effect due
to banking (P=0.171). Seed dressing significantly reduced
plant proportions with termite lodging (P<0.001). There was
some evidence of a significant zone by seed dressing inter-
action (P=0.044), and of an EPA by zone interaction
(P<0.001).

Conclusions from the 1997/98 trial

Termite attack was seen in about 40% of plots during the
season. The incidence was higher later in the season than
earlier. The severity of attack in terms of the number of plants
lodged was very low (2.5% accumulated over the season).
Neither seed dressing nor banking affected termite lodging
of plants during the season. It is likely that the heavy rains in
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Table 11. Model predictions for percentage
of termite-lodged plants across seed dressing
levels (1997/98)

Zone

Overall seed
Seed dressing Dambo  Upland  dressing effect
No 1.56 3.05 2.33
Yes 0.83 255 1.72
Overall zone 1.18 2.79 For difference
effects between seed
For difference between dambo and dressing levels
upland areas P<0.001 P<0.001

Table 12. Model predictions for percentage
of termite-lodged plants across EPAs

(1997/98)
Zone

Overall seed
EPA Dambo  Upland  dressing effect
Chiradzulu 0 2.59 1.34
Matapwata 2.56 3.03 2.81
Overall zone 1.18 2.79
effects For difference
For difference between dambo and between EPAs
upland areas P<0.001 P<0.001

the 1997/98 season led to an overall reduction in attack by
termites.

However, the mean number of termite-lodged plants at har-
vest time differed significantly across EPAs, zones, and the
seed dressing and banking factors. Banking increased inci-
dence, while seed dressing lowered it. However, the differ-
ences in mean numbers of plants affected were very slight
in both cases: one to two plants per plot with respect to
banking and two to three plants with respect to seed dress-
ing. The strong significant effects must be regarded with
extreme caution in this case because the differences are so
marginal.

TERMITE MANAGEMENT TRIAL 1998/99

Experimental details

In the main intercrop trial in 1997/98, only a minority of farm-
ers experienced termite attack in their fields. Fieldwork in the
1998/99 season was therefore restricted to 12 farmers who
had experienced high levels of termite damage in previous
Years, Farmers from Chiradzulu dambo were not included.

Two interventions were used for the management of termite
damage to maize: avoiding the use of banking, and the use
of seed priming (soaking seed overnight in water) to speed
Up germination. The 1998 External Review of the FSIPM
Project had suggested that smallholders could benefit from
the application of si mple agronomic techniques such as seed
Priming and detasselling of maize as a means of improving
Maize yields at low cost. Seed priming has been shown to

Table 13. Distribution of plots across the
banking treatment factor (1998/99)

Matapwata
Chiradzulu
Treatment Upland Upland Dambo
No banking 6 6 4
Plots banked 10 10 12
Total 16 16 16

result in faster and stronger plant development, leading to
increased yield and earlier harvest. Itis already used by farm-
ers to achieve faster germination when reseeding maize
fields. It was hypothesized that seed priming might lead to a
reduction in termite damage by producing more robust plants
and permitting an earlier harvest. However, the expected
additional yield was seen as an important potential benefit in
its own right. There were, therefore, two treatment factors:

* banking: Yes or No;

* seed priming: Yes or No.

In each farm four plots were used, each having a different
banking and seed priming condition. In the actual trial,
however, farmers did not bank plots as initially planned.
The actual distribution of plots across the banking treatment
factor appears in Table 13.

Maize yield data analysis

Five responses were considered for analysis. These were:

* usable grain weight (kg/ha), including grain salvaged
from fallen termite-lodged cobs, and adjusted for stolen
cobs and moisture content;

* average weight/cob (kg), i.e. ratio of the weight of cobs
on standing plants and fallen termite-lodged plants (ad-
justed for stolen cobs) to the number of cobs standing,
lodged and stolen;

® number of cobs/plant, i.e. ratio of the number of cobs
harvested from standing plants to the number of stand-
ing plants with cobs;

* average plant height (m) of five randomly selected plants
from net plot at harvest;

* potential grain loss to termites calculated at harvest (as-
suming no salvage).

This is calculated as: grain loss =

proportion of usable grain
cob yield X weight, i.e.
salvaged from first response
termites above

Mean values for each of these responses by zone/EPA and
by the banking and seed priming treatment factors are shown
in Tables 14 and 15.

The summary data above make no allowance for other
sources of variation that reside in the data, e.g. the farmer-
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Table 14. Mean values of yield responses across banking levels

(1998/99)
Matapwata
Chiradzulu
Yield response Banking Upland Upland  Dambo
Usable grain weight (kg/ha) No 2810 1585 720
Yes 2196 1517 1486
Weight/cob (kg) No 0.180 0.130 0.064
Yes 0.163 0.121 0.111
No. cobs/plant No 1.049 0.995 0.978
Yes 0.941 1.008 0.976
Mean plant height (m) No 1.67 1.58 1.33
Yes 1.65 1.53 1.52
Potential grain loss due to No 100.5 79.5 4.5
termites (kg/ha) Yes 140.2 50.5 18.8

Table 15. Mean values of yield responses across seed priming

levels (1998/99)

Matapwata
Seed Chiradzulu

Yield response priming Upland Upland Dambo
Usable grain No 2479 1581 1160
Weight (kg/ha) Yes 2374 1503 1428
Weight/cob (kg) No 0.172 0.125 0.096

Yes 0.167 0.123 0.102
No. cobs/plant No 0.952 1.020 0.947

Yes 1.011 0.986 1.001
Mean plant height (m) No 1.62 1.55 1.46

Yes 1.69 1.55 1.48
Potential grain loss due to No 131.7 69.8 0.9

termites (kg/ha) Yes 119.0 53.0 26.6

Table 16. Predicted mean usable grain weight (kg/ha) under
banking and seed priming treatments (1998/99)

Matapwata
Chiradzulu
Treatment Upland Upland Dambo P
Banking No 2815 1585 720 <0.001
Yes 2190 1717 1306
P <0.001 0.403 0.002
Seed priming  No 2444 1720 1055 0.053
Yes 2254 1642 1323
'3 0.213 0.603 0.080

to-farmer variability. Statistical modelling procedures were
undertaken to investigate effects of both banking and seed
priming treatments allowing for the farmer-to-farmer varia-
tion. The analysis also investigated possible interactions with
the area and type of field from which the data arose. Results
are given below for the major yield response variable, i.e.
usable grain weight in kg/ha.

The analysis concerning usable grain yields showed strong
evidence of a banking by zone/EPA interaction (P<0.001)
and a marginal interaction between the zone/EPA and the
seed priming effects (P=0.053). Corresponding adjusted
means are shown in Table 16.
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The detrimental effect on yields caused by banking was evi-
dent only in Chiradzulu upland (P<0.001), notin Matapwata.
In fact yields are significantly higher with banking in
Matapwata dambo. Seed priming appears to have no effect
on yields in any of the areas.

Termite damage during the season (1998/99)

Data on the number of maize plants dead or damaged by
termites and other pests were recorded in the period be-
tween mid-December 1998 and early April 1999, approxi-
mately 2 weeks apart. In total there were eight sampling
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Table 17. Termite lodging at plot/plant level
over sampling occasions (1998/99)

Percentage plots  Percentage plants

with lodging killed by termites
Sampling occasion “(n=48) (n = 3800-4300)
16-23 Dec 1998 0 0
8-11 Jan 1999 0 0
22-23 Jan 1999 4.2 0.05
9-14 Feb 1999 6.3 0.14
27-28 Feb 1999 12:5 0.41
13-15 Mar 1999 20.8 0.80
24-27 Mar 1999 47.9 1.08
8-10 Apr 1999 41.7 1.91

Table 18. Percentage of plant deaths due to
termites across banking and seed priming
treatments (1998/99)

Banking Seed priming  Mean no.

Sampling plants/plot
occasion No Yes No Yes  (live + dead)
16-23 Dec 98 0 0 0 0 89.2
8-11 Jan 99 0 0 0 0 89.5
22-23 Jan 99 0 0.07 009 O 86.2
9-14 Feb 99 0 0.21  0.22 0.05 88.6
27-28 Feb 99 0.29 046 032 049 87.4
13-15Mar99 0.23 1.07 0.85 0.75 86.0
24-27Mar99 1.25 1.00 091 1.27 84.6
8-10 Apr 99 263 153 1.93 1.88 80.9
Totals 425 423 420 425

occasions. The net plot germination stand count was taken
(as in previous years) as the maximum of the stand counts,
and dead plants were recorded at the first two sampling
occasions. Percentage of plants germinating (out of a total
of 120 seeds planted, i.e. 3 seeds/40 planting stations/plot)
varied from 74 to 78% in the three areas. There appeared to
be little difference in germination rates across banking and
seed priming, except in Matapwata uplands where seed-
primed plots gave a slightly lower germination rate (70%)
compared with non-primed plots (76%).

Over the season, all farmers experienced plant mortality
due to termites in at least one of the research plots. Three of
the 12 farmers had plant deaths in all four of their plots.
Basic summaries concerning plant deaths and damage to
live plants by termites are presented in Tables 17 and 18.

The proportion of plots affected by termites was compared
across banking and seed-priming treatments using chi-
squared tests. The results are shown for plots with plant
deaths by termites (Table 19), and for those with termite
damage to live plants (Table 20). Plot incidence does not
vary significantly across either banking or seed priming.

Plant deaths due to termites were modelled as a proportion
of the initial germination rate using a generalized linear
Model with a binomial error structure. There was insuffi-
cient evidence of a banking effect or of a seed priming ef-
fect (P=0.402 and 0.909, respectively). There was also no

evidence of an interaction of these two factors with the trial
location. However, the overall percentage of deaths varied
significantly across locations (P<0.001), with Chiradzulu
upland fields having mean losses as high as 9% with bank-
ing, while deaths never exceeded 5% in Matapwata. The
results are shown in Table 21.

An analysis similar to the above was carried out for the
number of live plants damaged by termites. Here all treat-
ment comparisons, except the seed priming treatment, were
non-significant. A significantincrease in overall termite dam-
age (P=0.056) was found with seed priming. However when
the results are disaggregated by land type and EPA, the ef-
fect is non-significant (Table 22). The interaction of seed
priming with area was found to be non-significant (P=0.389),
but it is clear that the seed-priming effect was largely in the
uplands. In Matapwata dambo, damage to live plants by
termites was less than 1%, with a slight reduction when
maize seeds were primed.

Table 19. Number (and percentage) of plots with
plant deaths by termites (1998/99)

Banking Seed priming
Plots No Yes No Yes
With no 3(19%) 12(37%)  6(25%) 9 (37%)
deaths by
lodging
With deaths 13 (81%) 20 (63%) 18 (75%) 15 (63%)
by lodging
P 0.186 0.350

Table 20. Number (and percentage) of plots
with live plants damaged by termites

(1998/99)

Banking Seed priming
Plots No Yes No Yes
With no deaths 9(56) 21(66) 16(67) 14(58)
by lodging
With deaths by 7(44) 11(34) 8(33) 10(42)
lodging
P 0.527 0.551

Table 21. Predicted percentage of plant deaths
by termites across locations and treatment
factors (1998/99)

Matapwata
Chiradzulu

Treatment factor Upland Upland  Dambo
No banking 5.6 0.8 4.8
Plots banked 8.9 1.1 3.6
P 0.351 0.493 0.893
No seed priming 7.6 1.2 3.7
Seed priming done 7.1 1.8 3.6
P 0.898 0.847 0.951
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Table 22. Predicted percentages of live plants damaged by
termites across locations and treatment factors (1998/99)

Matapwata
Chiradzulu

Treatment factor Upland Upland Dambo Overall
No banking 10.6 1.3 0 4.5
Plots banked 1.2 1.6 0.7 4.5

P 0.646 0.595 1.000 0.41
No seed priming 7.6 0.6 0.1 3.3
Seed priming done 12.9 2.0 0.4 5.7

P 0.200 0.150 0.132 0.056

Farmer monitoring of trial performance
(1998/99) )

Monitoring questionnaires

The 12 farmers participating in the termite trial were inter-
viewed twice during the season, first just after maize emer-
gence (15 December 98-7 January 99) and again just be-
fore harvest (14-22 April 99) (Kapulula and Lawson-
McDowall, 1999). At the first interview farmers in general
felt that their own maize was doing better than in the trial
plots, owing to earlier planting, All farmers reported that
seed priming caused them no problems, and 11 out of 12
understood the purpose of the practice, although only one
farmer mentioned this when replying to a question asking
what they hoped to learn from the plots. When asked the
purpose of not banking, 10 out of 12 farmers mentioned the
link between banking and termite lodging of maize.

At the second interview, farmers were asked to score the
plots for visible termite damage on a 1-5 scale (where 1 =
no damage and 5 = very serious damage) without any dis-
cussion of plot treatments. Farmers were also asked to score
the rest of the field. Responses indicated that there was more
damage in the rest of the field (mean score 2.7) than in the
research plots (highest mean score 1.8 for unbanked and
seed-primed plots). Two farmers complained of wind lodg-
ing. In at least one other instance, a farmer attributed lodg-
ing caused by wind in an unbanked plot to termites, al-
though the roots were not cut.

When asked which plots were expected to give the best

yield, farmers’ responses favoured the banked plots in 12
out of 18 cases (66.7%), with equal numbers being primed
or unprimed. Unbanked, primed plots were favoured in 22%
of cases, but only two unbanked, unprimed plots were ex-
pected to give best yields (11% of cases). Farmers had a
range of explanations for their choices which reflected en-
vironmental variability. However, banking was consistently
seen as a reason for good plot performance (Table 23).

Comparison of farmers’ perceptions of which plots had re-
ceived which treatments with researchers’ records showed
that five out of 12 farmers mis-remembered the banking
practice on a total of 10 out of 48 plots. This may be partly
explained in some cases by banking having been carried
out by another family member. No farmers mentioned the
presence of primed seed as a treatment on any plot, prob-
ably because the activity had taken place at planting, sev-
eral months earlier, was quite routine and did not give rise
to any expectation of significant benefits.

Variation in farmers’ practices within the trial

A separate study was also made of participating farmers’
cultural practices at second weeding in relation to termites
(Orr and Jere, 1999). Variations in weeding practices are
shown in Table 24. Three farmers were found to have banked
all four plots, including the two which should have received
kukwezera weeding. One other farmer carried out kusenda
on all four plots. Researchers concluded that these farmers
were making rational decisions to increase yield because,
in the absence of termite damage, banking (or kusenda)
was the best practice, especially given heavy rain eroding

Table 23. Farmers’ responses (% of cases) when asked to choose the
best performing plot(s) out of 48 across four treatments (banked/
unbanked, seed primed/unprimed) (1998/99)

Total plots chosen

Banked plots ~ Unbanked plots  as ‘best plots’
rated best rated best (total available)
Maize seed primed rated best 33.33(15) 22.22(9) 55.55 (24)
Maize not seed primed rated 33.33(17) 11.11 (7) 44.44 (24)
best
Total plots chosen as ‘best 66.66 (32) 33.33(16) 99.99 (48)

plots’ (total available)

Numbers in parentheses are the number of plots with a given treatment combination in the

trial.
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Table 24. Farmers’ alternatives to banking (kubandira) as a form of second weeding in
relation to risk of termite damage in the 1998/99 termite trial

Type of weeding

(no. trial farmers using) ~ Description of practice

Effects/costs/benefits

Kubandira (banking) Soil and weeds are scraped up
(3) both ridge sides from furrow and
weeds are buried at ridge top

Kusenda (half-banking) Soil and weeds are scraped up
(1) one side of the ridge from the
furrow and deposited at ridge top

Kukwezera/Kukweza Soil scraped up ridge but weeds
6) shaken out and laid in the furrow

Buries weeds near maize plant. Encourages
termites under dry conditions. Strengthens plant
roots and improves drainage under wet conditions

Less labour and fewer rotting weeds placed close
to the maize plant than with kubandira. Can be
done rapidly when late weeding

Fewer termites (if present) since fewer rotting
weeds near maize roots; but with heavy rain,

to dry

No second weeding
2)

more weed growth and survival of weeds, more
erosion, lodging and fertilizer leaching

Discourages termites if present; saves labour and
time if early weeding was effective, but more
weed growth, more rain erosion and maize
lodging

Source: Orr et al. (1999).

the ridge or delay in weeding leading to excessive weed
growth. For the purpose of the on-farm trial treatment struc-
ture, not weeding at all, kukwezera and kukhweza were all
classed as equivalent to ‘not banking’, while kusenda was
equated with kubandira. .

CONCLUSIONS FROM THE 1998/99
TRIAL

Termite foraging and damage incidence

Once again in 1998/99, termite damage to maize was quite
minor, largely owing to good rains which continued into
April. The available information on foraging patterns of
Macrotermes species (the main perpetrators of the maize
lodging seen in trial plots) has been summarized by Lepage
(1982). In general, Macrotermes nests are overdispersed and
nest territories (of about 0.1-0.3 ha) are contiguous, such
that all available habitat is within the territory of a nest. A
permanent system of underground tunnels allows the ter-
mites to forage in any part of the nest territory at any time.
On any given night foraging occurs in only a small part of
the territory, and on successive nights most of the area of
the territory is visited.

The intensity of foraging activity is determined by the devel-
opment needs of the nymphal brood, culminating in the
release of reproductive adults at the start of the rains. The
maximum intensity of foraging, therefore, occurs during the
dry season while the nymphs are developing. In general,
foraging is more intense at higher temperatures and is in-
hibited by periods of rain. Our data show that in southern
Malawi foraging is most intense from April onwards, the
period when the maize is ripening and rainfall is declining.

It follows that a season with lower than average rainfall will
encourage termite foraging, but the farmer cannot predict

exactly where or when damage will take place. Fields which,
on the basis of past experience, are known to be within the
territory of a vigorous mound are likely to be weeded with-
out banking, especially if the farmer already sees soil sheeting
covering foraging galleries on the soil surface (Orr et al.,
1999).

Farmers can and do pick up lodged maize plants and stook
them or harvest their cobs, even when unripe. This is likely
to reduce the losses associated with later (usually more se-
vere) termite damage. The earlier the damage starts, the less
likely it is that the farmer will be able mitigate the losses,
however.

Itis evident that there are very serious difficulties involved
in demonstrating the effect of an IPM strategy using on-farm
trials in a context where damage varies both over short dis-
tances (even within a single field) owing to termite foraging
patterns, and from season to season depending on rainfall
patterns. Farmers have to make the decision whether or not
to bank within a defined period (approximately 4-8 weeks
after planting) if they are not to lose yield due to excessive
weed development, ridge erosion and wind lodging.

Even within a formal trial, farmers are unwilling to forego
the expected benefits of a specific practice which is per-
ceived as beneficial, even when this is excluded by the ex-
perimental design. While this ad hoc decision-making is
problematic within an experiment, it nevertheless demon-
strates the flexibility with which farmers can address chang-
ing crop management scenarios.

Farmers have a range of alternatives to full banking which
suppress weeds but do not place rotting organic matter near
to maize plants (Orr and Jere, 1999). As these practices are
all less labour-demanding than full banking, the only costs
associated with them are likely to be reduced yield or, in
some cases, the inability to carry out mbwera and grow a
relay crop of field peas or beans.
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The alternative management strategy of destroying the termite
colony by killing the queen, as sometimes practised by farm-
ers (Orr and Jere, 1999), is unlikely to be widely adopted.
Firstly, nests of Macrotermes falciger, the commonest
Macrotermes species in Blantyre/Shire Highlands, are very
large (up to 5 m high and 10 m in diameter) and systemati-
cally locating the queen cell is almost impossible, whereas
it is somewhat more feasible in other Macrotermes species.
Even if the queen is destroyed, the colony may repair the
damage and rear one or more new queens. Secondly, the
annual production of winged reproductive adults (alates)
from a large Macrotermes nest amounts to several kilograms.
This represents a significant source of food and income for
a resource-poor farmer (Logan, 1992; Orr and Jere, 1999).

CONCLUSION

Pest management for low-value smallholder crops seldom
offers unequivocal advantages for resource-poor farmers,
Given the uncertainties attending the severity and timing of
termite damage to maize, farmers and extension personnel
need to be given information about the range of possible
cultural options which may be appropriate in different cir-
cumstances, including not only termite damage but also a
range of other factors such as weed development, rainfall
and ridge erosion. Farmers will then select from the menu
of options, depending on the crop stage at which they be-
come aware of termite damage and their perception of its
severity.
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DISCUSSION

A. Orr. Your abstract states “...in all 3 years termite attack
was sporadic... and significant treatment effects could be
demonstrated only occasionally”. What are the implications
for on-farm trials? Do we continue with the same experi-
mental approach? Do we focus on ‘hot spot’ areas? Or do
we adopt a different approach and go for a thorough inves-
tigation of the range of practices that farmers use to pro-
duce a menu of alternatives.

J. M. R. Each of these responses could be appropriate in
different circumstances. For termites specifically we tried to
use ‘hot spots’ but the season was unsuitable for verifica-
tion even though the termite populations are still present. It
would appear most useful now to develop materials to brief
extensionists on the options for weeding practices and the
likely outcomes under different circumstances.

A.J. Sutherland. When validating existing farmers’ pest con-
trol methods there is a need to be careful in using a ‘hot
spot’ approach, as one may have to ask them not to do what
they know is best. It is more appropriate if new ideas (which
could be based on local knowledge introduced from an-
other area) are being tried out at ‘hot spots’.

C. Chibwana. A message on available weeding options from
which farmers could choose an appropriate strategy for their
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particular situations would be useful as it will: (i) equip ex-
tension workers with information that would allow them to
advise farmers with confidence — at the moment this infor-
mation is not documented in a manner that is available;
and (i} help farmers to understand their own practices and
choose their weeding options strategically.

C. R. Riches. There seems to be a conflict between trying to
learn from farmers about the pest control practices they use
and then judging the value of a practice on the basis of 1
year of experimentation. There may well be pressures to find
a positive result, but farmers’ ‘best-bet’ practices have been
developed over a range of seasons and environmental con-
ditions and reflect the balance of probabilities that a pest
problem may occur in a particular season. On the other
hand, on-farm trials have been used to accept or reject a
practice on the basis of one season in a single environment.

J. M. R. Kaselera was abandoned after 1 year in favour of
mbwera which is a similar technique already used in
Matapwata. In the end, similar approaches were tested over
three seasons. | agree, though, that we are forced by the
nature of the 3-year project cycle to be highly selective and
discontinue activities which could have been continued.

V. Saka. Did you observe any relationship between farmer-
developed cultural pest management strategies for termites
and burial of crop residues?

J. M. R. Crop residue burial is almost universal and takes
place before maize planting. Termite damage mainly oc-
curs much later, at maize maturity, when the residues have
long since disappeared.

C. S. M. Chanika. Farmers’ practice with crop residues is
done in such a way that decomposition will take place be-
fore planting, therefore it is unlikely to be associated with
termites which are attracted to undecomposed materials.

A. M. Chirembo. It is important to realize that termite distri-
bution in the field is not uniform. It was important to find
the ‘hot spot’ for a well laid experiment for studying bank-
ing versus no banking. However, it seems logical to pro-
duce a message for the farmers on when to bank and when
not to bank, depending on the circumstances.

J. M. R.In 1998/99 we concentrated on farms where termite
damage had been found in the previous two seasons. How-
ever, the high rainfall during the season greatly reduced
damage levels so that effects of banking were not obvious.
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ABSTRACT

Surveys of pod pests in Malawi have shown seed damage levels of up to 23% in 1995 and 1996. In 1997/98, disappointing pigeonpea
yields in the Farming Systems Integrated Pest Management (FSIPM) Project area were thought to be due to pod pests, especially sucking
bugs. To investigate pod damage levels within the project area, surveys of pigeonpea pod pests within FSIPM on-farm trial plots were
carried out in June and August 1999 in Blantyre/Shire Highlands Rural Development Project (RDP) area. The first trial with 42 farmers in
Chiradzulu North and Matapwata Extension Planning Areas (EPAs) was set up to compare the performance of ICRISAT pigeonpea varieties,
ICEAP 00040 and ICEAP 00053, with ICP 9145 as a wilt-resistant control and local pigeonpea as a check. Each farm contained one plot
of each variety in a RCB design. A second set of trials in Mangunda section of Matapwata EPA had sets of four medium duration varieties,
ICEAP 00068, ICEAP 73, ICP 6927 and Chilinga (a farmers” variety) in a randomized block on each of five farms. A second and third block
on each farm had long duration varieties, ICEAP 00040, ICEAP 00053 with ICP 9145, either intercropped with maize (fertilized at 50 kg N/
ha) or sole cropped. Pod samples were examined for seed damage by bugs, pod-boring Lepidoptera and pod-boring fly larvae. During
August and September 1999, field collection of pod-boring caterpillars and their natural enemies was undertaken at the same sites as the
damage survey. Larval and pupal pod borers were reared to adult where possible and identified to species level. Percentage data for seed
damaged by bugs, borers and pod flies were analysed using generalized linear modelling. Pigeonpea varieties have been compared in
terms both of these modelled percentages and also using odds ratios which define the relative chance of damage for different varieties. Pod
damage results from Mangunda were higher than elsewhere. Among medium duration varieties, bug damage affected 38-52% of seeds,
while borer damage was 2-7%. External pod damage affected 7-37% of pods. Damage by pod flies was 0.4-2.4%. Chilinga had signifi-
cantly lower external pod borer damage (P=0.001) and the lowest borer damage to seeds (P=0.06). On the long duration varieties, bug
damage affected 38-49% of seed under intercropping and 45-54% under sole cropping, with ICP 9145 suffering less damage than the
ICEAP varieties, though not significantly so. Borer damage to seeds was 13-33% under intercropping and 15-31% under sole cropping.
Acrass varieties and cropping patterns results were inconsistent. ICP 9145 appears to have a slight advantage under intercropping which
disappears under sole cropping. In the main trial with long duration varieties, damage levels were lower than at Mangunda but higher in
Matapwata than in Chiradzulu North. Local pigeonpea performed significantly better against pod pests than improved varieties (P<0.001).
The worst damage once again was due to bugs (12-24%), the greatest damage occurring with ICEAP 00040 (24%). Pod borer damage was
least for ICEAP 00040 and most for the local variety, though overall differences were only marginally significant (P=0.049). The data
demonstrated that seed damage by pod borers can be predicted from external pod damage which may enable damage surveys to be
conducted more rapidly. Farmers were asked to evaluate samples of seed with varying degrees of bug and borer damage, in terms of its
usability. This was used to estimate the extent to which research surveys may over-estimate damage. It was concluded that bug damage is
over-estimated by as much as 100%, while borer damage is likely to be exaggerated by not more than 20%. A diverse fauna of pigeonpea
pod borers was found, which included as a common constituent the previously unrecorded noctuid moth caterpillar, Pardasena virgulana
and the tortricid Leguminivora ptychora.

INTRODUCTION

After maize, pigeonpea is the second most extensively grown
crop in Blantyre/Shire Highlands. Its importance to resource-
poor smallholder farmers as a source of food, firewood and
income and as a technology for soil nutrient replacement
can scarcely be exaggerated. These issues are touched upon
by Orr et al., p. 279, Jones et al., p. 150 and Snapp et
al., p. 246 and are not further explored here. The Farming
Systems Integrated Pest Management (FSIPM) Project has
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been working for three seasons (1996/97-1998/99) with the
International Crops Research Institute for the Semi-Arid Trop-
ics (ICRISAT) to test improved pigeonpea varieties with farm-
ers in Chiradzulu North (Mombezi) Extension Planning Area
(EPA) and in Matapwata EPA (now in Thyolo North Rural
Development Project (RDP)) using researcher-designed,
farmer-managed on-farm trials, involving up to 67 partici-
pating farmers in three Sections.

The original focus of these trials was to evaluate improved
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pigeonpea varieties for their overall yield performance and,
particularly, their resistance or susceptibility to the patho-
gen Fusarium udum, which is the most important cause of
wilting and death in pigeonpea in Malawi. A pigeonpea
variety trial was conducted with five farmers in Mangunda
Section of Matapwata EPA in 1997/98 and 1998/99. A
larger trial involving farmers from both Chiradzulu and
Matapwata EPAs was also conducted within a maize/
pigeonpea/bean intercropping system to study (i) varietal
tolerance of bean to bean stem maggot and (i) varietal tol-
erance to Fusarium udum in pigeonpea. Selected results of
these trials have been presented at this workshop (Ritchie et
al., p. 164 and p. 180).

IMPORTANCE OF PIGEONPEA POD PESTS

Shanower et al. (1999) have reviewed the biology and eco-
nomic importance of pod pests on pigeonpea. The major
economic impact is caused by pod-sucking bugs
(Heteroptera), pod-boring caterpillars (Lepidoptera) and pod-
boring fly maggots (Diptera, Agromyzidae). Among the pod
borers, Helicoverpa armigera (Hiibner) (Noctuidae) and
Maruca vitrata (F.) (Pyralidae), are regarded as the most se-
rious, with annual pigeonpea losses world-wide valued at
US$ 317 million and US$ 30 million, respectively. Among
the pod-sucking bugs, Coreidae are dominantand Clavigralla
spp. (especially C. tomentosicollis), Anoplocnemis spp. and
Riptortus spp. are particularly damaging. Shanower et al.
(1999) do not provide any estimate of financial losses but
quote figures from Tanzania (Materu, 1970) citing losses in
excess of 50%, while Minja (1997) found losses as high as
32% in Kenya (Coast Province). In Malawi, Minja (1997)
found that C. tomentosicollis, H. armigera and M. vitrata
were the major pod pests, with Etiella zinckenella Treitschke
also causing concern. Overall pod pest damage levels in
June 1995 and July 1996 reached maxima of 23% (Thyolo)
and 20% (Mwanza), respectively. In Blantyre and Zomba
Districts, damage levels ranged between 10% and 12%.

During the 1997/98 season, it was apparent at all the FSIPM
Project trial sites, that although podding was generally pro-
lific, the eventual yields of clean seed were poor and seed
damage levels were high. Damage by pod-sucking bugs, in
particular, was plainly visible in the form of shrivelled pods.
Accordingly, in the 1998/99 season, a survey programme
was mounted within the FSIPM Project trial plots to deter-
mine the incidence and severity of pod and seed damage.

CABI Bioscience, with separate funding from the Depart-
ment for International Development (DFID) Renewable
Natural Resources Knowledge Strategy, Crop Protection Pro-
gramme, is conducting a research project to inventory the
pPod-boring Lepidoptera damaging pigeonpea and related
8rain legumes in Africa, Asia and South America, and their
Natural enemies. The opportunity existed, therefore, to com-
bine the efforts of the FSIPM Project, ICRISAT (E. M.), the
Department for Agricultural Research and Technical Serv-
ICes (DARTS) (P.M.) and CABI (A. P.) to learn more about the

sfgleonpea pest fauna in southern Malawi and its impact on
lelds,

MATERIALS AND METHODS

Experimental design of on-farm trials

The trial at Mangunda was designed by the FSIPM Project’s
farming systems agronomist and comprised three main plots
in each of the farmers’ fields. Two of the main plots had the
following long duration pigeonpea varieties grown on four
sub-plots within each main plot: ICP 9145 (the only wilt-
resistant variety officially released in Malawi), ICEAP 00040
(wilt-resistant) and ICEAP 00053 (wilt-susceptible).

In one of the main plots, the pigeonpea plants were grown
as an intercrop with maize. In the second main plot, they
were grown as a sole crop. Varieties were randomly allo-
cated to each main plot. In the third main plot, four other
medium duration varieties were grown on four sub-plots,
intercropped with maize. These were: Chilinga (a variety
obtained from farmers in Chiradzulu) and three ICRISAT
(wilt-susceptible) varieties, ICEAP 00068, ICEAP 00073 and
ICP 6927. The complete treatment structure for the trial is
given by Abeyasekera, p. 28.

In the main intercrop trial conducted within Chiradzulu and
Matapwata EPAs, the trial design used was identical to the
design used in the 1997/98 season. Design details can be
found in Abeyasekera (1998). Pigeonpea varieties tested in
the main intercrop trial were ICP 9145, ICEAP 00040 and
ICEAP 00053. The trial was carried out on the fields of 18
farmers in Nansadi Section of Matapwata EPA and 24 farm-
ers in Lirangwe Section of Mombezi EPA.

Data collection from on-farm trials

Surveys of pigeonpea pod pests were undertaken in both of
the above trials (Table 1). The planned procedure for sam-
pling pigeonpea pods from each plot (or sub-plot in the case
of the Mangunda trial) was to destructively sample five pods
at random from each of five randomly selected plants. This
would give a total of 25 pods/sub-plot. In the actual sam-
pling of medium duration varieties at Mangunda, there were
too few mature pods available to take five from each of five
plants. The data collection team had to select pods from
several plants in order to get 25 pods in total. At least five
plants were always sampled.

The 25 pods (per plot or sub-plot) were first examined for
the presence or absence of external damage. Then the

Table 1. Dates and podding percentage for
pigeonpea pod pest surveys

Location Podding
Dates (Section) Trial percentage
21-22.06.1999  Mangunda  Medium duration 3543
16-19.08.1999  Lirangwe Long duration 100
23-30.08.1999 Nansadi Long duration 100
20.08.1999 Mangunda  Long duration 100
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number of seeds within each pod were counted and a record
made of the total number damaged or destroyed and whether
the damage was caused by pod borers, pod-sucking bugs or
pod flies (Melanagromyza chalcosoma Spencer, Minja et
al., 1999). The data sets presented for analysis comprised
total numbers of seeds damaged per plot due to different
causes for three different trials: (a) Mangunda medium du-
ration varieties; (b) Mangunda long duration varieties; and
(c) main intercrop trial pigeonpea varieties. With respect to
the medium duration varieties at Mangunda, data were avail-
able for only four farmers since one farmer had planted
Fusarium-susceptible local pigeonpea in the same field in
the previous season and had unwittingly created a ‘wilt sick
plot’ with extreme Fusarium wilt incidence. Since none of
the medium duration pigeonpea varieties in this trial was
resistant to the pathogen, plant survival was too low to per-
mit pod collections to be made.

Collection and rearing of pod borers

During the surveys detailed above and subsequently during
a visit to Malawi by A. P. (September 1999) large numbers
of damaged pods of pigeonpea (from smallholder farms in
Mombezi and Matapwata), Crotalaria ochroleuca (from
Mafisi Estate, Mangunda, Thyolo RDP and FSIPM Project
trial sites), and Tephrosia vogelii (from FSIPM Project trial
sites in Matapwata) were collected and opened. Any larval
or pupal borers or parasitoids were sorted into individual
labelled containers with adequate food. Any adult borers
and parasitoids emerging were removed and prepared, la-
belled as voucher specimens and identified, where possi-
ble to species level. The data gathered from this survey are
at best semi-quantitative, since it was not possible to carry
out a standardized destructive sampling programme. The
collection effort was aimed at capturing a broadly repre-
sentative sample of the different borer species damaging
pigeonpea in the FSIPM Project area. Wherever possible,
digital photographic images of different stages of the main
borer species and their parasitoids were prepared as an aid
to field identification in future surveys (see Plates 1 and 2).

During the formal pod surveys from on-farm trials and the
collection of damaged pods for borer rearing and identifi-
cation, the research team made qualitative observations of
the occurrence of different species of pod-sucking bugs feed-
ing on the pods of pigeonpea, Crotalaria, Tephrosia and other
grain legumes.

Data analysis methodology for pod survey data

Five responses of interest were identified for analysis:

* the proportion of pods (out of 25) with visible external
damage

* the proportion of seeds damaged by pod borers
¢ the proportion of seeds damaged by pod-sucking bugs
* the proportion of seeds damaged by pod flies

* the overall proportion of damaged seeds in selected pods.

92

Since these responses are all proportions, computed, for
example, from numbers of seeds damaged by various pests,
they were analysed via logistic regression procedures, i.e.
using a generalized linear model. The analysis takes account
of the fact that the numbers of seeds damaged or numbers
of pods showing external damage are likely to follow a bi-
nomial distribution. One assumption in this analysis is that
the chance of damage remains the same (within a particular
plot) for each item examined for damage. While this might
be a reasonable assumption for each of the 25 pods exam-
ined for external damage, it is possible that plants will differ
in the frequency of their pod damage due to patchy pest
distribution between plants. The assumption of an even dis-
tribution of damage is even less likely to be true for each of
the seeds examined, since a seed from a pod with damaged
seed has a greater chance of also being damaged than
one from an undamaged pod. Initial analyses undertaken
in fact demonstrated this to be the case as evident from
statistical diagnostics for checking the goodness of fit of
models used. All analyses concerning seeds and analy-
ses concerning pod damage by external causes in most
instances were, therefore, modified to take account of
varying binomial probabilities across the seeds (and
possibly pods).

All analysis procedures were carried out taking into account
the data structure as specified by the trial design, e.g. allow-
ing for variation between farmers in all cases, allowing for a
nested data structure in the case of the long duration varie-
ties at Mangunda, and allowing for zone and EPA differ-
ences in analyses conducted with data from the main
intercrop trial.

In sections below, results are presented in terms of predicted
percentages of seeds and/or pods showing damage. Results
are also presented in the form of odds ratios, i.e. the odds of
damage to one variety relative to the odds of damage to
another variety.

In order to define formally odds ratios, we first define the
odds of damage for a particular variety as:

Probability of damage / Probability of no damage
= Probability of damage / 1 - Probability of damage

Two varieties can then be compared by looking at the ratio
of their odds. So for example, the odds of damage to ICP
6927 relative to Chilinga would be defined in terms of the
odds ratio as:

[P /(=P / [P/(1-P))]
where P, = probability of damage for variety ICP 6927 and
P, = probability of damage for variety Chilinga.
RESULTS OF POD DAMAGE SURVEY

Medium duration varieties (intercropped with
maize) at Mangunda

The results from fitting a series of generalized linear
models to the numbers of seeds/pod damaged among
medium duration varieties at Mangunda are shown in
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Table 2. Predicted percentages of seeds/pods showing damage for
medium duration varieties at Mangunda

Pods with Damaged Damagedby Damaged  Overall

external by pod pod-sucking by pod damage
Variety damage (%)  borers (%) bugs (%) flies (%) (%)
Chilinga 7.0 2.0 39.0 0.41 41.7
ICEAP 00068 36.7 7.3 38.1 1.35 47.2
ICEAP 00073 14.0 2.3 45.0 1.16 48.5
ICP 6927 35.0 7.2 52,5 242 62.2
Sample size 23-25 118-153 118-153 118-153 118-153
range
P <0.001 0.060 0.321 0.333 0.168

Table 3. Odds ratios for comparing ICP varieties with Chilinga for
medium duration varieties at Mangunda

Variety Pods with  Damaged Damaged by Damaged

compared external by pod pod-sucking by pod Overall
with Chilinga  damage borers bugs flies damage
ICEAP 00068 7.79 3.80 0.96 3.34 1:25
ICEAP 00073 217 112 1.28 2.84 1:32
ICP 6927 7.22 3.73 1.74 6.11 2.30

Table 2. The table shows model predictions for the per-
centage of seeds and pods showing damage.

Clearly pod-sucking bugs are a major problem for all varie-
ties included in the trial. There is some indication that vari-
eties Chilinga and ICEAP 00073 show greater resistance to
pod borers than ICEAP 00068 and ICP 6927. Pod fly attack
also seems lower for Chilinga and ICEAP 00073. With re-
spect to overall damage, ICP 6927 shows a significant dif-
ference (P=0.043) only with respect to Chilinga. Overall the
variety Chilinga appears to be the least susceptible to pod
pests.

Table 3 shows the odds of damage to varieties ICEAP 00068,
ICEAP 00073 and ICP 6927 relative to Chilinga. Values
greater than 1 indicate a higher rate of damage to the vari-
ety listed compared with damage to Chilinga.

To illustrate the interpretation, consider the final column in
Table 3. The odds of external damage to pods of variety
ICEAP 00068 are nearly eight times higher compared with
damage to Chilinga. On the other hand, for ICEAP 00073,
the odds of external damage are only about twice as high as
for Chilinga. The survey of medium duration varieties was
Carried out in late June when less than half the pigeonpea
plants were podding (Table 1). It seems likely that pod dam-
age will have continued to worsen until all seed pods were
fully dry or were harvested. The figures given here are, there-
fore, most likely an under-estimate of the eventual full dam-
age.

Long duration varieties (sole or intercropped
with maize) at Mangunda

The experimental set up for the long duration varieties
Planted in the Mangunda trial involved two main plots within

each farm, five farms in all. On one main plot, pigeonpea
was grown as an intercrop with maize while in the other, it
was grown as a sole crop. Each main plot had three sub-
plots on which ICP 9145, ICEAP 00040 and ICEAP 00053
were grown.

Generalized linear modelling procedures, allowing for vary-
ing binomial probabilities, were carried out for each of the
response variates listed above. However, the model fitting
procedure failed to converge for the proportion of seeds
damaged by pod flies, since the incidence was very low
and only one farmer had any pod fly damage amongst sam-
pled seeds. The results below, therefore, refer only to the
remaining four responses.

The initial analysis involved studying differences in damage
proportions across two cropping patterns (sole or intercrop)
and across the three pigeonpea varieties. It was also inter-
esting to see if there was an interaction between these two
factors, i.e. whether variety differences varied across crop-
ping patterns. The latter interaction was found to be non-
significant with respect to all damage responses investigated.
However, predicted percentages of damage due to different
causes indicated some apparent interaction effect. Results
are, therefore, reported separately in Table 4 for intercropped
and sole cropped pigeonpea.

As for the medium duration varieties, pod-sucking bugs are
again the most damaging pest attacking pigeonpea seeds.
The severity of damage appears to be higher when pigeonpea
plants are sole cropped than when they are grown as an
intercrop. The difference is, however, non-significant
(P=0.344).

The interaction of cropping pattern with pigeonpea variety
is non-significant with respect to the proportion of pods with
external damage (P=0.113). However, results above indi-
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Table 4. Predicted percentages of seeds/pods showing damage for long

duration varieties at Mangunda

Pods with Damaged  Damaged by  Overall
Cropping external by pod pod-sucking  damage
pattern Variety damage (%)  borers (%) bugs (%) (%)
Intercrop ICP 9145 12.8 5.3 37.6 43.
ICEAP 00040 20.0 7.1 48.9 56.1
A ICEAP 00053 32.8 10.8 44.5 56.5
P for differences between 0.071 0.207 0.217 0.110
intercropped varieties
Sole crop ICP 9145 31.2 10.4 45.2 57.2
ICEAP 00040 15.2 5.1 53.5 58.7
ICEAP 00053 25.6 9.4 54.4 64.1
P for differences between sole 0.355 0.485 0.453 0.691
cropped varieties
Sample size range 25 109-151 109-151 109-151
P for cropping pattern 0.757 0.831 0.344 0.373

Table 5. Odds ratios for comparing ICEAP varieties with ICP 9145

at Mangunda

Pods with  Damaged  Damaged
Cropping external by pod by pod- Overall
pattern Variety damage borers sucking bugs  damage
Intercrop ICEAP 00040 1.70 1.36 1.59 1.69
ICEAP 00053 3.33 2.16 1.33 1.72
Sole crop ICEAP 00040 0.40 0.47 1.39 1.07
ICEAP 00053 0.76 0.89 1.45 1.34

cate that ICP 9145 when intercropped with maize, is less
damaged than the ICEAP varieties, but more damaged than
the ICEAP varieties when it is sole cropped. As an intercrop,
ICP 9145 has some advantage over ICEAP 00053 (P=0.032)
with visible damage on pods being substantially less by about
60%. ICEAP 00040 appears to suffer less external damage
than ICP 9145 when these varieties are grown as sole crops,
but the observed 50% reduction is non-significant (P=0.313).
Itis important to note, however, that non-significance can
result from high plot-to-plot variability as is often evident
under on-farm conditions. Therefore, in interpreting the
above results, it is important not to dismiss non-significant
differences in damage percentages as being truly absent.

Interpretation is aided by looking at the odds ratios for the
two ICEAP varieties relative to variety ICP 9145 as shown in
Table 5. With respect to overall damage and damage by

pod-sucking bugs, the ICEAP varieties have slightly worse
odds of damage compared with variety ICP 9145. The odds
of damage by pod borers and visible external damage to
pods is much higher for ICEAP 00053 compared to ICP 9145
when these varieties are intercropped with maize. The ad-
vantage of ICP 9145 disappears, however, when pigeonpea
is sole cropped.

Long duration varieties (intercropped) in the
main intercrop trial

Data on pod pests were also collected from farmers included
in the main intercrop trial aimed at studying pest tolerance
among four bean varieties and Fusarium wilt tolerance
among four pigeonpea varieties, i.e. a local variety, ICEAP
00053, ICEAP 00040 and ICP 9145. Here, farmers came

Table 6. Predicted percentages of seeds/pods showing damage for long
duration varieties grown in the main intercrop trial

Pods with Damaged  Damaged Damaged  Overall
external by pod by pod- by pod damage
EPA damage (%)  borers (%) sucking bugs (%) flies (%) (%)
Chiradzulu 10.3 3.1 14.7 0.5 18.4
Matapwata 22.7 9.2 20.5 2.5 32.2
P for EPA diff <0.001 <0.001 <0.001 <0.001 <0.001
Odds of damage in 2.54 3.16 1.50 5.15 21

Matapwata relative
to Chiradzulu
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Table 7. Predicted percentages of seeds/pods
showing damage for long duration varieties grown
in the main intercrop trial

Damaged Damaged  Overall

by pod- by pod damage
Variety sucking bugs (%)  flies (%) (%)
Local 11.6 0.8 17.3
ICEAP 00053 16.0 1.1 23.4
ICEAP 00040 23.8 1.5 30.4
ICP 9145 14.7 1.2 20.7
P <0.001 0.046 <0.001

from two EPAs and their fields were classified as being ei-
ther dambo or upland. The effect of these two factors and
their interaction were also studied during the analysis rela-
tive to the farmer-to-farmer variation, while pigeonpea
varietal tolerance was studied relative to the plot-to-plot
variation.

For each of the responses analysed, EPA effects were clearly
evident (P<0.001) with a higher incidence of pod/seed dam-
age in Matapwata compared to Chiradzulu. Table 6 sum-
marizes the results in terms of predicted percentages of dam-
age to seeds or pods, as well as the odds of damage in
Matapwata relative to Chiradzulu.

The odds of damage in Matapwata, relative to Chiradzulu,
are worst for pod flies, being about five times greater. Odds
ratios are also found to be approximately three times higher
in Matapwata, compared to Chiradzulu, for pod borers and
for pods showing external damage.

In comparing the severity of pod pests among different vari-
eties included in the trial, clear effects were found (P<0.001)
for both the overall percentage of damaged seeds and the
percentage of seeds damaged by pod-sucking bugs. There
was some evidence (P=0.046) of a variety effect also with
respect to damage caused by pod flies. The local variety
gave the lowest damage percentages in all cases (Table 7).

Table 8 shows that the odds of damage to variety ICEAP
00040 is about twice the odds of damage to the local vari-
ety with respect to overall seed damage, seed damage due
to pod-sucking bugs and seed damage due to pod flies. The
relative increases in odds of damage for ICEAP 00040 com-
Pared to the local variety were significant for all these three

Table 8. Odds ratios for ICEAP 00053, ICEAP
00040 and ICP 9145 compared to the local
variety based on pod pest damage recorded in
the main intercrop trial

Variety Damaged Damaged

compared with by pod- by pod Overall
local variety sucking bugs  flies damage
ICEAP 00053 1.45 1.45 1.46
ICEAP 00040 2.38 1.98 2.09
ICP 9145 1.31 1.54 1.25

responses (P<0.001, P<0.001 and P=0.007, respectively).
However, the odds of damage were only about 1.5 times
higher for ICEAP 00053 relative to the local variety (P=0.002,
P=0.004 and P=0.163, respectively). Odds of damage for
ICP 9145 were only slightly higher than the odds of
damage for the local variety (P=0.066, P=0.035,
P=0.103, respectively).

With respect to the proportion of seeds damaged by pod
borers and the proportion of pods showing external dam-
age, there was insufficient evidence of an overall variety
effect when averaged over EPAs. However, there was some
evidence of an EPA by variety interaction (P=0.047 and
P=0.014, respectively) for these two responses.

Corresponding results, shown in Tables 9 and 10, clearly
show the reason for the variety by EPA interaction. The lo-
cal variety is poor compared to the ICRISAT varieties in
Chiradzulu but is much better relative to those varieties in
Matapwata. ICP 9145 gives the most consistent results across
the two EPAs. It has a significantly lower percentage of pods
with external damage in Chiradzulu compared to the local
variety (P=0.014) while in Matapwata, the corresponding
percentage is only marginally worse compared to the local
variety (P=0.089). Damage by pod borers does not vary sig-
nificantly across varieties in Matapwata. However, in
Chiradzulu, the local variety had significantly more pod
borer damage than variety ICP 9145 (P=0.029). For variety
ICP 9145 in Chiradzulu, the odds of seed damage by pod
borers, is about half that of the local variety. It appears that
while the local variety is slightly more damaged in the poor
growing conditions of Matapwata (wetter and cooler) than
in Chiradzulu, the ICRISAT varieties experience a 2-3-fold

Table 9. Predicted percentages of seeds/pods showing
damage for long duration varieties grown in the main

intercrop trial

Chiradzulu Matapwata
Variety Pods with Damaged Pods with Damaged
external by pod external by pod
damage (%) borers (%) damage (%) borers (%)
Local 13.9 4.2 174 7.0
ICEAP 00053 12.2 3.6 26.1 11.1
ICEAP 00040 8.7 2.6 24.0 9.0
ICP 9145 6.6 2.0 23.5 9.7
P 0.049 0.103 0.105 0.176
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Table 10. Odds ratios for comparing the local variety with
the ICRISAT varieties in the main intercrop trial

Chiradzulu Matapwata
Variety
compared Pods with Pods with
with the local external Damaged by  external Damaged by
variety damage pod borers damage pod borers
ICEAP 00053 0.86 1.72 1.66
ICEAP 00040 0.59 1.53 1.32
ICP 9145 0.44 1.49 1.43

increase in damage, perhaps owing to their preference for
hotter, drier conditions.

Predicting seed damage from external pod
damage

Data from the main intercrop trial were also analysed to
investigate whether pigeonpea seed damage could be pre-
dicted from pod damage. The prediction relationships were
quite strong with fitted regression lines for each EPA as fol-
lows:

y =-0.00056 + 0.3078x in Chiradzulu

y =-0.00072 + 0.4372x in Matapwata.

Table 11 gives predictions for the percentage of seeds dam-
aged, derived from the percentage of pods with visible ex-
ternal damage. The precision of the predictions was high.
The predictions for Chiradzulu were within 9% to 13% of
the true values, while for Matapwata, the predictions were
within 9% to 16% of the true value. Figures 1 and 2 show
the form of the relationship. The relationship was more or
less the same for all varieties.

Levels of seed damage

The pod damage survey reported here counted individual
seeds with any damage from borers and pod-sucking bugs
as a total loss. This is convenient for scoring purposes but
cloes not provide an accurate picture of the true losses ex-
perienced by farmers who are able to utilize some catego-
ries of damaged seed.

Mwale et al. (1999) elicited responses from farmers to a
graded series of pod and seed samples with slight to severe
damage by pod bugs and pod borers (Ritchie, unpublished
data) derived from the material examined during the pod

Table 11. Percentage of seeds damaged by pod
borers, predicted from percentage externally
damaged

Externally damaged (%)

EPA 01 02 03 0.4 0.5 0.6 0.7

Chiradzulu 3.0 59 8.7 11.6 14.4 17.3 201
Matapwata 43 82 12.0 15.9 19.8 257 27.6
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damage surveys reported here. Farmers were asked to
classify the seed samples according to the purposes for
which they could be used. They separated seed samples
into one or more of five potential use categories: plant-
ing, sale, home consumption, livestock feed and rejected
seed. Subsequent analysis of these responses involved
counting seed fed to livestock as a total loss, while seed
used for domestic consumption, even if not suitable for
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Figure 1. Relationship between proportion of seed damaged
by pod borers and the proportion of pods showing external
damage (by EPA).
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Table 12. Farmers’ perceptions of seed damage
from pod-sucking bugs

Table 13. Farmers’ perceptions of seed damage
from pod-boring caterpillars

Percentage damage Damage
10-15" >30° >60% Slight* Medium® Serious*
Farmers’ Farmers’
perception No. % No. % No. % perception No. % No. % No. %
Usable* 14 93.33 9 60 0 0 Usable 12 80 n 73.33 2 13.33
Useless 1 6.67 6 40 15 100 Useless 3 20 4 26.67 13 86.67
Total 15 100 15 100 15 100 Total 15 100 15 100 15 100

*Could either be cooked, sold or planted.

*Mature seeds with slight discoloration or small dent. When cut
open, 10-15% of seed surface necrotic.

*Mature seeds clearly dented and discoloured When cut open,
more than 30% of seed necrotic.

*Mature seeds seriously dented and discoloured. When cut
open, more than 60% of seed necrotic.

sale or planting is counted as having full value to the
farmer (Tables 12 and 13).

It can be seen that the lightest class of bug damage exhib-
ited to farmers did not exceed 15% necrotic tissue, whereas
the higher classes cover the range of damage from 30%
necrosis up to 100% (Table 12). In Figure 3 the means of the
different seed damage classes offered to farmers are shown
against the percentage of farmers considering such dam-
aged seed as valueless. It appears that 22% of farmers would
regard seed damage levels of 30% as a total loss, whereas
by the time seed damage reaches 50% of the seed, 50% of
farmers consider the seed to be valueless. At 80% seed de-
struction, all farmers consider the seed to be a total loss.

In the seed damage survey reported here, as in previous
surveys by Minja (1997), any damage to a seed is consid-
ered to involve the loss of that seed. The implication of farm-
ers’ evaluations of seed loss is that with a balanced spread
of damage classes within the overall population of dam-
aged seeds, researchers are probably exaggerating true
yield loss levels experienced by farmers by up to two
times, although this does not allow for the considerable
loss of quality and flexibility of use (e.g. seed not plantable)
which the farmers suffer in accepting damaged seed.
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cg“’e 3. Farmers’ perceptions of loss of value from seed
asses with increasing mean percentage damage levels.

*Slight damage (<30% seed volume consumed).
*Medium damage (31-60% seed volume consumed).
*Serious damage (>60% seed volume consumed).

Farmers are more tolerant of seeds which have been partly
eaten by pod borers than they are of bug-sucked seeds (Ta-
ble 13). Seeds which have lost up to 60% of their mass are
still considered usable by 73% of farmers, although at higher
levels of damage acceptability drops to 13%. However, in
reality, seeds which have been partially consumed by bor-
ers are quite rare in pigeonpea since the caterpillar usually
consumes the whole seed before ceasing feeding. Probably
80-85% of seeds damaged by borers are totally destroyed.
it follows, therefore, that borer damage is probably less ex-
aggerated by researchers than bug damage. An assumed
inflation of about 1.2 is probably adequate to ensure that
damage to pods is conservatively valued for purposes of
economic analysis.

It should be borne in mind that early damage by sucking
bugs results in a pod with fewer apparent seeds, such that
the cause of the vanished seed is often not recognized. In
the case of pod borer damage, seed loss begins in the flow-
ering stage with the destruction of the young ovary by the
same borers, e.g. Maruca vitrata (Shanower et al., 1997)
which go on to feed within the developing pods. The only
way to estimate such losses is to conduct exclusion experi-

‘ments comparing plants sprayed at flowering with unsprayed

controls. In the FSIPM Project trials, farmers often com-
plained of flower fall, which they usually attribute to wind,
though it is almost certainly largely caused by pests. Some
varieties (e.g. Chilinga) can produce a second batch of flow-
ers to replace those lost to insects and this characteristic is
much valued by farmers. The total impact of insect pests on
seed yield is, therefore, likely to be under-estimated by re-
searchers, though establishing the true figure may be diffi-
cult and probably prohibitively expensive.

Results of preliminary survey of pod pests

The species of Hemiptera observed attacking grain leg-
umes in Blantyre/Shire Highlands are summarized in Ta-
ble 14 and illustrated in Plate 2. At least seven species
belonging to five families have been observed feeding
on pigeonpea, of which the Coreidae are the most im-
portant. Clavigralla tomentosicollis appears to be the
commonest species found on pigeonpea pods. Pod-suck-
ing bugs are able to feed on plant shoots as well as pods
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Table 14. Pod-sucking bugs (Heteroptera) found on grain legumes in Blantyre/Shire Highlands

Pigeon-  Soya- Cow-

Species Description pea bean Bean pea Tephrosia  Crotalaria  Sesbania
Clavigralla tomentosicollis ~ Broad brown Yes Yes Yes
Stél (Coreidae) spiny bug
Clavigralla elongata Elongated brown Yes Yes Yes
Signoret (Coreidae) spiny bug
Anoplocnemis curvipes F. Large blackish Yes Yes Yes Yes Yes
(Coreidae) bug with large

legs
Riptortus dentipes (F.) Elongated bug Yes Yes Yes
(Alydidae) with white lateral

longitudinal

bands
Nezara viridula (L.) (Green  Green shield bug Yes Yes Yes Yes
stink bug) (Pentatomidae)
Calidea sp. (Blue bug) Large irridescent Yes
(Scutelleridae) blue bug
Helopeitis schoutedeni Slender reddish Yes Yes Yes
(Mosquito bug) (Miridae) bug

and are apparently polyphagous on a range of legumes.
This enables successive generations to feed on bean,
Tephrosia and pigeonpea as they become available.

The results of the rearing programme for lepidopterous pod
borers are summarized in Tables 15 and 16 by legume hosts
and localities, respectively.

Two surprising results of this survey were the detection of
high numbers of the noctuid Pardasena virgulana (Plate 2)
and the tortricid Leguminivora ptychora (Plate 2). Pardasena

virgulana appears not to have been recorded on pigeonpea
previously from Malawi, but is recorded from Kenya and
Mauritius (Zhang, 1994). The abundance of this species
certainly merits further study, as published records of other
species may actually be misidentifications of P. virgulana.
The early instar larvae differ greatly in their appearance from
later larvae (Plate 2), initially giving the impression that two
distinct species were present. Pardasena virgulana was oc-
casionally parasitized by a Cotesia sp. (Hymenoptera:
Braconidae). Leguminivora ptychora is a well-documented

Table 15. Pod-boring Lepidoptera reared from legumes in Blantyre/Shire Highlands (August—
September 1999) with relative frequency indicated

Pod borer species Description of larva

Fish bean Sun hemp Lablab bean
Pigeonpea (Tephrosia  (Crotalaria (Dolichos
(Cajanus cajan) vogelii) ochroleuca) lablab)

Variable — green, brown or
reddish stripes. Later instars much
larger than other species.
Green/cream stripes in early
instars; distinctive dorsal chevron
pattern in later instars.

Pale green with four rows of dark
brown spots.

Yellow-cream without spots but
can be more pinkish-purplish (so
could be confused with L.
ptychora).

Bright red.

Helicoverpa armigera
Hibner (Noctuidae)

Pardasena virgulana
Mabille (Noctuidae)
(Plate 2)

Maruca vitrata F.)
(Pyralidae) (Plate 2)
Etiella zinckenella
Treitschke (Pyralidae)

Leguminivora ptychora
Meyrick (Tortricidae)

(Plate 2)

Tortrix dinota Meyrick  Green with chocolate stripes
(Tortricidae)

Exelastis atomosa Dull purplish-brown with rows of
Walsingham small paler and darker spots.
(Pterophoridae) Very long setae (Plate 2).

Lampides boeticus L. Slug-like.
(Lycaenidae)
Lycaenid sp. B Slug-like. Small adult with
speckled underwings.

Lycaenid sp. C Slug-like. Large adult.
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Plate 2. Pod-boring Lepidoptera: 1-3 Leguminivora ptychora (Meyrick) (Tortricidae) adult, pupa and larva; 4-6 Pardasena virgulana (Mabille) (Noctuidae) adult, pupa and

\ale instar \arva, 7-9 Maruca vitrata (F.) (Pyraiidae) adult, pup= and larva.
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Table 16. Distribution and relative frequency of
occurrence of pod borer species attacking
legumes at FSIPM Project field sites (August—
September 1999)

Section
Species Lirangwe  Nansadi  Mangunda
Helicoverpa armigera 11 1111
(Noctuidae)
Pardasena virgulana 1 1 11111111
(Noctuidae) 1
Maruca vitrata 1 111
(Pyralidae)
Exelastis atomosa 1111
(Pterophoridae)
Leguminivora ptychora 1111 111
(Tortricidae)
Tortrix dinota 1
(Tortricidae)
Lampides boeticus 1 11111111
(Lycaenidae) 11
Lycaenidae sp. B 1
Lycaenidae sp. C 1

pest of legumes in Africa and Asia (Zhang, 1994), but had
not been hitherto identified from the study area as a pest of
pigeonpea.

The African bollworm, Helicoverpa armigera, is under-rep-
resented in the sampling reported here because it feeds
largely externally in the later instars and so is not easily
collected with pods, being able to drop to the ground when
the bush is disturbed. Mainly large larvae were found and it
is likely that most of the population had already pupated
before the survey. There was evidence of H. armigera feed-
ing damage from the high numbers of large holes found in
pods, which indicated that this species is in reality very com-
mon, if not the commonest borer species.

Within pods of both pigeonpea and Crotalaria, a large spe-
cies of chalcidoid wasp, Eurytoma sp., was also abundant.
Eurytoma spp. have varied biologies, and elsewhere during
the survey other Eurytoma spp. were collected, at least one
of which is a hyperparasitoid of Braconidae.

Data on the natural enemies collected during the survey
will be reported in detail elsewhere (Polaszek, in prepara-
tion). The blue butterfly, Lampides boeticus, was heavily
Parasitized by Neotypus intermedius (Hymenoptera:
Ichneumonidae), especially on Crotalaria where 50% para-
sitism was encountered. Maruca vitrata was also parasitized
more heavily on Crotalaria than on pigeonpea, in this case
by a Braunsia sp. (Hymenoptera: Braconidae). The pigeonpea
defoliator Orgyia tmixta (Lymantriidae) was extremely com-
mMon, but was found to be almost 100% parasitized, appar-
ently in all cases by Glyptapanteles africanus (Cameron).

The higher incidence of borer parasitoids in non-crop
Osts has been noted previously in wild grasses adja-
:e”l 1o maize or sorghum fields (Polaszek and Khan, 1998).
urther studies (currently in progress) on the relations be-
Ween pod borers, their crop and non-crop hosts, and their

natural enemies, may well have implications for the devel-
opment of IPM programmes, as was shown recently for ce-
reals (Khan et al,, 1997). The chemistry behind these
tritrophic interactions also needs to be investigated for le-
guminous crops. The present preliminary survey has only
touched on parasitoids or other natural enemies, and hence
specific opportunities for either classical biological control
or augmentation have yet to be identified. Shanower et al.
(1999) reviewed in detail several options for classical bio-
logical control of legume pests. Specifically, their sugges-
tions for using egg-parasitoids of pod-sucking bugs and H.
armigera deserve further investigation. One problem with
pigeonpea that these authors have stressed is the presence
of long trichomes and sticky exudates on pigeonpea pods
which interfere with parasitoid searching ability while en-
couraging borers (Shanower et al., 1999). This may, at least
in part, explain the greater levels of parasitism on non-crop
legumes encountered during the current survey.

DISCUSSION AND CONCLUSIONS

Medium duration (intercropped) varieties at
Mangunda

Study of the performance of medium duration varieties ICP
6927, ICEAP 00073, ICEAP 00068 and Chilinga in a trial at
Mangunda showed that Chilinga had greatest resistance to
damage by pod pests. However, there was clear evidence
of Chilinga’s superiority only with respect to the percentage
of pods with external damage (P<0.001). The odds of exter-
nal damage with ICEAP 00073 were about twice that for
Chilinga, while for ICEAP 00068 and ICP 6927, the odds of
damage were over seven times higher compared to Chilinga.

Odds of damage by pod flies were again higher for varieties
ICEAP 00068, ICEAP 00073 and ICP 6927 compared to
Chilinga. The odds ratios for the ICEAP varieties relative to
Chilinga were about 3 while for ICP 6927, the odds ratio
was about 6. The differences were, however, not significant
(P=0.333), probably due to high variation in the damaged
proportions between plots.

With respect to damage by pod borers, there was some in-
dication that varieties Chilinga and ICEAP 00073 had greater
resistance than varieties ICEAP 00068 and ICP 6927.

Long duration (sole or intercropped) varieties
at Mangunda

Long duration varieties ICP 9145, ICEAP 00040 and ICEAP
00053 were grown as sole crops and also as intercrops with
maiz