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PREFACE

This volume reports the proceedings of a workshop on bean
research in southern Africa organised by the Southern African
Development Community/Centro Internacional de Agricultura
Treopical {SADC/CIAT) Regional Programme on Beans in Southern
Africa, with financial support from the Canadian International
Development Agency (CIDA}.

The SADC/CIAT regional bean programme is the bean component
of the Grain Legume Improvement Programme of the Southern African
Centre for Cooperation in Agricultural Research and Training
(SACCAR) and is part of a network of interdependent regional
projects managed by CIAT in Africa. This workshop is the third
in a series of multidisciplinary regional workshops considering
research on the common bean in SADC countries. Such workshops are
designed as fora for the assessment of status, methods, guality,
future direction and needs of research, through peer review by
scientists within the bean network. This document is the twenty-
seventh in a series of proceedings of various types all of which
serve research on beans in Africa. This publication was made
possible through support provided by CIDA. The activities of the
bean research networks in Africa are further supported not only
by CIDA but also by the U.S. Agency for International Development
and the Swiss Development Cooperation. The opinions expressed in
this document are those of the authors and do not necessarily
reflect the views of these donor agencies nor of CIAT.

Further information on regional research activities on the
common bean in Africa is available from:

Pan~Africa Coordinator, CIAT, P.O. Box 23294, Dar es
Salaam, Tanzania

Coordinator, SADC/CIAT Bean Network, P.0O. Box 2704, Arusha,
Tanzania

Coordinator, RESAPAC, P.0. Box 2704, Arusha, Tanzania

CIAT Regional Bean Programme, P.0. Box 6247, Kampala,
Uganda.
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SESSION 1: OPENING SBEBEION
OBJECTIVES OF THE WORKBHOP

D.J. Allen

Under Secretary, Chief Research Officer, ladies and gentlemen, the
theme of this workshop is "beans, genes and research for increased
productivity and sustained self-sufficiency : the SADC/CIAT
regional workshop as a model". This is the third of our regional
workshops which we have held during the first 5 year phase of the
SADC/CIAT regional bean programme, which has been funded by CIDA,
The first regional workshop was also held here in Mbabane, on the
same dates 3 years ago. In 1990, we held the second, in
conjunction with SUA/CRSP in Morogoro, and the proceedings have now
been published and distributed.

The objectives of the workshop are to appraise recent scientific
progress made by recipients of academic scholarships and leaders of
regional collaborative research sub-projects in southern Africa,
and so to foster multidisciplinary peer review of research
conducted within the bean network.

The proceedings of the workshop will follow the format adopted for
the previocus regional workshops, with presentations being given in
six successive sessions. Invited papers, of 25 minutes duration,
will describe research conducted in sub~-projects as well as the
results of thesis research. Offered papers, given by scientists
selected on a competitive basis, ocutline studies on beans not
directly supported by SADC/CIAT, and are of 15 minutes duration.
You will see from the Programme that there are to be 6 sessions
arranged by discipline and allowing for ample discussion, to be
recorded by rapporteurs. It is our intention to publish the
proceedings as usual, but we will also distribute to you all a
spiral bound record of the abstracts during the course of this
workshop.

This third workshop marks the end of Phase 1 of SADC/CIAT : the
next phase will be smaller and more Pan African, to make more
efficient use of shrunken resources. So it is timely to take stock
of what has been achieved and to identify gaps in what priority
constraints are not yet adequately addressed by our regional bean
network. The objective of the discussion groups to ke held in the
final session is to give guidance to the Steering Committee (which
convenas for its 13th meeting immediately after this workshop) to
the allocation of resources proportional to the perceived
importance of that particular research topic as part of the
regional agenda.

On behalf of CIAT, I should like to welcome you all to this
workshop which we hope you will find valuable, and to thank you for
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coming to join us. Special thanks to the Under Secretary for doing
us the honour of opening the workshop for us.

Thank you !



BACCAR’S ADDRESS AT THE OPENING CEREMONY
P.D. Mkhatswa, on behalf of M.L. Kyomo

Distinguised guests, ladies and gentlemen, the Bean Research
Project is one of the projects under SADC’s Grain Legume
Improvement Programme (GLIP), that also embraces the Groundnut
Research Project and the Cowpea Research Project, executed
respectively by ICRISAT and IITA. The Bean Research Project is
executed by the International Centre of Tropical Agriculture
{(CIAT). These projects were initiated by SADC Heads of State after
the drought that we had in the early 1980/s. These projects are
for the benefit of SADC, not for the benefit of the executing
agencies. Nationals of the SADC countries therefore must work to
make these projects a success. If they fail, it is our failure.

Ladies and gentlemen, you have heard from Dr. Allen that Phase I of
the Bean Research Project is coming to an end, and another phase is
about to start. This phase seems likely to include more countries
and presumably less funds. This calls for more effort from the
nationals of SADC. In Swaziland, the Bean Research Project has had
impact. Our predominant bean variety is not liked by farmers. We
have now released three new varijieties to the farmers, and our next
task is to produce seed.

one aspect of the Bean Project that I 1like is its Steering
Committee through which nationals are able to voice what they need
for their countries, and natiocnals should be clear on those needs.
With the support of SACCAR and national governments, I hope we in
SADC will be able to use this project effectively for ocur full
benefit.

Thank you !



OPENING ADDRESS
A.F. Hlatshwako

Mr. Chairman, project leader, distinguished guests, ladies and
gentlemen, it is a pleasant experience for me to be given this
opportunity to make an opening address on the occasion of this
third SADC/CIAT regional bean workshop, and for this I wish to
thank the workshop organizers for affording me this unique
privilege.

It is fitting to begin my brief address by welcoming each and
everyone of you to the Kingdom of Swaziland. Swaziland, as you may
all know, is the smallest country within the SADC region, occupying
an area of about 17,360 sgquare Kkm. Its current population is
estimated to be 800,000, Swaziland is geographically divided into
four agro~ecological zones which allow for a wide diversity of
cropping patterns and farming systems. The highveld, which
streches from the north to the south on the western side of the
country, has a cocol climate with an average annual rainfall of 1200
mm. The average altitude in this region is 1700 m above sea level.
Farming activities in this region are limited by steep slopes.
Beans are mainly grown in this zone where natural and exotic
forests are found, The middleveld, which lies east of the
highveld, is the most suitable zone for agricultural activities.
Most of the major crops are grown in this zone. The lowveld lies
east of the middleveld and is characterized by a semi-arid climate
and high temperatures.

The national agricultural policy is to achieve self-sufficiency in
food production, improve the nutritional status of rural
communities and of low-income groups in urban areas. Beans as a
legume crop can provide cheap vegetable protein to these groups.
However, beans are grown on a small acreage in the country.
Farmers normally grow their own varieties which are determinate and
of cranberry type. It is my belief that these farmers could
benefit from improved bean technologies. Previous research work
has shown that improved varieties are higher yielding than the
local varieties. Thus, if farmers could adopt the new improved
high yielding varieties, this country could achieve its goals of
attaining self-sufficlency in food production and improving the
nutritional status for the low income groups in urban and rural
communities.

We are aware that the international agricultural research centres
and the national agricultural research system have developed
improved varieties and yet national bean production is not
improving. I am reliably informed that Swaziland has, over the
last five seasons, concentrated on the promotion of CIAT lines,
Carioca, BAT 1713, PVA 894, and PVBZ 1782. Research officers
inform me that farmers who have participated in on~farm trials

4



have time and again come back for more seed of these bean lines
because their harvests have all been consumed.

Ladies and gentlemen, I have indicated that here in Swaziland high
yielding bean lines, Carioca, BAT 1713 and PVA 854 have been
identified, but farmers do not grow them yet on a large scale.
This might be due to a number of reasons which may not be known to
us. It is therefore the duty of this workshop to share experiences
and challenges in an effort to develop appropriate research
methodologies. Funding for national agricultural research
programmes is inadegquate. Budget cuts are experienced annually.
Financial support, be it from national, regional or international
sources, is diminishing. I hope the workshop will focus on
balancing technology development and technology transfer in terms
of monetary value, human resources and time. Many technologies
within the region have been developed in the past but these have
never reached farmers and therefore have had practically no impact
on farmers’ lives and/for aspirations. That was a waste of noney,
time and human resources. Ladies and gentlemen, these past
experiences should not be repeated. Finance must be viewed as the
major constraint to our efforts. National scientists should work
hard on well planned programmes in order to develop our countries.
Human population is increasing at an alarming rate, and this is a
challenge to all of us here to provide enough food for them and
also to improve their standard of 1living. Farmers should be
encouraged to grow these beans.

Ladies and gentlemen, without any waste of time, I declare this
meeting officially opened.

Thank you !



SESSBION 2 : ON-FARM REBEARCH

EXPERIENCE WITH ON-FARM RESEARCH ON BEANS IN
TANZANIA

0.T. Edje
ABETRACT

Qur on-farm activites in Tanzania cover four regions:
Arusha, Kilimanjaro and Tanga in the north, and Kagera
in the north-west of the country. The first three
regions are malze-based cropping systems and Kagera is
banana-based., ©Our research activities in these regions
have included : variety trials, farmer managed trials,
seed distribution, a pilot seed scheme, soil fertility
and agroforestry. These activities have been carried
out in collaboration with farmers, national programme
scientists, extensionists and NGOs, onotably : the
Tanzania/Netherlands Lake Zone Farming Systems Project,
SECAP and Global 2000. In these districts where we
have been active, a logical sequence of on-farm trials
have been set in place, vranging from exploratory work
to demonstration.Our strategy is a farmer participatory
approach that integrates farmers in the generation of
technology, and this has led to the higher adoption
rate of technology, especially of varieties.Exploratory
trials 1in Lushoto District, Tanga Region, using the
modified minus one design, identified lack of improved
variety and so0il infertility as the main constraints
limiting bean production in the district. Both
constraints have been successfully addressed. The
involvement of farmers in varietal selection for on-

farm research 1is now institutionalized. Evaluation
techniques include the use of the ordinal, colin and
questionnaire methods for the  assessment of

production, marketing and consumption characteristics,
The nutritional disorder once referred to as "Usambara
mottle" was diagnosed as potassium deficlency, to which
a potential solution has been found.Agroforestry trials
set up 1in 1988 1in Lushoto, with the objective of
erosion control, soil fertility  improvement and
provision of stakes for climbing beans are now yielding
encouraging results. However, we still face the
following challenges : the institutionalization of OFR,
the exploitation of opportunities for relay intercropp—
ing with c¢limbers in the southern highlands, and soil
fertility  improvement of the tumbas through use of
fast growing and easy to  eradicate legumes such as

Crotalaria.
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BEAN-BASED INTERCROPPING SURVEY

a
G.hlsl Hitti

Adaptive Research Planning Team, Eastern Province, Zambia
ABSTRACT

As part of the cropping systems sub-project of the
SADC/CIAT bean improvement effort, a formal survey
was conducted on bean-based intercropping systems.
The main objective of the survey was to investigate
how farmers grew beans particularly in association
with other crops. This knowledge would form the
basis for future intercropping studies involving
beans. It was realised that farmers’ production
systems differed and were complex, hence are not
considered in current research effort. The survey
uncovered a lot of salient points in the farmers’
production systems among which are cultural practices,
varieties, intercropping systems -their causes,
constraints and potential. The survey highlights a
number of questions and makes recommendations for
consideration in future research efforts 1in bean
research in general, and bean-based inter-cropping
in particular. Paramount are issues of labour
shortage, poor soil fertility and seed shortages in
the system.

INTRODUCTION

The survey was conducted as part of the SADC/CIAT bean
improvement effort which partly financed the study. The objective
of the study was to gain an understanding of how farmers grow
beans, particularly in association with other crops. This
understanding was needed in order to develop bean production
technologies that were more appropriate for the farmers’ bean
production systems. It was noted that whereas most bean research
involved growing beans in monoculture, farmers were seen to grow
beans in association with other crops. The objectives of the
survey were to determine with which crops beans were most
commonly associated, and what was the nature of the principal
differences between the two systems, of monoculture and
intercropping. Although a general questionnaire was developed in
Zambia by the author and other scientists, other SADC countries
also implemented the survey, but this report concerns only the
survey conducted in parts of Zambia, notably Serenje district,
which was considered representative of the intercropping systems.
This paper summarizes findings from Serenje district.

MATERIALS AND METHODS
The questionnaire, developed by scientists on the Adaptive
Research Planning Team (ARPT), was pre-tested in Solwezi and

Kasama districts of north-western and northern provinces of
Zambia, respecively. Before it was sent out to participating
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countries, the questionnaire was also discussed and modified to
suit further cropping systems by collaborators in Arusha,
Tanzania of the SADC/CIAT Regional Bean Programme. Thereafter,
individual countries administered it and processed the
information. In Zambia, the survey was conducted in Serenije
district by a team of agronomists and extension staff. Farmers
were selected randomly from each of the extension sub-districts
{(blocks) in Serenje. No enumerators were used because it was
intended that scientists themselves follow-up issues beyond the
questionnaire when necessary. The survey was conducted in
February 1991, when a crop was in the field. Scientists visited
the fields and verified some of the information. Results from
the gquestionnaire were then coded and information processed
manually. It should be noted also that staff of ARPT northern
and north-western provinces decided to administer the
questionnaire in suitable districts in their respective
provinces, but results await analysis.

RESULTS
Household labour

Although most families included several children, effective
household labour available for most farm operations was often
low. Thus, 40% of households reported only 2 persons (husband
and wife) as full time workers on the farm. 25% of the
households had a labour force of 5 pecople, while another 20% had
4 people, in both cases including teenage children. Farmers
complained of shortage of manpower for desired levels of
operation. This shortage was reflected in the frequency of
labour hire, where 50 % of the households did hire labour while
the other half did not. Labour was hired mostly (75%) for
ploughing, primarily maize (~bean) fields (66%). The form of
payment. was by cash (72%), food (18%) and beer (9%). Beer parties
invelved large numbers of people.

S8ize of holding

The concept of fields to mean separate parcels of land was often
misunderstood for plots planted to different crops, even if only
one piece of land was involved. Nevertheless, it was reported
that 40% of the households had 3 or 4 fields, with 30% owning 6
or more. Field sizes were difficult to establish, and some
fields were still uncleared bush. Farmers indicated no land
constraints.

Soil fertility and age of fields

70% of farmers categorized the soils in their fields as poor and
needing fertilizer, while 25% had land of medium fert- ility.
Oonly 5% had high fertility (probably in new fields). This poor
soil fertility may be inherent and only aggravated by crop
cultivation. All the same, even though most farmers (45%) had
been in the area for 15 years or more, their fields had often
been in cultivation for much shorter periods.



Main crops

Asked what they grew in their fields, all farmers had maize, in
addition to which 80% had millet and 50% had sorghum as their
main crops. The area for maize ranged from 0.25 to 3.5 ha with
an undefined portion intercropped with beans. Again reliable area
estimates were hard to obtain.

Starchy staple crops

Asked what their number one starch staple was, 75% of farmers
answered maize, 20% millet, while only 5% said cassava. In
second place was millet (45%), cassava (30%) and for some farmers
maize (10%). It was concluded that the primary staples were
maize, millet and cassava, in that order.

Relish

The main relish staple was beans (20%) followed by vegetables
(exotic, then local types).

Cash source

Since many farmers paid cash for labour and exotic vegetables,
it was important to determine their cash source, Asked about
their main cash sources, 85% of households said from maize, while
50% included bean sales as well. Other cash sources were reported
as loans (40%), piece work {40%) livestock (chicken) sales (45%),
and beer sales (50%). Percentages refer only to the freguency
with which a source was mentioned and not to the magnitude of
cash inveolved, for which farmers could not give reliable figures.

Cultural practices in bean production : varieties

Nearly all farmers had more than one variety. Most farmers grew
several varieties : 55% had at least 4 (-6) varieties, 30% had
2 or 3. Over 70% of the varieties were said to be c¢limbing
types, with large yellow, cream to light pink seed.

75% of farmers grew two successive rainfed bean crops per season,
The first was intercropped in maize, while the second was grown
sole, or intercropped with new cassava. Although the same
varieties were planted both times, most (85%) farmers said the
second bean crop gave better yields than the first.

However, due to multiple plantings and harvests, the actual yield
was difficult to establish. Farmers’ decisions for locating the
current season’s bean-maize crop were found to relate to the need
for crop rotation (46% of respondents), to use of residual soil
fertility (31%) and to land shortage (23%), though the latter was
related also to scil fertility (due to shortage of fertile land).

Planting time and method

Although (first crop) planting started in October (15%), most
of the planting was done in late November (52%), and early
December (28%). However, farmers changed from season to season
depending on circumstances like when the rains started.
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Although farmers who plant late stopped planting in December,
those whe plant early stopped planting in November. The second
crop was planted mostly in February, with a little bit sown in
early March or late January. Asked about relative planting dates
of crops, 94% of farmers said they planted maize and beans at
the same time. Only 6% planted beans later than maize. As for
the placement of the bean seed, farmers placed it in the sanme
station with maize (47%) or placed it in between maize stations
(47%), the former practice to save labour. A small minority (6%)
planted beans on the side of maize ridges.

Row spacing and seed rate

Row spacing and seed rate were difficult to establish as farmers
generally do not take accurate measurements. However, through
demonstrations and visits to the fields, it was established that
between~row spacings ranged from 80~100c¢m and intra-row spacing
ranged from 15-100cm for maize. Beans were placed as described
above, on maize ridges. Where maize was closely planted, beans
were only included at some stations {no specific pattern given).
Maize seed was mostly planted singly but 2 or 3 seeds per station
was common. Beans were planted in 27s, though 3-4 seeds was
frequently mentioned and resulting plants observed.

Fertilizer use

95% of farmers acknowledged using fertilizer in their maize-bean
fields. When asked which crop was targeted, all said fertilizer
was applied to, and intended for, maize. But they realised beans
benefited from the "maize fertilizer". The fertilizer rates
applied could not be established because farmers could not recall
how much area had received how much fertilizer. Fertilizer
guantities sometimes seemed inadequate for the area treated.

Bean yields

In spite of the early planting and fertilizer use (for the
maize), bean yields in intercrop were very low, estimated at
500kg/ha by 95% of respondents. Realising that the second (sole)
bean crop yielded higher than the intercrop, 74% of farmers
thought the first crop would yield better if planted sole. But
this they would not be able to do because of labour shortages
early in the season at planting time of maize which receives
priority. As regards maize yield in intercrop, 47% of respondents
reported that beans suppressed maize yield, while 42% had not
seen any such detrimental effects. A further 10% thought the
maize benefited from bean association.

Disease and insect pest incidence in intercropping

About the same proportion (32%) of farmers felt that a sole bean
crop would suffer more pest and disease pressure as felt that the
pressure would be the same. Some 15% thought a sole crop would
suffer less, while a further 21% had no idea what would happen.
Farmers could not specify to what pests and diseases they
referred. Farmers were further asked if they knew of any other
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benefits due to intercropping beans and maize. 84% said ‘ves’
they 4id, the rest (16%) answered ‘no’. However, most of the
benefits (seed multiplication, early relish) pointed to labour
saving and soil fertility (use fertilizer on maize, compatible,
increases bean vield). Some farmers mentioned risk aversion,
meaning they feared planting beans after maize would lead to bean
crop failure.

Bean production problems

Asked about probklems with their bean production systems, 47%
replied that they had some, but 53% perceived none. Farmers
forsaw many potential problems, including reduced maize yields
due to nutrient competition, molsture stress, as well as
difficulty in weeding an intercrop. Farmers felt the maize needed
fertilizer, and that the combination failed in dry years.

Bean-cassava intercropping

The majority (75%) of farmers grew a second bean crop frequently
in association with cassava. Cassava cuttings are planted on the
side of large ridges, 60 cm apart. Beans are then planted (1-2
seeds per station} at random on the ridge from the end of January
to early February, after maize weeding. The beans are harvested
after about 3 months, leaving the cassava to continue growth for
about 2 years. Although bean yield was estimated to be
relatively low (< 500 kg/ha), the bean crop did not seem to be
affected by the cassava which had only a small leaf canopy for
most of the time that bheans were in the field.

DISCUSBION

Beans were found to be a very important component of the system,
contributing both to household food as a relish and to family
income through sales. Nevertheless, bean seed yields remain very
low because of various production constraints that warrant
research attention. 1In addition to the points mentioned above,
the survey revealed a number of issues that need to be addressed;
these are as follows :

Farmers grow many varieties of beans, both as mixtures and as
pure types. Mixtures presumably ensure against risk as well as
incorporate desirable seed characters that other components lack.
The importance of varietal mixtures on-farm raises the issue of
whether farmers are expecting that newly released varieties are
also mixtures; and what their reaction might be to pure lines.
Should researchers be developing ‘composite’ wvarieties, or
components that the farmer might incorporate into his, or her,
mixture ? Since farmers produce two successive crops per season,

are ‘new’ varieties sufficiently unresponsive to time of planting
i

>

On varieties, research should also study and characterise
farmers’ preferred varieties.

As farmers bean yield could not be determined accurately during
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the survey, both actual and optimal yield in inter-cropping need
to be assessed. Research should characterise farmers’ seed
rates, spacing, planting patterns, and dates.

Labour shortage was seen as much the most important factor
governing farmers’ decision-making, including the adoption of
intercropping which may have contributed to the low yields of
beans. This implies that bean production technologies (including
monocropping) that are labour intensive are liable not to be
adopted readily; research may be necessary to identify varieties
and other practices that do not rely upon labour at peak periods.
Both weeding and planting patterns were found to be affected by
labour constraints, and research iz needed to examine farmers’
practices so that future recommendations take into account the
shortage of labour in the system. Labour saving technology in
bean production should be studied.

Disease and insect pest dynamics in an intercrop also need to be
characterized. There was no conclusive response from farmers on
the subject.

With the current high price of fertilizer after removal of
subsidy, it seems possible that maize may be replaced by less
fertilizer-dependent crops such as millet and sorghum as the main
cereal staple in the system. The challenge for research is to
intensify work on the intercropping of beans with millet, sorghum
or cassava.

Bean response to direct, residual and "maize" fertilizer regimes
need to be studied and compared, including the effect of new
fields on bean yield.
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EVOLUTION OF RESEARCH IN BEANS IN KAGERA REGION,
TANZANIA, 1988-1992

C.H. Bosch

Lake Zona Farming Bystems Research Project, ARI Maruku,
Bukoba, Tanzania

ABS8TRACT

An overview is given of the work done on
beans 1imn Kagera Region since 1988 1in
collaboration between the ARI Maruku Bean
Section and the Farming Systems Research
Section.

In on-station trials, improved varieties

had outyielded the local check ’‘Kisapuli’.
This justified testing the high~yielders

in farmers’ fields in mixed cropping with

bananas. On-farm trials were planted in

September/October (short-rains 1989 &

1990) and February/March (long rains 1990

/91). During the short rains, Lyamungu 90

outyielded ‘Kisapuli”’ significantly
though by only 5«6%. In the long rains,

yields were low as a result of low light

intensity, impeded drainage during early
stages and drought towards ripening.

To obtain better knowledge of the local
varieties ("what are we trying to improve
on ?"), 14 local varieties were compared
with two improved ones in pure stand in
an on~station trial. Again ‘Lyamungu 90
yvielded 50% more than ‘Kisapuli’. Several
local varieties yielded in the same range
as the improved ones (ca 1300 kg/ha}.

It is concluded that in future trials one
should carefully :
-~ select several local check varieties
- consider  the land-use system
predominant in the area where the trial
is conducted.
-~ Define a more specific objective of
the trial (e.g. select higher yielding
small white-seeded varieties}.
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INTRODUCTION

In the farming system of Bukoba and Muleba Districts, three major
landuse types are recognized (Friedrich, 1968) :

- The most important land-use type is the ’kibanija’ in which
the house is situated. The main crop in the kibanja is bananas.
At the start of the short rains (September~October), the bananas
are interplanted with beans.

- The second land-use type is ‘kikamba‘’. The kikamba is
devoted to annual and short-lived perennial crops : sweet potatoes,
cassava, maize and sometimes beans. Kikamba can be ‘upgraded’ to
kibania.

- The third land-use type is ‘rweya’ : grassland unsuitable to
be turned intec kibanja or kikamba. Once in eight vears (at most)
an annual crop is grown (bambara groundnut, groundnut, dioscorea
yam, sweet potato, finger millet) sometimes in combination with
cassava.,

In Bukoba, rainfall decreases westward from the coastal strip.
Average annual rainfall varies from 2100 mm in Bukoba town to about
800 mm in the West. 1In Muleba, the rainfall gradient from North to
South is more marked than from coast to West. Not far South of the
District capital, rainfall is such that banana cultivation is
impossible.

At the start of the Lake Zone Farming Systems Research Project, in
1988, it was realised that the best way to obtain knowledge of the
farming system was to start trials in farmers’ fields as early as
possible to get the feel for the farmer and the cropping systen.
At that stage, an annual trial crop was considered most suitable as
results are obtained quickly and treatments can be adjusted twice
a year.

QOBJBCTIVER OF THE CON-FARM TRIALS

Bean variety trials done on-station (Maruku} have given strong
indications that local varieties can be outyielded enormously by
improved varieties. The results of an on-station trial in 1988 are
shown in Table 1. “‘Cariocca Selection 2/ yielded 2.6 times more
than the local check ‘Kisapuli’. This further justified testing
the performance of these superior yielding varieties as compared to
a local variety under farmers’ conditions. This was the main
objective of the on-farm variety trials.

A second objective of the on-farm trials was to get in closer touch
with farmers and to gather information systematically from farms
and farmers. An important aspect was the collection of sets of
yield data linked to soil characteristics. Banana densities and
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crop mixtures were among the other data collected in the process.

A third, and final, objective of the trial in the long rains was to
cbtain an answer to the question :

“Why do farmers not grow beans during the long rains
while this season seems less risky because of more
reliable rain 7 "

RESULTSB

In four seasons, a total of 130 trials were planted on~farm. The
design used was a randomized complete block with two replications
at each site. Sites were clustered, clusters being villages each
with five sites. Each season, new sites were selected, and
villages were changed after one, two or even three seasons. As can
be seen from Table 1, several varieties were discontinued. Reasons
were the unfavourable opinion of farmers, disappointing vyield
and/or poor seed quality. Lyamungu 90 was the best improved
variety, both in vyield and in farmers’ opinion. The yield
difference with Kisapuli is small (5-6%) but its consistent
performance and its demand from farmers justified release of the
variety.

The poor performance of Kisapuli on-station should be attributed to
its exposure to full sun or perhaps to differences in soil chemical
characteristics between the research station and farmers’ field.

The long rains trials gave us the answer to the question why
farmers are not growing beans during this season. The 1990 season
was a dry one, especially towards the end of the growing period
{May & June}. Yields were reduced by drought stress. The 1991
season was extremely wet. In Bukoba Town, rainfall amounted to 380
and 523 mm in April and May, respectively. The result was poor
light intensity for beans under the banana canopy, impeded drainage
in some sites, and low temperatures.

Although disease incidence was higher than in the three earlier
trials, disease was not considered to be the cause of yield loss.
Growing beans during the long rains is more risky than growing them
during the short rains. That our trial seasons were not
exceptional can be seen from the graphs in Figure 1, that represent
rainfall probabilities by decade for both the wet (Bukoba Town) and
dry (Kyakakera) part of Bukoba District.

Analysis of formal interviews with 100 farmers in 10 villages
(trial farmers & villages + others) has led to a better
understanding of bean growing practices and problems connected to
bean growing (Bosch et al., 1990). Systematic information on other
aspects of the farming system has been collected (e.g. Bosch, 19%0;

15



Bosch et al., 1990). Soil analysis data were obtained of all trial
sites and proved that the Xkibanja soils are not all poor in
available phosphorus, contrary to what is generally assumed (Milne,
1938) . Banana densities, measured in all sites, appeared to be a
lot higher (median ca 1500 stools/ha) than the recommended density
(816~-1100 stools/ha).

FOLLOW~-UP ON ON-FARM PROGRAMME

Our on~farm variety trials justified release of the variety
Lyamungu 90, In September 1992, seed of this variety was
distributed in the Region to ca 300 farmers and Farmers’ Extension
Centres. The aim of this exercise is to see if adoption and spread
of the variety will take place. As seed firms are not very active
or effective, alternative ways of dispersing new varieties are
needed. Our on-farm trials had shown that varieties that are high-
yielding on-station do not necessarily yield well on-farm. The
final result of our on-farm trials was disappointing : of six
improved varieties tested, only one could be recommended for
release.

To obtain better knowledge of local varieties, we compared 14
widely grown varieties with the two best improved varieties during
the short rains 1991 in an on-station trial. The objective of the
trial was to find out; "what are we trying to improve on ? " Yield
results of this trial can be found in Table 2 and the Anova in
Table 3. This trial again showed poor performance of Kisapuli on-
station which is further proof for variety x cropping system
interaction. The variety Karuku showed a far better weed
suppression than the other entries. This explains why it is widely
grown in kikamba, a fact that was missed in the analysis of
questionnaires. Such a variety x cropping system interaction
comtrasts with findings in neighbouring Uganda where an interaction
was not found (Wortmann and Sengooba, 1993). Careful design of
trials, and analysis of results of variety trials using clustering
techniques (Mushi, 1989), should be done in future to allow for
detection and interpretation of significant interactions.

Farmers’ assessment of the varieties increased our insight in
varietal characteristics and preferences. As a result, in 1992 the
trial was repeated with large emphasis on local white-seeded
varieties, as this group is popular but low yielding, meaning there
is ample scope for improvement.

We hope this approach will lead to a series of trials both on-
station and on-farm with a more narrow scope than the earlier
trials.
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Table 1. Yields of varieties in different trials

- — - DA WO T W TS WP PO S S e 4 W S S At Wl Y b o L Bl W . T . o M . e T e WV, T TS S o A T T T O - -

On-station On-farm

1988 1990 1891 1389 1990* 1990 1991
Kisapuli g7 752 848 6§26 387 1030 302
Carioca 1019 - - 527 317 - -
EMP 8& 646 - - 696 336 - ol
Lyamungu 90 539 1259 1283 664 387 1077 260
Lyamungu 85 584 1087 1075 T26 385 1025 260
Lushara - - 1281 - 323 969 282
G 8864 - - - - - d 256

A W - T W - S W Ve T WA W T W I — T T W S T W W W W T 2 W W O . WV T WO W T o W S 7%

* Long rains, all other trials were executed during the short
rains
~ variety not included in the trial

Table 2. Yield (kg/ha) by variety

AU W WS S Y T O W WP T T S W WV S S ST, AN A T T S G P ST S S e

Variety Mean
Tibihabwa 1341 a
Lyamungu 90 1283 a
lushara 1281 a
Mwana-mwana 1098 ab
Lyamungu 85 1075 ab
Amini 925 abc
Karuku 876 abc
Kyaburundi 873 abc
Kisapuli 848 abc
Tikyakuloza 833 abc
Raja 802 abc
Kamoshi 6399 bc
Batenda-oclwakyo 654 bec
Temekibira 515 be
Kashenshe 484 c
Kaiba 481 c
Mean yield 879

Y o —— - ———_—— —— ", T . s sy W o mman i oy W Aol e i A W s s vt

Note : Means followed by the same letter are not significantly
different at P = 0.05

18



Table 3. Anova yield by replicate and variety

P A " " o — . " V. T " . S T T MAaa . W W T M i s S O Vo e S a W o mar s  $V lle e  “m b, W e e

Source of
variation

Mean
square

s T AR A G A Sl S SV S D A e o TS, GO W Ut R A M A Sl sk T T A D A A T T TN A N S TR T AT WA WA TR e, S T A

Main effects
Replicate
Variety

Residual

A o " A W WY VI 1) W A s P T SR S A Wl e mane v St S A e o

31935.896
233159.843

16614.918

.872 NS
6.368 **
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COMMON BEAN (Phaselous vulgaris) VARIETAL EVALUATION
UNDER ON-FARM CONDITICHNE 1IN SWAZILAND

Z. Hamba and 8¢ :Dlamini
Malkerns Research Station, Swaziland
ABSTRACT

Common bean  (Phaseolus vulgaris } iIs the most
important and popular food grain legume crop
grown by small scale farmers on Swazi Nation
Land (SNL) and by large scale farmers. The
on-farm ressesarch was conducted only on small
scale farmers’ fields. Seven Rural Development
Areas (RDAs) were selected. The number was
decreased to two in 1990/91 and 19%1/92. Twenty
four  farmers were involved during
experimentation. Four bean cultivars (Carioca,
PVBZ 1782, PVA 894 and BAT 1713} were tested
across the four seasons while Bonus (check) was
included during 1%88%/90 and 1990/%1 seasons.
Plot size was 2 rows x 10 m with two
replications per farmer. Farmers’ management
practices were recorded. They used both
tractor and oxen for seed-bed preparation.
Chemical basal fertilizer was applied at low
rates while nitrogen top-dressing was not
applied. Trials either received one hoe
weeding or one inter-row cultivation, or
neither. Data analysis was done using MSTATC
software. <Combined data analysis across sites
{over years) was performed. Carioca gave an
average grain yield of 382 kg/ha across
sites and seasons. FVBZ 1782 was second to
Carioca.But farmers did not like the colour or
taste of FPVBZ 1782. Farmer’s assessments done
on these cultivars revealed that farmers
preferred Carioca, PVA 894 and BAT 1713 because
of taste and high grain yield. However,
they did not like the growth habit of Carioca,
BAT 1713 or Bonus. Farmers preferred Bonus for
its taste but disliked its growth habit and low
grain yield.

INTRODUCTION

Food grain legumes, as a group,are second to maize in their
importance in Swaziland. The major legume crops grown on Swazl
Nation Land(SNL) are: beans (Phaseolus vulgaris), groundnut
{(Arachis hypogaea), bambarra groundnut (Vigna (= Voandzeia)
subterranea), and cowpea (Vigna unguiculata), while mung beans
{(Vigna radiata) and soyabeans (Glycine max) are of lesser
importance (Lin, 1985; Mamba,1991; Pali-s8hikhulu, 19%2).

Beans are one of the most important grain legumes grown. It is
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a good economical source of vegetable protein which can alleviate
protein malnutrition in developing countries of which Swaziland
is one (Mamba et al,1988). However, the area under bean
production fluctuates from year to year: estimated on SNL at
2,167, 1,138 and 4,209 hectares for 1975/76, 1979/80 and 1989/90,
respectively. Average yields ranged from 468, 190 to 500 kg/ha
for the three years, respectively (CS0, 1976; €SO, 1980; CSO,
1990} .

The low productivity obtained by farmers on SNL is due to a
number of constraints. Informal and formal surveys have
indicated that poor crop management, such as low plant stand,
minimal use of fertilizers and poor weed control, is among the
major limiting factors. An increase in bean production would
improve the human diet and alseo provide a source of income to
farmers.

Thus, on-farm bean varietal evaluation was conducted, with the
following objectives :

1. To evaluate promising bean lines under farmers’ field
conditions for high grain yield and tolerance/resistance to
major diseases and insects; 2. To assess the acceptability of
the varieties to farmers.

MATERIALS AND METHODS
8ites and seasons

This trial was conducted for four seasons (1988/89, 1989/90,
1990/91 and 1991/92) over a range of sites which varied from
year to year. During 1388/89, four Rural Development Areas (RDAs)
were selected, but in 1990/91 and 1991/92 only two RDAs were
selected for the trial. Co-operating farmers were selected by
research assistants based in the respective RDAs. The farmers
selected were those who were already growing beans. RDAs were
selected so as to cover the four agro-ecological zones of
Swaziland : Highveld, Middleveld, Lowveld and the Lubombo
Plateau. Farmers management covers this wide range of
environment,

Bean cultivars

Bean seed was provided to farmers by researchers. The produce
after harvest was given back to the farmers after recording
relevant data. Plot size was 2 rows x 10 m, with two replications
at each site. Row spacing was on average 50cm and within row
spacing was 10 cm. Bean cultivars evaluated were changed from
year to year, depending on their performance. Five promiging
bean cultivars were chosen for on-farm testing : Carioca, BAT
1713, PVA 894, PVA 781, PVBZ 1782 and Bonus(check). This paper
concentrates on the bean cultivars which were tested across the
four seasons, Data collected were seedling emergence, plant stand
at harvest, grain yield, wvisual assessment of diseases and
insects, and farmers’ assessment of acceptability and management.
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Seed~bed preparation

A few farmers ploughed their fields in winter using either
tractor or oxen, or both. Tractor ploughing tended to be
concentrated on areas close to the Project Centres of the RDAs,
where tractor hire pools are located. Most farmers (80%) used
both oxen and tractor for ploughing, while 12% used only oxen and
8% used only tractor. Farmers start preparing the sead-bed from
October to February. Tractor disking is done on fields prepared
in October to mid-January. Only 10% of farmers used the tractor
disk if fields were prepared in January or February, just before
planting.

Planting dates

In the Highveld in Mahlangatija RDA, farmers started planting from
the end of January to early March. During the study, it was found
that 66% of farmers plant in February, 22% plant in January and
11% plant in early March. In the Middleveld (Southern, Central
RDA; Bhekinkosi, Northern RDA), bean planting also began in
January and finished in March. January planting accounted for 6%,
while 82% planted in February; only 12% planted in March. This
was similar to what was found in the Highveld. In the Lowveld at
Mpolonjeni, the trial was conducted for only one season. Most
farmers planted beans in February. Summer temperatures are very
high in this zone and rainfall is erratic. Bean cultivar testing
was discontinued in this zone due to the climatic conditions that
prevail.

On the Lubombo Plateau at Tikhuba, the majority of farmers (70%)
planted beans in February while 26% planted in March and 4%
planted in January. However, during an informal survey it was
found that at least 45% farmers planted two bean crops per
season. The first planting is done in October/November while the
second crop is planted in February/March. Bean seed guality from
the early planted bean crop is poor, probably because it is
harvested when there is high relative humidity and farmers have
poor drying facilities (Lin, 1985; Mamba et al., 1988). It was
found that farmers grow the early crop mainly to bulk seed for
the main bean season (January-March), but some is also sold to
neighbours (Mamba, 19%1). Disease management is poor and so
bulking risks spreading disease. However, it is the best method
of increasing bean production since farmers usually bulk the
varieties that they prefer.

Planting method

Farmers used two methods of planting. We found that 20% of
farmers used an ox-drawn planter while 80% used hand methods.
Planting was done when there was enough soil moisture.

The record sheets indicated that 90% of farmers plant beans in
a moist, smooth seed-bed, but field observations suggest that
seed-bed preparation is in fact inadequate. Improved preparation
might be expected to improve plant establishment.
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Fertilizer application

Farmers apply very small amounts of inorganic fertilizers,
although residual fertilizer from application to maize was noted.
About 75% of farmers applied fertilizer at rates varying from 50~
200 kg/ha of 2:3:2. None of the farmers cooperating in the on-
farm trials applied nitrogen top-dressing to their bean crop.

RESULTS AND DISCUSSIONR

There were large differences in the performance of the bean
cultivars across the four seasons, which varied substantially in
the total amount of rainfall received (Table 1}. In the first
season (198B/89), no significant differences were found between
trial entries in the six data sets analyzed; seven of the trials
were abandoned because of damage from cattle. In the 1989/90
season, three of the entries (Carioca, BAT 1713 and PVBZ 1782)
significantly out~yielded the check, Bonug (Table 2). In that
season, emergence and initial plant stand had been excellent but
later a mortality reduced populations of all the cultivars.
Bonus and PVA 894 were noted as very susceptible to rust. In the
third season (1990/91) data were collected from 11/15 sites in
the two RDAs of Mahlangatija and Southern at which emergence had
been generally good. BAT 1713 had a significantly lower plant
stand at harvest relative to other entries (Table 3), and both
Cariocca and PVBZ 1782 out-yielded BAT 1713 and PVA 894. All four
test entries out-performed Bonus {(Table 2). In the fourth season
of 1991/92, only two data sets out of the twelve trials planted
were collected and analyzed; most of the other trials were
destroyed by drought, and a few by cattle. In the two trials,
BAT 1713 and PVBZ 1782 had higher plant stands at harvest than
the other two entries (Table 3). Nevertheless, Carioca
significantly out-~yielded the other cultivars, with a top yield
of 997 kg/ha (Table 2}.

overall, Carioca was the top yielder across sites and seasons,
with a mean yvield of 382 kg/ha, but not significantly greater
than the mean yield of PVBZ 1782 (355 kg/ha). PVA 894 was the
most preferred cultivar, especially for its palatability and seed
size (Tables 4 and 5), and farmers participating in the on-farm
research planned to adopt both PVA 894 and BAT 1713 above other
cultivars (Table 6). Farmers disliked the taste and seed colour
of PVBZ 1782, nor did they like the growth habit of Carioca, BAT
1713 or Bonus, but the latter was liked for its taste. on
balance, it was decided that Carioca, PVA 894 and BAT 1713 should
be released to farmers. TFuture research should concentrate on
improving plant population and cultural practices so that farmers
may realize the high vield potential of these new cultivars.
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Table 1. Rainfall distribution (monthly totals, mm)
over four seasons in Swaziland

Years

Month 1988/89 1989/90 1950/91 1991/92
OCTOBER 266.8 103.3 66.6 44 .4
NOVEMBER 76.6 177.6 222.6 140.0
DECEMBER 216.0 97.1 189.3 120.0
JANUARY 8.0 75.1 284.5 83.1
FEBRUARY 389.4 123.1 119.1 61.7
MARCH 56.5 67.2 182.9 28.4
APRIL 27.4 39.5 0 10.0
MAY 5.2 2.0 39.2 0
TOTAL 1125.9 684.9 1104.2 487.6

Table 2. On-farm grain yield (kg/ha) of promising bean
cultivars over four seasons in Swaziland

Season Mean

Cultivar -——-—————— - across

1988/89 1989/90 1990/91 1991/92 seasons
CARICCA 157.4 378.2a 566.2a 996.6a 381.8a
BAT 1713 121.1 362.6a 405.5b 677.7b 288.6b
PVBZ 1782 114.7 441.2a 528.8a 443.7¢ 355.3a
PVA 894 144.6 236.2b 393.8Db 402 .8cC 275.8b
BONUS - 242.0b 284 .0c - -
Mean 134.5 332.0 435.7 630.2 325.4
SE-+ ns 25.4 26.5 39.8 14.6
C.V. (%) 55.1 35.8 28.6 26.8 30.4

——— — ———— . b —— . o ek Y o L ks S A T ——————— — — ————
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Table 3. Plant stand (thousands/ha)} at harvest in an
on-farm bean cultivar evaluation in Swaziland.

Y — - — W VN, T, S . T SO V- -, T, S W_———y T W PO - DO T . T rT7 T T W WD Al oo e . . T e, T -
-] i - s s 4l Ui, W W P ot o me i s Sl U U W AN TR S o v s N Wl A W O

A W s BB g W S S o S S S A e A R STTD R i o ol WA A LA AL QAL e R S T T S S D U M (AR S M b o A L U il (AR S S "

Carioca 53 68 57 a 82 b
BAT 1713 51 55 28 b 160 a
PVBZ 1782 55 65 63 a 92 a
PVA 894 56 49 Bl & 80 b
BORUS - 41 58 a -

Mean 53.6 56.3 55.5 88.3
5E+ ns ns 2.7 3.6
C.V. (%) 16.6 22.1 16.3 17.1

S P U A WA TOOE TIE TRE PR S S S AP WA S IR VIS TS SO S S N S W W O TR SR T S . U W A W W AN STE S . O S ;s W Y S T o —

Table 4. Farmers preferences for three bean cultivars
to be released in Swaziland

o o d—— o e e W W o . il ity ot U W " e 1 . s o bl W S

Cultivar Preference (%)
PVA BS4 69
CARICCA 23
BAT 1713 8

S A A M A S S AL S Sl AR T s A b e el A S LS T S S L ok o S S

Table %. Traits of the bean cultivar PVA 894
preferred by participating farmers

T . W W S T S, — — " - W W S S, v ——_—— o AT S W WO, " =" (- -

Trait Preference (%)
Palatability 56
Seed size 56
High yield 44
Grain colour 22
Other 33

WA U A T . T W W T U T T s e e Gt WG A A N ot e an dmam e e e e Yo T T

Table 6. Bean cultivars that participating
farmers plan to grow in future

o —— A T WY VO S — A W W O T T ian o el e W W . e - m a — —— ——-

Cultivar Planned adoption (%)
PVA BY4 62
BAT 1713 62
Dwarf Sugar 38
Semincle 31
Carioca 15

A T T T, W S OO WA S U ADl S D S T T W S Y T T T o Sl SO IO D o e e AR B
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BEAN PRODUCTION svgrxns ON SWAZI NATION LAND
@
8:M. Dlamini

Malkerns Research Btation, 8Swagziland
ABRBTRACT

An informal legume survey was conducted on Swazi
Nation Land in 18%1. As a sequel to this study,
a formal bean survey was carried out 1in 1992, to
identify and/or verify  production systems
associated with bean production on Swazi Nation
Land (SNL). Research procedures, including sample
frame, sample size, and survey field operations
are described. The Iinterviews were conducted
during the period March 9 to April 16, 1992.
Descriptive statistics (averages, frequencies, and
cross—-tabs) were used to  analyze the data.
Chi-square tests were used to test difference of
proportions. The results show that 60 percent of
the Swazi Nation Land farmers grew beans, bush
speckied sugar beans  being the most commonly
grown variety. The majority of the farmers grew
beans in pure stands. Hand planting was the most
commonly used method of planting. More than 90
percent of the bean growers applied  basal
fertilizers on thelr bean fields. However, small
amounts were used. Nitrogen top dress fertilizers
and pesticides were also used by the farmers, but
to a limited extent. The SNL farmers identified
CMR beetle (Mylabris spp. and (Coryna spp.),
wilting and leaf spot symptoms as their major bean
pest and disease problems, respectively. The
information collected in this study will, in
general, be used by the Ministry of Agriculture
and Co-operatives for policy formulation  and
ultimately, planning purposes. The results of this
study will be of particular importance to the
Agricultural Research Division for the development
of research involving beans. In addition, this
study will form a baseline for future adoption or
impact studies associated with beans.

INTRCDUCTION

The common kean {Phaseolus vulgaris L.} is one of the major
legume crops in Swaziland. It is the most important source of
vegetable protein. It can also be used as a source of income.
Beans rank third in terms of area under production of major
crops: bean production ranges from 500 hectares on Title Deed
Land (TDL) to 4200 hectares on Swazi Nation Land (SNL) (Anon,
1989%9). Maize, the staple food, occupies more than 70 percent of
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the total cropped area, followed by cotton, occupying more than
20 percent. Under dryland conditions, the common bean is grown
in all the agro-ecological zones of Swaziland. However, the
Lowveld has the least comparative advantage in dryland bean
production. Due to their favourable climatic conditions, the
Highveld, Middleveld and Lubombo Plateau have a high potential
for dryland bean production., However, bean production may be
constrained by soil acidity in the Highveld. The agro-ecological
zones are described elsewhere (Anon, 1989; Anon, 19%91; Curry,
1988; Dlamini, 1990).

Bean production is estimated at 800 metric tonnes on SNL and 1000
netric tonnes on TDL, of which 500 metric tonnes are commercial
seed (Anon, 198%9). Bean production on SNL is lower than on TDL.
The reason for the low productivity on SNL is that, as opposed
to their commercial counterparts, SNL farmers do not use yield-
increasing technologies such as improved bean varieties,
fertilizers and recommended plant population. Neither do they
use recommended productive cultural practices, such as proper
seedbed preparation, timely weeding, pest control, and crop
rotation (Pali-Shikhulu, 1989; Mamba, 1990).

Lack of marketing policies may also contribute to low bean
production. Unlike maize and cotton, there is no structured
marketing system (marketing depots and official producer price)
for beans. Therefore, farmers may not be willing to invest their
resources in bean production, because they do not forsee any
incentive. Currently, the Swaziland Milling Company (SMC) is the
formal market for beans. However, since there is no official
producer price, SMC prices fluctuate. Another reason is that the
common bean is grown in the Lowveld which is not suitable for
dryland bean production. As a result, the government cobjectives
of increasing basic food crops, improving nutritional status of
the rural population, and boosting rural income have not been
achieved. The Agricultural Research Division (ARD) is currently
developing technologies aimed at increasing crop production.
Three bean varieties, namely: 1) PVA 894, 2) Carioca, and BAT
1713, have been released because they have shown an outstanding
agronomic performance and have been accepted by SNL farmers
{Mamba, 19%2; Dlamini and Majola, 1992; Variety Release
Committee, 1992).

The main objective of this study is to identify and/or verify
preduction systems associated with bean production on Swazi
Nation Land. The information collected in this study will, in
general, be used by the Ministry of Agriculture and Co-operatives
(MOAC) for policy formulation and ultimately, planning purposes.
The results of this study will also be of particular importance
to ARD for the development of research agenda involving beans.
In addition, this study will form a baseline for future adoption
or impact studies associated with beans.

MATERIALEZ AND METHODS
This section describes the sampling design and field survey
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methods used in this study.
Sampling desaign

A sample of 175 SNL legume growers was randomly chosan from
Extension Workers’ (EWs) list of farmers in three agro-ecological
regions of Swaziland, namely: 1) Highveld, 2) Middleveld, and 3}
Lubombeo Plateau. These regions were chosen because they
represent dryland bean production areas in the Kingdom (Mamba,
1991; Anon, 1989; Anon, 1990) and therefore, the rate of adoption
of bean technologies are expected to be high. The study covers
seven Rural Development Areas (RDAs), all from the abhove
mentioned agro-ecological regions of Swaziland.

Field survey

Seven enumerators were hired and trained in data collection
techniques/procedures. A pre-coded survey gquestionnaire designed
by the author was introduced and explained to the survey team.
Only a few questions were open-ended. The questionnaire was pre-~
tested at Motshane RDA. The main objectives of the pretest were
to determine if guestions were properly worded and
understandable, and to evaluate the enumerators’ understanding
of the questionnaire. After the pre-test, the questionnaire was
reviewed. Problems encountered during the pre-test were
corrected.

The interviews were conducted during the period March ¢ and April
16, 1992. Fields that had pure stands of the common bean were
measured, using a measuring wheel and recorded on the survey
questionnaire. Bean plant populations were estimated in pure
stand bean fields and alsc recorded on the survey gquesticnnaire.
Area (in hectares) under pure stand bean production and bean
plant population (plants/ha) were computed.

It was found difficult to estimate bean grain yield in the field.
However, we were able to gather subjective information on bean
production and homestead self-sufficiency in beans. The farmers
were asked guestions regarding their common bean production (185
kg-tins) in most years and self-sufficiency in this crop. This
information should be used with caution because the unit of
measurement {15 kg-tin or ligogogo) may not be uniform for all
the homesteads.

Research Assistants (RAs) and Extension Workers (EWs) stationed
at the surveyed RDAs were very helpful in introducing the survey
team to the farmers. The survey operation was supervised by the
author and his Research Recorder. Completed questionnaires were

checked for errors in the field and in the office.
Questionnaires with errors were sent back to the field for
corrections. Since this was a multiple visit survey (i.e.

interviews, plant population estimation and field area
measurement), most of the homesteads were visited at least twice.
The overall field work took approximately 2 months. The survey
team was accommodated at the farmers’ training centres.
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Method of analysis

A minimum amount of data coding was reqguired, since most of the
questions were pre-coded. pata were entered into a micro-
computer by an Encoder Operator who was hired specifically for
this survey. SPSS software was used in the analysis. A Computer
Programmer from the Monitoring and Evalution Unit (MEU) of MOAC
gave valuable assistance during data analysis. Descriptive
statistics (means, freguencies, and cross-tabs) were produced
through a series of SPSS programmes. Chi-sgquare tests were used
to test differences of proportions.

RESULTS AND DISCUSBION

All analyses focus on SNL farmers who grew common beans during
the 1991/92 cropping season.

S8elected demographic characteristics of the sampled homesteads

Data on the demographic characteristics of the sampled SNL
homesteads are presented in Table 1. More than 80 percent of the
homesteads were headed by males. The average age of the
homestead head was 53 years. The results regarding the
characteristics of the homestead head are somewhat similar to
Dlamini’s (1990) findings. The results show that more than 70
percent of the homestead heads were literate and educated to the
primary school level. Slightly less than 30 percent of
homestead heads were employed cff-farm for wages. More than 60
percent of the homesteads had members employed off-farm for
wages, higher than reported by Dlamini (199%0). The average
number of family members employed off-farm for wages was 1.8
persons.

Bean growers

More than %0 percent of the sampled SNL farmers reported that
they had at some time grown the common bean. However, 60 percent
of the farmers grew the crop during the 1991/92 cropping season,
as shown in Table 2, which also shows that some farmers had
discountinued growing the crop, because of the severe drought
which affected southern Africa.

Bean varieties

The SNL farmers were asked what bean varieties they grew during
the 1991/92 cropping season. Data on bean varieties grown by the
sampled SNL farmers are presented in Table 3. The findings
confirm Mamba‘s (1991) results that the bushy speckled sugar bean
is the most popular variety amongst SNL farmers. This variety
was grown by 85 percent of the bean growers. Interestingly, some
farmers were already growing Caricca before it was released. In
her study of farmers’ perceptions of the on-farm research, Malaza
(1987) found that the farmers were already using the new
technologies before these technologies became research
recommendations. The decision to grow Carioca is also supported
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by the farmers’ assessment of bean variety in Swaziland which
indicates that farmers preferred this variety because of its high
yield and palatability (Dlamini and Majola, 1992). This bean
variety was released in July, 1992 (Variety Release Committee,
1992)

Managsement practices and preoduction systems

Table 4 presents data on planting dates for the common bean on
SNL. Most of the planting was done in February, on dates
within the recommended range in the three regions. It is
estimated that harvesting for late maturing varieties planted in
February would take place in May.

Farmers practised both sole cropping and intercropping, however
growing beans in pure stands was the more common practice, and
more than 70 percent of the farmers planted the common bean in
pure stands (Table 5). Mamba (1991) also found that SNL farmers
practised both bean scle crop and intercropping. ©f those who
practised intercropping, more than 90 percent intercropped beans
with maize (Table 6) and within row being the most commonly used
intercropping arrangement (Table 7). The farmers planted their
beans by using both ox-drawn planter and hand. However, handg
planting was more widely used. More than two-thirds of the
farmers planted their beans by hand (Table 8).

Basal fertilizer use on beans was common. More 90 percent of
growers applied basal fertilizers to their bean fields (Table 9),
and 2:3:2 (22) was the most widely used fertilizer. Cther
fertilizers used were 2:3:2 (38) and superphoshate. Only 17
percent of the bean growers applied nitrogen topdress fertilizer
on their bean fields (Table 9); the most popular type was
Limestone Ammonium Nitrate (LAN). Urea was also used by some
farmers. Information regarding quantities of basal fertilizer on
pure stand bean fields (Table 10) shows that only small
quantities were used. The same was true of nitrogen topdressing.
As also shown in Table 9, another 17 percent of the farmers had
used nitrogen fertilizers in the past, but had stopped because
of the severe drought during the 1991/92 cropping season.
Research done on Nitrogen (N} utilization indicates that N uptake
by plants is low when soil moisture is low, and it may not be
economical for a farmer to apply N during a drought year (Pali-
Shikhulu, et al., 199%2). Another reason for stopping use was
lack of money. Studies on adoption of agricultural technologies
in Swaziland indicate that SNL farmers do not adopt technology
because they are constrained by lack of cash (Dlamini, 1990;
Dlamini, 1991; Warland, et al., 1991).

The majority of the farmers did not control pests apparently
because they did not know what pesticides to use, Previous
studies on Swaziland’s agriculture also found that pesticide use
among SNL farmers was lower than any other management practice
(Dlamini, 1990; Warland et al., 1991).

More than 50 percent of the farmers use both inter-rgw
cultivation and hand weeding methods to control weeds on their
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bean fields. Suprisingly, some of the farmers believe that hand
weeding is not necessary on beans and that inter-row cultivation
on beans is sufficient to control weeds. The explanation given
for not weeding was that this crop i1s not affected by weed
infestation. They claim that the crop produces even if it is not
weeded. This means that these farmers are not aware of the yield
reduction caused by weed interference. Therefore, farmers should
be made aware that the common bean is also affected by weeds.

Belected agricultural characteristics of BNL farmers who grew
beans on pure stands

Table 10 reports the agricultural characteristics of the SNL
farmers who grew the common bean on pure stands. The averadge
area under pure stand was 0.18 hectares. Motijane had the highest
average area under bean production (Appendix A).

The average seeding rate of beans was 18.0 kg/ha. The
recommended seeding rate ranges from 35 t¢ 50 kg/ha (Anon, 1977).
If farmers use the recommended rates, they can expect to achieve
densities up to 220 000 plants/ha. However, the survey results
show that bean plant population on SNL was one fifth of the
recommended density, at an average of 42,000 plants/ha.
Sandleni/Lugolweni RDA had the highest average bean plant
population (Appendix B).

The results regarding the use of basal fertilizers, nitrogen
topdress fertilizer, and pesticides are somewhat similar to the
results presented in Table 9. More than 90 percent of the
farmers who grew beans on pure stands applied basal fertilizers
on their bean fields, with an average application rate of 78.6
kg/ha. This rate is only a gquarter of the recommended rate of
350 kg/ha (Anon, 1977). Only 14 percent of the farmers applied
nitrogen topdress fertilizers. Nitrogen topdress fertilizer
applicaction was low as well, with an average rate of 34.1 kg/ha.
The recommended application rate of nitrogen topdress fertilizer
is about 100 kg/ha (Anon, 1977).

As shown in Appendix C, there is similarity between male and
female heads of household in the use of recommended management
practices. Warland and his collegues (1991) also found this.
Data on adoption of recommended management practices, bean self-
sufficiency and selling by each RDA are presented in Appendix D.

Sources of advice

The S8NL farmers who grew the common bean and were using
recommended management practices were asked who had advised them
to use those practices. As shown in Table 11, the farmers most
frequently reported that the Extension Worker (EWs) advised them
to use basal fertilizers and pesticides. Warland and his
collegues (1991) also found that farmers were advised by EWs to
u$e=fartilizars and pesticides. The farmers reported that they
relied primarly on themselves for growing beans and using
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nitrogen topdress fertilizers.
Pests and diseansesn

The farmers were asked what pests and diseases attacked their
common bean crop. The farmers cited the CMR heetle (Mylabris
spp. and Coryna spp.) as their major pest problem (Table 12).
These results support Mamba’s (1891) findings.

Pest identification surveys in Swaziland indicate that the bean
stem maggot (beanfly) is another major bean insect pest problenm
on SNL (Nsibande, 1992). However, the farmers did not report
this pest. It is possible that the farmers did not observe the
stem maggot because the maggots are inside the plant.

Disease identification was a problem because farmers observed
gymptoms without knowing the cause. Farmers observed wilting in
beans and mistock it for a disease problem (Table 13). In
reality, the wilting was a result of bean stem maggot attack.
Leaf spot symptoms were also observed by farmers in some
varieties. Research done on beans has shown that the major
disease in the country is rust (Uromyces appendiculatus) (I.B.
Kunene, pers. comm. 1992). Halo blight (Pseudomonas syringae pv.
phaseoclicola) and Rhizoctonia root rot also occur.

Research in Swaziland is focusing on identifying genotypes that
are resistant to some these disease in order to complement sound
cultural practices as a disease management strategy.

Production and marketing

The farmers were asked guestions regarding production, self-
suffiency, and marketing of beans. The results show that an
average bean production on SNL is about 993 kg, but this estimate
is based on the unit of measurement of 15 kg tins which may not
be uniform for all homesteads.

Data on homestead bean self-sufficiency and sales are presented
in Table 14. Seventy-five percent of farmers reported that they
were self-suffient in bean production. Those who were not self-
sufficient cited poor crop management and shortage of land as
their major constraints. Lack of cash was another constraint
amongst SNL farmers. Data on the relationship between research
and extension activities to self-suffiency and selling are
presented in Appendix E. More than 50 percent of the farmers sold
their surplus beans at an average price of E3.19/kg in the
informal market. At present, the informal intra-rural market is
the major buyer for beans produced on SNL. As indicated earlier,
SMC also buys beans, but mainly from the Republic of South Africa
and TDL at an average price of E1.58/kg. As clearly shown, the
formal market offers a price which is half that of the informal
market. The producer is a price taker and is not protected,
since there is no official produce price for beans in the
country. The farmers were asked how they used the mcney from
bean msales. As shown in Table 15, the money from bean sales was
used mainly for purchasing farm equipment. Previous studies also
indicate that money from crop sales is used to purchase
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agricultural inputs (Dlamini 1990; Warland et al., 1991). Other
uses include paying school fees and buying househould items.

Farmer participation in research and extension activities

The farmers were asked questions regarding their participation
in on-farm research, national maize competition, and Chinese
agricultural projects. The farmers were also asked questions
about their reading agricultural newsletters and listening to
agricultural radio programmes. As shown in Table 16, the sampled
farmers participated in different research and extension
activities. More than 80 percent of the farmers reported that
they listened to agricultural radio programmes. Dlamini (1990)
and Warland and his colleques (1991) also reported that listening
to agricultural radio programmes was popular amongst SNL farmers.
The results show that agricultural radio programmmes are one of
the major sources of extension information for SNL farmers.
Herzog (1972) found that agricultural radio programmes had an
impact on technology adoption in India and Brazil. Participation
in the national maize competition and the Chinese agricultural
scheme were popular amongst SNL farmers. The participation rates
in these activities are higher than reported in previous studies
{Dlamini, 1990; Warland et al., 1991). Warland and his collegues
(1991) found that there is a significant relationship between
Chinese scheme participation and self-sufficiency and selling
maize. Only 16 percent reported that they had participated in
on~farm research.

CONCLUSION AND RECOMMENDATIONS

The results have shown that the area under bean production is
very small. Farmers reported shortage of land as one of their
major constraints to bean production. The majority of the
farmers grow bushy speckled sugar beans. SNL farmers produce
beans mainly for home consumption. Self-sufficiency in bean
production was relatively high. The results regarding the
homestead self-sufficiency and bean sales show that the
government objectives of increasing basic food crops and boosting
rural income can be achieved, if SNL farmers can use the
recommended farming practices. SNL farmers apply low rates of
inputs (seed, fertilizers and pesticides) on beans. As a result
of the low seeding rates, very low plant populations are
achieved. Sandleni /Luqolweni RDA had the densest average bean
plant population. There was a remarkable similarity between male
and female heads of household and the use of most of the
recommended management practices, bean self-sufficiency, and
selling.

It is recommended that ARD carry out agronomic trials (different
levels of plant populations and fertilizer application) using the
three released bean varieties.

ARD should request assistance from SADC/CIAT to support
foundation seed production. To make seed available to farmers,
the Swazi-American Seed Company should play a major role in the
production and promotion of the released varieties. MOAC should
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continue encouraging farmers to grow beans, since this crop
provides the necessary protein and can also be used as a good
source of income for the rural population. In collaboration with
ARD and Swazi~American Seed Company, the Extension Service shoulad
carry-out extension demonstrations on bean production in the
arecag of Swaziland that have a high potential for bean
production. BSNL farmers should be taught to identify the bean
stem maggot, its symptoms of damage and how to contrel it., The
lack of a structured marketing system for beans has been
identified as one of +the constraints to bean production.
Therefore, the Marketing Adviscry Unit (MAU) of MOAC and NAMBOARD
should seek means of formalizing bean marketing.

REFERENCES

Anon (1977). Advisory Bulletin No. 1. University College of
Swaziland, Faculty of Agriculture, Malkerns, Swaziland.

Anon {(1989). Annual Statistical Bulletin, Central Statistical
Offfice, Mbabane, Swaziland.

Anon (1990). Swaziland 2Annual Survey on Swazi Nation Land.
Central Statistical Office, Mbabane, Swaziland.

Anon {1991). Farmers’ Guide Book. Ministry of Agriculture and
Cooperatives, Mbabane, Swaziland.

Curry, J. J. (1988). Analysis of the 1985/86 Labour and Input
Survey, Part 1: Demographic Characteristics of Sample
Homesteads, Research Report No., 34. Agricultural
Research Division, Malkerns, Swaziland.

Dlamini, S. M. {(1990). Analysis of 8mall Scale Farmers’
Incremental Technology Adoption Behavior in Swaziland.
MS Thesis, The Pennsylvania State University,
University Park, USa.

Dlamini, S. M. (1991). Time Lag Between Technology Release and
Farmer Knowledge, Research Study Series No. 10.
Malkerns, Swaziland.

Dlamini, 8. M. and V. K. Majola (1992). Evaluation of Bean
Varieties in Swaziland: Farmers’ Assessments, Research
Results. {(Unpublished}.

Herzoyg, W. A. (1972). Diffusion of Innovations to Peasants in

Brazil, Nigeria and India, JInducing Technological
Change for Economic Growth and Development, Michigan

State University Press, USA.
Malaza, M. T. ({1887). Farmers’ Perception of the On-Farm

Research Programme in Swaziland. Paper presented :at a
seminar at Malkerns Research Station, Malkerns, Swazilam.

36



Mamba, 2. I. (199%0). On-Farm Drybean Variety Trial. In:
Agricultural Research Division (Ed.). Annual Research
Report 1989/90, Ministry of Agriculture and Cooperatives,
Malkerns, Swaziland.

Mamba, Z. I. (1991). Report on an Informal Survey on Food Grain
Legumes in Four Regions of Swaziland, (Unpublished) .

Mamba, Z. I. {(1992). Evaluation of Bean Cultivars in
Swaziland, Research Results (Unpublished).

Nsibande, M. L. {(1992). Results of the Pest Identification
Survey, Research Results (Unpublished}.

Pali-Shikulu, J. (1989). Bean Improvement Research in
Swaziland. In: Smithson, J. B. (Ed.) Proceedings of the
First SADCC Regional Bean Workshop, Mbabane,

Swaziland, 4 - 7 October, 1989, CIAT African Workshop
Series No. 6, 7-14.

Pali-Shikulu, J.; E. M. Nxumalo, and S. M. Dlamini (1992).
Evaluation - Research Results {(Unpublished).

Variety Release Committee (1992). List of Release Crop
Varieties, Malkerns, Swaziland.

Warland, R. H., S. M. DRlamini; Hsieh, Kuang-Hua; and M. T7T.
Malaza {1991). Swaziland Cropping Systems Research and
Extension Training Project Impact Assessment Study. The
Pennsylvania State University, Univeristy Park, USA.

37



Table 1. Selected Demographic Characteristics of the
Homesteads, 1991/92 Cropping Season (N=175)

Sampled
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Average
or
Percent
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Male Headed Homesteads (%)
Female Headed Homesteads (%)

Age of Homestead Head (yrs)

Education of Homestead Head (%):

a)} Sebenta
b} Primary
c) Secondary

d) High School

e) College & University

Homestead Head Employed Off-~Farm (%)

Homestead with Members Employed

Cff~-Farm

Household Members Employed

Off-farm

82

18

52.9

44

17
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Table 2. Percent of the Sample Farmers Who Grew Beans
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Table 3. Percent of Bean Growers by Variety (N=105).
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Variety Percent
Bushy Speckled sugar Beans 85
Carioca 5
Canadian Wonder 5
Bonus 7
Seminole 9
Contender 4
Other 6
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Planting Date Percent
october s T
November 13
December 14

January 19
February 38

March 13
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Planting System Percent
Sole cropped Beans 66
Intercropped Beans Only 26
Both systens 8
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Table 6. Intercropping combinations used by bean
growers (N=34}

Intercropping Combination Percent
Intercropped Beans with Maize 21
Intercropped Beans with other Crops 9
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Intercropping System Percent
Within Rows 6
Alternate Rows 21
Other 3
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Planting Method Percent
Ox~-Drawn Planter 31
Hand planting 69
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Practice Current User  Discontinued Experience
Basal Fertilizer 94 4 98
Nitrogen Topdress 17 17 34
Pesticides 15 11 26
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Table 10. Selected agricultural characteristics of SNL
farmers who grew beans on pure stands (N=71)
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Characteristic Average or percent
Percent of SNL farmers
Bean Area (ha) 0.18
Seeding Rate (kg/ha) 18.0

Plant Population (Plants/ha) 41,553

Basal Fertilizer Use (%) 93

Basal Fert. Appl. Rate (kg/ha) 78.6

Nitrogen Use (%) 14

Nitrogen Fert. Appl. Rate (kg/ha) 34.1
Pesticides use (%) 11.4
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Table 11. Sources of Advice to Use Various Management
Practices (N=105)
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Neighbours Neighbours/ Extension Other Self
family worker technical
sources
Beans 8 % 31 % 4 % 60%
Basal Fert. 6 438 3 45
Nitrogen Fert. 6 28 17 56
Pesticides 12 63 12 31
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Table 12. Percent of bean growers who reported bean

pests (N=105}

Pest Percent
CMR Beetles 65
Aphids 3
Other 23
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Table 13. Percent of bean growers who reported bean
disease symptoms (N=105)
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Disease Symptonms Percent
Wilting 30
Leaf-spot 18
Other 19
No symptoms 33
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Table 14. Percent of bean growers who reported that they were
self-sufficient in beans and sold beans (N=105)

v > = . G A S0, DT . . TP STV W AAAE VOAF WO W WA O o S DO PO B W S A ST T AAR AP A P (O o W I v SO

gutcome Percent
Self-sSufficiency 75
Socld Beans 51
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Table 15. How those who sell beans used the money from

——— -
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Use of Money Percent
Paid Loans 7
Bought Farm Equipment 61
Saved the Money 13
Other Uses 43
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Table 16, Percent of the sample farmers who participated in
selected research and extension programmes {(N=175)

v ———— - - {o - o 2 o . W M S b o o o ot S s Sl Ml Ml MG AN P

Progranme Percent.
on-Farm Research 16
National Maize Competition 43
Chinese Scheme 46
Read Agricultural Newletters 27
Listen to Agricultural Radio 82
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APPENDIX A. Area under bean production by RDA.

RDA Area (ha)
Average Standard Deviation Maximum

Mahlalini/Madulini 0.17 0.10 0.37
Scouthern 6.18 0.14 0.48
Sandleni/Lugolweni 0.20 0.17 0.71
Mahlangatja 0.13 0.14 0.48
Motjane 0.24 0.25 0.25
Tikhuba 0.22 0.06 0.27
Sitsatsaweni ——— —— —_————

Appendix B. Bean plant population by RDA

RDA Plant Population (no. plants/ha)
Average Standard Deviation Maximum
Mahlalini/Madulini 42618 39472 118080
Southern 47240 34399 89080
Sandleni/Lugolweni 54269 25452 98400
Mahlangatja 35996 22209 72960
Motijane 37487 27113 94800
Tikhuba 45589 43719 121600
Sitsatsaweni =00 @ wmeee @ eeeee e
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Appendix C. Relationship of gender of household head and use
of recommendations and outcomes

Practice or Outcome Male Head Female Head

Percent using basal fertiliser 92 100

Percent using topdress 16 ]

Percent using pesticides 16 25

Self-sufficient - -

S5ell beans - -

Appendix D.

Percentage of SNL farmers who used recommended
management practices, were self-sufficient in
beans, and sold beans by RDA

RDA Basal Topdress  Pesticides Self Sell
fertilizer Suffic. beans
Mahlalini 0 20 10 65 45
Southern 0 25 6 86 88
Sandleni g5 21 32 74 42
Mahlangantia o 6 19 75 44
Motijane 94 29 24 71 59
Tikhuba 75 0 0 100 50
Sitsatsaweni 80 0 0 40 0
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Appendix E. Relationship of research and extension activities
to self-sufficiency and selling of beans

Research and
Extension Self- Not self~ Sell Dont sell
Activity suffic. suffic. beans beans

Participated in
on-farm trials - - - -

Participated in

National

Maize Competition 62 30a 64 46
Participated in

Chinesa

Schene 54 40 58 46

Read newspapers or
newsletter on
agriculture 31 10b 36 15a

Listen to

agriculture

programmes on

radio 89 90 91 85a
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W
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Appendix F. Relationship of research and extension activities

and use of recommended management practices
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Res. and Ext.

Topddress
Use HNot Use
18 21
36 60
36 54
36 30
100 84
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Pesticides
Use Hot Use
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53

27

87a
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Activity
Basal Fert.
Use Not Use
on-~Farm Trial 23 0
Maize Competition 60 0b
Chinese Scheme 53 20
Newsletters 29 &0
Radio Programmes 87 80
ap < 0,10
b p «< 0.05
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BEAN PRODUCTION AND POST~HARVEST SURVEY IN COMMUNAL
AREAES OF ZIMBABWE

P.‘bhinwada and D. P. Giga
University of Zimbabwe

ABSTRACT

The survey covered selected communal areas in four
provinces of Zimbabwe. Beans are mainly planted in
October to March and harvested from February to
May. No accurate Iinformation was obtained on the
specific varieties grown by farmers but the most
common are Sugar beans, Michigan pea beans and
Red Canadian Wonder. Beans are mainly intercropped
with maize and rarely fertilized. The area under
bean cultivation varied widely among the different
communal households but 0.4ha seems to be the best
mean area estimate. Most of the communal farmers
use seed saved from previous harvests for planting
while a few buy from local shops, seed companies
and the Grain  Marketing  Board. Bean fly
infestations were  mentioned by  some farmers to
be a major problem in the early seedling stages,
with  Michigan pea  beans being  the most
susceptible. In general, however, no form of
disease or pest management is practised in the
field. Bean yields varied widely with the cropp-
ing system (intercropping versus monocroppingj,
variety and the level of crop management. Overall,
the mean yield was estimated to be 216 kg per
household {approximately equivalent to 491
kg/ha) . Beans are stored In threshed form. The
various storage containers used include jute bags
(50kg and 91kg capacity}, 20 1 tins, pots (clay
and metal), empty fertilizer bags, empty flour
bags, small plastic and khaki bags and drums
fonly for beans 1in pod). The containers are
usually kept in the granary or house. The amounts
stored and sold vary depending on the yield. On
average, about 20-30% of the total yield is
stored. Nearly 80% of all the farmers interviewed
store beans for at Jleast six months. Bruchid
damage is the major problem in storage but no
meaningful estimates of losses from bruchids were
obtained. Few farmers take measures to reduce
bruchid infestation even though they realise their
damage potential. The most common bruchid control
measures used include the use of insecticides,
admixing beans with ash, finger-millet husks and
sand, and sunping. Smoking, alternating layers of
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the leaves of eucalyptus, the weed Tagetes minuta
(Mexican marigold) and tobacco are some of the
methods used by a few farmers. Farmers believe
that the effectiveness of all simple mechanical
treatments range from poor (rapoko husks) to very
effective (ash). They feel that the high storage
losses coupled with an uncertain market have a
negative impact on bean production.

INTRODUCTION

Beans, cowpeas, groundnuts and bambarra nuts are the major grain
legume crops grown in the communal areas of Zimbabwe. The growing
of these crops varies from year to year, depending mainly on the
availability of land and labour. They are regarded as minor or
secondary crops which are grown with little or no fertilizer and do
not require the use of high gquality seed for planting. Yields are
generally low and almost the entire produce is consumed by the
farmers themselves, For beans and cowpeas, bruchid damage is the
major problem which farmers face when they store their produce.
Despite this, however, effective measures aimed at preventing
infestation, or minimising damage, are rarely taken. Simple control
methods known to most communal farmers are usually not used,
because they do not give effective control. In the storage of these
secondary crops, the tendency of most communal farmers is to apply
control measures in response to detected infestation rather than to
prevent it., Thus, timeliness of application is very important. We
feel that 1long lasting and cost-effective bruchid c¢ontrol
technigues may have a significant impact on bean production in the
communal areas.

MATERIALS AND METHODS

The survey was conducted in fourteen districts of the country
{(rable 1), using a questionnaire for each household. This
questionnaire was developed in collaboration with the SADC/CIAT
regional bean programme. No special sampling techniques were used
in selecting the farmers. Where available, samples of beans
(infested and uninfested) were collected for laboratory
identification of bruchid species and verification of the varieties
grown.

RESULTS

The survey was mainly aimed at aspects relating to agronomy and
post~harvest factors.

Planting dates

Planting dates vary among the different provinces (Table 2). With
the exception of Mashonaland East, planting dates show a c¢lear
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demarcation between rainy and dry seasons. The variation may not
be as great as the table portrays when we take into account that
the dates given by some farmers actually comprise both field- and
garden-grown beans. Whereas the former are strictly grown in the
rainy season, the latter are grown at any time of vyear: some
farmers in Mashonaland East mentioned growing beans in gardens
during the dry season, using irrigation from streams. Thus, all
planting dates in the period April to September refer to garden-
grown beans. The following planting dates are used for field-grown
beans :

Mashonaland East : December-~March
Mashonalnd Central : November-March
Manicaland : October-March
Masvingo : November to February.

It was also apparent that farmers living within the same village or
locality use similar planting dates. This is usually done out of
convenience, so that decisions of when to stop livestock from
roaming free in the fields are arrived at by the community not by
individuals.

Planting dates outside the range of November-February, but within
the rainy season, were given mainly by farmers who plant more than
once in a single growing season (Table 3). Such farmers were often
from Manicaland where the first crop is planted at the end of
October and the second in February to esarly March.

The October planting is made possible by the early onset of the
rainy season in parts of Manicaland. In most of Masvingo province,
the rains end early so that beans are not planted after February.
The majority of farmers intercrop beans with maize; the planting
date of maize appears to influence that of beans. The tendency is
to plant beans when the maize c¢rop is in the early seedling stage.
The earlier maize is planted, the earlier will beans also be
planted. A few farmers menticned planting beans when the maize crop
is in the tasselling or mature green cob stage, and the bean crop
flowers and ripens when the maize crop has been removed (mid April
onwards). However, this system is restricted to vlei soils, with a
high moisture holding capacity, or where late season rainfall is
prevalent. According to some communal farmers in Guruve district,
the number of plantings they have of Michigan pea beans is
influenced by damage due to the bean fly, or bean stem maggot,
Ophiomyla phaseoli. They nmention the maggot as the most serious
pest affecting the establishment of a Michigan pea bean crop, a
problem previously confused with drought stress. Other varieties
are said not to be very susceptible. If infestation is very severe,
the entire crop can be wiped out, leaving farmers with no option
but to replant.
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Harvesting dates

Harvesting dates vary widely with planting date, area
(province/district) and variety. Varieties which are grown for
their mature green seeds are harvested much earlier than those
grown for dry seeds. The bulk of field grown beans are harvested
from February-May (Table 4). Harvesting dates outside this period
are of October or March~April plantings.

Varieties grown

No accurate information was obtained on the specific varieties
grown, probably because farmers save their own seed year after
year, so that information on the original varieties 1is lost.
Furthermore, two or more varieties are often grown in a single
field; at harvest, they are bulked, so confusing varietal identity.
The most common varieties are Sugar beans, navy (Michigan pea)
beans, Red Canadian Wonder and Butter beans; Topcrop and Contender
are also grown but nc samples were found for wverification.
Whatever varieties are grown, the survey revealed that most beans
are grown for their fully mature dry seed. Only in very few
instances were beans reported as grown for green seed or immature
pods,

Arable area under bheans

Area under bean cultivation varied widely among the different
communal households. In Mutoko District (Mashcnaland East), the
survey also covered resettlement and small scale commercial farming
areag which have larger tracts of arable land which can be put
under bean cultivation. The wide variation in area under

bean cultivation in the communal areas (Table 5) may be explained
by the following:

(i) beans are usually intercropped with other crops

{ii) communal farmers usually grow beans in several small
patches of land

(1ii} area units are loosely defined in the communal areas.

Type of seed used and source

The kind of seed which communal farmers use as planting material
has a significant bearing on the ultimate yield and the level of
management which they give to the crop. Farmers give more attention
to a crop from high quality seed than that from low quality. 1In
Zimbabwe, though there is a provision for beans in the Seed
Certification Scheme, this is never put into practice. What seed
companies sell is what is referred to as ‘standard’ seed as opposed
to certified seed. This is usually seed which is free from bruchid
damage and often dressed with a fungicide. Varietal purity is not
always guaranteed but the seed is usually of much higher quality
than that kept in store by most communal farmers.
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Table 6 shows that about 64% of all survey farmers obtain seed from
their own stores and 42% purchase from shops, the GMB and seed
companies. Farmers’ Co-op (Pvt) Limited and Seed Co-op are their
major suppliers. The mnajority cannot afford to buy from seed
companies and shops, and this may help to explain why most communal
farmers are content to grow beans with minimal inputs, saving seed
from one year to the next and sharing among themselves any new type
of seed acquired by the community.

Fertilization

Most communal farmers interviewed do not fertilize legume crops.
Beans may be fertilized indirectly when farmers apply farm yard
manure or basal compound fertilizers to maize, in a maize~bean
intercropping system.

Disease and pest management

In the communal areas in which the survey was conducted, no form of
disease or pest managment is practised. There is generally a lack
of knowledge on the importance of diseases and pests. Unlike pest
attack which is readily recognized, the effects of diseases are not
easily appreciated and are more often confused with effects of
environment such as water stress,

Yields

This was one of the most difficult aspects of the survey. Not only
did yields vary greatly from household to household but alsc the
receptacles and their capacities varied greatly, making conversion
to a single unit of measurement very difficult.

Table 7 shows the mean yields of dry shelled beans per household
and the mode. A full 91 kg bag is equivalent to 6 full 20 1 tins.
In the calculations above, 90 kg was used, thus making the weight
of a full tin exactly 18kg. Of the four provinces surveyed,
Masvingo had the highest mean yield and Mashonaland East the least,
but the small sample sizes from Masvingo and Mashonoland East must
be considered when evaluating these data. Furthermore, higher mean
yield from Masvingo than from the other three provinces is
unexpected, since Masvingo lies mostly in Natural Regions IV and V.
The estimate of mean yield per Thousehold is 14.4 tins
{approximately equivalent to 215.9 kg). Using 0.44 ha as an
estimate of mean area under bean cultivation and 215.9 kg as mean
yvield per household, we estimate the overall average yield to be
490.6 kg/ha.

Quantities of beans sold and stored for home use
As soon as pods are fully dry, communal farmers thresh their beans,
usually by beating with sticks. The threshed beans are then put

into a variety of containers. Jute bags (50kg and 91kg capacity)
are usually used for beans intended for sale in distant urban
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markets to the Grain Marketing Board or, sometimes, local boarding
schools and clinics. Tins (20 litre or less), empty fertilizer and
other plastic bags and pots (metal and/or clay)} are usually used
for beans stored for home consumption and seed saving. Beans for
sale are quickly disposed of, before becoming damaged by bruchids.
Table 8 shows the mean amount of beans stored for home use per
household, and as a proportion of the mean yield obtained. Overall,
communal farmers store slightly less than a third of their total
harvest, and sell the rest.

S8torage techniques

Almost all farmers store beans in threshed form; very few store
them in their pods. Drums or sacks are mostly used to hold
unthreshed beans. Some farmers mentioned storage of pods in sacks
hung over kitchen fires, but it wag also not c¢lear whether this is
intended to disinfest seeds, repel insects by the smoke or heat, or
merely a to enhance drying of pods. The majority of farmers prefer
to store beans in threshed form. The most commonly used containers
for holding beans in storage are bags and tins. Clay pots, metal
pots, small plastic and empty fertilizer bags, khaki bags and flour
bags are alsoc used.

Table 9 shows the storage contaliners used and Table 10 the
proportion of farmers using the granary, house or other places for
storage.

Length of storage

Communal farmers store beans for two main reasons: consumption at
a later date, and for the next season’s seed., A few others may
store for later sale, often to obtain a higher price, but no case
of the latter was recorded in our survey. The length of storage
does not differ significantly. All beans kept for seed purposes are
stored until the next rainy season, those for consumption are used
up before the rainy season begins. Variation in storage time by
province is shown in Table 11. In general, more than two-thirds of
the farmers store beans for at least six months, typically May-
December (-January).

Storage problems

Communal farmers keeping beans in storage face numerous problems
such as Dbruchids, rodents, impaired germination and mould
development, Of these, bruchid damage is much the most important
(Table 12), but farmers could not give reliable estimates of the
logses they incur due to bruchids.
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Bruchid control in storage

The holding period, between harvest and sale, is a critical one
because of the risk of bruchid damage, a situation exacerbated by
the refusal of bulk buyers (e.g. GMB, National Foods Ltd., Olivine
Industries) to accept treated seed. Control measures used by
farmers areg summarized in Table 13, and insecticide use is
presented in Table 14.

The ‘other’ control measures include the following:

{a) alternating layers of seed with layers of finger millet husks

(b) sunning

(¢} admixing seed with sand

{d) smoking

{e) use of plants or plant parts e.g the leaves of eucalyptus and
Tagetes minuta; and

(f} alternating layers of seed with tobacco leaves

Pirimiphos methyl is the most commonly used insecticide, followed
by malathion. Farmers consider it much more effective than either
pirimiphos-methyl or malathion. DDT is still being used, despite
its withdrawal from recommended materials.

Marketing

Scoon after threshing, most farmers sell beans in excess of their
needs. Some companies contract farmers to grow beans. The Grain
Marketing Board (GMB) sometimes buys from farmers, especially when
the Government needs beans for drought relief, but the GMB buys
only in 50 kg units. Most communal farmers actually produce less
than this, and the GMB cannot buy the small amounts which farmers
have for sale. Furthermore, bulk grain buyers do not buy the
varietal mixtures that farmers often bulk for sale.

DISCUSSION

Of the major legume crops grown in Zimbabwe, beans are grown by the
least number of communal farmers. Whereas every farmer may grow
cowpeas, groundnuts and bambarra nuts year after year, beans are
often grown in an erratic manner. There is a tendency among farmers
to intercrop beans with maize, reflecting land shortage.

The survey revealed the following main points :

(i) beans are grown with very little or no added fertilizer;

(ii} the low bean yields which most communal farmers obtain
may be a result of poor quality seed used;

(iii) the risk of bruchid damage may be the major reason why
farmers store small amcunts of beans; and
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(1v}

(v)

farmers know various techniques for controlling bruchids
but very few use them. This is either because they cannot
afford them, that the methods do not give effective
control, or that farmers do not know when to apply the

measure.
Acanthoscelides obtectus appears to be the main species.
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Table 1. Areas covered by the survey

Province District Communal area
Mutoko Charehwa
Mashonaland East " Mutoko
Mutoko Chindenga
Bindura Musana
" Masembura
Mazowe Chiweshe
Mashonaland Central Shamva Madziwa
" Bushu
Guruve Chipuriro
Makoni Makoni
Mutare Zimunya
" Rowa
Manicaland " Marange North
Mutasa Mutasa
Chimanimani Chikukwa
Chipinge Mutize
Gutu Gutu
H Basera
" Soti Source
Masvingo Bikita Bikita
Masvingo Nyajena
it Nemamwa
Chivi Chivi
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Table 2. Percentage of farmers planting beans at different dates

Province
Month Mean
Mash, E. Mash. C. Manicaland Masvingo
Jan 11.5 43.6 8.8 29.4 26.8
Feb 30.8 26,6 36.8 47.1 2.2
Mar 23.1 6.4 2.9 0.0 6.8
Apr 3.9 0.0 4.4 0.0 2.0
May 3.9 4.3 0.0 0.0 2.4
Jun 11.5 6.0 0.0 0.0 1.5
Jul 15.4 0.0 0.0 0.0 2.0
Aug 0.0 0.0 0.0 0.0 0.0
Sep 3.9 0.0 1.5 0.0 1.0
Ooct 0.0 0.0 38.2 5.9 13.7
Nov 0.0 10.6 42.7 35.3 22.0
Dec 11.5 31.9 7.4 i1.8 19.5

Table 3. Percentage of farmers with one or more plantings per
growing season

Province 1 planting »1 planting
Mash. East 92.3 7.7
Mash. Central 72.3 27.7
Manicaland 62.0 38.0
Masvingo 76.5 23.5
Mean 75.8 24,2
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Table 4. Percentage of farmers harvesting at different dates

Province
Month Maan
Mash. E. Mash. C. Manicaland
Jan 0.0 2.5 20.3 8.6
Feb 4.2 12.7 44 .1 22.8
Mar 12.5 40.5 3.5 32.7
Apr 12.5 36.7 39.0 34.0
May 37.5 13.9 32,2 24,1
Jun B.3 5.1 1.7 4.3
Jul 8.3 2.5 0.0 2.5
Aug 8.3 2.5 0.0 2.5
Sep 8.3 0.0 0.0 1.2
Oct 0.0 0.0 0.0 0.0
Nov .0 0.0 G.0 0.0
Dec 4.2 0.0 0.0 0.6

Table 5. Area under bean cultivation per household

Province* Mean area [ha] Mode [ha]
(area given by farmers)

Mash. East 0.38 {(+ 0.10) 0.2
Mash. central 0.29 (x 0.07) 0.2
Manicaland 0.75 (+ 0.18) 0.4
Mean 0.44 (*x 0.07) 0.2

* No information obtained from Masvingo.
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Table 6. Seed sources used by farmers

Province Own & neighbours’ Shops, seed companies &
stores (%) Grain Marketing Board

Mash. East 53.9 46,2

Mash. Central 55.3 54.1

Manicaland 79.4 23.8

Mean 63.8 42.0

Note: Adjacent percentages add up to more than 100 because sonme
farmers supplement the seed from their stores with purchases from
seed companies, shops or the Grain Marketing Board (GMB).

Table 7. Yields of dry threshed beans

Province Mean yield Mode No.
{20 1 tins) (20 1 tins) farmers

Mash. East 6.85 (+ 2.813) 1.0 26

Mash. Central 7.90 (+ 2.45) 2.0 83

Manicaland 22.40 (* 5.89) 12.0 & 18.0 63

Masvingo 27.08 (+ 18.90) 12.0 & 18.0 15

Mean 14.29 (+ 2.88) 2.0 192
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Table 8. Amount stored for home use
Province Mean amount stored [tins] Proportion of yield
(%)

Mash., East 1.58 (+ 0.68) 22.1

Mash. Central 3.33 {* 1.25) 41.8
Manicaland 4.32 (+ 0.83) 19.2
Masvingo 4.62 {+ 1.76) 17.0

Mean 3.52 (£ 0.62) 24.3

Table 9. Percentage of farmers storing beans in different

containers

Province Containers

Jute Bags Tins Cther Bags Bags & Tins

& tins others & others

Mash. East 73.1 11.5 11.5 0.0 3.9 0.0
Mash. Central 84.0 3.7 11.1 i.2 0.0 0.0
Manicaland 79.3 g.0 20.7 0.0 8.0 0.0
Masvingo F0.6 0. 23.5 0. .49 0.0 ——
Mean 79.7 3.3 i5.4 0.5 1.1 0.0
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Table 10. Percentage of farmers using different places for

storage
Province Granary House Other*
Mash. East 26.9 73.1 0.0
Mash. Central 72.9 25.9 1.2
Manicaland 858.7 8.6 1.7
Masvingo 64.6 17.7 17.7
Mean 70.9 26.4 2.7

* Kitchen, store room, cribs and shed.

Table 11. Percentage of farmers storing beans for different

periods
Province < 2 months 2-5 months > & months
Mash. East 20,0 4.0 76.0
Mash. Central 6.2 17.3 76.5
Manicaland 1.7 6.9 g1.4
Masvingo 41.2 23.5 35.3
Mean 9.9 1z2.7 77.4
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Table 12. Storage problems faced by farmers (%) *

Province Bruchids Rodents Moulds Moisture None
Mash. East 65.4 23.1 15.4 19.2 34.6
Mash. Central 34.6 3.7 g.0 0.0 65.4
Manicaland 58.8 5.9 11.8 11.8 35.3
Masvingo 84.1 76.5 29.4 5.9 5.9
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* Adijacent percentages add up to more than 100 hecause some farmers
have more than one problem in storage.

Table 13. Percentage of farmers using different bruchid control

methods
Province
Method Maan
Mash. E. HMash. C. Manicaland Masvingo

P-methyl 34.6 14.8 53.5 70.5 43.4
Malathion 3.8 17.3 8.6 11.8 10.4
Methacrifos 3.8 1.2 1.7 0.0 1.7
DpT 0.0 0.0 1.7 11.8 3.4
Unknown

chemical 0.0 0.0 1.7 %.9 1.9
Ash 3.8 6,2 3.4 .0 3.4
Finger-

millet husks 0.0 1.2 0.0 0.0 0.3
Cther 0.0 3.7 g.6 2.0 3.1
None 54,0 5.6 20.8 0.0 32.6
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Table 14. Percentage of farmers using insecticides

Mash. East
Mash. Central
Manicaland
Masvingo

- — — —— - - -

Mean
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DISCUSBSION OF THE ON-FARM RESEARCH SESSION’S PAPERS

Lupwayi: Can Dr. Edje elaborate on the system of seed distribution
used 7

Edje : We are trying a new approach that accelerates farmer’s
access to new varieties, by distributing small guantities (1-10 kg}
of seed to farmers, with a follow-up survey to see what those
farmers have done with that seed. A limitation was the logistical
difficulty of retrieval of the amount of seed initially given.

Teri : Did you do economic analyses in support of exploratory
trials ?

Edje : No, because this was not the objective of this series of
trials, which were designed solely to be diagnostic.

Lana : With regard to Usambara Mottle, did you track down the macro
or micro—element responsible for this problem 7

Bdje : Yes, it is potash deficiency.

Mushi : I am concerned about the sustainability of the system of
OFR described.

Arias : How applicable is your approcach to intercropping 7

Edje : I hope I didn’t give the impression that our work has been
conducted in monoculture. Farmers have a choice; most trials were
run in crop association,.

Aggarwval : Do we really know whether farmers really dc want new
technologies ? Small-scale farmers have little incentive to adopt
new technologies, and our efforts should instead be aimed at
governments. With political will, new technologies can make
spectacular change,

Bosch : I disagree. Farmers do have interest in new technologies.
But T do agree that not all constraints are technoclogical.

Nahdy : Where infrastructure is good, then farmers can respond
through an interest in trade. In Uganda, things are changing with
liberalization of trade.

Mitti : I think yvou are running away from the issue of household
food security !

Edje : We need to identify points of leverage where we scientists
can make impact. Let’s try to help the farmer now, not waiting
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until everything else is in place.

Aggarwal : I am suggesting that there is a lack of political will.
Agriculture is the backbone of development in most countries !

Lana : What is the altitude of Kagera ? 1Is it suitable for SUA 90
? Why don’t you include it in your trials ?

Mushi : I don’t think SUA 90 should be included, for now. It is
liable to prove susceptible to anthracnose.

Mukoko : It is interesting that, in Mitti’s presentation, it was
reported that climbing types were found to be commconer than
expected. Are these true climbers or merely indeterminate bush
types ?

Mitti : We are not yet sure.

Mukoke : This needs clarification as it has important implications
for breeding.

Teri : Bosch, you said that you are now improving the 1local
varieties. What does this mean ?

Bosch : We are not breeding. We do need to loock for better small
white-seeded types.

Mkandawire : Bosch, your data showed large effects of season, and
of on-gtation versus on~farm conditions., What can be done ?

Bosch : The introduction of bananas does not itself improve soil.
There are large differences in soil between "kibanja"™ and "rweya"
solls in Xagera.

Lupwayi : Farmers often underestimate the importance of diseases.
Does Mitti believe they are unimportant ?

Mitti : Farmers usually cannot articulate well over pests and
diseases, but I do not believe diseases are unimportant.

Lana : I want to return toc this. Can farmers identify pest and
disease problens sufficiently even to respond to a questionnaire on
their importance ?

Bdje : It is important to make inferences from farmer surveys, but
the Teri and Mohamed approach of showing samples may help.

Mitti : In the second crop in Zambia, disease pressure is less.

Lana : But insect pressures can be heavier in a late (Feb) sown
planting, surely ?
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Ampofo : Pest damage is often greater when plants are under stress.

Nahdy : Why do you think that leaves fall off during the long rains
in Kagera ? Is it due to disease, or some other factor ?

Bosch : Our observation is that it is not due to disease but to
some effect in the root zone during periods of very heavy rain,
perhaps including impeded drainage, and radiation.

Giga : Why do people grow beans in such heavy rainfall areas ?

Bogsch : Farmers are not growing beans at that time of year in
Kagera.

Mushi : There may be opportunities for introduction of climbing
types for the long rains season in Kagera.

Allen : Giga’s data on Masvingo seem anomalous, in that it is the
area of the greatest use of insecticide, the shortest period of
storage, and yet the greatest bruchid problems.

Giga : Agreed.

Nahdy : Other surveys have alsc shown that heavy insecticide use
and farmer perception of the inportance of bruchids dcoes not always
make sense,

Aggarwal : Problems are expected to be greater in drier areas, like
Masvingo, surely ?

Giga : Yes, but back to Allen’s comment, I would not place much
confidence on the Masvinge data, as the sample size was rather
small.

Aggarwal : Mamba, the mean yields of your varieties now released
seem inversely proporticnal to their acceptability. wWhy do you
want to release them ?

Mamba : Data on their yield stability indicate their superiority
over Bonus. We want to give farmers an alternative.

Bosch : What plant stand were you aiming at in your trials ? These
seem low, and yet stand may be more important than variety.

Mamba : Farmers dislike narrow row spacings.
Youngquist : There are several important points here. One is that
there are many different environments and many different systems.

It is important not to restrain the farmer. They need a wider
choice.
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Mushi : The problem is seed.

Edje : Yes, especially if reliance is placed on conventional
channels of seed production. Seed companies often oppose release
of multiple varieties.

Mitti : Can we release mixtures ?

Edje : Probably not.

Aller : In countries were varietal mixtures are important,
including Rwanda, farmers grow newly released varieties in
monoculture to assess themn, If they like them, they are then
incorporated into their mixtures.

Terli : Mamba, is the seed company planning to multiply varieties?
Mamba : They are inveolved in seed release.

Edije : Why are your yields so low ?

Mamba

LY

These yields were obtained merely under farmer management.
Mitti : But why so low ?

Mamba : Germination was poor, apparently because of poor seed bed
preparation, and also from poor weeding.

Teri : In Dlamini’s paper reference is made to a wilt. Could it be
Pseudomonas wilt or is it bean stem maggot ?

Mamba : We are not sure.
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BEBSION 3 : AGRONOMY

EADC/CIAT REGIONAIL DROUGHT BUB-PROJECT ON BEANS,
Phaseolus vulgaris

A.B.C. Mkandawire
Bunda College of Agriculture, University of Malawi
ABSTRACT

Experiments were conducted in three years to identify
and evaluate available bush bean germplasm for greater
tolerance and adaptability to drought stress. Bean
accessions from our germplasm and that imported from
North and South America, South Africa and other parts
of Africa were used under both irrigation and phased-
planting situations. Results indicate that drought
tolerance characteristics in beans are mainly those
that relate to canopy size, biomass and leaf area.
Leaf moisture retention capacity was negatively
assoclated with seed yield. Drought tolerant bean
materials maintained the number of pods per plant
and seed size under stress, as opposed to those that
are susceptible. Some of the bean materials from
our germplasm were moderately tolerant to drought

stress. In general, the small-seeded materials
were more drought tolerant than the large-seeded
types. There may be a requirement to  cross

small and large-seeded Lypes to transfer drought
tolerance. The roots may be playing a central role
in drought tolerance by mining more soil moisture
to effect the larger changes in canopy characteristics
observed in drought tolerant genotypes. The African
Bean Drought Resistance Evaluation Nursery (ABDREN)
was conducted in several countries. The evaluation
showed that G 5201, BAT 798 and BAT 11%8 from CIAT
gave good yields across locations. This may indicate
these materials may be used as parents in crossing
blocks in the breeding component of the regional
drought sub-project. A more complete data set is
being analyzed in  collaboration with the Eastern

Africa Regional Bean Programme.

INTRODUCTION

The common bean (Phaseolus vulgaris L.) is a major food crop and
one of the main sources of protein for inhabitants of tropical and
sub~tropical regions of the world. Beans ars one of the most
important feood legume crops in Malawi. As food, they provide
proteins, wvitamins A and €, and they are also a good source of
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energy, providing comparable values of calories as maize, milled
rice or cassava flour. Beans surplus to home reguirements are
usually sold; there is high demand for domestic consumption and
there is a good export market. The beans most commeonly eaten are
dry beans which are red, white or colour variegations. They are
cooked and eaten as relish with nsima. Apart from being food and
a source of income, beans are also replenishers of soil fertility
through nitrogen fixation.

Beans originated in the Andean region (Peru, Bolivia and Colombia)
in South America and the Mesc-American region (Mexico) in Central
America. They have been grown in Malawi for more than 300 years.
As a result of Malawi’s ecological, geographical and cultural
diversity, the original bean introductions have evolved with gross
morphological variation in terms of growth habit, seed size, colour
and shape, among many other characters. Unfortunately, yields of
beans are low, partly due to a lack of suitable cultivars that are
resistant to diseases, pests, low moisture conditions and a general
lack of improved cultural practices. One way of increasing
national levels of bean production would be to identify moisture~
tolerant cultivars for growing during the ordinary ralny seasons
vhere stress can occur intermittently, or during other times when
a bean crop can be successfully grown on residual moisture under
terminal stress.

Crop plants, including the common bean, rarely attain their full
genetic potential for yield due to limitations imposed by the
environment, such as extreme temperatures and shortage of water.
It is believed that about a third of world’s potentially arable
land suffers from an inadequate supply of water and, on most of the
remainder, crop vields are periodically reduced by moisture-stress.
Plant water deficits affect every aspect of plant growth and the
world-wide losses in yield from stress probably exceed the losses
from all other causes combined.

The objectives of the work described in this paper were to identify
and evaluate available bush bean germplasm for greater tolerance
and adaptability to drought stress, and to provide information on
the developmental and physiological processes enabling greater
tolerance and adaptability to drought. To attain these objectives,
a number of experiments have been conducted at Bunda College,
Lifuwu, and Kasinthula Research Stations in Malawi. These
experiments are described and discussed separately.
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MATERIALSE AND METHODS
Drought tolerance mechanisms

Experiment 1. Performance of Dbush bean genotypes under
controlled drought stress conditions.

One experiment was planted at Kasinthula Agricultural Research
Station on 22 June, 1983 and another at Bunda on 25 June, 1991.
Twenty~five genotypes of bush beans including Malawian landraces
and introductions from North and South America, and South Africa,
{Pable 1), were used in a split-plot design with three
replications. The mainplots were :

a. Adequate irrigation throughout growth cycle;
b. Drought stress imposed during flowering;
c. Drought stress imposed during pod-filling.

Drought was imposed by stopping irrigation a week before the start
of the respective growth stages. The genotypes were sub-plots.
Each sub-~plot was comprised of 4 ridges (spaced 0.60 m apart) apart
and %m long. Beans were planted at a spacing of 1Ccm intra-row.
A fertilizer mixture (23:21:0 + 4 of N:P:K: + 8) was applied
before planting at 200 kg/ha, using the banding method. The data
collected were bean seed yield and its components, phenological
characteristics and canopy size. The latter was obtained by using
a graduated cross that is placed at the centre of the row and then
the width and height of the canopy are each read from it.

Experiment 2. Performance of bush bean genotypes under terminal
moisture-stress conditions.

The experiment was planted at Bunda on 15 March, 1990 and 1951 with
three replications in a randomized complete block design.

Fifteen genotypes were used : Malawian landraces 3-14, 25-2 x 8 -7,
2-10x 8 -7, 6-1, 8-7, 25-2, 2-10, 5-2, Nasaka and Sapelekedwa; and
introductions Majuba (ex South Africa), C=-20 (ex USA) and the CIAT
lines BAT 336, BAT 85 and BAT 125. Each plot comprised four ridges
spaced 0.9m apart and Sm long. A fertilizer mixture (23:21:0 + 4
of N:P:X + S) was applied at 200 kg/ha by banding just before
planting. Leaf area index was measured at 8 weeks after planting
and leaf expansion was measured 3-4 weeks from planting. Leaf
moisture retention capacity (LMRC) was measured as was canopy
height. LMRC was cbtained by removing two leaves from two plants
and weighing them immediately. The leaves were then hung on a wire
at room temperature for 48h. They were then re-weighed and then
oven-dried for 48h at 80C. The amount of moisture retained by the
leaves during air-drying was obtained by subtraction and expressed
as per cent total leaf water content. Yield and yield components
were measured. The rate of soil moisture depletion was determined
by measuring soil water content gravimetrically (Fig. 1).
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Experiment 3, Physiology of moisture stress tolerance in beans

This experiment was conducted under irrigation at Bunda College
during the dry seasons of 1990 and 1991. A split plot design was
used. Tweo main-plots were included : well-watered throughout the
growth cycle; and drought stress imposed from V3 (third
trifoliolate stage). The well-watered plots were irrigated once
every week. Eight sub-plots consisting of cultivars were used.
The four telerant genotypes were : SapeleKkedwa, BAT 336, 6-5, and
Nuweveld whereas the susceptible ones were 16-6, BAT 125, 1~1, and
Kamberg.

The main-plots were separated by a 1m path and replicates were
separated by a 2m path. Each sub-plot consisted of 4 ridges of 4m
each and 0.6m inter-row spacing. A fertilizer mixture (23:21:0 +
4 of N:P:X + 5) was banded at the rate of 200 kg/ha. Soon after
fertilizer application, beans were planted at 10cm intra-row
spacing, with one seed/station.

African bean drought resistance evaluation nursery

The African Bean Drought Resistance Evaluation Nursery (ABDREN) is
the second component of the SADC/CIAT Regional Drought Sub-Project.
The objectives of the ABDREN are : a) To evaluate the performance
of promising bean cultivars identified under drought conditions in
Ethiopia and Latin America, and across a wide range of African dry
environments ; b) to develop further a regional testing network for
beang in Africa; and c¢) to examine and interpret genotypic
responses of different patterns of drought in selected bean
cultivars.

The trial design used was a 4x4 triple lattice, inveolving fifteen
materials and the local check (Table 2) with three replications.
Each plot comprised 4 rows of 4m each. Crop management and spacing
followed 1local practice. The following plant characters were
measured :

Date of emergence

Stand count

Plant height

Date of first flowering
Date to maturity

Number of pods/plant
100~seed weight

Disease and insect scores
Seed yield
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RESULTS

Drought tolerance mechanisms

Experiment 1.

At Kasinthula, the 25 genotypes did not differ across moisture
regimes, in the time taken to reach flowering (Table 3). This was
because treatments had not been imposed up to a week before
flowering. However, the pericd of time to the end of flowering was
significantly reduced when drought was imposed during flowering.
This caused a significant reduction in duration of the flowering
period under such moisture-stress conditions. This difference was
maintained up to physiological maturity. Growth rates apparently
were reduced by moisture stress at flowering, as suggested by
significant reduction in both canopy height and width, and per cent
canopy cover at the Ré6 stage of development, The number of
pods/plant was significantly reduced by moisture-stress imposed
either at flowering or during pod=-filling. The reduction in number
of pods when drought was imposed during flowering was most probably
due to fewer flowers setting as a result of pod abortion. However,
100-seed weight was significantly reduced only by moisture-stress
at pod-filling. The number of seed/pod did not differ in bean
genotypes across moisture regimes. Seed yields were significantly
reduced by moisture~stress at either flowering {70%} or pod-filling
{76%}) (Table 3). Both stages seemed to be equally important for
meisture-stress to significantly affect seed yield obtained. The
reduction at the former staqge was probably more a result of
reduction in number of pods/plant, whereas the reduction at the
latter stage was a result of reduction in 100-seed weight. Drought
susceptibility indices were calculated following Fischer and Maurer
(1578). Tolerant genotypes at flowering were Sapelekedwa, BAT 125,
BAT 336, Domino, A 268, 8-7, 25-2, and PVA 894 (Table 4). When
drought was imposed at pod-filling, tolerant genotypes were
Sapelekedwa, A 442, 8-7, ICA 21148, 25-2x8-7, 2-10x8-7, A 344, and
FPVA 1095,

Similar data were cobtained at Bunda during the dry season of 1991
and are now partially analyzed statistically. Stem weight, 100-
seed weight, pod length, pods/plot and seed vyield were all
significantly reduced due to drought either at flowering and/or at
pod-filling stages (Table 3). Cultivars also significantly
differed in these characteristics, including seeds/pod. Across
water regimes BAT 1386 and 2-10x8-7 were the best varieties (yields
> 1200 kg/ha), perhaps mainly due to their yield potential under
non-stress conditions. However, BAT 1386 did not give particulary
good yields under stress. Sapelekedwa and PVA 1095 gave fairly
good vyields under drought stress. Majuba was relatively
unrespongive. An interesting observation is the general lack of
significant interaction between drought stress and genotypes. This
may suggest that the genotypes used do not perform differently
under various s0il moisture regimes. Consequently, it may be

72



possible tc make selections of tolerant genotypes in the absence of
any stress,

eriment :

Seed yields of the fifteen bean genotypes are shown in Tabkle 5.
Genotypes differed significantly in yielding ability under terminal
drought conditions. The highest yielding genotypes were of the
small seeded types from CIAT and the USA. The same genotypes
produced greater leafage than those that performed poorly (Table
5). However, it seems that the poor genotypes were able to retain
more meoisture in the leaves when exposed to the atmosphere than the
tolerant genotypes (Table 6). Canopy height at 57 days after
planting (DAP) also showed the general trend observed with yields.

Correlation analysis (Table 7} indicates that LAI, canopy
characteristics and nuwber of pods/m’ are strong indicators of
yielding ability under these conditions. However, LMRC is another
strong indicator but it is negatively associated with yield.

Experiment 3 :

Sapelekedwa, BAT 336, BAT 125, and 6-5 accumulated more root
biomass than the cother genotypes under well-watered conditions.
These genotypes also had more root biomass under moisture-stress
(Table 8). The stem biomass of Sapelekedwa, 1-1, 6~5, and BAT 2336
were above the mean of 18.3 g/m’ in the well-watered plots while the
same genotypes, including BAT 125, had more biomass than other
genotypes. Leaf area indices of the genotypes Sapelekedwa, 1-1. &6-
5 and BAT 336 in the well-watered plots were relatively high and
the same varieties in the stressed plots including Nuweveld had
higher leaf area indices than the rest of the varieties. 8imilar
data were obtained at 78 and 92 DAP. At 78 DAP, three of the four
tolerant genotypes (Sapelekedwa, 6-5, and Nuweveld) had above
average canopy height in the well-watered plots.

Seed yields at the end of the experiment were significantly
different between the well-watered and drought-stressed treatments
{Table 9). The mean yield under good moisture conditions was 1376
kg/ha whereas under drought stress it was 174 kg/ha. The drought
tolerant genotypes had significantly greater vyvields especially
under stress conditions, than the susceptible genotypes. One
reason for their higher yields was a smaller decrease in number of
pods/plat and seed size under stress, especially in Sapelekedwa and
Nuweveld. Similar data were obtained during 1991 (Tables 10 and
11).
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AFRICAN BEAN DROUGHT REBISTANCE EVALUATION NURBERY

The results of the ABDREN in the SADC region are presented in Figs.
2-5. Better materials across the board relative to the checks
included G 5201, BAT 798 and 1198, BAT 477, an established drought
tolerant genotype under Palmira conditions, performed well under
Lifuwu, Malawi and Selian, Tanzania, only. From other work it is
apparent that drought tolerance is in small-seeded materials and
results from ABDREN confirm that assertion. This may point to the
fact that G 5201, bat 798, and BAT 1198 may further be used in
crosses for drought tolerance. Unfortunately, experience from
elsewhere indicated that transfer of genes, throught crossing,
between such small-seeded materials of Meso-American gene pool to
the large-seeded preferred materials of Andean origin is difficult.
This is a fact that will need consideration by the Breeding
Component within this Sub-Project. The variety AND 197 is fairly
large~seeded and would be preferred in the SADC reqgion and it is
as early as the local checks.
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Table 1. Twenty-five genotypes used in Experiment 1 at
Kasinthula and Bunda, Malawi.

W e A W e e W e b S A o Trve W W S e e e W R o e hd W A U e e W S L S b W S GALL A M O G AL W M S GV AL W A W T S T S A

Genotype Origin Seed Colour
Sapelekedwa Malawi red

Diacol Calima Colombia speckled red
BAT 1387 CIAT speckled red
BAT 135 CIAT cream

BAT 336 CIAT cream

BAT 477 CIAT cream

BAT 1386 CIAT speckled red
C=20 USA white

Domino USA black

A 268 CIAT cream

A 286 CIAT cream w/stripes
A 442 CIAT cream

Bonus South Africa cream sugar
g-7 Malawi purple

ICA 21148 Colombia speckled red
25=2 Malawi white (red hilum)
25-2x8~7 Malawi red

2=-10x8~7 Malawi white

Nasaka Malawi khaki

Majuba South Africa yellow
Unmvoti South Africa cream sugar
A 344 CIAT cream

PVA B94 CIAT speckied red
FVA 781 CIAT speckled red
PVA 1095 CIAT red

e e i A o e S WA NP S T I N P W WL RS O WO SR AU S O SN0 OO S P S PO W A A S WO S A (MM S e P Al Gl L W b A Al e v o WA s M e o e . oy o
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Table 2. Sources of African Bean Drought Resistance
Evaluation Nursery (ABDREN) materials

e e s, . e s . e W i s . vl i . b S o A T . v A s o W Mk e by W Al e WA A s Py W s e il e i e st W e

Source Seed size Plant ht.
Variety (origin) {g/100) {cm)
A 152 CIAT 29 63
EMP 105 CIAT 27 59
G 4830 Brazil 24 &6
G 5201 Mexico 26 58
G 5089 Brazil 34 59
G 4446 Mexico 33 49
V 8025 Brazil 30 62
AND 197 CIAT 51 70
BAT 477 CIAT 39 38
BAT 798 CIAT 29 60
BAT 125 CIAT 28 34
BAT 1198 CIAT 25 70
BAT 338-1C CIAT 27 48
Ex~Rico 23 Colombia 28 g2
Mexican 142 Mexico 25 60
Sapelekedwa Malawi 46 49
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Table 3. The effect of three water regimes on a number of
characteristics of twenty-five bean genotypes.

e i A A S e b L L S A o W W AL S ML M A A D S A A O O UAD T W O T S T U O T T OO T T I T o S S T T T ol s S o o

Characteristic Water regime Prob.
WW DSF DSPF
1989
Start of flowering (d) 45.8 45.8 45.3 NS
End of flowering (4) 65.4 65.1 64,2 *
Duration of flowering 25.9 26.0 24.9 *k
Physiological maturity 77.0 77.4 75.6 *
Canopy cover (%) 78.1 68.7 75,2 *
Canopy height {cm) Ré 47.5 43.0 47.7 *k
Canopy width (cm) R6 47.0 41.9 44.0 *
Pods/plant 15,0 13.0 12.6 ¥ %
Pod length {(cm) 11.1 10.7 10.9 *
Seeds/pod 4.9 4.7 4.8 NS
100-seed weight (g) 35.7 36.1 31.3 * ok
Seed yield (kg.ha) 1000 697 760 *
1991
Stem weight (g/plot) 31.3 19.0 24.1 *%
Seeds/pod 44.8 44.0 44.1 NS
100-seed weilght (g) 32.7 33.06 25.6 * %
Pod length {cm) 10.8 10.1 10.3 * &
Pods/plot 106 80 81 * %
Seed yield 1173 755 5056 **
WW = well-watered
DSF = drought-stress at flowering

DSPF = drought-stress at pod-filling
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Table 4. Drought susceptibility indices (S8} of twenty-five
bean genotypes, Kasinthula, 1989.

8
Genotype at flowering at pod-filling
Sapelekedwa 0.707 0.223
Diacol Calima 1.210 0.972
BAT 1387 1.339 2.784
BAT 125 0.706 1.320
BAT 336 0.835 2.215
BAT 477 0.338 0.217
BAT 1386 1.975 2.261
C~-20 1.151 2.568
Domino 0.483 1.250
A 268 0.349 3.469
A 286 1.154 0.425
A 442 1.345 0.208
Bonus 1.624 1.542
B7 0,783 0.699
ICAh 21148 1.068 0.44%
25-2 0.970 .998
25-2x8-7 1.375 $0.378
2-10%8~7 1.070 0.828
Nasaka 1.294 1.363
Majuba 1.371 2.261
Umvoti 1.504 1.521
A 344 1.014 0.878
PVA 894 0.767 2.024
PVA 781 1.553 2.012
PVA 1095 2.184 0.491

o m na i oo S S i mar A A M S T T A o v s oo o e o Al W WA (e Y BN W WA VTS T A W S S S e S SO o e e s W ">

78



J e

Table 5. Yield" and yield components of fifteen genotypes
phase-planted in 1990.

S S Al W E TE S A A WA TR ST PEIR A W WS TS S AP W VR T S e S S YHTE TP s s o AN TV . SO o SWOF SO ST S T - WM W S T S W i nan s il e e it Sl

Yield Pods/m? Seeds Pod

Genotype kg/ha fpod length
(cm)

BAT 85 1110a 105a 6.23a 10.9cd
BAT 336 l10l6ab 122a 5.47b 12.2a
C-20 763b 118a 4.80bc 9.2ef
BAT 125 484c 55b 4,90bc 5.9e
3-13 449¢ 54b 3.57def 9.%e
Nasaka 413¢ 53b 3.17ef 11.8abc
8~7 410c S51ibc 3.07ef 10.1de
6-1 379c 49bc 3.57def 11.2abc
2=10%8~7 asacd 48bc 3.478ef 12.1a
25-2x%x8-7 128cd 43bc 3.40def 11l.4abc
52 328cd 45hc 3.63def 8.6%
Sapelekedwa 322cd 50bo 2.87f 11.0bcd
25-2 268cd 40be 4.17cd 12.0ab
2-10 255cd 57b 3.00f 1l.1a~g
Majuba 704 21c 3.90d8e 8.6f
Mean 464 61 3.95 1¢.7
LSD (p<0.05) 256 27 0.76 0.94
CV (%) 33.1 26.2 11.5 5.23

A o kW o W - —— W W o s o W, N — W Y T W, S UL . T S . S S T i VRS WO . . e W

* Means followed by the same letter are not significantly
(P<0.05) different, Duncan’s Multiple Range Test.
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Table 6. Leaf area index (LAI)", leaf moisture retention

capacity (LMRC), canopy height {CH) and canopy

width (CW) at 57 DAP (1990).

A N A S T O WA i e o W G S et s v M s T T— . ] L5 A N T W S St I, B W S e e o, W e . s S o - " - . o i o, T o

L Skl S S e g i S A T S e ik T T T Y W T S S W 0 - W W 7O N O A W SR M . At Ul ot e

BAT 336
BAT 125
8-7

2-10
Sapelekedwa
2-10x8-7
25-2x8-7
3-13

H-2

6~1

25-2
Nasaka
Majuba

2.08bc
2.08bc
2.05bc
1.98bc
1.89%bc
1.7%bc
1.73bc
1.38¢

1.26¢

1.07¢

9.64
24.8abc
17.8bcd
36.4a
33.2a
25.2abc
30.lab
31.6ab
39.3a
34.2a
25.0abe
32.3a
37.4a
38.2a

LE
(cw’/q)

7.56a
5.29abc
5.88abc
6.6%9ab
3.98abc
4.77abc
2.85bc
4.36abc
4.03abc
4.18abc
2.95bc
2.69¢c
4.,48abc
4.3Babc
6.46abc

W - T P W WS W W WO W TVR WP N VYN T W S AT W W W - S S W TR T AR o W O S WP W W T T WO W Y T W - O W W o _— -

Mean
L8D (p<0.05)
cV (%)

CH CW
{cm)
85.7c 51.0ab
S30.bc 53.7a
82.3c 48.3abc
105.0ab 43.0bcd
47.3ef 37.0de
55.3de 35.7de
44 .0ef 41, 3cd
104.7ab 35.3de
108.3a 38.0de
g9l1.7bc 37.7de
5£5.3d 33.0de
41.3ef 35.0de
44 .3ef 35, 3de
46, 0ef 38.0cd
32.7f 28.0e
£9.6 39.4
15.2 8.8
13.0 13.3

e T e W S T e W e e e A e e S W o e . Al S i e et A A e v i S W e e S A e e e S W T . i S o T e A S T T T

* Means followed by the same letter are not significantly
{P<0.,05) different, Duncan Multiple Range Test.

Table 7.

A —— T ] —— T A A —— . A" — —— - —— - -, - -

Correlation coefficients (r) of growth parameters
with seed yield (199%0).

s A N . 1 W T Y VY WA . oo Ao s . S e . A Vo e doi . Wi v S W S T e A W . —— i Wi T R L S Y e . g

Leaf area indes (LAI)
Leaf moisture retention (LMRC)

Pod lenght (cm)

Pods/m’
Seeds /pod

Canopy height (cm) at 57 DAP
Canopy width (cm) at 57 DAP
Leaf expansion (cm?/d) at 47 DAP

N e Y A SR S S S WO o v, S S e o e i s M A e st S A e mar ST M D MR S T e S UL S AP R Y T S P e T " W ok S o o . U s ok AW W e
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Table 8. Total biomass and its components and LAI at 64 days
after planting, 1990.

e e ek A L S e A L S A A L . A S AL L g A A LS e S A S S A S O YL T S . T O L 2 T S WS W B W S VR T TS S hen. T s v M ——_—

Genotype Roots (g/m’) Stems (g/m’) Total (g/m’) LAT
WW MS WW MSs WwW M3 WW M8

A e W N A s W st W PR U il A O e ik A W R i A W, P st S R D il A M sl ol A R ol Sl A AU e i D A A ki W A TR TR A O TR Y A WA ST S U Y T S

Sapelekedwa 12.0 3.8 27.5 7.1 87.5% 25.2 1.17 0.46

BAT 336 11.1 2.6 18.4 7.7 68.2 27.7 1.34 0.43
£-5 8.7 2.7 25.6 8.9 83.5 27.2 1.67 0.42
Nuweveld 4.4 1.4 13.0 5.5 46.4 20.2 1.00 0.40
16-6 5.7 1.3 3.9 4.2 38.0 13.0 0.48 0.24
BAT 125 10.3 2.9 13.5 7.4 56.1 24.0 i.09 0.38
1-1 7.8 2.4 26.9 8.0 85.4 25.2 2.08 0.48
Kamberg 6.5 1.8 11.4 3.9 40.1 15.3 0.76 0.23
Mean 8.3 2.4 18.2 6.6 63.2 22.3 1.20 0.38
SE 0.83 1.82 4.58 0.08

N Y T T T S S W D T A W T T Wl SO TR T Sl G A b e W SO e e e R hoae i A S B vt A A o e S A A A sl A W e e A P e e N R e ik Al

Table 9. Yield and yield components of eight bean genoctypes
grown under different water regimes, 1990.

T —— Y WS T . W WU T S M WA S S S O T S A WA T v ol W W el B SO v e U WO e i A O pere e A T e A W e o S W Sl o e W v sl

Yield Pods/plant Seeds/pod 100~-seed wt

(kg/ha)

WW M3 WW MS WW MS WW MS
Sapelekedwa 1255 269 14 6 4 4 46.2 33.2
BAT 336 1454 191 22 7 6 5 19.2 12.9
&~5 1687 231 17 6 6 4 24,2 20.0
Nuweveld 1815 366 23 11 7 7 19.4 15.1
16~6 848 87 12 3 4 3 34.7 24.8
BAT 125 1583 75 22 4 5 3 19.1 12.8
1-1 783 - 22 - 5 - 22.8 -
Kamberg 1536 173 34 10 6 5 14.1 16.3
Mean 1376 174 21 6 & 4 25.0 16.2
SE 91.6 16.3 2.3 8.8

T U T TR S A T T WA ST S OO, W, AL T WO A L S S e e il e o S T T U WO SO S i, OO S i N O RS M S LD S okt A Sl e ok Wi R e v i . . R .

WW : well watered
: moisture~stressed
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Table 10. Seed yield, 100 seed weight and pods/plant of
eight bean varieties under two moisture regimes.

T T " WO — W T o W T W W T W W T T - L S WO o5 . S WO W L S W VT W A o W s Trn " W A O Y

Sead yield(kg/ha) 100 seed wt. peds/plant
Variety 147 MS WW MS WW MS
Sapelekedwa 1610 709 45 47 16 12
BAT 477 1539 1199 23 22 18 17
&=5 1655 1112 24 27 27 15
Nuweveld 2808 1115 24 24 40 19
16-6 748 327 36 32 14 14
BAT 125 1335 954 23 21 30 24
13~3 1667 664 42 41 23 22
Kamberg 542 252 25 17 25 18
Mean 1480.5 791.5 30 29 24 18
Grand mean 1141.60 £9.60 20.85
<V % 34.99 18.23 33.69
LSD (5%} 498.20 11.13 2.72

s - ;- A D S A U T W S W T T WO T W W T T A W T Y- T W AP T W o S W W T W W S W W T

: well watered
M8 : moisture stressed
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Table 11. Biomass and leaf area index of eight bean varieties!
under two moisture regimes 84 days after planting.

i S e g W — e T W T T T T b W T oK WU T T WO T T W W T o W W Vo WA S T WO W T W W SR W00 W ST T WA W VO W S O O W W AR W - -
—————— - T - A . 2 S, a7 " W 80 1 e it ]y - o

A Y - - M T —— T - T T Mo N W o VAR T 0 Wl S Y. DD WL o St . s A o A A e e AR o o A e ot A A e W A e

4, 4.0 3.4 59.0 25.6 116.9 51.0 69.8 35.6 3.0 1.4

o T o O S Y O S TEED W TR YU AW WS NI, G U S A AR W S W TR 0 S T O R W T WO W S TUGh W WS TR WA . ST (WA WS T TV, WP SR TP WP W T Yy T A i S o

Mean 6.7 4.2 39.3 23.9% 73.2 34.4 51.4 36.1 2.1 0.9

G. mean 5.5 31.6 53.8 43.7 1.6
CV% 29.3 25.8 21.4 52.0 46.9
LSD({5%) 0.9 5.3 16.5 50.2 0.9

S — ————— - — T— - — Y — " T\ T . - T o WO o . W . S0y W — " N W o ——" A T T W W T T QS . W Sy S T A Y —. W, — — —"

! Key for table, varieties :

1. Sapelekedwa 5. 16~6
2. BAT 477 6. BAT 125
3. 6-5 7. 13-3
4., Nuweveld 8. Kamberg

83

S



% SOIL MOISTURE

50

45

35

15

i0

Soil moisture
regines

Figure 1: at 10 cm depth under two moisture

} H ! l 1 H ) | L 3 H i i

WEEKS
-n—- WELL WATERED _o WATER STRESSED




Figure 2.

60 &N .o g16 AW e Y16 kR g

18 RZ 06 V72, —— L322 S R—
SHILIIEVA
08 c1 7% < 4

(Ta2) [HOIAH LNVId

7L/ M2/ V7, M
To—6g8el NAMJIY

Gz

o¥

-1 09

og

Q01

ge7

SRS Tl T e 2o e g L e g Y R =

85



BIE Z1 ey ¥16 21 68 AN e
Hi6 MR e Yt MW oo aff ¥ e £8 VY2

SHILAIEYA
€1 o1

L]
o

Figure 3,

el

(R BI9MOTS NI Rae]

ZL/MZ/VZ /M

i e

gty e S TR ST SR e I W R s S g ——

86




Figure 4.
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IMPROVED SOIL FERTILITY INCREASES NODULATION OF Phaseolus
BEANS

N.Z. Lupwayi' and A.B.C. Mkandawire
*Pragsent address International Livestock Centre for Africa,
Addis Ababa, Ethiopia and Bunda College of Agriculture,
University of Malawi

ABSTRACT

The effect of soil fertility on the response of fieid
beans {Phaseolus vulgaris L.) to inoculation with
Rhizobium leguminosarum bv. phaseoli was investigated
at five sites in northern and central Malawi. A split
-plot design consisting of {a] un-inoculated plants,

{b) inoculated plants and {c)} N-fertilized plants as
main-plot treatments and {i} low fertility { no
additional nutrients applied) and (it} high fertility

{P, 5, and Mo applied} was adopted. Nodulation was
highest at Sokola (84 nodules per plant) and lowest
on an acid soil at Lunyangwa (11 nodules per plant).
There was no significant response {p > 0.05)in
nodule number to inoculation at all sites, i.e., un
-inoculated plants formed as many nodules as
inoculated plants. This is indicative of a large
population of indigenous rhizobia in the soils, which
implies that competition for nodulation between
inoculant and indigenous rhizobia is probably an
important factor in response 10 inoculation.
Improved soil fertility increased nodule number by up
to 500 percent,probably by stimulating multiplication
of rhizobia in the bean root rhizosphere. However,
improved nodulation was transiated into a significant
increase in grain yield only at Champhira, where
correlation between nodule number and grain vield was
also significant (r = 0.72, p < 0.01).

INTRODUCTION

The response of a legume to inoculation with rhizobia depends on factors involving
the bacterium, the plant and the environment in which the symbiosis is established.
One of the most important environmental factors that will affect both Rhizobium and
the plant is the fertility status of the soil. Phosphorus has been demonstrated to be
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one of the most limiting factors to nitrogen fixation in legumes grown in tropical soils
in Africa {(Keya, 1977}, Latin America (Hernandez et al., 1982} and Australia {(Andrew
and Jones, 1978}. Sulphur {Edwards, 1977) and molybdenum {de Yunda and de
Gonzalez, 1982) are also known to be important

nutrient elements in legume Rhizobium symbiosis. They are both

components of nitrogenase, the N-fixing enzyme of rhizobia, although recent evidence
points to the existence of nitrogenase without Mo (reviewed by Pau, 1991}, The
objective of the experiment described here was to assess the role of scil fertility,
particularly P, 5 and Mo, in terms of the response of beans to inoculation in Malawi.

MATERIALS AND METHODS

The experiment was conducted at Sokola in the Misuku Hills {Chitipa district),
Ng'onga (Rumphidistrict}), Lunyangwa (Mzuzu in Mzimba district), Champhira (Mzimba
district} and Dedza (Dedza district]. Some of the soil properties of these sites are
presented in Table 1. All the soils had low contents of organic matter, total N and
available P; these were ideal conditions for this inoculation and fertilizer experiment.
Only the soil at Lunyangwa had low pH with high exchangeable Al. At each site, the
experiment consisted of two parts in three replicates. One part, which was aimed at
evaluating response to inoculation and the overall effect of soil fertility, consisted of
two factors arranged in a split-plot design:-

{A) Source of N as a main-plot factor:-

{a) 1INy : Un-inoculated, without fertilizer N (i.e., N from soil}.

(b} LN, : Inoculated, without fertilizer N {i.e., N from rhizobia).

(c) 1N, : Un-inoculated, with fertilizer N at 100kg N ha” {i.e., N from
fertilizer).

{B) Fertitity levei as a sub-plot factor:-

(i) F, : No other nutrients added to soil.
(it F,:P, S and Mo added to soil.

The other part of the experiment was designed to find out which of the three added

nutrients was most important to inoculated plants. Thus, the inoculated treatment

{I,NO) had the following extra treatments in a randomized complete block design:
(i} : No other nutrients added to soil.

it} : P added.
{ili) : S added,
{ivl : Mo added.

vl :Pand S added.
{vi} : P and Mo added.
{vii] : § and Mo added.
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{viii}: P, § and Mo added.

Seeds of Phaseofus vulgaris L. genatype 25-2 (a Type 2 genotype), were sown 0.1m
apart in single rows on ridges 0.9m apart (i.e, 111,111 plants ha'}. in the treatments
that required ingculation, the seeds were inoculated with peat-based inoculant of the
recommended strain of Rhizobium leguminosarum bv. Phaseoli in Malawi, MG 336,
prior to planting. Phosphorus at 40kg P,0g ha', as triple superphosphate, sulphur at
30kg S ha” as gypsum and molybdenum at 1kg Mo ha' as ammonium molybdate
were applied in appropriate treatments at planting. One third of the 100kg N ha' was
applied as urea at planting and two thirds 21 days after planting. The plots were
regularly weeded.

Nodules were counted on eight plants per treatment at 50 per cent flowering, typically
seven weeks after planting. At physiological maturity, grain vield at 12.5 per cent
moisture content was determined at Ng'onga, Lunyangwa and Champhira, The N
content of the grain was analysed by the Kjeidahl method and the N percentage in
grain multiplied by grain yield per hectare to get grain N yield per hectare.

RESULTS AND DISCUSSION

Nodulation

General

Nodulation was highest at Sokola (mean 84 nodules plant') and lowest at Lunyangwa
{mean 11 nodules plant™) {Table 2}. One of the reasons for the high nodulation at
Sokola may be the high moisture content in the soil at the time of planting. Howaever,
soil acidity {high exchangeable Al, Table 1) was probably a major factor in poor
nodulation at Lunyangwa. A lime treatment is recommended in future experiments
at Lunyangwa.

Response to inoculation

At all the sites, un-inoculated {I;N,} plants nodulated as much as inoculated {I,Ng)
plants, i.e., there was no significant response { P < 0.05} in nodule number to
inoculation {Table 2). Lupwayi et al. {1931} reported similar resuits for other sites in
Malawi. This is a reflection of a large population of indigenous rhizobia capable of
nodulating beans at these sites. In such situations, competition for nodule formation
bstween inoculant strains and indigenous strains is a very important factor in the
response of a legume to inoculation. Analysis of nodule occupancy is required to find
out the proportion of nodules formed by the inoculant strain in inoculated plants.
Therefore, criteria for Rhizobium strain selection must include nodulation
competitiveness. N fertilizer did not significantly suppress nodulation, probably
because it was split-applied.
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Lack of response to inoculation due to a large population of established indigenous
rhizobia is generally true in all places where a particular legume has been grown
traditionally for a long time. Other examples include Phaseoius beans in Latin America
{Graham, 1981}, soya beans in the Midwest of United States of America (Moawad gt
al., 1984}, subterranean clover in Australia (Roughley et al., 19786} and white clover
in United Kingdom (Newbould et al., 1982} and New Zealand {(Rys and Bonish, 1984).

Response to improved sojl fertility

Improving the fertility of the soil by adding P, § and Mo markedly increased (P <
0.05) the number of nodules formed by the plants {F, vs F,} in both inoculated and
uninoculated treatments at all sites except Dedza {Table 2}. Interaction between soil
fertility and the main-plot treatments was not significant, soil fertility improved
nodulation in un-inoculated, inoculated and N-fertilized plants (Figs. 1a, 2a, 3a and
4a}. It is likely that the improved fertility stimulated rhizobia multiplication in the soil
either directly or through improved plant growth, which increased production of root
exudates in the rhizosphere.

At Dedza, on the other hand, improved fertility surprisingly reduced noduie number
{Table 2), particularly in inoculated treatments (Fig. 5a). The reason for such a
different response at this site is unknown, especially as the soil properties were not
much different from the other sites (Table 1). It is possible that improved soil fertility
also stimulated muitiplication of other soil microorganisms antagonistic to rhizobia.

Addition of individual nutrignts to inoculated plants resulted in significantly different
{p < 0.05) nodulation at Ng'onga (Fig. 1b), Champhira (Fig. 3b) and Sokola {Fig. 4b).
At Ng'onga and Sokola, addition of P and/or S generally increased nodulation over the
no-fertilizer control, whereas addition of Mo did not affect nodulation. For Mo, which
is a nutrient required more for nodule function than for plant growth, a decrease {(or
non-significant increase) in nodule number and weight on its addition to soil indicates
that it is deficient in the soil {Robson, 1978). Deficiencies of such nutrients lead to
N deficiency in plants, which results in compensatory increase in nodule development,
hence the higher nodule number and weight in deficient soils. By contrast, addition
of other nutrients like P and S increase nodule number and weight in deficient soils.
Therefore, the soils at these two sites might be deficient in P, S and Mo. However,
this is not reflected in grain yields, which were not significantly different on addition
of different nutrients at these sites (see below and Figs 1d and 3d}.

At Champhira, P and/or S increased nodulation more when Mo was also added than
when it was not, although it was only the addition of all the three nutrients that
resulted in a significant increase over the control {Fig. 3b}. Although not significantly,
grain vield results followed a similar trend {Fig. 3d}, which is suggestive of Mo
deficiency.
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Grain Yield

Of the three sites where grain yields were determined, Ng'onga had the highest mean
yield {653 kg ha} and Lunyangwa the lowest (120 kg ha’). Apart from the effects
of soil acidity, the vields at Lunyangwa were Jow because of heavy damage of the
plants by bean-fly.

A response to inoculation, N fertilizer and improved soil fertility was obtained only at
Champbhira, where 39, 102 and 35 per cent increases over the respective controls
were realized {Table 3 and Fig. 3¢}. Addition of different nutrients to inoculated plants
had no significant effect on grain yield at any site {Figs. 1d, 2d and 3d}.

Correlation between nodule number and grain yield

For each site, correlation between the number of nodules per plant and grain yield was
calculated for all treatments except those that had been fertilized with N. The N-
fertilized treatments were excluded from these calculations because application of N
suppressed nodulation (although not significantly} but increased grain vield.

There was no significant correlation between nodule number and grain vield at
Ng’onga {r = 0.27 NS} or at Lunyangwa (r = 0.30 NS), but a highly significant
correlation was obtained at Champhira (r = 0.72 **}. This is the same site where
there was a significant response of grain yield to inoculation, N fertilizer and improved
soil fertility (Table 3 and Fig. 3c}.

General remark

All the yields were lower than expected because of drought during the season. The
response of plants to inoculation and fertilizer application is heavily dependent on
availability of adequate soil moisture for the rhizobia to multiply and the fertilizer to
dissolve. Because the potential yields of the plants with N fertilizer were not realized,
assessment of the relative nitrogen fixation potential of the indigenous rhizobia was
difficult. Therefore, the experiment is being continued in order that seasonal
variations in climatic conditions are taken into account. However, it should be pointed
out that the plant population {of 111,111 plants per hectare} that was used is half the
recommended density for dwarf beans. Most farmers in Malawi prefer to plant one
row, instead of the recommended two, on the standard 0.9m ridges.
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CONCLUSION

This work has shown that nodulation response of beans to inoculation was limited by
the presence of a high population of indigenous bean rhizobia in the soil, as indicated
by the high nodulation in uninoculated plants, and low soil fertility, However, the
response in grain yield to improved soil fertility was inconsistent, probably because
response to fertilizer was masked by drought during the season,
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Table 1. Some top sail {0-15¢m depth) characteristics of the experimental sites used
in Malawi.

Exch
Site Texture pH Org.C %N Avail Bray H Al
% P {ug g-1} {meq./100g soil}
Sokola C 6.2 1.53 .11 0.72 0.40 1.60
N’gonga SCL 6.7 1.49 0.12 1.72 0.60 1.40

Lunyangwa SC 50 1.05 0.10 1.28 0.20 6.60
Champhira c 6.0 0.83 0.07 1.92 0.80 1.40
Dedza C 56 1.35 0.10 2.93 0.40 1.60
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Table 2, Effects of inoculation, N~fertilization and soil
fertility on nodule number.

Treatment Nodules/plant
Sokola Ng’onga Lunyangwa Champhira Dedza
IN® 100a° 52a 13a 22a 39a

I,N, 96a (~4%)° 37a (-29%) 13a (0%) 45a (105%) 52a (33%)
I.N, 55a (~45%) 15a (-71%) 6a(-54%) 30a (-36%) 23a (-41%)

s.e. 17 14 4 7 8
F, 31b 29b 3b 10b 42a
F, 136a (339%) 4la (41%) 18a (500%) S55a (450%) 34b (-19%)
s.e. 8 3 2 5 2
*IN, = Un-inoculated, without N fertilizer.
I,N, = Inoculated, without N fertilizer.
IMN, = Un-inoculated, with N fertilizer.
F, = Low so0il fertility (no nutrients added).
F, = High soil fertility (P, 5 and Mo added).

' vertical means (for each factor) followed by the same letter
are not significantly different at 5% significance level.

° Per cent increase or (~) decrease compared to the control for
each factor.
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Table 3. Effects of inoculation, N~-fertilization and soil
fertility on grain yield.

T S SN AWK S W " T S, VR T AU SO G WP RS P L S . S TR WG WO O I A WA D e e S B S B S i o W Vo s e ol i S R DA A i i

Treatment Grain yield (kg hal)
Ng’onga Lunyangwa Champhira

1IN T716a 1iza 359c

I,N, 536a (-25%) 138a {23%) 500b (39%)
IN, 708a (~71%) 110a (=2%) 724a (102%)
sS.e. 113 16 17

F, 703a 105a 448b

F, 603a (-14%) 135a (29%) 607a (35%)
G.8, 163 9 19

*I N, = Un-inoculated, without N fertilizer.
I,N, = Inoculated, without N fertilizer.
N, = Un-inoculated, with N fertilizer.
= Low soil fertility (no nutrients added).
F, = High soil fertility (P, S and Mo added).

P vertical means (for each factor) followed by the same letter
are not significantly different at 5% significance level.

¢ per cent increase or ({(-) decrease compared to the control for
each factor.

98



. TR

ez e o e,

o i

vt L

wrasdna o

[SR—

WNO, of nodules/plant

Fig. 1ta. Effect of inoculation and soil
fertility on nodulation at Ng'onga.

IS»EE {rnesn B ow vty K isgn tennudiy

Fig. 1c. Effect of inpculation and soil
fortility on grain yield at Ng'onga.

Grain yield (kg/ha)

soool-er ] i0.trago), By Ban

Yreaiment

Fig. ®. Effect of added nutrients
o nodulation at Ngonga.

No. of nodules/plant

0o

e mosnj

it P -4 e Pri Pollo 8ado  Felishh
Added mutriant(s)

Fig. td. Effect ol added nutrients
on grain yield at Ng'onga.

Grain ylekt (Kg/ha)

1000t .ls,a_gﬁrmaﬁ} NG

99

™ » s Mo BB PMo  BeMo PsBeMp
Added nutriant(a)



Fig. 2a. Eftect of inoculation ang soil
fertility on nodulation at Lunyangwa.

» No. of nodules/plant

35 zsﬁ (mosa) [ ow teriuey BRI darimtey

HIRG 1NU Falel]
Treatment

Fig. 2¢. Eftect of inoculation and sail
fertility on grain yield at Lunyangwa.

mGr&t& yieki {kg/ha)

B o torviney KSR Eertiiity
sl o 5.0 (maagy TRl TR el

J 1 Y - - - [

Fig. 2b. Effect of added nutrients
on nodulation at Lunvangwa.

w Na, of nodules/plant

5% - - NG

a0k Ia‘,e. {Mmean}

FL]

20

]

0

KN » E: 3 Mo
Added nuirient{s}

B Feids  B+Mo PBeito

Fig. 2d. Effect of added nutrients
on grain vielkd at Lunyangwa.

Graln Yiald (Ka/ha)

s

or ]- 5.8 {mean}

150 -

100

] Pado  Bako ?osvuo
Added nutrient{s}

100



T g T g2 s S b B

¥ it b

o SR v i Bta e

Fig. 3a. Effect of incculation and soil
fertitity on nodulation at Champhira.

WNc;,. of nodules/plant

EfLow ety B8 mign sortility
awF - - Is,e. frmsan) - -

Treatment

Fig. 3c. Effect of inoculation and soit
fertility on grain yleld at Champhira.

o0 378N yieK {Kg/ha}

T 5.8, {mesn} BB ow tarsiney Bl
800 - —

‘Traatmont

101

Fig. 3b. Effect of added nutrignis
on nodulation at Champhira.

o No. of nodulus/plant

8G

20

I 5.8 {mean;

- ] ] ' »a Pkt ono mma
Added nutrient(s)

Fig. 3d. Effect of added nutrients
on grain yviekl at Champhira.

Graln yleld (g/ha}

Is.a imoan}

NS

w P - Ms P PaMo 8o PsBeMo
Added nutrient(s)



Fig. 4a. Elfect of inoculation and soif Fig. 4. Etlect of added nutrients
fertility on nodulation at Sokola, on nodulation at Sokola

No. of ncdules/plant Ho. of nodules/plant
260 - - e —m 200

e (mgan Eiiow ooy B8 g rortiiey

ol Is.e. fmean}

il o 8 Mo o (22 Feado Bein Pelloddg
Treatment Addad nutrient{s)

Fig. 5a. Effect of inoculation and s0il Fig. 5b. Effect of added nutrients
fertility on nodulation at Dedza. on nodulation at Dedza.
No. of nodules/plant No. of nodules/plant

a0 100

B Low mcrinty  E0R v forthing I s.e (meant

saf -ls.e (mean) - — 8o

Treatment

102



D e b 6 s St

ve2170

suol il B 7

EXPERIENCES WITH TWO PROMISING MULTIPLE CROP SYSTEMS
WITH COMMON BEANS IN MOZAMBIQUE

J. Arias<Fandinc and M. Limbombo

INIA-FAOQ lLegume Program, P.0O. Box 1928, Maputo
Mozambigue

ABBTRACT
1. Bean x Maize

Twelve bean varieties are being tested for
direct assoclation with maize. Main results
indicate that none of the bean varieties
reduced the dry grain yield of maize variety
Matuba, which was 2500 Kg/ha. Bean varieties
Manteiga and Kazama, with an average Yyield of
470 kg/ha, significantly  out-performed ten
other varieties. Under local conditions,
this yield level would be acceptable, and
would be a bonus to small farm  growers of
monocrop maize to whom this technology is
being proposed.

2. Cowpeas x Rice x Beans sequential pattern

The study of the seguential crop pattern
cowpea/rice/beans has been started with the
objective of investigating more efficient uses
of land and available resources, in highly
specialized rice growing areas of Mozambique.
For these areas, available resources are
irrigation, hand labour and  seasonal
temperature changes. First results indicate
rice benefitted by previous cowpea planting
and that planting beans after rice is feasible.
Average yilelds were 2,900 kg/ha of rice as a
monocrop treatment, 775 kg/ha of cowpea grain
and 3,400 kg/ha of rice, and 500 kg/ha of dry
grain beans 1in a sequential crop of cowpeas/
rice/beans.

INTRODUCTION

As in other common bean growing countries, there are several
potential growing patterns that could be intreoduced to Mozambigue
and implemented as a means of increasing food production and
using both soil and labor. Because there are different growing
areas with well-defined climatic environments and basic crops in
Mozambigque, two crops have been chosen as initial models : these
are maize and rice.

Maize is the most common crop of the region, and there are many
aregas where it is grown as a monocrop. Some of those areas have
a good potential for introducing several intercrop patterns with
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beans. There are also a few highly specialized rice~growing areas
which may be suited for additional production of beans. The
approach to multiple crop methodologies for these two crops has
been to keep their 1local technologies unmodified. Direct
association of maize/beans, and sequential schemes of
cowpeas/rice/beans are being examined. Some preliminary results
are reported in this paper.

MATERIALS AND METHODS
Evaluation of bean varieties for association with maize

Twelve wvarieties of beans (Table 1) were planted in direct
association with the local maize variety, Matuba. Five seeds of
maize and three of beans were sown simultaneously in the same
hill. Thinning at 3x2 maize-beans plants was done three weeks
after germination. Maize was planted in plots of two rows, 1m
apart and 7m long, at a spacing of 0.8m. Experimental design used
was randomized complete block with 3 replications; supplementary
irrigation was applied. The experiment was planted on 18 April,
1991 at Umbeluzi Experimental Station; beans were harvested on
12 August and maize on 24 September.

Beans as a component in a sequential pattern with cowpeas for
rice areas

Sequential treatments studied were!

1. Rice
2. Cowpeas - Rice
3. Cowpeas - Rice - Beans

4, Rice - Beans

Fach treatment had four replications. Cowpeas and beans were
either planted before or after rice in the same plot, according
to the treatment. Plot size was 6x5 m. Regular irrigation was
applied as necessary. The rice variety IR 52, cowpea INIA 36 and
‘Manteiga’ beans were used. Cowpeas were sown on 23 October,
1991; rice was transplanted on 27 February, 1989%2; and beans were
gown on 4 July, 1892.

RESULTE AND DIBCUSSION
Evaluation of bean varieties for association with maize

Data presented in Table 1 indicate that none of the bean
varieties affected maize yield when planted in direct
association. There were significant differences between yields
of bean varieties when associated with Matuba maize. Although
bean vyields were not high, these experimental data 1look
encouraging : under local conditions, dry grain yields of 400
kg/ha are regarded as good. Furthermore, such production only
requires bean seed and harvesting above those costs incurred in
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scle crop maize production.

Beans as a component in a seguential pattern with cowpeas for
rice areas

Average grain yields obtained for each crop are presented in
Table 2. Plantings were a little late. Bean plots were rather
lacking (grade 3) in vigor, perhaps either caused by an efﬁect
of the previous sequential crop or by late planting. This first
experiment shows that it 1is possible to grow beans after
irrigated rice under experimental conditions, suggesting it may
be possible to extend the system to small farm rice growers in
Mozambigque.

It looks as if cowpeas provide some positive residual effect upon
rice, and the triple sequential crop cowpea/rice/beans data would
indicate a more efficient land utilization. For Mozambigque, the
hot weather of the second semester of the year is ideal for
cowpeas and rice; then, after the normal rice harvesting season,
the cooler season is ideal for the bean crop.

Table 1. Dry grain yields (in kg/ha), number of plants
harvested and bean rust severity obtained in an
evaluation of twelve varieties of beans in
association with maize, variety Matuba, Umbeluzi.

Yields No plants Bean
Varietal (kg/ha) harvested rust
Associations Beans Maize Bean Maize sever.
MATUBA {alone) - 2.750a -—-—- 188 ——
MANTEIGA-SEL X MATUBA 479%a 2.604a 107 124 2
KAZAMA X MATUBA 429ab 2.300a 89 138 1
ENCARNADO X MATURA 375ab 2.446a 87 139 2
TROPA X MATUBA 312ab 2.458a 82 143 2
CO5-4 X MATUBA 31lzab 2.561a 83 152 1
KANTESA X MATUBA 292ab 2.008a 72 145 2
INIA-7 X MATUBA 283 be 2.292a 87 125 2
MANTEIGA X MATUBA 229 bc  3.187a 64 145 3
DIACOL, CALIMA X MATUBA 208 ¢ 2.75Ba 63 156 2
KACHINA X MATUBA 208 ¢ 2.508a 57 130 2
HOGOLO X MATUBA 187 ¢ 2.508a 64 148 4
ENCARNADO RAIADC X MATUBA 125 d 3.000a 42 153 4

h--—ﬂmmww“-—ﬁﬁ-&mmmm'--——-uﬂl-ﬂ—nﬁ-mmm-‘————‘.—_—_————-ﬂnwmwww‘v‘-———“”

Means followed by the same letter are not significantly
different, at 5% level of probability.
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Table 2. Grain yields (kg/ha} obtained in a cowpeajrice/beans
sequential cropping pattern, Umbeluzi, 1991-92.

Grain vyields (kg/ha)

A AAs MAAr LS LAS MAAF A WARR Al A Al A A Al S S

Sequential treatment Cowpeas Rice Beans
Rice (alone) —-—— 2,947  —
Cowpeas/Rice 744 3,322 -
Cowpeas/Rice/Beans 755 3,555 487
Rice/Beans - 3,405 554

S N A S S A R U e T T S S — T — - —————— aae mse men saer D SO0 S - O -
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BEAN RESEARCH IN NAMIBIA 1991/92
L. van Coller

Ministry of Agriculture, Water and Rural
Development
Private Bag 13184, Windhoek 9000, Namibia

ABSTRACT

Bean research 1In Namibia is still at an early
stage and the crop is not high priority at the
moment. We are looking for a variety which
will be adapted to Namibia’s extremely harsh
conditions. A report of IBYAN 1991/%2 is
given.
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DIBCUSS8ION OF THE AGRONOMY SESSION’'S PAPERS

Aggarwal : How many varieties did Lupwayi use in his trial ?
Lupwayi : One variety : 25-2

Aggarwal : What are the possible reasons for the poor performance
of the trial in some locations ?

Lupwayi : This {1992) has been a difficult year. We had 7 sites to
start with but at Bunda and Thyolo there was a total crop failure.
Misuku hills had a better rainfall. Fertilizer trials regquire good
moisture for the fertilizer to be dissolved and absorbed by the
plant.

Aggarwal : Late sowing may have contributed to the poor crop
growth.

Lupwayi : Yes, perhaps. Bean stem maggot and soil acidity also
contributed.

Bosch : At what stage were nodules counted, and were the data on
nodule counts transformed before analysis 7

Lupwayi : Sampling for nodules was conducted around mid~ flowering,
at about 50 days after emergence. The data were not transformed
because a plot on a scatter diagram followed a near~ normal
distribution.

Edje : This trial is very important especially on-farm, as it is a
kind of exploratory trial. There is need to better control
management to produce more reliable results.

Youngquist : Do we expect better nodulation and N2 fixation in
intercrop conditions, with reference to Arias’ paper ? We know
increased N2 levels reduce nodulation and maize may reduce N2
levels,

Arjias : Beans were not nodulating in Mozambigque. A wide range of
varieties have been tested and we do not understand why.

Edje : Ofori and Stern, working in Western Australia, reported that
shading and competition lead to poor nodulation. I am surprised
that Dr. Arias thinks intercropping is a new technology.

Arias : Not enough studies have been done in this area in
Mozambigque, and to me this area is a novelty.

Edje : Umbeluzi is not an ideal site for bean/maize intercropping.

108



The location is too hot, perhaps more suitable for cowpea.
Arias : The cool dry summers are suitable for beans in intercrops.

Allen : Various intercropping workshops have been held in the
region : In Morogoro in 1976 and 1980; and in Lilongwe in 1989;
and a lot of intercropping work has been done in Zambia. We need
to build on the existing knowledge. The subject has not been
particularly well addressed but it is not true to say "there is no
information"®.

Teri : I am impressed by the idea of a network approach, as
described by Mkandawire. Has anvbody within the network looked at
the genetic mechanisms of drought tolerance ?

Mkandawire : No, not yet. We need to identify characteristics that
lead to drought tolerance before we embark on genetic studies.
Plants with drought tolerance are generally those that retain
vigour in the face of moisture stress. Possible characteristics
may include leaf area. Root volume may also contribute, since they
can scavenge better for moisture in the soil. Inheritance of
bigger root systems is a possibility.

Youngqguist : This will be a qualitative measure. Different genes
may be responsible for different phases in the plant reaction to a
drought situation. Jeff White has good information on rcot system
response. He controls the drought situation but this is atypical.
Drought tolerance is a quantitative trait.

Mxandawire : It is difficult to determine the physiological
mechanism of drought tolerance. We know roots are playing a role
but it is difficult to pinpoint the specific actions. Gene mapping
may help and there is work being done by Paul Gepts in California
and Shree Singh at CIAT on this. We hope to test their materials
in Malawi.

Aggarwal : Were all your seeds small ?

Mkandawire : No, AND 197 is large seeded. G 5201 and BAT 798 are
good genotypes. There are also G x E interactions.
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BESSION 4 : CROP PROTECTION

TEE BIOLOGY, ECOLOGY AND ECONOMIC IMPACT OF
Cclavigralla spp. IN LESOTHO

Iy
Mamolemo L. Pomelsa

Agricultural Research Division, P.0. Box 829,
Maseru 100. Lesotho,

ABSTRACT

Spiny brown bug (Clavigralla spp.) is known as a serious
pest of legumes worldwide. Common  beans (Phaseplus
vulgaris L.) are most sensitive to spiny brown bug
infestations. Farmers in Lesotho are currently increasing
thelr bean acreages, consequently new pests are being
encountered. This study investigated the occurrence,
biology, and economic thresholds of spiny brown bug in
common beans 1In Lesotho. Spiny brown bug is widespread
throughout Lesotho although its populations are not yet
serious, partly because beans are planted late in the
season. However, patterns of adaptation to those late
times are evident. The life cycle from egg to adult
ranges from 17 to 36 days.There are five nymphal instars.
Bean yields are seriously reduced by infestation. Bean
yvields were 1700 kg/ha with no infestation but
significantly declined to 26.8 kg/ha when infested with
27 spiny brown bugs per 0.375 m° cages.

INTRCDUCTION

Common beans (Phaseolus vulgaris L.) are an important dryland
crop in Lesotho. For the past ten years the area cultivated to
beans ranged between 7,500-30,000 hectares (Massey et al., 1989).
Among the principal factors affecting bean production in Lesotho
are rainfall, soil infertility, diseases and insect pests. Among
the serious insect pests affecting bean production in Lesotho is
the spiny brown bug, Clavigralla spp.

Spiny brown bug (SBB) has been recorded as a serious pest of
grain legumes throughout Africa (Jackai and Daoust, 1986).
Clavigralla spp. have been recorded on cowpeas (Vigna unguiculata
Walp.), pigeon peas (Cajanus cajans [L.] Druce), common beans,
hyacinth bean (Lablab purpureus [L.) Sweet) and sweet potato
(Ipomoea batatas Lam.}, (Materu, 1971; Egwuatu and Taylor, 1977;
Jackai, 1984). Clavigralla tomentosicollis Stal. is the most
widespread species and occurs in Tanzania, Nigeria, South Africa,
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Ghana and Kenya (Materu, 1970; Jackal, 1984; Egwuatu and Taylor,
1977; Agyen-Sampong, 1978; Khamala, 1978; Hill, 1983).
Clavigralla horrida and ¢. hystricoides are also important in
Tanzania {Materu, 1971).

Clavigralla spp. have been observed on common beans at the
Agricultural Research Station in Lesotho where common beans are
planted every year for research purposes (E. Fomela, pers. comnm,
1987). The extent of its distribution and species composition
in the country are not Known, and the extent of crop damage
relative to Clavigralla populations has not been determined.
Consequently, appropriate management procedures have not been
undertaken. In most instances, Lesotho acguires its pest control
technologies from neighboring South Africa. Frequently, such
technologies fail to perform to optimum levels because location
specific technologies are not known.

The major objectives of this study are to identify the
Clavigralla species composition in Lesotho, to study the
bioclogical elements affecting Clavigralla occurrence in Lesotho,
and to determine the economic thresholds as a guide to management
decisions,

MATERIALS AND METHODS

surveys. In order to determine the distribution of Clavigralla in
Lesotho, sixteen fields were surveyed. Location, altitude, crops
planted, crop stage, insect populations and cropping patterns of !
each field were recorded in order to determine the spread of
Clavigralla in Lesotho (Table 1). Locations ranged from Maseru,
at an altitude of 1420 masl to Machache, at 1890 masl. Field

locations were from Butha Buthe in the North to Quthing in the i
South of the country. Most fields sampled were planted to beans,

and a few to soybeans and lucerne. Each field was sampled using

a M-shape sequential sampling method, each with ten samples.

Visual counts of adult insects per plant were taken on each

field. Then the average number of insects per plant was

determined. Surveys were done during January and February, 1992.

At the January sampling, most bean fields were in the vegetative

stage while for February sampling beans were in the reproductive

stage.

Developmental times. The experiment was done inside a mesh
enclosure. The temperatures inside the enclosure ranged from
25-34°C, Individual plot sizes were a wire mesh cage of 0.75 x
0.4 x 0.4 m with a potted bean plant for oviposition and shelter.
Ten adult insects collected from the field were placed inside the
cage. The insects were supplied with fresh green beans every 2
to 3 days. The plants were then examined daily for presence of
eggs. Eggs were collected by excising the part on which they
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were laid and placing them in a petri dish. The time it took
from egg-laying to egg-hatching was then recorded, as was the
time for each subsequent growth stage. The first instar nymphs
to hatch were placed individually in petri dishes with fresh
beans and damp cotton wool, so as to provide food and moisture.

Economic thresholds. A field experiment, of a randomized
complete block design, with four replications was conducted.

Four insect populations of 0, 3, 9, and 27 insects per cage were
used. These populations were chosen to reflect a sigmoidal
response of bean yields to insect infestations. Cages measuring
0.75 % 0.50 % 0.50 m were used. The plot size was therefore
0.375 m’. At the beginning of flowering (Rl stage) insects were
placed in cages. The beans were harvested when dry, threshed and
yields recorded. Analysis of variance was then performed and
correlation of insect population to yield was determined.

RESULTS AND DIBCUSSION

The results presented in this paper are for the 1991/92 season
only. The study will be continued during the 1992/93 season.

Surveys. During the January surveys, most fields except at the
Agricultural Research Station where beans are grown early in the
season, had no spiny brown bug. During the February surveys, the
regsurveyed fields had spiny brown bug (Table 1). Insect
populations ranged from 0 to 8 insects per plant. Most farmers’
bean fields are planted late in the season, consequently beans
are at R1 stage in February. Therefore, there is a definite
relationship between the frequency of bean production, pattern of
farming, crop phenology and spiny brown bug infestation. Maseru
Agricultural Research Station had the highest populations (8
insects/plant) whereas other locations had low to no insects.

The spiny brown bug was always present during the reproductive
stage of bean plants and there was no particular podding stage
favored. 1In all cases except one (a field at Ha Makoae 1 in
Quthing), spiny brown bugs were present on beans. In addition to
Maseru Agricultural Research Station, beans are also grown every
year in Hololo and Leshoele and this seems to influence the
presence of the spiny brown bug.

Developmental times. The complete life cycle from egg to adult
takes 17-36 days for insects fed on fresh and dry beans. The
developmental stages arve similar to the ones recorded by Egwuatu
and Taylor (1977). In this experiment, spiny brown bug had five
nymphal instars with developmental times ranging from 3 to 6
days. However, the fifth nymphal instar took 5 to 9 days. These
developmental times were recorded under controlled environment.
However, developmental times in the field where temperatures have
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a wide variation are not known.

Beonomic thresholds. In general, bean yields were lower than
normal because of the seriocus drought that prevailed in southern
Africa. 1In addition, there was sporadic rust infection in beans,
probably further causing yield loss. Bean yields were 1700 kg/ha
where there were no insects, slightly decreased to 1387 kg where
there were low populations of insects, and significantly
decreased to 26.8 kg/ha with high insect populations (Table 3.
There is a negative correlation of insect population to yields.
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Table 1. Insect populations of the fields surveyed in February.
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Location Altitude No. insects Crop Crop
masl per 10 plants Btage
*Maseru 1420 8 Beans R1
Mafeteng 1440 .1 Beans R5
Machache 1890 0 Beans R&
Leribe 1580 3 Beans RE
ghabana Tsooana 1430 5 Beans R7
Thabana 1430 2 Beans R8
Tsooana 2
Ha Sakoane ARS 1480 0 Beans RS
Ha Sakoane 1 143¢ .2 Beans R7
Ha Sakoane 2 1430 .5 Beans R6
Ha Sakoane 3 1430 0 Beans R7
*Hololo 1600 5 Beans R4
HMakoae 1800 0 Beans R5
Makoae 1 1800 4 Lucerne R
Thuathe 1800 0 Beans R4
*Leshoele 1540 3 Beans R6
*Masianokeng 1400 0 Beans RS

* Supplemental irrigation

R=Reproductive Stage
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Table 2. Developmental times of the spiny brown bug under
controlled environment.
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Developmental Stage Developmental Times (Days)
Egg 1-4
1st Nymphal instar 2-6
2nd Nymphal instar 3-6
3rd Nymphal instar 3-5
4th Nymphal instar 3~6
5th Nymphal instar £5=9
Adult
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Table 3. Bean yield in response to insect Populations in the

field.
Insect Populations Yield (kg/ha)
0 1700
3 1380
3 1387
27 26.8
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BEAN BRUCHID RESEARCH: RESULTS OF A SADC/CIAT REGIONAL
BUB~PROJECT

D.P. %igu and P.”Chinwada
Department of Crop Science, University of Zimbabwe
ABSTRACT

This paper presents some of the research results of a
regional sub-project on bean bruchids that is jointly
funded by BSADC/CIAT and The Rockefeller Foundation.
The research programme includes the following studies :

i) survey of bean production and post-harvest practices
by small scale farmers in Zimbabwe; 1ii) survey of bean
bruchid species composition and distribution Iin Africa;
iii) evaluation of selected traditional grain protection
methods in laboratory and simulated storage trials; iv)
preliminary agronemic evaluation of bruchid resistant
germplasm (‘RAZ’ lines); v) screening of RAZ lines for
bruchid resistance; vi) bruchid species incidence and
populations in the field; vii) infestations of stored
pods with time in storage; viii) solar disinfestation of
beans; ix) evaluation of a sorptive dust as a grain
protectant; and x) competition interactions between
Acanthoscelides phtectus and _Zabrotes _subfagciatus at

different temperatures.

INTRODUCTION

At the 2nd SADCC/CIAT Regional Bean Research Workshop held in
Morogoro, Tanzania from 17-22 September 18%0 a collaborative
research proposal between Zimbabwe and Tanzania was presented
(Giga et _al., 1990). Its overall aim was to obtain a detailed
knowledge of small farmers’ bean storage systems, losses in
gtorage, bruchid species composition and distribution and control
methods. In recognition of the role of food storage as a vital
component in the drive towards self-sufficiency and the
improvement of the nutritional status of the small farmer through
appropriate conservation techniques, the SADC/CIAT programme
supported a regional sub-project based at the University of
Zimbabwe. The research programme commenced in March 1891 and
significant progress has been made. A number of experiments have
been completed and several are in progress, although not all the
project’s objectives have yet been achieved. Several experiments
have been conducted and their results are presented in this
paper. The following studies have been completed, or are in
progress:

1) survey of bean productlon and postharvest practices; ii)
survey of bean bruchid sgecxes composition and distribution
in Africa; 111) evaluation of selected traditional grain
pratactant$ in laboratory and simulated storage trials; 1v}
screening ‘*RAZ’ lines for bruchid resistance; v) bruchid species
incidence and populations in the field; vi)} agronomic evaluation
of *RAZ’ lines; vii) infestations of pods and threshed grain
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(artificial and natural) with time in storage;
viii) solar disinfestation of infested beans; ix) evaluation

of a sorptive dust as a grain protectant; and x) interactions
between Acanthoscelides obtectus and Zabrotes subfasciatus at
different temperatures.

BURVEY OF BEAN PRODUCTION AND POSTHARVEST PRACTICES

A questicnaire survey was conducted in 14 districts in 4
Provinces (Mashonaland east, Mashonaland central, Mashonaland
west and Masvingo)} of Zimbabwe to obtain information on bean
production and postharvest practices. Beans are mainly planted
in October to March and harvested from February to May. No
accurate information was obtained on specific varieties grown by
the farmers but the most common are sugar beans, Michigan pea
beans and Red Canadian Wonder. Beans are mainly intercropped
with maize and rarely fertilized. The area under bean
cultivation wvaried widely among the different communal
households, but 0.4 ha seems to be the best mean area estimate.
Most of the small farmers used seed saved from previous harvests
for planting while a few bought seed from wariocus sources.

Beanfly infestations were mentioned by some farmers to be a major
problem in the early seedling stages, with Michigan pea beans
being the most susceptible, In general, however, no form of
disease or pest management is practiced by small farmers. Bean
yields also varied widely with the cropping system {(intercropping
versus monocropping), variety and level of crop management.
Overall, the mean yield was estimated to be 216 kg per household
(approximately equivalent to 490 kg/ha). Beans are stored in the
threshed form in various containers including jute bags (50 kg
or 90 kg), 20-litre tins, pots (clay and metal), plastic bags,
enpty flour bags, paper bags and drums (only for beans still in
pods). These containers are usually kept in the granary ({in
which maize is stored) or in the house. The amounts stored and
sold vary depending on the yield, but on avearage 20-30% of the
total yield is stored for home consumption. Nearly 80% of all
the farmers interviewed store beans for at least six months.

Bruchid damage was perceived by farmers as a major problem but
no meaningful estimates of losses were obtained. Few farmers
take measures to reduce bruchid infestation even though they
realise the damage potential of these insects. The most common
bruchid control measures include the use of insecticides,
admixing beans with ash, rapoko (finger millet) husks and =sand,
and sunning. Smoking or alternating layers of leaves of
eucalyptus, Tagetes minuta and tobacco are some methods used by
a few other farmers. According to farmers, the effectiveness of
all these simple control treatments range from poor ({rapoko
husks) to very effective (ash). The farmers feel that high
storage losses coupled with an uncertain market have a negative
impact on bean production.
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DISTRIBUTION OF BRUCHIDE IN AFRICA

In order to obtain information on the distribution of 2. subfasc-
iatus and A. obtectus in Africa, a ‘postal survey’ was
conducted. Over 70 qguesticonnaires reguesting information on the
species attacking beans in storage and details of climate,
altitude and temperature where the species are known to occur
were sent to entomologists, bean researchers and directors of
agricultural research institutes in southern, central and eastern
Africa. Where records were incomplete or unavailable dead
specimens were requested for identification. The responses,
however, were rather digappointing. In Zimbabwe, reguests were
also sent to all provincial extension offices but responses were
also unsatisfactory. Table 1 summarizes the information from the
postal survey. Whilst correlations of Z. subfasciatus and A.
obtectus with environmental conditions have been suggested in
South America {especially altitude linked climatic effects), no
similar correlation studies are available for Africa, though some
literature and information from our postal survey suggests broad
associations with altitude and temperature. It has been
documented that optimum temperatures for growth differ between
the two species; A. obtectus prefers cooler climates (optimum
30°C ) at higher elevations, while Z. subfasciatus prefers lower
altitudes and warmer temperatures ({(optimum 32.5°C). In
South America, the distributions of the two species are clearly
defined according to climatic factors; thus, Z. subfasciatus is
common in tropical zones of Colombia and other countries but is
not found in mountainous or subtropical regions of Chile and
Mexico, where A, obtectus is the main pest. Although,
A. obtectus 1is better adapted to cooler environments than Z.
subfaciatus it is far more successful and found wherever beans
are grown in Africa. The distribution of Z. subfaciatus appears
to be far less defined, and though common in the hot lowlands,
detailed surveys in Uganda and Tanzania have shown a much wider
distribution, irrespective of altitude and temperature. The most
likely influences on distribution of these bruchids in Africa are
the distribution of the preferred host (beans) and trade routes
in this pulse. Bruchid distribution maps may often alsc reflect
the distribution of active bruchid specialists.

BRUCHID INCIDENCE AND POPULATIONS IN THE FIELD

Two plots (40 x 12 m) planted to Natal Sugar beans on 13/1/91
were monitored for bruchid populations. Twenty meters of every
alternate row of each of the two plots were sampled weekly, using
a D-vac suction sampler; thus, each 20 m row was sampled every
two weeks.

Results

The bruchid species and their numbers sampled are given in Table
2. Whilst populations of CcCallosobruchus rhodesianus and
A. ocbtectus were the most numerous, and increased rapidly after
pod initiation, few adults of Bruchidius spp. and Z. subfaciatus
were recorded.
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AGRONOMIC EVALUATION OF BRUCHID RESISTANT GERMPLABM

A bruchid resistance nursery consisting of 55 ‘*RAZ’ lines from
CIAT were planted during the 1990/91 season at the Harare
Research Station for multiplication of seed, preliminary
evaluation of agronomic characteristics and yield potential. The
parameters measured were days to first flowering, canopy height,
days to 95% maturity and seed yield. The preliminary data given
in Table 3 showed large variation between the genotypes. The
highest yielding lines were RAZ 13-3, 13-4, 18-1, 19, and 25-3
whilst RAZ 7, 12 and 12«1 produced the lowest yields. The
germplasm was planted again in 1991/92 but, due to poor growth
because of drought, no records were taken and yields were
severely affected.

EVALUATION OF TRADITICNAL GRAIN PROTECTANTS
Laboratory trials

The admixture of non-toxic compounds such as plant products and
inert materials is one practical way of dealing with storage
pests. A survey of storage methods used by small farmers in
Zimbabwe revealed that several traditional methods are currently
in use, the most common being admixture of ash and natural plant
products. Although insecticides are effective in controlling
bruchids, their high cest, un-availability, the danger of
resistance building-up, and their safety hazards make alternative
control measures important.

One of the major setbacks to the adoption of such treatments in
insect control is the bulky nature of the amounts needed to give
effective grain protection. However, this technique is still
important where lower value crops are concerned and amounts
harvested are too low teo be economically protected using
conventional pesticides.

The purpose of these experiments was to evaluate the efficacy of
admixing wood ash, sand, rapoko husks, sunn-hemp seeds and neenm
leaf powder applied at various rates in protecting beans from
bruchid infestation. Experiments were conducted in a constant
temperature and humidity room at 26.5°C and 55-~60% relative
humidity.

Results and discussion

The results (Tables 4a and 4k} show that treatments were
effective in reducing insect multiplication and grain damage.
The ash treatment was superior to all other substances at all
rates of application. The effectiveness of the ash-storage
method for legumes (cowpeas and beans) has been confirmed by
these studies. While ash provides a physical barrier and
restricts insect movement it is also possible that it acts in
other ways. Ash provides a sorptive surface in which it may
dessicate bruchid eggs, larvae and adults. The ash particles may
also clog insect spiracles and trachea causing suffocation. For
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the other substances, an application rate of at least 1:1 (v/v)
was needed to give a significant level of protection. In these
*no choice’ experiments neither rapoko husks nor sunn-hemp gave
any protection; their claimed repellent effects were not
evaluated in this experiment.

Simulated bean storage in clay pots

The effectiveness of ash, sand, vegetable oils and rapoko husks
admixed with beans stored in clay pots at ambient conditions was
evaluated. The amounts of the substances admixed corresponded to
an equivalent volume rate of 0.25:1 (substance: bean) and the oil
was applied at a rate of 7.5 ml/kg beans. Each clay pot
containing 2 kg of beans was infested with 400 freshly emerged
adults. The experiment was replicated three times and performed
separately for the two bruchid species. To prevent insects from
escaping, the pots were closed with muslin secured by elastic
bands.

Results and discussion

The mean numbers of insects that emerged and the percentage grain
damage are given in Tables 5a and Sb). The trial clearly
demonstrates that the admixtures protect the grain, to varying
degrees. O0il treatments were the most efficacious, followed by
ash treatments.

CONTROL OF BRUCHIDS WITH NEEM AND VEGETABLE OIL TREATMENTS

Admixture of edible vegetable or neem oils to protect beans from
infestation is a common practice in many countries at the small
farmer level. For subsistence farmers who store small gquantities
of beans for home consumption, admixing the grain with edible
oile at 5 ml/kg is practical and cost effective. Our survey
revealed that the small Zimbabwean farmers were unaware of this
method of protecing beans or cowpeas from bruchid infestations.
Therefore, experiments were conducted to test the efficacy of two
locally produced oils (sunflower and a cotton seed ~ soya oil
blend) and compared with a commercial preparation of neem oil and
an insecticide treatment (pirimiphos~methyl at 10 ppm). The oils
were tested at 3 rates and evaluated 0 (immediately}, 8 and 16
weeks after treatment against both bruchid species. The
following parameters were measured: adult mortality, fecundity,
egg hatch, F, emergence and percentage grain damage.

Kesults and Discussion

Adult mortality

The mortality of A. obtectus and 2. subfasciatus after 7 days
exposure to freshly treated grain, and treated grain aged for 8
and 16 weeks, is given in Table 6. All fresh oil treatments
caused very high mortalities of both species. The lethal effect
of vegetable oils decreased significantly with time, while neem
oil was still active 16 weeks after application.
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Fecundity and eqq hatch

The mean numbers of eggs laid and percentage egg hatch in Z. sub-
fasciatus are given in Tables 7a and 7b, respectively.

0il treatments were significant in reducing both the number of
eggs laid and hatched at the three periods investigated. For
freshly treated beans in all the oil treatments, oviposition was
low because of high adult mortality. Neem o0il treatments
resulted in complete protection of beans. There was no evidence
of differences between dosage after the vegetable oils had been
aged for 8 and 16 weeks.

Adu mergerice

The numbers of adults emerged and percentage survival of Z. subf-
asciatus are given in Table 8 and the effect of oil treatments
on emergence of A. obtectus is shown in Table 9.

Percentage damage

The percentage damage incurred by A. obtectus and Z. subfasciatus
after one generation in the different treatments are compared in
Tables 10a and 10b, respectively. The results of these
experiments show that the o0il treatments caused a significant
reduction in oviposition, egg hatching, mortality, and percentage
damage. Neem oil was the most effective, at all dosage rates and
storage periods investigated. There was a significant decline
in activity of vegetable oils after 8-16 weeks compared to fresh
oil deposits. Performance of both vegetable oils were similar.

SCREENING GERMPLAEM FOR RESISTANCE

The RAZ lines from CIAT were multiplied over two seasons to
chbtain enocugh seed for resistance tests against A. obtectus and
Z. subfasciatus. The preliminary results are presented here.

Results and Discussion

The results (Table 11) suggest that resistance was expressed in
the following ways: i) prolonged development period;

ii) mortality of larvae within the seed (antibiosis); iii)
meortality in the pupal stage; iv) failure of adults to emerge
(although ‘windows’ appeared}; and v} reduction in F, adult
weight.

CONTROL OF BRUCHIDE WITH BORPTIVE DUSBTS (Dryacide)

"Dryacide" is a commercial formulation of a sorptive dust using
diatomaceous earth and silica aerogels. This product is
effective against a wide range of stored product pests. In this
study ©¢.5, 1.0 and 2 g of dryacide per kilogram of beans were
tested against Z. subfasciatus. Treated beans were infested with
insects immediately after treatment, and after 8 weeks in
storage. The mortality of adults, progeny emergence and damage
were measured.
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Results and Piscussion

The results confirm that dryacide is an effective grain
protectant (Table 12) and would be appropriate for the small
farmer who usually has ne specialized storage facilities, little
money with which to buy chemical pesticides and often lacks
knowledge of the proper use of toxic pesticides.
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Table 1.

Distribution of bean bruchids in Africa.

Country

Burkina Faso

Namibia
Kenya

Tanzania

Zimbabwe

Malawi

Zambia

Respondent

C. Camarada

C. Dabire

C. Roberts
F. Olubayo

8. Kyamanywa
B. Tengecho

5., Nchimbi

P. Chinwada

D. Giga

E. Muwali

S. Sithanan-

tham

Species
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No

No
A.

cbhtectus

records

records
obtectus

subfasciatus
subfasciatus
obtectus
subfasciatus
obtectus
obtectus

subfasciatus

obtectus

obtectus

123

Comments

No countrywide
information, records
from Huambo - mean
temp. 19°C, altitude
1700 m

Beans unimportant but
cowpeas widespread;

C. maculatus and

B. atrolineatus conmon
Widespread, restricted
to Ugandan border
(unconfirmed verbal
reports)

Coastal Mombassa region;
lowlands

National Museum records,
no records of Zabrotes
Surveys in Morogoro,
Dodoma and Arusha;
altitude 1200 n,
Zabrotes species.
Acanthoscelides most
widespread,

only 1 sample of
Zabrotes collected in
surveys.

Beans grown in
highlands; temp 17-27°C,
altitude 900-1700 m;
rainfall 600-1000 mm
No records of Zabrotes,
but uncertain of
presence

Widespread
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Rwanda I. Butare A. obtectus Less important but most
common in ‘hot regions’
of lowlands in East and
South of country at
altitudes of 1000-1300 m

Lesotho A. Ansari A. obtectus Widespread

Swaziland - A. obtectus Walker (1979)

Ethicpia - Z. subfasciatus  Decele {1980}

Mozambique P. Segeren Z. subfascilatus Museum records of both
4. obtectus species including

lowland areas.
Acanthoscellides more

widespread.
Uganda S. Hahdy Z. subfasciatus Both species widespread
in Uganda and occur
A. obtectus together., Zabrotes is

relatively new in
Uganda. Detailed
survey information on
species composition
available.
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Table 2. The bruchid species and populations sampled with time’.

Date  Acantho- Zabrotes Callosobruchus <Callosobruchus Bruchidius
scelides subfasciatus maculatus rhodesianus SpPP.
cbtectus

31/1/92 3 0 0 o 0

772 8 0 1 0 1

14/2 ) 0 3 3 1

21/2 2 0 0 10 0

28/2 8 0 0 32 0

6/3 1 0 0 57 5

13/3 g 0 2 41 4

23/3 9 0 0 31 0

27/3 23 4] 0 52 0

3/4 31 0 0 19 0
(harvest)

! Presumably in Harare, at approximately 1500 masl and latitude
about 17°48’S (Ed.)
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Table 3. Agronomic evaluation of ‘*RAZ‘ lines - Bruchid resistance

nursery
Line 1st flowering canopy 95% maturity Seed yield
{days) height (cm) (days) (g)
RAZ 4-2 39 43 81 26,1
5 39 42 81 146.1
8 39 43 81 71.2
7 37 31 81 41.0
8 46 38 102 152.1
] 46 38 92 115.1
g1 42 a8 104 212.6
9-2 47 37 102 162.2
9~4 50 35 104 113.3
10 38 42 849 135.2
11 39 30 95 151.1
i1~1 43 33 92 153.5
12 46 37 97 39.2
12-1 53 45 97 39.7
12-4 46 43 97 140.8
13 46 42 49 140.0
13-1 43 40 89 80.7
132 42 45 89 172.5
13~3 39 4% 89 206.7
13~4 46 43 89 254.2
13~5 46 42 89 123.2
13-6 46 47 ag 111.7
14 39 43 89 125.2
15 42 43 95 141.4
16 39 42 82 106.1
17 38 42 85 94.3
17-1 39 40 29 135.9
17-2 39 28 85 70.1
17-3 39 37 89 152.5
17~5 359 45 85 97.2
17-6 39 42 85 121.9
17-7 39 32 85 56.9
18 42 45 a2 148.7
18-1 39 47 9% 185.1
i9 42 42 89 176.8
20-1 39 45 81 66.2
20«2 39 45 81 73.8
21 42 45 a5 113.3
22 38 25 g1 88.7
24 a7 40 83 63.2
24-1 39 33 89 76.9
24-2 34 a5 8BS 144.6
24-3 37 47 ae 117.8
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Line 1st flowering Canopy height 95% maturity Seed yield
(days) {em) (day) (9)
RAZ 244 37 42 89 102.2
24-5 37 40 8% 80.0
25 42 48 95 157.5
25-1 47 45 a5 11%8.1
252 42 50 97 150.6
25-3 46 45 S7 191.6
25-8 46 43 a5 144.7
27 39 47 85 105.0
28 39 48 85 82,1
29 30 43 89 141.1
30 46 42 97 192.9

1mx 1mplots; spacing 45 cm x 7.5 cm.

Table 4a. The effect of admixing different substances with beans at
various rates on damage and development of Z. subfasciatus
Rate (v/V) Bubstance Mean number of Mean % damage
F, emerged
0:1 Control 148.2 B4.5
0.25:1 rapeko 141.0 45.5
neem 156.6 49.3
ash 102.4 35.8
sunhemp 183.6 73.5
sand 128.0 £9.6
0.5:1 rapoko 124.0 22.6
neem 99.6 15.0
ash 15.4 5.2
sunhemp 136.8 61.8
sand 50.4 17.8
1:1 rapoko 81.0 10.3
neen 27.0 2.5
ash 7.8 1.8
sunhemp 110.2 29.1
sand 48.8 6.1
5.E.D between treatment means 0.94 0.06



Table 4b. The effect of admixing different substances with beans
at various rates on damage and development of
A. obtectus.

Rate (v/v) Substance Mean number of Mean % damage
F, emerged

0:1 Control 120.6 64.6

0.258:1 ash 17.2 3.8
sand 101i.0 47.3
rapoko 120.8 53.2
neem 135.8 56.3
sunhenp 77.4 47.6

0:5:1 ash 0 0.1
sand 86.4 31.5
rapoko 24.3 15.8
naem 81.4 30.1
sunhenmp 82.2 55.5

i:1 ash 3.2 0.1
sand 18.2 7.0
rapoko 7.4 7.5
neem 7.4 5.1
sunhemp 91.2 51.5

S.E.D between treatment means 1.1¢9 0.08

Table 5a. Effect of admixing different substances on damage and in
development of Z. subfasciatus in clay pot trials.

- —— —————— —-————— S — - - ——".."— Was " WK ‘S M A ——————

Treatment Application rate per Number F, % Damage
kg beans emergents
Control - 3167.0 66.4
oil 7.5 ml 0 o
ash 220.5 ¢ 761.3 6.1
sand 500.2 g 28243 28.4
rapoko 35.3 g 2852.3 37.7
SED 2.28 0.06
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Table Sb. Effect of admixing different substances on damage and in
development of A. obtectus in clay pot trials.
Treatment Application rate Number F, %
Damage per kg beans emergents
Control 3662.6 42.8
oil 7.5 ml 0 0
ash 220.5 g 33.0 0.8
sand 500.2 g 2929.7 27.9
rapoko 35.3 g 2588.7 25.4
SED 8.87 .07
Tahle 6a. Percentage mortality of Z. subfasciatus adults exposed to
grain treated at 0,8 and 16 weeks before infestation
age of deposit (weeks)
Dose Treatment
ml/kg
] 8 1é
Control 6.0 4.0 6.0
10 ppm pirimiphos-methyl 100 100 100
sunflower 89.4 8.3 6.4
2.5 cotton + sovya 93.6 11.3 6.3
neem 100 100 85.1
sunflower 100 10.4 5.5
5.0 cotton + soya 100 14.6 5.3
neen i00 100 83.9
7.5 sunflower 100 5.8 4.7
cotton + soya 100 11.3 6.9
neem 100 106 87.8
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Table &b. Percentage mortality of A. obtectus adults exposed to
grain treated at 0,8 and 16 weeks before infestation

age of deposit (weeks)

Dose Treatment
ml/kyg 0 8 16
- control 4.0 2.0 6.0
10ppm pirimiphos-methyl 100 100 100
sunflower 95.8 6.9 ¢
2.5 cotton 4+ sova 100 3.3 a
neen 1090 100 83.0
sunflower 100 1.6 0
5.0 cotton + soya 100 8.7 0
neen 100 100 95.7
sunflover 100 3.3 0
7.5 cotton + soya 100 6.9 o
neem 100 100 97.9

Table 7a. The effect of 0il treatments on the number of egqggs laid by
Z. subfasciatus

age of deposit (weeks)

Dose Treatment
ml/kg 0 8 16
- control 232.8 183.4 183.2
10ppm pirimiphos-methyl 0 o 0
sunflower 74 117.2 183.2
2.5 cotton + soya 66.6 119.4 106.4
neem 0 4] 8.2
5.0 sunflower 0 100.4 150.8
cotton + soya 0 147.0 132.4
neem L 0 0,2
7.5 sunflower 0 110.6 G2.8
cotton + soya 8] 144.5 134.4
neaem 0 O 0
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Table 7b. THe effect of oil treatments on percentage egg hatch

in Z. subfasciatus.

age of deposit (weeks)

Dose Treatment
nl/kg 0 8 16
- control 90.0 84.1 79.8

10ppm pirimiphos-methyl 0 0 0

2.5 sunf lower 10.9 34.6 61.5
cotton + soya 9.5 44.8 47 .2
neem 0 0 0

5.0 sunflower 0 39.4 68.7
cotton + soya 0 29.2 28.2
neem 0 0 0

7.5 sunflower 0] 28.1 55.6
cotton + soya 0 21.3 41.5
neem 0 0 0

Table 8a. Effect of o0il treatments on adult emergence of
Z. subfasciatus

age of deposit (weeks)
Dose Treatment
ml/kg 0 8 16
- control 125.6 124.0 128.2

sunflower 4.8 9.4 25.4

2.5 cotton + soya 2.4 16.4 27.4
neem 0 0 o]
sunflower 0 8.2 8.2

5.0 cotton + soya o 6.8 11.2
neem 0 o 0
sunf lower 0 1.6 3.0

7.5 cotten + sovya 0 0.2 2.0
neem 0 0 0
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Table 8b. Effect of oil treatments on percent survival* of
Z. subfasciatus.

age of deposit (weeks)

Dose Treatment

ml/kg 0 8 16

- control 9.3 80.4 87.0
sunf lower 62.3 29.9 34.6

2.5 cotton + soya 32.2 22.3 39.4
neem & 0 o
sunf lower O 14.2 12.0

5.0 cotton + soya 0 13.6 25.9
neem 0 0 o
sunflowver 0 5.8 4.6

7.5 cotton + soya 0 0.5 5.5
neem 0 0 o

"rotal no. of eggs laid/no. of adults emerged.

Table 9. Effect of oil treatments on number of adult Aa. cbtectus

emerged.
age of deposit (weeks)
Dosage Treatment

nl/kg 0 8 16
- control 78.4 53.0 51.0
sunflowver 0 2.8 8.4
2.5 cotton + sova 2.6 1.2 6.2

neem o 0 0
sunflover 0 0.4 0.2
5.0 cotton + soya 0 10.6 6.8

| neen 0 Q 0
sunflower 0 1.0 3.6
FebH cotton + sgova o 6.4 12.6

neem 0 O 0
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Table 10a. Effect of oil treatments on percentage damage by
Z. subfasciatus
age of deposit (weeks)
Dose Treatment
nl/ky 0 8 16
- control 72.7 78.7 79.7
sunflower 0 6.5 12.2
2.5 cotton + sovya 3.9 8.2 15.1
neem 1.8 4] 0
sunf lower 0 5.7 5.1
5.0 cotton + soya o 4.5 7.8
neem o o g
sunflower 0 2.1 2.1
7.5 cotton + sova 8] 0.4 1.4
neem 0 0 0
Table 10b. Effect of o0il treatments on percentage damage by
A, obtectus.
age of deposit (weeks)
Dose Treatment
ml/kg 0 8 16
- control 50.3 39.4 40.3
sunflower g 3.7 3.0
2.5 cotton + sova 1.1 1.5 4.3
neem 4] 0 ¢
sunflower 0 0.8 0.4
5.0 cotton + soya 0 6.9 4.7
neem 4 0 o
sunf lower O 1.1 4.4
7.5 cotton + soya o 3.6 9.1
neen o 0 0
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Table 11. Screening results of some ‘RAZ’ lines to Z. subfasciatus.

Accession No. eqggs F, %F, Develop
Emergence time
(days)

Natal sugar {check) 191.6 160.8 B4.1 29.0
RAZOG=-1 175.2 15.4 8.5 45.0
g2 168.4 12.2 8.1 41.2
10 195.8 8.2 4.2 48.6
11 168.8 0.6 0.3 50.2
12 183.0 7.6 3.9 £7.8
i3 13i9.8 Tb 5.1 48.2
13-1 171.4 5.2 3.1 47 .4
13-2 172.6 4.4 2.6 47.8
13~3 169.2 4.0 2.5 0.8
13-4 146.2 0.2 0.1 70.0
13-5 163.0 0.2 0.1 47.0
13-6 144.2 4.0 2.8 50.2
14 175.0 7.6 4.4 44.4
14-1 187.0 8.8 5.0 48.4
15 175.0 11.2 6.3 43.8
17 170.2 2.0 1.2 51.2
17-1 170.8 3.6 2+1 53.6
17~2 178.0 5.0 2.8 48.6
17-5 165.0 3.4 2.0 39.86
177 187.0 14.0 7.6 45.8
i8 175.4 4.0 2.2 52.8
ig-1 197.8 1.6 0.7 51.3
19 169.56 2.4 1.4 45.8
20~1 158.2 0.4 0.3 58.0
20-2 170.0 22.0 13.0 44.2
21 175.2 12.0 6.8 48.2
22 169.0 g.6 5.6 h5.2
24-1 177.90 4.0 2.3 52.4
24-3 175.6 5.0 2.9 51.2
24~5 is8B.8 2.4 1.2 49.0
24-6 150.8 1.6 1.0 54.0
28 142.0 9.2 6.4 47 .8
29 153.86 16.0 16.6 46.8
30 166.2 7.4 4.7 47.8
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Table 12. The effect of a sorptive dust on Z. subfasciatus.

Application rate (g/kg)

Control 0.5 1.0 2.0
0 weeks
Per cent mortality 2.0 98.0 100 100
F, emergents 132.0 7.4 0 0
Per cent damage 81.4 4.6 0 0
8 weeks
Per cent mortality 0 100 100 100
F, energents 124.0 5.2 0 o
Per cent damage B2.0 6.3 0 o
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S8TUDIES ON THE CONTROL OF THE BEAN BRUCHIDS Acanthoscelides
obtectus {Bay) and Zabrotes subfasciatus {Boheman)
{COLEOPTERA : BRUCHIDAE) IN THE EAST AFRICAN REGION.

"

M. 8ilim Nahdy and A.Agona
Kawanda Research Station, 'P.0O. Box 7065, Kampala, Uganda.

ABSTRACT

Bean bruchid research in eastern Africa was initiated
with CIAT assistance in 1990. Studies were conducted to
complement those being conducted elsewhere in Africa.
Bruchid distribution was studied and findings presented
in a bean research workshop in Nairobi in 19%0. Farmers‘
perception of bruchid damage and control was investigated
in representative agro-ecological zones of Uganda. A line
of Phaseolus vulgaris (RAZ 2), bred for resistance to Z.
subfasciatus, was tested. Compared to the local
susceptible cultivars, a significantly lower number of
insects emerged from RAZ 2 which showed negligible seed

damage and  weight loss. Two methods of solar
disinfestation were compared on beans Iinfested with
Acanthoscelides obtectus. These were direct exposure to

the sun (T1) and enhanced heat (T2). There was a
greater build-up of temperature and a higher adult
mortality in T2, though in 7T1 there was 100% adult

escape. After an incubation period of 5 weeks, there
was no  significant difference in total adult
emergence between Ti and T2. Low adult emergence in
T2 was  attrihuted to  higher mortality due to
— golar heat, and|in T1 to the exclusion effect on the
adults and eqggs. The  possibility of controlling

A. obtectus by  repeated sieving was Iinvestigated.
Repeated sieving of stored beans every five days over
a period of 50 days was found to give excellent
control. Three _A. obtectus management methods (bean
sieving, sunning and corn oil treatment) were tested
on~farm at 5 different homesteads. The weekly sieving
and sunning regimes over a pericd of 5 weeks gave the
best results. 0il treatment at a rate of 5§ ml per kg,
though having lower infestation and damage levels than
controls, could not maintain 1its effectiveness with

time. Possible alternate host plants of A. obtectus
were studied. Of the 25 different legume seeds collected
from within Uganda, only five species (Vigna
unguiculata, Cajanus cajan, Phaseolus acutifolius and
two unidentified species) were capable of being

infested by A. obtectus. During sexing of A. obtectus,

the colour and pattern of the pygidium was found to be
an accurate and easy method separating males from
females. In collaboration with the bean research
network of CIAT in Africa, a bean bruchid travelling
workshop and survey was conducted in 1992 in Uganda,
Tanzania and Zimbabwe, with the aim of investigating
the distribution patterns, damage levels and control

methods wused against the two bruchids, and to determine
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farmers’ perception of bruchid damage.

INTRODUCTION

The two bruchid species A. obtectus and Z. subfasciatus are the
most important pests of stored beans. These cause damage, weight
loss, and a reduction in quality and seed viability. Losses in
East Africa have been estimated at between 30% and 73% (Karel &
Autrique, 1989). In Uganda, losses have been put at 3% and 8%
in storage for 3 and 6 months, respectively (Silim et al., 1991).
A. obtectus has been found to be the predominant species in the
cooler regions, while Z. subfasciatus is the commonest species
in warmer environments (van Schoonhoven et al,, 198s6).
Infestation by A. obtectus begins in the field and intensifies
in storage whereas Z. subfasciatus infestation often begins in
storage (Silim, 1990). Oviposition by A. cbtectus occurs on pods
under field conditions, while in grain eggs are laid loosely
among the seeds. Z. subfasciatus glues the eggs on to the grain.

The most publicised method of bruchid control is the use of
insecticides, but these are seldom used by subsistence farmers.
In additicon, dust formulations have limited shelf- life and are
prone to user abuse. Other control methods include bean
resistance, use of oils and bean tumbling (Quentin et al., 1991}.
Use of o0ils and bean tumbling, though found successful
experimentally, may have limited adaptability due to their costs
and inconvenience, respectively. Alternate on~farm control
measures which are safe and reliable are therefore needed. The
focus of this research was placed on practices found on-farm.
These include solar heat treatment, bean sieving methods, and
locally available protectants. On~farm trials were conducted to
establish the efficacy of sunning, sieving and vegetable oils on
A. obtectus infestation at the on-farm level.

MATERIALS AND METHODS
Farmers’ perception of damage and control

A survey was conducted to investigate farmers’ perception of
bruchid damage and controcl methods used, and to assess
damage/loss levels in Uganda. 130 farmers in nine representative
districts in the four agro-ecological zones of Uganda were
selected for the survey. A gquestionnaire was prepared for the
farmers’ response. Bean samples were collected (500 ¢g) for
analysis of damage, weight loss and bruchid identification.

Resistance to Z. subfasciatus
The four bean cultivars tested (RAZ 2, EMP 175, K20 and White

haricot) were eqgually infested with four sexed pairs of newly
emerged insects and incubated for four months.

136



S ok o i o

Solar heat disinfestation

Equal batches of K20 were infested twice with 40 pairs of A,
obtectus. The first infestation allowed an incubation of 20 days
after which all insects were removed. In the second infestation,
no adult was removed after 7 days incubation. Treatments were:
Tl (open tray) and T2 (top covered with clear polyethylene and
bottom with black polyethylene sheet).

Trays were placed in the sun and seed temperature was taken at
hourly intervals. Thereafter, counts were made of total numbers
of live/dead adults, and adult counts were made weekly for 5
weeks,

Bean sieving

The effect of sequential sieving of bean seed on the damage to
cultivar K20 infested with A. obtectus was investigated using two
levels of infestation. A light initial infestation was obtained
by giving no ’'pre-storage’ treatment, and a heavy infestation was
achieved by subjecting seed to a period of 50 days pre-storage.
Sieving wag done at seven day intervals for 49 days.

Cther control methods

Other control methods currently being investigated include the
use of 'botanicals’ including preparations made from Gynandropsis
gynandra, Melia azedarach and shea butter.

Alternate host plants of A. obtectus

Seeds of a range of legume species were collected from throughout
Uganda. Species included the following : Acacia elatior,
Bauhinia punctata, Caesalpinia pulcherrima, Cajanus cajan, Cassia
petersiana, Cassia grandis, Cassia spectabilis, Cassia tora,
Centrosema pubescens, Crotalaria incana, Desmodium lasiocarpun,
Glycine javanica (= Neonotonia wightii), Lablab purpureus,
Leucaena leucocephala, Macroptilium lathyroides, Macroptiliunm
atropurpureum, Phaseolus acutifolius, Piliostigma thonningii,
Rhynchosia spp., Vigna unguiculata and two unidentified species.
Seed were incubated for a month during which insect emergence was
noted. Seed were then disinfested before reinfestation with eggs
of A. obtectus, and incubated until adult emergence.

A method of sexing A. obtectus

The significance of the colour, density and patterns of bristles
on the pygidium of A. obtectus adults was investigated.
"Variation 1", with adult populations having brown pygidium, were

separated from "variation 2% populations, with brown and grey
patterns on the pygidium, before sexing using male genitalia.

Travelling workshop and survey

In collaboration with SADCC, Great Lakes and CIAT scientists, a
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travelling workshop was organized and undertaken in Uganda,
Tanzania and Zimbabwe in September 1992, It included
entomolegists, agronomists and breeders from CIAT, Uganda,
Tanzania, Burundi, Zimbabwe and Ethiopia. The aim of the survey
was to investigate farmers’ perception of bruchid damage and
control, to measure actual damage levels and to determine species
composition,

RESULTS AND DISCUSSION
Farmers’ perception of damage and control

The majority of the respondents were males in the age range of
20 to over 50 years and had been growing beans for 10 to over 30
years, depending on individual age. Though two growing seasons
were identified in all the bean growing areas, 34% of the
farmers, mostly in agro-ecological zone 111, grew beans in only
one of the seasons. Bean production per family ranged between
50-300 kg per season. Harvested beans were sun dried and
threshed. Bean seeds were redried and stored for either home
consumption, seed or for sale. Storage duration ranged from 1-4
months (41%), 5-8 months (90%) and for up to one year (2.0%). The
bruchids were identified as the major storage problem. Most
farmers (56%) thought that some bean varieties are more
susceptible to bruchid infestation than others. The smaller
seeded bean varieties were considered more resistant. The
commonest bruchid control strategy used by farmers was regular
re~drying in the sun. Re~infestation after solar heat treatment
was however considered rapid. Other bruchid control methods used,
other than chemical, included tobacce leaves, wood ash, banana
juice and red pepper. Some 27% of farmers thought nothing could
be done to control bruchids. The only method considered very
effective was chemical control. Among the chemicals used were
Actellic, Malathion, D.D.T and various other non-storage
insecticides. Most traditional methods being used were
considered effectual and had other problems associated with their
use, like difficulty in cooking, eating and cleaning.

Resistance to Z. subfasciatus

Results (Table 1) clearly indicate that there are highly
significant differences between varieties in terms of adult
emergence. Adult emergence from RAZ 2 after four months
remained negligible. Results confirm that RAZ 2 is highly
resistant to Z. subfasciatus; the degree of resistance was
consistent with previous laboratory assessments (Cardona et al.,
1990). The level of resistance incorporated in RAZ 2 provides
an adequate level of crop protection against Z. subfasciatus,
and is therefore recommended for use in situations where
conventional pest control procedures cannot be utilised,

Bolar heat disinfestation

Temperatures of 640-650 C were recorded in the T2 treatment while
the highest recorded temperature in T1 was 45.5 €. The adults in
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Tl had all escaped while 90.2% died in treatment T2; 5.6%
mortality was recorded in the control (TO)}). After 5 weeks
incubation, mean adult emergence in T1 and T2 were 16.7% and
15.8%, respectively, with 100% in the control (Table 2).

Two factors were considered responsible for the overall reduction
in A. obtectus emergence in T1 and T2 : direct mortality due to
solar heat in T2; and the exclusion effect whereby adults escaped
due to heat and sun glare, while at the same time eggs loosely
laid among the beans were naturally sieved off. These suggest
that both the direct killing effect of the sun and the exclusion
effect due to sieving may play a role in the control of A.
obtectus.

Bean sieving

Results (Table 3) demonstrate that the sieving regime gives total
control of A. obtectus, irrespective of the duration of storage
and of previous infestation. Very heavy damage was recorded in
un-sieved beans. This method would be ideal for subsistence
farmers where trays are already used for drying and could be
combined with an appropriate solar disinfestation to considerably
extend storage durations by reducing damage by A. obtectus,

Alternate host plants

In most of the plant species tested, the larvae died socon after
penetration. However, in Macroptilium atropurpureum and M.
lathyroides there was larval development but, due to the small
size of the seeds, the food supply within the seed was exhausted
within 28 days and most larvae/pupae died; a few very small
adults emerged but they died soon after emergence. Complete
development of the insects and adult emergence was noted in
Cajanus cajan, Vigna unguiculata, Phaseolus acutifclius and two
unidentified legume species.

Sexing A. obtectus

The results of the dissection (Table 4) indicate that the
variations in the hues and patterns of coloration on the pygidium
is a form of sexual dimorphism that could be used for easy sexing
of A. obtectus. Variation 1 is composed predominantly of males
and variation 2 of females.
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Table 1. Storage test results in Uganda, 120 days after

infestation.
Bean Variety Adult emergence, Damage, %
total no. (a) {b)
K 20 1029.8 (6.94) 16.4 ({0.41)
RAZ 2 9,6 (2.26) 0.0 (0.00)
White haricot 1173.6 (7.08) 16.0 (0.37)
EMP 175 740.0 (6.60) 4.4 {0.20)

a/b Parentheses signify log and arcsin x/100 transformations,
respectively.

Table 2. Mortality of A. obtectus in two solar treatment

methods.
Treatment Adult mortality Escapes
(%) (%)
To {(control) 5.6 0.0
Tl (cpen tray) 0.0 106.0
TZ (covered) a0.2 0.0
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Table 3. Effect of sieving and level of initial infestation
with A. obtectus on damage in bean seed stored for
varying pericds.

T T T U W W Y T S S S TP WA A RS VS O g S T R M. WA S - U W TP N W Ah S . ST S P WU VAP W A s v . W W W W G S o S WP TS S W — . S >

Storage period Damage (%)
(days) Initial infestation Inititalinfestation
light heavy
sieved unsieved sieved unsieved
0 0.00 0.00 8.75 9.26
50 .02 0.40 13.62 62.70
110 .20 7.67 13.47 69.67
170 .05 60.40 13.57 88.80

T —— T W W W T T S T T A W W Y T O W W U S - AR i A A S OV S B TS AR A WA U A S Sl S AR Al s S P e s S AR A
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Table 4. Sex of insect populations for each of the pygidium

variations

Observer Insects with colour
variation 1

Insects with colour

variation 2

males females males femalesg
1 33 p 2 62
2 54 1 o 45
3 49 0 4] 51
4 49 2 1 48
Totals 185 5 3 206
Composition 97.4 2.6 1.4 98.6

%
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PROGREBS IN BEAN BRUCHID MANAGEMERT
Ferede Negasi and Tsedeke Abate

Institute of Agricultural Research, P.O. Box 2003,
Addis Ababa, Ethiopia

ABSTRACT

To establish effective control measures against bean
bruchids, a series of experiments inveolving survey,
botanical control and varietal resistance were
conducted. The results of the survey indicated that
the most important insects attacking stored beans
were _Acanthoscelides obtectus (Say) and _Zabrotes
subfasciatus (Boheman). Bruchid damage ranged from
0-38% for the surveyed villages and corresponding
seed weight losses ranged from ¢ to 3.2%. Among the
botanicals tested for protecticon of stored beans,
neem seed powder followed by pepper tree (Schinus
mplle} and persian 1ilac (Melia azedarach) seed
powder protected the bean seeds from bean bruchid
(2. subfasciatus) attack for 120 days. Protection
with neem seed powder is comparable to the standard
insecticide pirimiphos methyl; these two treatments
gave complete control of bruchids. Results with
varietal resistance indicated that 15 varieties
showed a low percentage of damaged seed free of
emergence holes. Number of eggs per seed cannot be
used as a single criterion for resistance, since
some of the varieties yielded a large number of
egygs, though they did not show any damage.

INTRODUCTION

Haricot bean, Phaseolus vulgaris L. is one of the most important
pulse crops grown in Ethiopia, either for local consumption as a
source of protein or as an export crop for earning foreign
exchange. The main production areas of haricot bean lie between
altitudes 1400-2000 m for rainfed agriculture, and 700 m and above
under irrigated conditions (Ohlander, 1980). The bulk of haricot
bean is consumed locally, but a certain proportion is expeorted.
From 1973 to 1987, an average of nearly 24,000 netric tons of
haricot bean was exported with annual revenue of more than
19,000,000 birr. Haricot bean accounted for 37 million birr or
84.1% of 44 million birr earned from the export o¢f pulses and
oilseeds during the 1989/90 fiscal year (Ayele, 1990). However,
the average yield of haricot bean is less than cone ton/ha (CSA,
1987} . Several species of insects, fungi, rodents, birds and mites
are associated with food grain storage. Of the 10% post~ harvest
food grain losses in developing countries, insects alone are
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responsible for about 2.5% losses in grain stored for 6 months
(Jiliani and Saxena, 1988). Among the various insect

pests of stored grain products, Callosobruchus chinensis (L}, C.
maculatus (F)}, Acanthoscelids obtectus (Say} and Zabrotes
subfasciatus (Boheman) are the most important insect pests of grain
legumes, These insects belong to the family Bruchidae which are
prolific and rapid in their breeding and can quickly cause a
serious reduction in the nutritive value of stored seed (Parkin and
Bills, 1955). In Africa, storage pests are quoted to cause losses
of 10-15% and 23-80% damage after 2-4 months of storage (Odogola,
1986) . Despite the fact that insects as stored pests have caused
severe storage losses, stored product pests have not received
sufficient attention as a research priority in Ethiopia.
Consequently, little information is available as to the exact
identity of the species, their relative importance and contrel.
This paper highlights recent progress in research regarding survey,
botanical control and varietal resistance of bruchids.

MATERIALS AND METHODS
survey

A survey of haricot bean storage pests was conducted in the central
zone of Ethiopia. Twenty sites and five stores at each site were
selected at random. Samples of about 250 g haricot bean were taken
from storage, kept in labelled cloth bags, and brought to the
laboratory at Nazareth Research Centre (NRC) of IAR where
assessment of damaged grains and counts of bruchids were made.
Percent damage, weight loss and insect species were determined.

Botanical contreol

Seeds of haricot bean cv. Diacel Calima were obtained from the
lowland pulse programme of NRC and multiplied at the centre’s farm.
After harvest, the seads were kept in a refrigerator at 0°C for 7
days to disinfest them from any prior infestation.

The grain moisture content of the seed was allowed toc eguilibrate
for 3 weeks. After disinfestation, 150 g of the grain was placed in
each of 120 bottle jars (60 mm in diameter and 110 mm in height)
covered with muslin cloth to prevent entrance of insects.

The test plants’ flowers, leaves and seeds were collected from
around Nazareth, except for neem that wasg obtained from Dire Dawa
forestry department. The plant materials were dried, then ground
into fine powder using a mortar and pestle. Pirimiphos-~-methyl was
used as a standard check. Fifteen grams of the ground plant
material was added to each bottle. In all cases (except
pirimiphos-methyl) 10 parts of the material was mixed with 100
parts (w/w) of grain. Pirimiphos-methyl was applied at 4 ppm. The
ten treatments, including an untreated check are presented in Table
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1. Each treatment with four observation times {24 hours, 30, 60 and
90 days after treatment) was replicated three times, thus a total
of 120 dars (10 treatments x 3 replications x 4 observation times)
were filled each with 150 g of grain., The desired amount of each
test material was applied to the grain and mixed thoroughly. At
each observation time, 30 bottles were withdrawn. Ten pairs of the
adult test insects (0~24 h old) Zabrotes subfasciatus were
introduced to each bottle, starting from 24 h after treatment. The
sexes of adults of 7. subfasciatus were determined by the colour of
the elytra (Halstead, 1963) prior to introduction of each batch.
Thereafter, the bottle was covered with muslin cloth which served
as ventilation and prevention of entrance and escape of insects.
The grain was then sieved, adult insects were discarded and the
number of eggs laid were counted. The seeds were returned to their
respective jars and kept for assessment of damage due tc F, progeny.
The experiment was laid out in a completely randomized design with
three replications.

varietal resistance

One hundred genotypes of Phaseolus vulgaris from CIAT and the
breeding programme of NRC were used. The seeds were disinfested
and equilibrated as described above. A no-choice test of
resistance was used. Fifty sound seeds of esach accession were
placed in a small bottle (50 mm in diameter and 110 mm in height).
The bottles with seeds were infested with seven pairs of newly
emerged Z. subfasciatus (0-24 h old}). Bottles were then covered
with muslin cloth. Two weeks after introduction, the parent insects
were removed and the total number of eggs laid on the seed in sach
bottle was counted. Evaluations were made again one month later, on
appearance of emergence windows, The main criteria used for
evaluating the resistance of the materials included the number of
eggs, the number of adults emerged, and the number of exit holes
per 50 seeds.

RESULTS AND DISCUSSION
Survey

The main cultivar of haricot bean produced in the survey area is
the white pea bean, Mexican 142, In a survey of 100 stores in this
area, the period of bean storage ranged from 7-9 months. The major
stored bean pests observed during our survey were the two bruchid
species, Acanthoscelides obtectus and Zabrotes subfasciatus.

Dry beans are harvested by uprooting and are threshed, either by
beating with a stick or trampling by animals, then winnowed and
kept in storage. Types of storage container included sacks, tins
and, locally, "gotera" and "debignet". The infestation and damage
became more serious two to three months after storage. In most
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cases, farmers do not treat against bruchids., However, in sone
areas they use lindane (2 match boXxes per guintal) placed in
layers. Rodents often destroy storage structures and termites
build their mounds inside them.

Assessments were made in the laboratory to determine the loss
caused by bean bruchids. In the area surveyed, bruchid damage
ranged from 0-80% and loss was assessed to be as much as 3.2%.
Damaged seeds were usually discarded.

Botanical control

The plant materials, except neem seed powder, protected less
against oviposition of Z. subfasciatus than did the standard
insecticide pirimiphos-methyl (Figure 1.}. Both pirimiphos methyl
and neem seed powder were effective up to 120 days after treatment
{DAT) . These two materials were topically toxic, indicated by their
antioviposition effect, and a seven-day exposure of the adult to
neem seed powder and pirimiphos-methyl caused 85-100% adult
mortality. Bean seed treated either with pirimiphos-methyl or
neem had less bruchid damage than seed treated with other plant
powders. However, bean seed treated with seed powders prepared
from either the pepper tree (Schinus molle) or persian lilac (Melia
azedarach) were less damaged than seed in the remaining treatments,
up to 120 DAT.

In all treatments, the number of eggs and damaged seeds seemed to
increase with storage time, but there was no indication of
degradation of the materials since the differences were small.

Varietal resistance

Resistance of the haricot bean varieties to Z. subfasciatus, as
indicated by oviposition preference and number of holes produced by
emerging adults, are summarized in Figure 2. Least oviposition was
observed for the genotypes RAZ-8 (4 eggs/50 seeds) followed by
Brown Speckled and RAZ 20-1 with 11 and 168 eggs/50 seeds,
respectively. The varieties RAZ 1 followed by ICA 15541 and Awash
1 were preferred genotypes for oviposition.

Varieties RAZ-8, Brown Speckled, RAZ 20~1, RAZ 20, RAZ 13-5, RAZ 6,
RAZ 21, RAZ 33, RAZ 11, RAZ 17-3, RAZ 18-1, RAZ 7, RAZ 17-1, RAZ 22
and RAZ 1 showed the least number of emergence holes (zero)
indicating that these varieties were the most resistant. Large
numbers of emergence holes (maximum damage) were found in almost
all varieties received from the bean breeding program of NRC,
including both released varieties and advanced breeding lines in
the pipeline for release. The varieties with high levels of damage
included ICA 15541, Awash 1 and HAL 5, with 193, 159 and 153 holes
/50 seeds, respectively, indicating high levels of susceptibility.

These results indicate that some of the varieties with a large
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number of eggs had either no exit holes or a very few holes. van
Schoonhoven et al. (1983) reported that, under no-choice test, Z.
subfasciatus adults oviposited on seed of all accessions, but in
free—choice test, adults of Z. subfasciatus preferred to oviposit
on seeds of susceptible varieties. Consequently, in a no-choice
test, the number of eggs is not a useful parameter alone for
identifying seed resistance. The main features that were cbserved
in seed of resistant varieties were delay in the developmental
period and few or no emergence holes. These are in agreement with
the findings of Ahmed et al. (1989}, Cardona et al. (1989),
Gatehouse et al. (1987), and van Schoonhoven et _al. {(1983).
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Table 1. Treatment evaluated
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Treatment Plant species Plant part  Concentration
No.
1 Tagetes sp. Flowers 107100 (w/w)
{Marigold)
2 Melia azedarach L. Leaves 10/100 (w/w)
{Persian lilac)
3 " Dry seed 107100 (w/w)
4 Schinus molle L. Leaves 107100 (w/w)
(Pepper tree)
5 " Green seed 10/100 (w/w)
6 Azadirachta indica
A. Juss. (Neem) Leaves 107100 (w/w)
7 " Kernels 10/100 {wjw)
8 Lantana sp. Green seed 107100 (w/w)
9 {Pirimiphos-methyl}) {Control) 4 {ppm)
10 {Untreated) {Control) -
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HIGHLIGHTS OF BRUCHID RESEARCH IN THE GREAT LAKES REGION
M@ﬁ;hirf;}ana
IRAZ, BP 91, Gitega, Burundi
ABSTRACT

This paper reviews recent work conducted in Burundi and
Rwanda, where lpsses to stored beans attributable to
bruchids are commonly about 30%. At elevations of 900-
1500 masl, Zabrotes subfasciatus is prevalent whereas,
at higher altitudes Acanthoscelides obtectus predominates.
Research has focussed both in socio-economic aspects,
particularly traditional methods of storage in rural
areas, and on measures of bruchid control. Surveys
revealed that traditional methods of storage varied
widely, and there were large differences also in the
facilities used and in the guantities of bean seed stored.
The use of pirimiphos-methyl, fenitrothion or fine-texture
inert materials including laterite was found protective
against bruchids, especially for storage periods not
exceeding 74 days and when high humidity was avoided.
Various “botanicals" have been tested, with up to 60%
improvement over the control. lboza {=Tetradenia) riparia
was found the most effective insecticidal plant, even at a
dose of 0.5% at which it provided six month’s protection.
Essential oils from Ocimum spp. were shown to have
insecticidal properties, and Chenopodium spp. were found
bruchid repellent. The bean cultivar Ubusobera and a
yvellow-seeded mixture showed some low level resistance
against bruchids.

INTRODUCTION

For the communities of the Great Lakes Region (CEPGL), beans play an important role
in human nutrition and provide up to 50 % of the total protein consumed in Burundi
and Rwanda {(Atlen, 1987}. In Rwanda, they are a source of income for farmers in the
regions of Bugesera and Bugoyi; in Burundi, Moso, Bugesera and Bweru beans are the
main cash crop. In other regions, most farming systems include beans even when
agronomic conditions are sometimes marginal. Consequently, improvement
programmes have put a lot of effort in the development of this crop. In recent years,
particular emphasis has been put on the production of climbing beans which may
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increase bean productivity and production, However, production is subject 1o
qualitative and quantitative losses in storage. Organisms respornisible for these losses
essentially include stored product pests. Storage is unavoidable for various reasons,
including the discontinuity of cropping seasons, the inability to consume all the
harvest at once, social constraints, and market pricing in periods of abundance. |t
was therefore imperative to design strategies that could help reduce losses of this
commaodity, taking into account peasant realities. Several research projects were
conducted in Burundi as well as in Rwanda to solve these problems. These research
activities focussed on the socio-economy, the control measures against stored product
insects, and extension work.
The research abjectives on bean conservation focussed on the following areas:

{i} Socio-economic research, to investigate the different traditional methods of
bean storage in rural areas.

{ii} Study of the caontrol measures against pests of stored beans.

Socio-ecomomic research : traditional methods of storage

The aims of the socio-economic work in Rwanda and Burundi were to

assess the traditional methods of conservation; to study variations in time and space
of socio-economic parameters of stored commaodities; and to study the socio-
economic impact of improved methods of conservation and that of chemical control
inrural area. The assessment of traditional storage techniques reveazled different types
of drying, different forms of conservation and locations in relation to the house. The
different ways in which commodities are dried did not vary. Among the most
common ones, one could mention: drying on the ground {43 %}; drying above ground
(49 %); storage in pods; and storing as grain was the most common.

Contrasting with the methods of drying and forms under which beans were stored,
storage facilities alsc varied. Types commonly used were: pots; baskets weaved with
reed and smeared with cow-dung; pile granaries; calabashes; and metallic drums
{Autrique & Merten, 1277; Durnez, 1987; OPROVIA, 1988). We must mention that,
with the exception of pots, the content of these structures varied. Many foreign
items, which certainly contributed to the abundance of pests, could easily be found
in these structures. Special attention must be drawn to Rwanda where cooperatives
and OPROVIA had impraoved storage facilities {(silos). These structures were well
sealed and their contents were therefore well protected against insects (OPROVIA,
1988). Storage facilities mentioned above were either found in the house or outside
the house. Granaries found outside the house were affected by the ground of the
house or its fence. In most cases, it was noted that granaries were placed inside the
house, in a room kept for that purpose, or in the kitchen on some platforms fixed
above the fire.

The second socio-economic parameter of great importance which was studied by
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various groups was the variation of the stocks. The set-up of improved storage
facilities was only possible when accurate information about traditional methods of
conservation was cobtained, as well as the evolution in time and space of stored
commodities. In Burundi, the mean quantity of food in stock in b sites in kg/family/15
days was: 18 at Kabezi (IMBO); 32 at Giheta (KIRIMIRD)}; 63 at Bukirasazi (KIRIMIRO);
9 at Bukeye (MUGAMBA] and 3 at Mwaro (MUGAMBA). In Rwanda, investigations
revealed that 2 months after the June harvest, the mean quantity of beans stored in
Gatovu hill was 83 kg, while the harvest per family was 180 kg (Durnez, 1987).
Generally, urban centres and major roads with heavy traffic influenced the guantity
of commodities stored. The closer the sites were from these centres of influence, the
lesser storage was observed.

Stored beans are attacked by several insect pests, the most important of which are:
Acanthoscelides obtectus Say and Zabrotes subfasciatus Boheman. Theseinsects are
known by farmers to cause post-harvest losses. Farmers in Burundi and Rwanda have
developed several control measures to fight bruchids., Some of these measures have
no significant effect on the pests, however, when properly applied, others have good
impact on the pest population. Work conducted in rural areas in Burundi and Rwanda
showed that the following products were used: molar of a cow, tuber of "colocase”,
and "pili piti” (products presumably prepared from Colocasia esculenta and Capsicum
sp., respectively. Ed). These products were ineffective; these practices were purely
based on ancestry and customary beliefs. Similarly, fruit of Stychnos potatorum
{which has strichnine as active ingredient), red soil, white soil, ashes, green leaves of
tobacco (active ingredient is nicotine) and cow urine were believed to have insecticidal
properties. Despite all care taken by farmers, work done in Rwanda indicated 4 %
water loss against 1 % in the cooperatives warehouses and none in OPROVIA. These
data showed that, in order to reduce these losses, there was a need to search for
insecticidal products that will take into consideration the biclogy and behaviour of
insects. It seemed that the use of phytosanitary products in rural areas was
successfully introduced, but with some shortcomings, including a lack of insecticides,
and lack of intensified chemical control. In fact, farmers smuggled phytosanitary
products to protect their harvest in stores, especially beans. But they were not aware
of the dangers of these actions. Insects are by far the major pest of stored beans,
although some fungi are responsible for gualitative losses.

Control measures against pests of stored beans

In Burundi, work done by the Faculty of Agronomy was essentially oriented towards
the use of insecticidal products, while FAQ and UNICEF directed their effort at the
improvement of methods of conservation {granaries, driers}). Results of work done on
the role of insecticides and inert products concluded that, firstly, high humidity of
beans favoured attacks by insect pests and greatly reduced the efficacy of
insecticides, Pyrimiphos-methyl {actellic) and fenitrothion were found suitable for bean
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protection against A. obtectus (Table 1), Inert products of fine texture, when properly
dried, ensured bean protection against bruchids {Table 2). Some of these products
were as good insecticides as those commonly in use. For example, fine granules of
faterite at a dose of 1 % were as effective as fenitrothion for a starage period not
exceeding 74 days. Two properties were responsible for results obtained with inert
products, these were: their eroding property and their hygroscopic nature. For
example, the low protection level of bean by kaolin was due to the absence of an
eroding property, and a good hygroscopic ability. In contrast, laterite could be having
a good potential for good protection due to its eroding ability, good hygroscopic ability
and some toxicity due to iron and aluminum, Quartz had an excellent eroding ability
but did not have ability to retain water. it could protect bean only at low leveis of
infestations. Laterite used as substrate for actellic improved the persistence of this
insecticide. Furthermore, laterite seemed to favour germination of beans.

These results showed that inert products were as effective as chemical insecticides.
They also have more advantages when compared to chemical insecticides. For
example, laterite is found in abundance. 1t is cheap and non polluting. However, the
use of these inert materials showed some disadvantages: for example, it was difficult
to separate beans from the inert products powder. Winnowing which was the only
pracedure used for removing foreign objects from the grains was ineffective. Washing
the beans with water is the only satisfactory alternative. However, the scarcity of
water in rural areas is still a problem, even though effort for supplying water had been
made. Therefore, good sanitation of granaries which has been advocated might be
threatened.

Parallel to research on insecticidal products against bruchids, work on the
improvement of storage processes was conducted and the following conclusions were
drawn (BIANQUIS): (1} "Autobus" driers dried faster and better than traditional driers.
{2) The various types of materials (bamboo, mats, grills}) which made up the bottom
of the platform above the fire on which commodities are placed for drying did not
seem to significantly affect the speed and quality of drying. (3) Granaries must be
clean and properly closed to achieve good storage.

in Rwanda, research conducted on bean conservation focussed on the following
aspects: (a) use of products of plants origin; and (b} study of the differential
resistance of the cultivated varieties of beans.

Several studies {Demaire, 1972, Kayitare and Gatarasi, 1973;
Munyemana, 1986; Sindibona, 1988; Kayitare, and OPROVIA, 1888;
Nizeyimana, 1991}, indicated that:

(i} dried plant material gave a powder which was effective in reducing oviposition,
hatchability, and increased larval mortality.

156



A T

RS NE o

{ii) after six months of storage /boza riparia remained the most effective insecticidal
plant when compared to the other plants (Capsicum frutescens, Ocimum and
Chenopodium spp.} {Table 3).

{iiiy  the lowest doses in weight needed for 6 months’ protection of beans in storage

were 0.5 % for /boza, 1.0 % for Capsicum, 2.0 % for Ocimum and more than 2.0 %

for Chenopodium.

{iv} essential oils of Ocimum canum had insecticidal properties. They inhibited
fecundity, egg production in the ovaries of 4. obfectus. In contrast, essential oils of
C. procerum had no significant effect on these parameters.

(v) leaves and fresh flowers of C. procerum repelled bruchids. However, repeilency
was higher within the first 24 hours and leaves repelled more than the flowers.

{vi} resistant varieties of beans to bruchids were available but the level of resistance
was so low that this genetic parameter alone could not be used in insect control.

Results of these studies can be efficient only if storage procedures are improved so
as to increase sanitation, proper sealing, air tightness and proper ventilation of stores.

Extension work

The role of extension work is to adapt both theoretical and experimenatl knowledge
to real conditions in a way that reduces efficacy as little as possible. For different
reasons, including the lack of funds, low receptivity and illiteracy, extension work has
had a restricted forum. In effect, the farmer is sometimes skeptical about new
changes. It takes some time to influgnce him, because he is conditioned by his
customs and traditional rites still rooted in him. Basic changes have therefore very
little chance to be accepted and incorporated as daily practices. Extension work,
therefore exploited the trilogy : good drying, use of insecticides and use of improved
granaries. In affected areas, training target populations and setting-up appropriate
storage structures led to the reduction of post-harvest losses. However, a large
portion of the population did not adopt these techniques, either due to the lack of
products or unawareness of the improved technigues of conservation,

FUTURE PLANS

The importance of bean production, population dependence on this crop, information
already gathered about bean storage and the will to improve conditions and methods
of storage are factors that contributed to the formulation of future activities. In
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Burundi, future plans are summarized in the following topics:

(i) Follow-up studies on insecticidal inert products, particularly the dose, and size of
granules of these products, in order to improve their influence and efficacy under
normal conditions.

(i} Elimination of protective media through washing and their effect on sanitation of
the granary.

{iii} Improvement and dissemination of information about modern storage procedures.

In Rwanda, future activities on beans conservation is focussed on the following:

(i} Study of reception method, drying processes, sanitation and storage of beans in big
storage centres.

(i} Study of underground storage of beans

{iii)  Study of major parameters associated with long term storage (3-4 years} of
cultivated varieties of beans.

{iv} Identification of fungi and analysis of mycotoxin

{v} Study of botanical insecticides and possible insect resistance to these
products,

CONCLUSIONS

Conservation of beans in Rwanda and Burundi is a topic that had generated a lot of
enthusiasm in several research institutions. Research groups in both countries were
primarily interested in improving methods of bean storage in order to minimize
quantitative and qualitative losses of this crop which is so important to the population
of both countries. With the exception of socio-economic aspects, their main research
objectives were different but complementary. For instance, research institutions in
Burundi were interested in the insecticidal properties of inert products while those in
Rwanda worked mainly on insecticides from plants and on resistant varieties of beans.
Applicable findings were abtained. Extension services with the support of these
research institutions were able to disseminate some of this information. For example
the use of actellic {Pirimiphos-methyl) in Burundi; and techniques and modes of bean
storage in Rwanda. These same research institutions have planned to continue their
work on specific aspects, including the dosage, size of granules of inert products to
improve their efficacy; elimination of protective media; methods of drying; sanitation
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methods; handling of beans; underground storage; identification of fungi and
mycotoxin.

Finally, for a better regional integration in this work, close professional contact
between research scientists engaged in the work should be made. This will facilitate
exchange of information and resuits and save both human and financial resources.
In order to achieve that, sharing out the work seems to be the best solution. For
example, Burundi could continue and strengthen its research on inert products, while
Rwanda may concentrate on the study of the effect of essential oils and insecticides
from plants.
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Table 1: Probit transformation of Bruchid mortality.

sftsecticidas Feaitrot;;on Actellic Malathion Nexion ]
time
{days) ¥ Y ¥ Y ¥ Y y M
4 9.00 7.28 9.20 8.18 8.40 6.30 6.10 6.09
13 8.15 6.92 B.45 7.73 7.65 6.12 5.80 5.82
17 7.80 6.76 8.15 7.53 7.35 6.04 5.70 5.70
ii 23 7.28 6.52 7.67 7.23 6.88 5.98 5.60 5.562
;1 30 6.65 6.24 7.10 6.88 6.30 5.92 5.30 5.31
" 34 6.30 6.04 6.80 6.68 6.00 5.70 5.20 5.19
ﬁ 39 5.85 5.88 6.40 6.43 5.60 5.60 5.10 5.04
{ 43 5.50 5.72 6.10 6.23 5.30 5.52 5.00 4.92
47 5.15 5.56 5.80 6.03 5.00 5.44 4.80 4.80
y = expected values
Y = calculated values
note: Probit transformation of 100 % was taken as 99.99% (as 100% does not

exist in Fisher and Yate’s tables)
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Table 2:

deviation)

Percent beans attacked by bruchids 74 days after storage.(x standard

(Grain 1 3
size
Product
Dose {%)
5 23.1 + 8.27 27.70 + 1.24 | 62.5 + 3.95
Kaolin 1 30.7 + 6.97 3455 + 2.46 | 73.06
0.1 60.1 =+ 5.14 41.28 = 4.08 +12.91 81.7
+11.85
Quartz 5 27.76 + 8.58 21.90 + 8.35 24.55 +0.79 ﬂ
]| 1 25.61 £ 4.21 | 28.48 + 894 | 27.73 +7.62
0.1 42,90 + 6.91 | 64.21 + 6.04 | 77.78 + 8.12
I 5 6.45 + 551 | 538 + 0.42 | 10.00 + 3.31
Laterite 1 958 + b.35 11.02 +10.18 7.10 + 3.98
0.1 43,96 = 7.71 24.85 + 5,48 14.68 + 5.48
Fenitrothion | 10 ppm. 3.14 + 2.55
Control 66.46 + 2.0

B e e

1 = < 300 > 250
= < 180 > 125

2
3

=< 75 >

45

Source: Nindereye {1979).
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Tabie 3: Losses after 6 months

% losses

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

Iboza riparia (Hochst) N.E. Br.

Chenopodium schraderanum Schult.

Capsicum frutescens L.
Ocimum kilimandscharicum Guerke
Control

9.3
20.7
14.5
20.7
24.7

- e i i e A e e e e

source: Munyemana (1986}
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RECENT ADVANCES IN THE DEVELOPMENT OF STRATEGIES FOR
MANAGING BEAN STEM MAGGOT (Ophyomyia spp.) IN BEAN

J.K.O Ampofo
SADC/CIAT, Arusha, Tanzania

ABSTRACT

This paper highlights the recert advances in research
and other developments in bean stem maggot (BSM}
control by the BSM collaborative research network.
Studies in BSM ecology and species distribution
indicate that Q. spencerella and Q. phaseoli are the
predominant species throughout Africa. Q. spencerella
predominates in  high 1o medium altitude (cool)
environments but does not occur owsside the continent,
Q. phaseoli is more widespread especially in lowland
(warm) environmenis across Africa and beyond, Species
determination was established through a workshop in
collaboration with taxonomists from the International
Institute of Entomololy (HE). Puparial characteristics
were adopted as reliable indicators of BSM species.
This is supported by aedeagal and isoenzyme analyses.

Various ‘hot spots’ for individual species have been
identified and are used for screening. By exploiting
knowledge of BSM population dynamics and cycles of
reversal in species dominance, it is possible to
evaluate germplasm and other materials in a single
location against populations that are predominantly
one species or the other.

'Hot spots’ with known species composition have been
used to screen germplasm and breeding lines jfor
resistance to BSM., Accessions such as ZPv 292, BAT
1373, G 5773 and Iinimba, have shown consisten:
resistance, and have been used in further crosses to
incorporate resistance in agronomically acceptable
backgrounds. Many such crosses are currently under
evaluation in several locations within the BSM research
nerwork.

Other control measures that are being explored include
cultural methods, amongst which mulching wirth straw
seems to offer promise. This may be exploited in
combination with moderate resistance and seed dressing
with chemicals of low mammalian toxicity to reduce
damage by bean stem maggot.
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INFLUENCE OF PLANTING DATE ON THE OCCURRENCE OF THE BEANFLY
{DIPTERA : AGROMYZIDAE! ON BEANS

g
M. Nsibande
Malkerns Rasearch Station, P.0O. Box 4, Malkerns, Swaziland
ABSTRACT

The results of this study showed that greatest

population densities of the bean stem maggot,
or beanfly, occurred 4-6 weeks after emergence
of Phaseglus vulgaris at two sites in Swaziland.
The study also revealed that the densest
populations of _Ophiomyia developed  between
January and February. Farly planting, in Novem-
ber, alilowed the bean crop to escape from severe
attack. Proper control strategies should be
launched just before the 4th week after crop
emergence. Both O, phasecoli and Q. spencerella
were identified during this study : O. phaseoli
appeared to be the more widespread and abundant
species.

INTRODUCTION

Beans (Phaseolus vulgaris) form an important source of
supplementary protein to the cereal-based diet of the Swazi people.
Beans are a cash crop, but are grown only on about twenty five
percent of the arable land. Most bean production is for
subsistence consumption with small amounts being marketed.
Increased bean production can only be achieved if good agronomic
practices are combined with good pest management procedures. Like
most other field crops, it is subject tec attack by a variety of
insect pests during its growing stages.

The beanfly (Ophiomyia phaseoli andjfor O. spencerella} is one of
the insect pests that severely damage the young crop. The eggs
which are laid on the leaves hatch into maggots which bore inside
the veins of the leaves and work their way down the stem, devouring
the tissues of the stem causing wilting and yellowing of leaves,
then death of the plant. At the base of the stem, the maggot
pupates for a few days and emerges as an adult fly. They scon mate
and begin to lay eggs to start the cycle again. In older plants
(5~8 weeks), the damage is not so severe but lodging occurs. There
are two or three species of beanfly which cccur in Swaziland but it
has not yet been established which species prevails and causes most
damage. Also information on the abundance of this pest in a given
planting season is wanting.
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Consequently, this study was undertaken to investigate the density
of populations of stem maggot and their damage to beans, and
jdentify the most abundant species occurring in the region.

MATERIALS AND METECODS

Planting date effects were examined by monitoring population levels
of stem maggot (Ophiomyia spp.) attacking two bean cultivars
planted on four dates in 1991/92. The dates were spaced about one
month apart (7 Nov, S Dec, 4 Jan and 3 Feb) with the latter two
dates corresponding with the probable planting date of beans in
Swaziland. The test was conducted at Malkerns Research Station, on
loanmy clay soil, and Nhlangano Experimental Station, on sandy loan
soil. The other two sites, Mangcongco and Lowveld Experiment
Station did not perform well and those trials were discontinued.

Plots consisted of two rows by 6.0m long, with a row spacing of
60cm and %cm between plants. The experimental design was a
randomized complete block (RCB) split-plot arrangement with four
replications. Whole plots were the four planting dates and sub-
plots were two bean cultivars (Semincle and Bonus) which were
easily available. Basal fertilizer (2:3:2)22 was applied following
the recommendations in the region.

Sub-plots were systematically sampled at 4 weeks, 6 weeks and 8
weeks after plant emergence for natural infestation of stem maggot.
Ten plants per plot were visually inspected for damage
characteristic of Dipteran maggots. Plants were dissected and
pupae collected and cultured in the Ilaboratory for species
identification. Pupae were counted and plants destroyed.

Resultant pest population densities were analysed by ANOVA with
planting dates and bean cultivars serving ag the main factors in
the analysis. Treatment means were separated by Duncan’s Multiple
Range Test.

RESULTS AND DISCUSSBIONS

Natural infestation of beanfly was affected significantly by
planting date of the bean crop. The first and second time of
planting (7 Nov & 5 Dec) were least affected by the stem maggot,
and higher yields were recorded relative to third and fourth
plantings (4 Jan & 3 Feb) which had a severe attack of the stem
maggot (Table 1}. Planting date effects were highly significant.
A gignificant difference was also observed in the interaction of
planting date and cultivars (P = 0.003). Stem maggot populations
were densest at both locations (Malkerns and Nhlangano) in samples
taken in the 4th week (Fig. 1).

Ophiomyia phaseoli was more abundant than Ophiomyia spencerella.
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¢. phaseolli was found at all altitudes, yet 0. spencerella appeared
better adapted to higher altitudes. Ophiomyia phaseoli is easily
recognized by its brown pupae and 0. spencerella has black pupae.
Seminole proved to be superior to Bonus in terms of yield at both
locations. Differences in plant damage between planting dates may
possibly have been the result of different stem maggot population
densities.

CONCLUBION

The results of the study showed that higher population densities of
the stem maggot occurred from the 4th to 6th weeks after plant
emergence. The study also revealed that high population densities
develop between January and February (3rd & 4th plantings). Early
planting, especially in November, allows the bean crop to escape
heavy attack by stem maggois. The study also revealed that proper
control strategies aimed at controlling the beanfly should be
launched just before the 4th week after emergence.

Table 1. Effect of time of planting on beanfly
infestation and seed yield in two bean
cultivars.

o - . o sias ool Wiy e aam S Aoy U s Sy o e Wl s s N VI e i W A e O T TR Sl WANE . RS S T ) A AR PR S W A o o Vnns

Planting Infestation (%) Mean Yield

date {(kg/ha)
7 Hov 6.0l ¢ 484.3 a
5 Dec 1.851 b 271.5 b
4 Jan 5.00 a 171.6 bec
3 Feb 5.19 a 35.8 ¢

A — - chon ki A A s 4 AU D it e T S A WV U S WA VIE S U WO T Su. SN IR S e AP A T e SR T T . SR . o S, Sl o e S el

Means in the same column with the same letter are
not significantly different at 5% (DMRT)
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no. of maggots
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Figure 1. Effect of time of planting on populations of the bean stem
maggot in two cultivars of bean at Malkerns and Nhlangano,
Swaziland.

168




e

u22177
24 ENE 0

EVALUATION OF PROSPECTS FOR INTEGRATED CONTROL OF BEAN BTEM
MAGGOT (Qphiomyia spp.} AT LICHINGA, MOZAMBIQUE

Gareth Davies

Estacao Agraria de Lichinga, C.P. 238, Lichinga
Niasza, Mozambiqgue

ABETRACT

Prospects for intergrated control of bean
stem maggot on the |Niassa  plateau in
northern Mozambique are good. Bvaluation
of the phenolegy of the bean stem maggot
in  four seasons has shown  that the
predominant species Iin Ophiomyia spencerella
and that infestation is low at the begining
of each planting season and increases with
delay in sowing. Timely planting (early
December and early March) reduces infesta-
tion by bean stem maggot. A programme to
select resistant or tolerant varieties
found some promising local and exotic
varieties (the best being Ikinimba from
the beanfly nursery) but also highlighted
an linteraction between bean stem maggot
and root rots. Two  Insecticide seed
dressings, endosulfan and diazinon, both
available locally, have been shown to be
highly effective in controlling bean sten
maggot. Screening natural products,
available locally, against bean stem maggot,
showed some promising products Iincluding
tobacco  and ___Tephrosia vogelii as  seed
dressings and chilli pepper (piri-piri) as
a foliar spray. Using a combination of
these technologies in such a way as to
preserve the natural enemies of the pest,
it  should be possible to control bean
stem maggot in the local farming systen.

INTRODUCTION

Bean Stem Maggots (Ophiomyia spp.) have been identified as a
constraint to production of common beans on the plateau areas of
Niassa, around Lichinga where beans are predominantly grown by
small farmers. At the Lichinga Research Station we have been
developing an integrated approach to controlling this pest in a
farming system that uses minimum inputs. The approach has heen to
investigate the phenology of the pest, define the level of damage
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done and suggest and evaluate practical control responses.
PHEROLOGY OF BEAN STEM MAGGOT IN NIASSA

The main growing season is between December and June with two
planting seasons, one in December (in a maize intercrop) and one in
March (relay crop in maize). Rainfall is unimodal, with an average
of 1,140 mm per annum, received mostly between November and April.
Trials have been conducted in four growing seasons to monitor
infestation of bean stem maggot to three varieties of beans. Each
trial was a latin square design sown every month from mid-December
to mid-April with two local cultivars {Encarnado and Manteiga) and
one exotic (A 417). Encarnado was grown both with and without
insecticide seed treatment. At the same time, the species of bean
stem maggot present were identified by pupal colour and the
emergence of adult flies and parasites from collected pupae
observed.

Over the four seasons the predominant species has been Ophiomyia
spencerella, usually representing more than 90% of the pupae
collected at any sowing date. Infestation of beans, evaluated by
counting the number of larvae and pupae in 10 plants chosen at
random per plot, varied within the season but maintained a
consistent pattern between seasons {Figure 1). Infestation is low
early in the first planting season (early December) but rises with
delay in planting, peaking in January or February, before declining
in March. In some years infestation increases towards the end of
the second planting season (April). The yield of beans mirrors the
change in infestation by bean stem maggot, but is not necessarily
caused by the level of infestation because decreases in yield are
often in plots where bean stem maggot has been controlled.
Complicating factors include the incidence of stem and root rots
and their interaction with bean stem maggot.

Percentage emergence of adult flies from collected pupae varies
during the season, being lower in mid-season, as does percentage
parasitism which is highest in mid-season. Total parasitism varies
between 0 and 40%, depending on date of collection of pupae. Table
1 shows the results for the season 91/92 both for date of sowing
and species of bean stem maggot. The data represent a typical
season and show O. spencersella is parasitised mainly by Eucloidea
impartus, but alsc by Opius melanagromyzae, while 0. phasecli is
mainly parasitised by 0. melanagromyzae, and at a higher level.

At Lichinga, a third bean crop is planted in the dry season

{August-November) using residual ground water which is the likely
overwintering site for beanfly.
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CONTROL OF BEAN BETEM MAGGOT

White parasites may help to regulate the population of bean stenm
maggot, they do not provide control of this pest and efforts at
Lichinga have concentrated on investigating cultural and chemical
control.

Cultural control
Time of sowing

From the results of the study of infestation within the main crop
season, there are two optimum times for sowing. The first is as
soon as possible after the rains have started in mid-November, the
main constraint being the need to sow the maize crop and let it get
established before sowing the beans in intercrop. The second is
after the decline of the beanfly population in March, the main
constraint being to avoid the lack of moisture at the end of the
crop cycle,

A second approach has been the selection of resistant varieties.
One trial has been carried out with the aim of evaluating the 20 or
so local cultivars of beans for tolerancefresistance to bean stem
maggot. Two small seed cultivars, Encarnado Finc and Kaela (R),
have shown low levels of infestation.

A second trial was initiated to confirm resistance in 4 varieties
selected from the CIAT BNFLY nursery and from observations in other
trials. The varieties were Tkinimba, ZPV 292, ICA Pijaoc and A 417
and they were compared to the two local cultivars Encarnado and
Manteiga. The varieties were evaluated in a split plot design
which included insecticide treatment on main plots and varieties on
sub-plots, and advantage was taken of the design to assess the
effect of root rots and any possible interaction with bean stem
maggot. Infestation by bean stem maggot was assessed at 20,30 and
45 days after emergence (dae) by counting the number of dead plants
and then assigning them to three categories based on cause of
death; bean stem maggot, root rot or bean stem maggot and root rot,

From an overall assessment of the results (Table 2), it seems that
insecticide considerably increased yield (from 99 to 383 kg/ha).
There was no significant difference between the varieties in terms
of mortality due to bean stem maggot, although the two local
cultivars showed twice the percentage mortality of the other
varieties. Less bean stem maggot was collected from the varieties
Ikinimba, A 417 and ICA Pijao (Table 3). The numbers of bean stem
maggot per dead plant were highest for the varieties Encarnado and
Zpv 2%2. Insecticide seed treatment was highly effective in
controlling the bean stem maggot, reducing infestation to zero.
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Further evaluation of the results showed an interaction between
bean stem maggot and root rots that deserves further study (Table
4). The percentage mortality due to root rots is similar with or
without insecticide treatment (in 23%). With insecticide, the
percentage mortality due to bean stem maggot was zero in comparison
with 15% without insecticide treatment. However without
insecticide a further 27% of plants died due to bean stem maggot
and root rots in combination. In practice we observed an increase
in percentage mortality from 30% with insecticide, and therefore
without bean stem maggot, to 76% without insecticide, and therefore
with bean stem maggot. This represents an increase over and above
that expected from considering the percentage plant mortality with
root rot and bean stem maggot acting independently (about 23 + 15
= 38%).

From these results it would seem important to select varieties
resistant to both root rots and bean stem maggot, From the point
of view of pest management it seems possible to select resistant
varieties to help combat bean stem maggot.

Chemical control
The most promising method of chemical control is insecticidal seed

dressing. As well as evaluating insecticides we have pursued the
use of natural plant preducts to control bean stem maggot.

The use of insecticide seed dressings has proved successful with
two locally available insecticides. Both Basudine (diazinon 60% ec
at 1,7 ml/kg seed) and Endossulfao (endosulfan 50% ec at 7,5 ml/kg
sead) have been shown to successfully control bean stem maggot.
These two insecticides are currently recommended when available and
especially where beans are planted late.

Natural plant products

The use of natural plant products for the control of crop pests has
some advantages to the small farmer over synthetic insecticides,
including the fact they are normally cheaper and not normally
highly toxic to people, animals or the environment. The
disadvantages of these products are that they take time to prepare
and are rarely as efficient as synthetic insecticides.

A trial was initiated this season to investigate the possibilities
of using tobacco (Nicotiana tabacum), garlic (Allium sativum),
chilli peppers or piri-piri (Capsicum frutescens)}, mata-peixe
(Tephrosia vogelii) and basil (Ocimum basilicum) which are widely
available locally. The products were prepared by macerating the
plant material and scaking them in a socap/water base following
recipes given by Gaby Stoll (1986). All were evaluated as both a
seed treatment and foliar treatment. Only the insecticide control
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showed less infestation by bean stem maggot than soap and water
although piri-piri (foliar treatment), mata-peixe (seed treatment)
and tobacco (seed treatment) showed promise (Table 5). We will
continue to evaluate these products in the next season.

BUMMARY

In summary, the prospects for a range of recommendations and
technologies for effective control of bean stem maggot on the
Niassa plateau are promising. By a combination of manipulation of
sowing date, selection of resistant varieties and the use of
chemical seed dressings, it should be possible to significantly
reduce the incidence of this pest. However, the work on resistant
varieties shows that care needs to be taken not to overlook other
factors such as root rots. The economic value of any yield
improvements is also an area of possible future study.
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Table 1. Percentage emergence of pupae and percentage parasitism
with a) date of sowing and b) species of bean stem
maggot., 91792 season.

e s i e S e R S T e e A i Y i A e i A s A e A O D, W D T D W ke TN S DT W S S A I S SR R TS TS S . TG A S S0 W S Ay S S W o o g s W A

Date of Total Percentage (%) pupae with total total
sowing pupae Beanfly E.imp.* Q.mel.* Other p. parasitism emer.

e Gk S A LAY M A A, NG TS SO i S W A AW Y S W A AN AU S ol T T S TV S W S W W — i, e S . Ty Wi Teme W S A e e s At <y A T S D T A W AL MW St A

14 DEC 15 12.0 0.0 0.0 0.0 0.0 80.0
14 JAN 395 37.2 10.9 9.1 0.3 20.2 57.5
14 FEB 239 13.4 11.3 4.6 0.0 15.9 29,3
14 MAR B84 11.9 6.0 8.3 1.2 15.5 27.4
4.1 1.8 2.1

14 APR 665 22.7 8.0 30.7
Species

O.spenc.1345 25.0 7.4 3.6 1.1 12.1 49.2
O. phas., 53 24.5 1.9 24.5 1.9 28.3 52.8

A S A S N T ST WD S S ST S R T W MU S S S M D S e M TR W IR W e A W e i e cmm S S sl S s e S it Sy R Yol TR S TR ST W Y T S T TR W W -

* Fucloidea impartus, Opius melanagromyzae

Table 2. Summary of the results for the bean stem maggot
resistance trial, 91/92 season.

Bl R e i T upmr——

Yield {(kg/ha} Vigour Percentage (%) No.BSM
Variety {~) insecticide (+) (1-9) plants dead with per dead
Bean S5tem Maggot plant

A AP " A . WWE . TN R T WAL AU L A S SO - S WAV P S S TR WA D U A S WA A S e e SO S ok AP e B e 2 W i ool W i M W o ol e S A s o RO A T M N A v

Ikinimba 326 a 790 % 4.8 a 11.7 ns 1.91 a

ICA Pijao 108 b 773 % 7.2 b 10.9 ns 2.23 a

A 417 89 b 470 y 6.8 b 11.9 ns 2.52 a

2PV 292 33 b 63 2 6.0 ab 12.1 ns 3.31 b

Encarnado 25 b 135 z 6.5 b 22.7 ns 4.31 ¢

Manteiga 10 b 183 z 7.3 b 23.2 ns 2.50 a
X 99 383 6.4 i5.4 2.80

- W S VT T O UL . YT S W — W YT T Yo Wi L o W T WA T W WP TR S W S R W W S MO0 S ik AU W S S W S ) W T A S T S " -

means in the same column with the same letter not significantly
different at 5% (DMRT)

ns : not significantly different by ANOVA.
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Table 3. Numbers of bean stem maggot collected by variety and
ingecticide treatment. 91/92 season,

T - S A ) T " T WS, S W S S T S Vo T W S W T WS S S S T S . . W W e W . ) — WA e A vt U b LA e AT S . >

Variety Insecticide X 5.E C.v.
- +

Ikinimba 92.0 a 0.0 46,0
A 417 114.3 a 0.0 57.2

ICA Pijao 130.7 a 0.0 5.3 23.7 59.7%
Manteiga 174.3 ab 0.0 87.2

ZPV 292 243.0 b 0.0 121.5

Encarnado 413.0 ¢ 0.0 206.5

X 194.5 0.0 97.3

SE 30.9

cv 55%

e s S s S e S . A ik M i M W S AL S S M AL A S L B AN A S A L e S AL M i M o S S SO A A S D W D SO S W ST WO T WO S e ol . e

Table 4. Percentage mortality with bean stem maggot and root rot
with and without insecticide treatment, 91/92 season.

Insecti- Percentage plant loss with : Observed
cide Root rot BSM Root rot + BSM (Total)
- 22.45 a 15.41 a 27.07 a (65.6) 75.9 a
+ 23.85 a 0.00 b 0.00 b (23.9) 30.1 b

W T i T S S S T VA VS AP U T U S S VI W TERR WA R P DS VR EDOC TP G T S0 TEI A N W T O A D S VR M W S0 D WO S D G S . D O SR W S W S M . A O T W,

Meang with the same letter in a column not significantly different
at 5%.
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Table 5. Number of bean stem maggot per 10 plants 30 dae with
product and manner of application, 91/92 season.

. G i S i S W Al e il i o . AU S T S e A i A el IR 4 SRR S TR . o A e S e S o S e N ot P S U o el S o A R Al S L e S e AL Sl S U S Sl S Sy S

Treatment to :

Product Seed Leaves X SE
Insecticide 0.0 0.0 0.0 a

Piri-Piri 2.3 1.0 1.7 ab
Mata-Peixe 1.7 2,7 2.2 be

Tobacco 2.0 3.7 2.8 be 0.86 (0.24)
Basil 3.3 3.3 3.3 be

Scap + Water 2.7 5.0 3.8 be

Garlic 5.3 4.0 4.8 ¢

X 2.5 2.8 2.6 (1.6)

SE 0.46 (0.12) 1.23 (0.34)

cv 80.2 (35.6) %

M 200 W A Vo W VLS WO AR N Dl WO T O WAL N S . O A S e N S O AL U RO A AL iy L S N Sl WU i S A S A e MBS e A e U o eI .k A b 4D i A e A e S

data transformed with VG?T?”ETE for analysis, original means
shown.

means with same letter not significantly different at 5% (DMRT)
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DISCUSSION OF THE ENTOMOLOGY PAPERB IN THE
CROP PROTECTICON SESSION

Questions following M.L. Pomela’s paper brought out the following

points :

(1)

(ii}

(iii)

The effect of predators will need to be considered when
assigning an economic threshold.

The cages will have an effect on the growth of the
plants and this will have to be accounted for, or at
least described, by comparing with un-caged plants.
Control cages (plants with no insects) will have to be
continued.

What is the movement of predators in relation to the
spiny brown bug ? What are the predators’ environmental
limits ?

Discussion that followed the papers concerning bruchid research
presented by Giga and Chinwada, Silim Nahdy, Federe Nagasi and
Nahimana was summarized by the Rapporteur as follows :

(i)

(ii)

(iii)

RAZ lines contain the arcelin gene and are resistant to
Zabrotes spp. There is some progress in identifying
lines resistant to Acanthoscelides spp., but so far
they are small-seeded types and the resistance has not
been successfully transferred into more acceptable
grain types.

There is a difference between infestation, weight loss,
and economic loss as regards bruchids. An average of
one hole per bean can result in a 50% reduction in
market value, and 16% weight loss is equivalent to 100%
infestation,

A number of comments were raised about bean storage
conditions. Concern was expressed about using
botanicals that have high mammalian  toxicity.
Tumbling the beans in their storage container every

six hours was recognized as being effective, but
generally impractical. The husks of rapoco (finger
millet) act as a repellent rather than as a toxin and
results from its use will vary depending on how tests
are conducted. This implied that both ‘choice’ and ‘no
choice’ tests need to be conducted. Due to the
effectiveness of diatomacecus earth, it may be
worthwhile exploring other soil sources that may have
particles of similar size (eg. lateritic soils, clay,
termite mounds). Vegetable o0ils can be effective
against bruchids at a rate of 5 ml/kg of bean seed, but
this may be of practical use only for researchers.
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There may be some differences among sources of wood
ash. Different trees may leave different residuals in
the ash, but this is not very likely due to the high
temperatures that eliminate the organic compounds.
bDung ash was suggested as a possible treatment.
Farmers report that the storage of beans in these
various mixes reduces the marketability of the grain.
Most of the storage methods would be used for seed for
planting in the next season. A challenge was raised to
test various storage methods on the guality of grain
for consumption and marketability.

Papers on the bean stem maggot (BSM) by Ampofo, Nsibande and Davies
stimuilated discussion summarized as follows :

(1)

(i)

(iii)

(iv)

(v}

In the Great Lakes Region, green manures and mulches
have been found useful for controlling root rots.

It may be useful to evaluate these mulches on BSM, in
recognition of the fact that root rots, poor soil
fertility and BSM often seem to be associated. When
mortality is being evaluated, it is essential that the
different causes of death be as accurately evaluated as
possible,

Species composition (0. spencerella vs. 0. phaseoli)
appears to be related to temperature, with 0.
spencerella occurring more during cooler parts of the
season.

Sampling for BSM should start two weeks after ener-
gence, though this may be delayed during cool seasons.
When monitoring populations, a substantial separation
of plots is mandated when delayed plantings are spaced
more than a month apart. This is to avoid creating an
inoculum for the later plantings. It needs to be
recognized that BSM populations go through natural
cycles during the year, as a result of changes

in the environment and in the level of parasites or
predators. Light traps and ’‘sticky’ tape can be used
for monitoring populations, but they have deficiencies
and counting dead plants is still the best method.

IPM needs to be developed for each area., Mozambique
recommends early planting, whereas Ethiopia recommends
late planting. There may be some use for research to
determine ways for managing naturally occurring
populations of predators.

Prof. Teri related that I. Newton once commented

that as beautiful and as special as a pebble on a beach
can be, we still have an ocean of mystery in front
of us |
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ABSTRACT

The black bean aphid, Aphis fabae Scopoli, was observed
in 25 out of 39 farmers’ bean fields surveyed. Besldes
A.fabag, the alatae aphids of _ Toxoptera citricidus
(Rirkaldy), Brevicoryne brassicae (L.) and Tetraneura

nigriabdominalis (Sasaki) were occasionally found in
northern province in a 1989 survey. Bean common mosaic
virus was found in 45 out of 88 samples of farmers’
bean seeds with north-western province recording the
highest percent seed-borne BCMV. buring 1989~92, a
total of 15 aphid species were collected 1in yellow
pan water traps. Myzus persicae (Sulzer) was by far the
most abundant species recorded throughout the period.
The next in abundance were Aphis craccivora Roch, A.
gossypii Glover and A. spiraecpla Patch, in descending
order.

In a BCMV/aphid incidence trial, BCMV was greater in
late planting than in an earlier one, presumably due to
high aphid activity in the later planting. The seed
yield in early planting averaged 1035 kg/ha, while
under late planting it was only 317 kg/ha. In a bean/
maize intercropping trial, 2 rows of maize to 1 row of
bean resulted in substantial reductions 1in  BCMV
incidence and aphid infestation. In an aphid/BCMV
transmission study, _A. craccivora, A. fabae and A.
gossypii were capable of transmitting BCMV under
screenhouse conditions. Percent success lincreased with
increasing number of aphids per plant. In a survey on
BCMV strains, two strains, NL3 and NL6, were identified
prevalent in the two districts of eastern province.
Limited work was done in Tanzania on aphid infestation
in farmers’ bean fields and aphid catches from the
yellow pan water traps.

INTRODUCTION

Aphids are the most important vectors of plant viruses and can
cause considerable yield loss in beans. The bean aphid. Aphis
fabae Scopoli, is a major pest of common beans, Phaseolus vulgaris
L., and other leguminous plants in the tropics and is reported as
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being a vector of more than 30 viruses (Hill, 1975). A. fabae
plays an important role in the spread of bean common mosaic virus
(BCMV), which affects beans in several areas of eastern (Kulkarni,
1972; Kalser, 1976) and southern Africa {Kannaiyan et al., 1987).
Several aphid vectors have been reported capable of transmitting
BCMV (Zaumeyer and Thomas, 1957; Kennedy et al., 1962; Khaemba and
Latigo, 1982; Mali, 1986; Mukhopadhyay and Chowdhury, 1986; Zettler
and Wilkinson, 1966). Remaudiere and Autrique (1985) contributed
to the understanding of the ecology of the African aphids.
However, there is little information available in the exact species
occurring in the bean ecosystem, their distribution, population
dynamics and their status in relation to spread of BCMV.

In July 1989, the aphid/BCMV regional research sub~project was
initiated with the following objectives : (1) to identifify the
aphid species occurring in the bean enviroment in Zambia, Malawi
and Tanzania, (ii) to understand the population dynamics of the
aphids in relation to BCMV incidence, and (iii) to ascertain the
aphid species that transmit BCMV and their relative efficiency of
trasmission of the BCMY strain(s) occurring in the region. This
paper reviews the progress of the bean aphid/BCMV sub-proiect
during phase I (1989-1992).

Bean aphid/BCMV incidence in farmers’ bean crop

A roving survey was carried out in eastern, central, Luapula and
northern provinces of Zambia in 1989~91. Twenty~five out of 39
bean fields visited had infestation by aphids (Table 1). It was
also found that A. fabae commonly cccurred on beans. The alatae
aphids of Toxoptera citricidus (Kirkaldy), Brevicoryne brassicae
(L.) and Tetraneura nigriabdominalis (Sasaki) were occasionally
found in northern province in 1989. The percentage of aphid
infested plants was greater in the sparsely planted plants (3-5
plants per sq. metre) than in the dense (21-56 plants/sqg. netre)
ones. A survey carried ocut in 1991 in the high rainfall ecological
zone had fewer bean plants infested by aphids compared with the
1989 results. In Tanzania, the aphid counts per plant at Uyole
Agricultural Centre and Mitalula were high in June and August with
an average of 37.4 and 50.9, respectively. In the 1991 survey, 18
out of 23 bean fields visited had BCMV. The mean number of BCMV
infested plants was estimated to exceed 14,000/ha while the mean
percent averaged 13.0 % (a range of 0 to 72%).

Extent of sead~borne BCMV in farmers’ hean seeds

Seed infection is perhaps the most important means of spread of
BCMV (Morales, 1989). Surveys were conducted in three provinces
of Zambia during 1989-91 to estimate the prevalence of seed-borne
BCMV in farmers’ seeds. Farmers were chosen at random along
motorable roads. A total of 88 samples of farmers’ bean seeds were
assessed for seed~borne BCMY during the twe years. The results
showed that 45 out of 88 samples of bean seeds collected had BCMV
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(Table 2). The north-western province had the highest percent
seeds with BCMV. In general, this indicated that the carryover of
BCMV through seeds was substantial in all regions of Zambia
surveyed.

Effects of relay intercropping on aphid infestation and BCMV
incidence

During 1989-90, a trial was conducted at Msekera to study the
effects of growing bean in association with maize on BCMV incidence
and infestation. It consisted of four treatments arranged in a
randomized complete block design with six replications. The
spacing between ridges was 50 cm, maize (cv. MM 604) was planted at
20 cm within the row on January 9, 1990 whereas bean {cv. Misanmfu
Speckled Sugar) was planted three weeks later, at 10 cm intra-
spacing. FEach plot was composed of 11 ridges of 4m length. The
recommendad cultural practices were followed except that bean did
not receive any insecticide after emergence. BCMV incidence was
recorded in three rows of beans in each plot at intervals while the
number of plants colonized by aphids was recorded weekly from 22
February to 21 March. BCMV incidence, as percent plants colonized
by A. fabae, were least in 1 row bean to 2 rows of maize (Table 3),
thus, the arrangement of 2 rows maize : 1 row bean seems to be
least suitable for aphid dispersal and/or multiplication. altieri
et al., (1978) have shown that intercropping bean with maize was
beneficial against the leafhopper, Empoasca kraemeri Gross and
Moore, the beetle, Diabrotica balteata Leconte, and the
caterpillar, Spodoptera frugiperda (J. E. 5Snmith) because of
interference with their colonization and the increase in
populations of their natural enemies. Recently, Katunzi gt al.,
{1987) confirmed that intercropping of bean with maize reduces the
severity of BCMV and other diseases.

Aphid landing in yellow pan water trap

A vellow pan water trap (60x60x10cm) was installed at 70cm above
s0il level within the bean field at Msekera during 1989-92. The
alatae aphids were collected thrice per week and preserved in 70%
alcohol for identification. The water was changed whenever
necessary. The trap collections commenced in January and ended at
crop harvest in March/April each year. The results are shown in
Table 4. A total of 15 aphid species were collected in the trap
during 1989~-%2. Relative abundance of aphid species differed
somewhat during the three years. Myzus persicae (Sulzer) was by
far the most abundant species throughout the period, possibly
because it is more attracted to yellow than some other species
(A’Brook, 1973; Taylor and Palmer, 1972; Irwin, 1980; Halbert et
al., 1981, 1986)}. Several species were under-estimated in the
yellow pan water traps because they are not attracted to the
colour., No A. fabae was recorded during 1991-92 season.

A total of 19 aphids were collected from the vellow pan water trap
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during April to June 1992 at Uyole Agricultural Centre in Tanzania.
Aphid/BCMV dynamics

During 1990~91 season, a trial was conducted on the dynamics of
BCMV in relation to spread by aphids. The trial consisted of two
large diagonally placed plots, replicated twice with two planting
dates {(early and late). The bean variety used was Carioca (black
root susceptible). The plants with aphids/black root were recorded
weekly from 2 weeks after emergence till harvest. These plots were
located near the vellow pan water traps. The results showed that
BCMV incidence was greaer in the late planting (7/2/91) than in the
early one (27/1/90) (Table 5). Similar findings were reported by
Sithanantham et al., (1990). The increase in BCMV incidence could
be due to the greater aphid activity in the later planting. Even
at about 4 weeks after planting, the difference between early and
late planting was significant. The seed vyield in early planted
plots averaged 1035 kg/ha, while under late planting it was only
317 kg/ha, and this reduction in vyield was at least partly
attributable to the greater extent of BCMV spread by aphid vectors
in late planting. A similar trial was conducted in 1991-92 season,
but it was affected by the drought and hence no results were
obtained.

BCMV-Aphid transmission studies

A preliminary study was conducted in the screenhouse to compare the
relative efficiency (percent success) of transmission of BCMV by
three aphid vectors, A. craccivora, A. fabae and A. gossypiil.
Aphid species of A. craccivora, A. fabae and A. gossypii were
reared on potted cowpea (cv. Muliana), beans (cv. Carioca) and
Hibiscus sp., respectively. The aphid cultures were maintained in
cages (1xixlim} placed in the screenhocuse. The second generation of
apterous aphids were used for transmission studies. We planted 2-4
seeds of Carioca/pot and thinned them to 1 plant/pot one week after
emergence (WAE). Fine~tipped camel’s hair brushes were used to
transfer nymphs and adults. The apterous adults of A. craccivora,
A. fabae and A. gossypil were starved for 1 hour before
transmission. The aphids were permitted to acquire the virus by
feeding on 2 week old bean cv. T3, which is highly susceptible to
BCMV. They were allowed acquisition feeds of less than 60 secs.
The aphids were transferred to healthy test plants of Cariocca (2
WAE) for 3 minutes of inoculation access feeding/probing and later
aphids were removed from the test plants. The test plants showing
black root symptoms were recorded daily for a period of 3 weeks
after aphid inoculation. Results are shown in Table 6. A. fabae
and A. craccivora were more efficient in transmitting BCMV than A.
gossypii. The higher the number of aphids per plant (3-4) the more
successful the transmission, especially true for A. craccivora and
A. fabae. It is also evident from the results that all three aphid
vectors were capable of trasmitting BCMV. Attempts to rear M,
persicae in the screenhouse were unsuccessful.
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BCMY strain identification

The bean leaf samples showing BCMV symptoms were collected from
farmers’ fields in twe districts (Chipata and Chadiza) of the
eastern province, Zambia. Fourteen samples were collected along
the motorable roads using the calcium chloride method. BCMV
strains were identified by Drs. Spence and Walkey of Horticulture
Research International, Wellesbourne, U.K. The bean leaf samples
were inoculated on to susceptible bean seedlings, and later
inoculations on to differential cultivars was carried ocut. The
enzyme~linked immunosorbent assay (ELISA} was run on the dried
sample using two monoclonal antibodies from Dr. Gaylord Mink
{(Prosser, WA, USA). The monoclonals were 197, which is a broad-
spectrum antibody for BCMV (all strains) but which alsc cross
reacts with blackeye cowpea mosaic virus, and I2, which is specific
only for "A" serotype BCMV strains (NL3, NL5 and NL8). npn
serotypes are the other 7 strains of BCMV. The results are shown
in Table 7. Out of 14 isolates ceollected, 5 were identified by
host differentials. 3 of them were identified as NL3 and 2 as NL6.
Earlier work in Zambia by Kannaiyan and Haciwa (1989%) identified
the BCMV strain NL3. Since the isolates were only collected in the
medium rainfall (800-1200 mm) agro-ecological zone, perhaps more
strains would be identified from the high rainfall {( > 1500 mm)
agro—ecological zone. Further sampling should be carried out in
other bean growing areas of Zambia.
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Table 1. Survey for Aphis fabae infestation in farmers’ bean
crops in Zambia, 1989-91,
Total Aphid Plant Plants inf.
Province District BSurveyed Infested stand by aphids
per m> per ha §%

AL e i U S A O O o 1A L e S A A M i S AAAT W e W A Ak S M A LA G A L O S S AR o A WA VA O S . AT Wl D U IO -

I. High rainfall zone ( 1200 mm) April 1989 (Main season) :

Luapula Samfya 1 1 4 12,400 31

" Mansa 5 5 4 21,200 53
{(3-5) {30-67}

Northern Luwingu 1 1 4 10,800 27

" Mbala 1 1 3 12,000 40

Overall 8 8 4 17,650 46
{(3-5) (27-67)

II. High rainfall zone (> 1200 mm) April 1991 (Main season) :

Luapula Mansa 4 1 8 4,400 3
(4-12) (0-12)

" Chinsali 3 2 8 6,400 8
{(5~12) {0-16)

Northern Isoka 4 1 8 1,800 2
(4-12) (0-8)

u Mbala 9 5 21 9,640 5
{6~40) (0-20)

" Mporokoso 3 3 13 5,080 4

{10~15)

Overall 23 12 14 6,157 4

(4-40) {0-20}

A A A SN O . S 142 SAG; O - WO U S AL S WAk A W A o o LaAr e AN OO W U S S " —_ Sa A S W N S S S S S5 AR, T O W U S S o 342

III. Medium rainfall zone (800-1200 mm) April 1989 (Main season):

Central Serenije i 1 4 7,600 19
Eastern Chipata 4 i 36 16,800 3
{21-56) (0-10)
b " 3 3 11 61,600 56
(6=14) (43-813)
Overall 8 5 23 29,450 25
(4-56) {0-83)
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Table 2. A survey on extent of seed-borne BCMV in farmers’ bean
seeds in three bean growing provinces in Zambia, 19859~

9

1.

—————— v o v Al Aok sk sk bl sk S vpar o 440 T S S S W T AR SO0 SN0 AR SN WA AU e e e S S S o e . S b i s s s

Province

Samples
examined

No.

(%) samples
with seed~borne

BCMV

— ans ane -

Extent of seed-borne
BCMV in individual

samples (%)

Maximum

Mean

i A S ] — T T T W A WA AR O S W0 N WO W WA WS W S SR S T P P RS e e e bk sl b T MRS AL Ak AL e Al S S D W

Eagtern
Horthern

Northern-
wastern

—— - = e v Wiin e S - e e iaan - —- . v o s, ST e O T G D D T e e e i e e . . s il AP

16 (41}

14 (49)

15 (75)
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Effect of intercropping bean (cv. Misamfu Speckled
Sugar) with maize on the incidence of BCMV and
colonization by Aphis fabae at Msekera, Zambia, 198%~

90.

. v v v T ————— T T T W WO W W W T WA TWPE W W AR PO WP W PP TR T TIPS . . . PR TR STV TV TR S A A R SRR U G T W SR SR W OROF ARG AN RN N W W GO U O W

Cropping
pattern
maize:bean

g i L S A A AL S U] W S S W I S o

T — v Trve TS Tew ———— T W W W S b W W, W W W W W Yo e e e e

22Feb 1Mar 7Mar 17Mar

21Mar Mean

- — O S W WSO8 AN SAR DA A W T - SO A A S U W 4 o M T T " - A2 Lok’ Ladol NS Nl Ul i S R O S S S ] ] T - i

Al o A A A i e i i

22Feb 21Mar 10Apr
5.7 15.1 20.4
7.1 16.0 23.1
B.O 22.8 30.%8
8.2 29.7 37.6
7.3 20.9 2B.0
1.0 2.0 2.1
33.4 23.1 18.0
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0.4 0.8
134.2 44.4

———— — W W W S o Wi W W b b S S T T T e S i Sl A A TR U D W AN AR S S e Sl Sl i A Wl W W R VA S WO SR SRS RS S SR ST . T . S e wp Seve. Yo T

188



Table 4. Aphid species collected in vellow pan water traps
kept in bean fields at Msekera, Zambia, 1989-92.

A o A Wl W o b OO I BB Al e A o A S S AR Wl A A o A B D B Al S D T ] Wl VU I T T 1Al B WP W "

W

Aphid species * Aphids caught/trap {Percent)
1989-90 1990-91 1991-52
Aphis craccivora Koch 28 (11.8) 7 {1.5) 69 (2.3)
A. fabae Scopoli 13 ( 5.4) 2 (0.4) -
A, gossypil Glover 11 ( 4.86) 1 (0.2) 86 (2.9)
A. spiraecola Patch 16 { 6.6) 28 (6.0} 28 (0.95)
Brevicoryne brassicae (L.} - - 22 (0.75)
Hallaphis sp. - - 1 {0.03)
Hysteroneura setariae
{Thomas) - - 4 (0.13)
Lipaphis erysimi
{Kaltenbach) - - 37 {1.26)
Melanaphis sacchari
{Zehntner) - 1 (0.2) 17 {0.58)
Myzus persicae (Sulzer) 156 (64.7) 416(88.7) 2607(88.7)
Rhopalosiphum maidis
(Fitch) 2 (0.8) 10 (2.1) 29 (0.98)
Schoutedenia lutea
(van der Goot) - 2 (0.4) 10 (0.34)
Tetraneura nigriabominalis
{Sasaki) - 1 (0.2) 6 (0.2)
Toxoptera citricidus
(Kirkaldy) - 1 (0.2) -
Uroleucon compositae
{Theobald) - - 1{0.03)
Undetermined 15(6.2) - 21(0.68)
Total 241 469 2938

T U MM TR W AALS L A N T T S o o S Wl A . . TR TR OO, O G S S S, . 4l WD Vo o o i S WO W ¥ o ks s o, AR WA S Wl i e S

. * Aphid species identified by A. Autrique, Corroy-de-Grand,
\5 Belgium.
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Table 5.

Incidence of BCMV, pod set and bean seed yield in

Carioca planted early and late at Msekera, 1989-90.

% plants with BCMV

- ———-—_—"— —— —— — T T—_ TS WO WOV TOT™ o U A AU A A SAD D D A O S

AL N A Mk S i ke g O R R R R T T o b b ot i A S i S PPN I AP AP U T TR S T SO . G M e LA e W W S A A M M S M Mok Mok ke e e i i Y o A W

{(Black root} Early
26 DAP * 0.4
iz v 0.2
40 W 2.3
47 v 2.3
54 5.7
Overall (cumulative) 11,0
Pod set score
{(1-9 scale) 6.5
Seed yield (kg/ha) 1038

W 1 ar 20 A T . T —

* DAP = Days after planting
! Early = planted on 27/12/50
? Late = planted on 7/2/91

[ ——
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LSD
SE (m) (0.05)
1.1 3.3
0.7 2.0
009 206
0.5 1.6
0.6 1.6
0.2 0.7
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Table 6. Transmission of the bean common mosaic virus by
A. craccivora, A. fabae and A. gossypii at Msekera,

Zambia,
Number of aphid(s) per plant
Aphid species 0 1 2 3 4
Aphis craccivora Koch o/24 3724 1/24 5724 6/24
(12.5) (4.2) (20.8) (25.0)
A. fabae Scopeoli 0/12 1712 1/12 2712 4712
(8.3) (8.3) (16.3) (33.3)
A. gossypii Glover 0/24 1/24 0.24 1/24 1/24

(4.2)  (0.0)  (4.2)  (4.2)

S —— - ———— — - W~ ] W o T . e VT TR WO OO AN W U W S S G e R, U . . T ST ST A TOE WAE OO S S S U A S S S T PO

Figures in parentheses are % plants with black root
* Control {no aphids)
* Black root plant(s)/total exposed

Table 7. Reaction of bean differential leaf samples to BCMV
collected from the two districts of eastern Province,
Zambia, 1992,

e A e G L M S S S ADLD Al Wl Wl W S ] - S S T N 0. S . A1 L34 SB1 AT DA WD QO B W W - T SV T _—

Sample Location Monoclonal antibody Serotype BCMV
---------------------- strain
197 I2
1. Msandile + - B
2. Chalumbe + - B
3. Msandile - -
4. Lutembwe + - B HNL&
5. Jerusalemu + - B NL3
6. Jerusalemu - -
7. Thanila + + A NL3
8. Mangwe + + A NL6
9. Selemani Village - -
10, Kalichero - -
11. Kalichero - o
12. Mugabe Village - -
13. HMteleza Village - -
14. Msekera + + A NL3

TSNP - —_—— S - S e e et — W T T W WO W W O WO W M MO A W W PO O T TS O WA O S S W . W e i o ot e e e ke ek ek S A AR A Sl Sl Wl W W
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THE ESTABLISHMENT OF BEAN COMMON MOBAIC VIRUE DISEASE REBISTANCE

NURSBERIES THROUGH COLLABORATIVE RESEARCH 1IN EASTERN AND
S8OUTHERN AFRICA
!

Allan Femi Lana', O0.%Z. Mukoko® and T.N. Sengooba’
i

'‘Sokoine University of Agriculture, Morogoro, Tanzania
‘Harare Research Station, Causeway, Zimbabwe
‘Namulonge Research Institute, Kampala, Uganda

ABSTRACT

A project to establish bean common mosaic virus (BCMV)
disease  resistant nurseries 1in the countries of
eastern and southern Africa was approved for funding in
1989. The objectives of the project include ;(a) survey
and identify BCMV strains 1in Ethiopia, Tanzania, Uganda,
Zambia and Zimbabwe; (b) evaluate/screen germplasm
collections against the prevalent strains at "hot spots”
in the countries of the two regions; (c) conduct
comparative  studies of pathotypes  against promising
materials within the region and (d) identify possible
existing BCMV strains 1in alternate leguminous hosts,
Studies carried out so far indicate that : (i) with the
exception of [Ethiopia, BCMV-NL3  (black-root} 1is the
predominant and most important strain in the countries
of the two regions. Based on this strain
identification, a map showing geographical and ecological
distribution of strains seems desirable both to guide seed
movement and deployment of resistance against these
strains; (ii) alternate leguminous hosts carrying BCMV
strains have been identified; and that (iil) certain
bean materials have been identified to show resistance
against predominant strains in the participating countries.
The implications of these results, as recently and
extensively discussed by the project working group,
warrant further  investigation, but with stringent
pricrities set under a wider Pan~African Network
Programme that will successfully manage the disease
within the continent.

INTRODUCTION

Bean common mosaic virus (BCMV) is an important pathogen of beans
in most countries in Africa. Unlike the situation with fungal and
bacterial diseases where there is an array of chemicals that can
control them, no chemicals have been found for the control of BCMV.
Breeding for resistance is the only feasible way to control BCMV,
Resistance to BCMV is imparted by recessive strain-specific genes
or by the dominant I-gene {(Drijfhout, 1978}. The deployment of the
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I-gene has been very successful in Latin America. Temperature-
insensitive or necrosis-inducing (necrotic) strains of BCMV have
been reported in Europe, Africa and the USA that have overcome I-
gene resistance and induce systemic necrosis. Drijfhout (1978)
found that I-gene cultivars were not killed by necrotic strains, if
either of the genes bc 2-2 or bc-3, or both, are incorporated to
protect the I~gene.

Surveys to identify BCMV strains prevalent in Africa have
established that, with the exception of Ethiopia, NL3, a necrotic
strain, is the predominant strain in the countries of eastern,
central and southern Africa (Spence and Walkey, 1991a). This
implies that the deployment of I-gene cultivars is not a sound
strategy in Africa. Weed legumes have also been found to carry
strains of BCMV (Spence and Walkey, 1991b). Information generated
on such a study is important because it indicates the risk that
unknown strains in wild reservoirs could be transmitted by aphids
to beans. This information has a bearing on the

breeding strategy to be employed.

A collaborative research network is being established on a Pan-
African basis to address the problem of BCMV in a multidisciplinary
manner, with input also of an entomologist (P.H. Sochati, Zambia)
and another pathologist (A. Gubba, Zimbabwe) to supplement our own
disciplines, of wvirology, breeding and pathology, respectively.
The objectives of the project are : to breed for resistance to BCMV
by incorporating the recessive bc 2-2 and/or bc-3 genes into bean
cultivars at the pre-release stage; to monitor the evolution of
possible new strains that can overcome the bc-3 gene resistance; to
determine importance of wild legumes as reservoirs of the necrotic
strains of BCMV; and to study other mechanisms of resistance to
BCMV such as the exploitation of variation in seed transmission
rates, vector non-preferences, and BCMV resistance in land-races.

METHODOLOGY
Breeding for resistance to BCMV (Mukoko)

This will be done by incorporating by backcrossing either the
bc-3 gene or the bc 2-2 gene into bean cultivars that are at the
pre-release stage in national programmes. BCMV resistant cultivars
carrying these recessive genes will be obtained from CIAT. All
resultant progeny will be screened for resistance to the NL3 strain
of BCMV. These materials will be sent to the respective national
bean programmes for yield testing in the field.

Strain monitoring (Lana)
In order to monitor the emergence of recessive resistance (bc-3, bc

2~2) breaking strains, an ‘early warning package’ or nursery will
be put together. This nursery will comprise material possessing
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the I-gene, some with the bc 2-2 gene, bc-3 gene and some without
the I-gene, and will be grown at BCMV ‘hot spots’ in different
countriss, every season. This nursery will be evaluated for BCMV
by collecting leaf materials which will be sent to the Tanzania
investigator for strain identification, using ELISA and
differential/cultivars.

Wild reservoir of BCMV (Gubba and Bengooba)

A study on the role of wild leguminous plants as alternate hosts of
BCMV is already in progress in Uganda. Work on wild legumes will
be intensified to cover scuthern Africa. Leguminous plants in the
vicinity of bean fields will be sampled and BCMV strain
identification will be undertaken using ELISA, bean differential
cultivars and electron microscopy.

Other mechanisms of resistance

Seed transmission [Lana and Sesngoocba)

Non~I gene cultivars will be screened for seed transmission rates
of BCMV, with the hope of identifying cultivars that possess a
'resistance’ to seed transmission of BCMV. All plants of the
cultivars to be screened will be manu