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1.

INTRODUCTION
The long-term objective of the project entitled "Research and Development
of Integrated Pest Management for basic food crops in the Sahel" is to help raise
food production by controlling pests, insects, diseases and weeds thus contributing to the policy of Sahelian countries to achieve food self-sufficiency.
This Integrated Pest Management Project of CILSS is financed by the USAID
and receives technical support from the FAO. It started operating in 1980 and
comprises a Regional Direction based in Ouagadougou, Burkina and a National
Component in each of the CILSS member countries : Burkina, Cape Verde, The
Gambia, Mali, Mauritania, Niger, Senegal and Chad.
The short and medium-term objectives were : to develop infrastructures to
help in carrying out pest management activities, to set up 55 observation posts
in the Sahelian region for pest surveillance, to train 33 new sahel ian university
specialists in plant protection, to identify pests that are of economic importance
for different crops, to collect and analyse a set of data on these pests so as to
determine the strategies most appropriate for reducing pest damages taking into
consideration their profitability and their acceptance by sahelian farmers.
After three to four years (depending on the country) of acquisition of
knowledge on major millet, sorghum, rice, cowpea and maize pests we felt it
desirable to organize this International Seminar on integrated management of
food crops in the Sahel in order that with the active participation of specialists
fro~ outside the project, we make a synthesis of technical achievements ~ade so
far as well as deliberating on the most fitting integrated strategies for
combating the noxiousness of these pests or determining what researches are to
be pursued for purposes of defining these strategies.
To make this seminar benefical to the project, we chose the following
programme :
- presentation of papers on topics relating to all the crops considered
by the project. The topics are: bioclimatology, socio-economy, extension and
grasshoppers. They are followed with discussion;
- presentation of a paper on entomological problems facing basic food
crops in Cape Verde; most of these problems differ from those of other Sahelian
countries ;
- presentation of papers on each of the five basic food crops cultivated
in the Sahel with each prefaced by an account of existing cropping practices then
followed by a statement that takes stock of the knowledges on related phytosanitary
problems :
- three working groups were created for each of these crops: entomology,
phytopathology and weed science. The groups were to examine achievements made
and to prepare recommendations on the orientation of works to be pursued. A
restricted working group is responsible for integrating the recommendations of
the three working groups
- presentation of papers on preextension in pest management followed by
discussions.
The totality of these papers, discussions and recommendations constitute
the present reports, available in both French and English.
The Regional Direction.
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BIOCLIMATOLOGY IN THE IPM PROJECT

1.

3.

OBJECTIVES

One of the long term objectives of the IPM Project in the Sahel is to
set up a monitoring, forecasting and warning system for crop pests.
This system will be used in warning farmers of the event of pest infestations and in assessing crop losses caused by pests. The role of bioclimatology in
the project is to collect meteorological data as well as biological and phenological
data relating to crops. Furthermore bioclimatology is to communicate, preserve and
analyse these data so as to obtain information (on periods and potential areas of
infestation ) to be used by operational services, extension services and farmers.
This objective can be achieved in two stages : the first stage is the establishment,
of an observation post network for purposes of collecting the "baseline" data
required for improving our knowledge on the rel3tionships between the host plant,
the pest and the environment. The second stage is the collection of "routine" data
provided by the network, the monitoring and the forecast of crop pests so as to
work out warning systems for the services concerned.
During the 1st phase of the project, scheduled to end in September 1986,
the bioclimatological studies will mainly focus on:
1) - Millet downy mildew (Sclerospora graminicola)
2) - Millet head borers (Raghuva albipunctella)
3) - Witchweeds (Striga spp)
4) - Senegalese locust (Oedaleus senegalensis)*
These studies will help in :
1) determining the incidence and the regional distribution of Mildew,
Raghuva and Witchweeds in the Sahel ;
2) identifying the correlations between the incidence and the severity
of these pests and climatological factors.
3) making operational
developed by GERDAT/PRIFAS, so
term.
4) developing a model
5) developing a model
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and adjusting the Oedaleus senegalensis model
as to forecast the population dynamic in the short
for Mildew
for Raghuva.

STRATEGY

The dynamic relationship between an organism and its environment is so
complex that it becomes necessary to take into consideration, only the most
significant factors. This 'pplies as well, to the relationship between two
organisms (host plant/pest).
The simplest approach is to study separately, the relationships between
each of the two organisms and the environment, to identify the most important
factors and to apply the results when the two organisms interact. This approach
sometimes over estimates the interaction of the factors' in relation to these factors
themselves. In this case we require an integrated approach, which simultaneously
takes into consideration the largest possible number of factors.

• Studies on this pest are illustrated in the paper on grasshoppers.
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Consequently, from a bioclimatological point of view, the project adopted
a method of work which involved an integrated study of all the factors affecting
the host plant/pest/environment system in order to outline the key factors that
will constitute the determining elements in the definition of the pest management
strategies.
In a host plant/pest/environment system, the environment can be the microclimate of a plant, the local climate of a cultivated land, the mesoclimate
defined by the station's meteorological parameters and the macro-climate of a region
having homoge~eous climatic features.
The IPM Project in the Sahel conducts its researches in a region of about
5.300.000 square kms and cannot therefore ignore the micro-climatic factors such
as, the dynamic atmospheric conditions within the region. In effect, the conditions
of the lower layer of the atmosphere in the region represent the conditions of
the upper layer of a host plant/pest/environment system. The schematization of
this latter system should be well integrated in the schematization of the atmospheric system because forecasts of the development of diseases or insect attacks
are derived from this integration. This approach is part of the long term objectives
of the Project as simplified and illustrated in fig.l.
The integrated study of the biologiclimatology of Mildew, Raghuva and
Witchweeds, involves, biological observations and meteorological informations
collected at the observation posts. The data are analysed according to their
dimension in time and space (observations of bioclimatological follow-ups or
standardized regional observations) and at the end of the 1985 campaign a first
approach of the host plant/pest/environment system will help in creating a
synthesized model of the pest.
The model will then be tested on the basis of the data of the 1986
agricultural campaign and from the simulation that will be carried out, using
the climatological data for each ten days covering the period 1951-1984. In view
of the results obtained, the model can be eventually modified (see fig.2). This
approach obviously implies a specific bioclimatological follow-up for each of the
pests studied.
2.1. Downy Mildew
Two distinct phases need to be studied in relation to the micro-climate.
a) primary attack in the soil ;
b) development of the disease in the leaves.
A third phase, the wide dispersion of spores is correlated with the local
climate or the mesoclimate.
The study of the first phase must take into account the water factor which
is considered, in the dry tropical climate, as the most important discriminating
factor, when determining the limit of soil humidity, after which the primary attack
begins.
The development of the second phase is to be analysed by taking into
consideration, the values of air temperature and relative humidity.
The infestation levels observed in various fields, correlated with the
recurrent emergence of some meteorological phenomena, determine the dispersion
capacity of spores.
2.2.

Raghuva

There was a recorded growth in the populations of larvae in 1973 throughout
the Sahelian region which was severely affected by the 1972 drought. At the same
period, the presence of large populations of grasshoppers was recorded in
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the Sahelian region. The stagnation of the Inter Tropical Front (ITF) at an
altitude lower than normal led to the 1972 drought and the development of these
two pests, might have also resulted from this same cause.
In the case of the grasshoppers, considerable populations might have been
blocked at the southern part of the ITF, thus enhancing the concentration of egglaying in favourable sites.
With regards to millet head borer larva,the stagnation of the ITF at
a low altitude might have widened the climatic conditions favouring this pest.
This might have then resulted in the movement of pests from the grazing areas of
sub-desert regions to traditional farming areas.
There is a strong correlation between the biology of Raghuva and some
climatological factors. The researches conducted on bioclimatology as part of the
IPM Project aim at creating a model of insect behaviour. The parameters chosen for
the modelization are:
2.3.

early "pre-agricultural" rains
water balance
nature of soil
soil temperature and humidity at the depth of diapausing sites
residual population of the preceeding year
millet germination date
duration of the part of the germination - flowering cycle
duration of adult emergences and the distribution of emergences with time.

Witchweeds

In connection with witchweeds, we first have to determine its incidence
and distribution, in the Sahelian region and then correlate these two factors with
certain parameters such as :
3.

water balance
farming precedent
air humidity and temperature
farm practices
nature of soil
vegetative cycle of the crop.

ORGANIZATION AND IMPLEMENTATION

The achievement of the short and long term objectives of bioclimatology
in the IPM Project depends on a network of observation posts ~nd the regional
bioclimatology unit based at the AGRHYMET Centre in Niamey. The Project network
comprises 55 observation posts (see table 1).
In the Cape Verde Islands, there will be no permanent post, but observations
data will be collected in all the three most important agricultural islands namely
Santiago, Fogo, Santo Antao.
This network covering the most important agricultural zones in the Sahel,
will permit the creation of a real biological data bank, by using the quantity of
biological data so far collected and those to be collected in the future. This
biological data bank can be used not only for the Project purpose, but also for
purposffi of improving our understanding of the Sahelian ecology.
An observer is assigned to each post and after having received training
in entomology, phytopathology, weed science and agrometeorology, he is assigned
the duty ofc~rrying out biological, phenological and meteorological observations.

l
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The Project has created new meteorological stations with equipments that
meet the standards of National Meteorology; most of the stations are located in
farming areas.
An agreement for collaboration was planned between the AGRHYMET Programme,
ASECNA (Agency for Air Traffic Security in Africa and Malagasy Islands) and the
IPM Project for the transmission of data collected from observation posts and the
dissemination of information from the regional unit. Some technical factors still
impede the implementation of this collaboration and a proposal for the funding of
an independent network that will help circulate messages in the Sahelian countries
has been submitted to a donor, in collaboration with the General Directorate of
the AGRHYMET Centre. The network could be established in the second phase of the
Project.
In the short term, a solution should be found for the Oedaleus senegalensis
problem, since research work in this domain is more advanced, with the model
already being used by the IPM Project.
What are the means of the Project to enable it analyse the data and to
achieve the anticipated objectives?
The regional bioclimatology unit of the IPM Project is located near the
"Regional Centre for Training and Application in Agrometeorology and Operational
Hydrology" (AGRHYMET Centre) in Niamey. This center is provided, among others,
with data processing equipments which are very important for the reception, storage
and processing of meteorological information received from the ASECNA network.
On the other hand, the bioclimatology unit has its own information sciences
equipment : a DIGITAL RAINBOW 100 micro-computer for data recording and a DIGITAL
RAINBOW 100 PLUS micro - computer for data processing. The two micro-computers
are connected to the AGRHYMET computer system in such as way as to permit the
use of facilities of the center: automatic recording of the meteorological
information from ASECNA, data bank, automatic mapping, recording of Project data
on magnetic tapes , scientific programmes in agrometeorology and statistics.
During the present phase of the Project, the data will be computed by an
operator and recorded on magnetic tapes.
A data processing expert, will be temporarily attached to the bicclimatology unit to prepare computer programs required for the processing of data.
The Regional bioclimatology expert coordinates the activities of the unit
in a way as to integrate the meteorological, biological and phenological
observations. He is also responsible for the coordination of the activities
carried out jointly with the AGRHYMET Programme particularly in operational
agrometeorology and training for observers.
Finally, the bioclimatology unit collaborates, as is done by the Project,
with other research institutions, like the GERDAT/PRIFAS and the University
of Florida.
4.

THE AGRHYMET PROGRAM

The AGRHYMET Program (CILSS/MMO/UNDP) launched in 1975, has the major
objectives of improving agricultural production by making use of a deeper
knowledge of agroclimatic factors.
During the first phase of the Program (1975-1981) the "Regioqnal Center
for Training and Application in agrometeorology and operational hydrology"
(AGRHYMET Centre) contributed to the strengthening of the national meteorological,
agrometeorological and hydrological network, as well as the creation of national
agrometeorological services. Furthermore, they contributed in offering training
and refresher courses for special~ed personnel who are needed for the development
of the Program and in maintaining programme equipments and systems. At the same
time, computer center and telecommunication equipments were set up.
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The second phase expected to terminate at the end of 1986, will in addition
to the above-mentioned activities, pave the way for both national and regional
operational activities to be carried out. This operational phase will help in
setting up various applications emanating from the AGRHYMET Programme for an
optimal use of resources and for a better adaptation of farming systems to the
Sahelian environment, through the promotion of agrometeorological and hydrological
data.
Undisputably, the optimal use of the water factor in the Sahel ian region
constitutes one of the major priorities in the work of the agrometeorologist in
view of the climate, the soil and the farming system. At the AGRHYMET Center, the
agrometeorologist is provided with a certain number of operational tools. These
include the water balance model which helps to offer a better understanding of the
relationship between the crop and the atmosphere and to develop a series of practical
applications such as : better definition of agricultural potentialities, farming
adaptation map of the major species and varieties, follow-up of crops and of the
development of the biomass in general, a time table for farming work, etc. In
addition, the simulation of the water balance frum historical data permits the
quantification of risks inherent in the different alternatives to be proposed to
those in charge of agricultural production development.
4.1.

The AGRHYMET system of crop follow-up

The ultimate objectives of the agrometeorological follow-up of crops is
to give, each 10 days, an appreciation of the current situation of crops. This
appreciation is made from the greatest possible number of representative locations
of the major agricultural areas in each of the CILSS countries.
Presently, both the regional and the national follow-ups of the trend of
agricul tural campaign is carried out by analysing two groups of indicators :
1) the rainfall which is used in calculating an index of water supply to the crops
satisfaction and the available water reserve in the soil according to the cumulative
water balance model, developed for use since 1976 by FAD (Agrometeorological crop
monitoring and forecasting for harvest forecasts, FAD AGP Paper nO 17, 1979,
M. Frere and G. Popov).
2) agronomic information (situation of crops, phenological stage reached) provided
on observation cards called card "01" (fig. 3) and transmitted in codes to national
centers then to the Regional Center.
It is anticipated to evaluate in future the operational interest of other
models that will come to complete the operational tools of the AGRHYMET system.
At the national level, the focal point of the whole system is the GTP
(Multidisciplinary Work Group) which embodies technicians from different disciplines
(agronomy, agrometeorology, plant protection, hydrology, ••• ) and whose mandate
is to analyse the data provided and to prepare periodic information bulletin for
users in the countries and for the AGRHYMET Regional Centre. Figures 4 and 5
illustrate the chain of information circulation and processing at the AGRHYMET
Centre from which the regional synthesis is published every 10 days in the form
of a regional agrometeorological bulletin and synthesized report sent by telex
to major national, regional and international users.
4.2.

Assessment of crop harvest losses

The present evaluation of the situation of crops is mainly qualitative
whereas the national, regional and international authorities, need a quantitative
estimate of the agricultural campaign results, submitted most accurately and
timely. This is to enable them take the necessary measures, as early as possible
to ensure a regular food supply for the populations.
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In order to move from the qualitative evaluation to a quantitative
evaluation the first step is to collect agricultural statistics for each of the
countries involved, and then to establish correlations hetween the variations
of the recorded yields from one year to the other and the degree of satisfaction
of the crops water requirements. This work started at the AGRHYMET Center and
will be furthered and its scope widened in the future. Nevertheless, the drought
stress alone cannot account for the variations recorded in yield from one year
to the other. Pest damages (which have been neglected more than often) certainly
constitute an essential element in the quantitative evaluation of the agricultural campaign results. Moreover, this evaluation is vital for determining the time
from which an operation carried out against one or several pests become
economically profitable. We can be proud of the initiative taken by the IPM
Project to conduct successful researches on the evaluation of crop losses. It
is at this stage that, the collaboration between the AGRHYMET Program and the
IPM Project can lead to a more exact forecasT. of yields by integrating the effects
of the two major limiting factors of agricultural production in the Sahel:
crop water feeding on one hand and pest damages on the other.

9.

Table 1

List of the observation posts of the rPM P~oject
BURKINA FASO
1) - OUAGADOUGOU
2) - HOUNDE
3) - OUAHIGOUYA
4) - FADA N'GOURMA
5) - DORI
6) - DIEBOUGOU
7) - BANFORA
8) - KAYA
9) - SARIA
10)- KOUPELA
11 ) - DEDOUGOU

(12°21
(11°29
(13°35
(12°02
(14°02
(10°58
(10°37
(13°06
(12°16
(12°11
(12°28

N - 01°31
03°31
02°26
00°22
00°02
03°15
N - 04°45
N - 01°06
N - 02°09
N - 00°21
N - 03°29

NNNNN-

W)

W)
W)
W)
W)
W)
W)

W)
W)
W)

W)

GAMBIA
SIBANOR
KEREWAN
JENOI
KUNTAUR
5) - BASSE

1)
2)
3)
4)

-

(13°12
(13°20
(13°29
(13°40
(13°19

N - 16°18
N - 16°05
N - 15°34
N - 14°53
N - 14°13

W)
W)

(16 C 16
(13°04
(14°08
(11°21
(14°29
(12°39
(14°44
(13°15
(15°02
(12°32

N - 03°24
09°27
N - 03 C 18
N - 05°41
N - 11°35
N - 07°56
N - 06°02
N - 05°58
N - 09°23
N - 08°50

W)
wi

(16°30
(16°34
(16°21
(16°08
(15°47
(15°14
(15°31
(16°38
(15°44
(15°52
(15°48
(18°34
(20°31

N - 15°49
N - 14°17
N - 13°58
N - 13031
N - 13°18
N - 12°10
N - 11°45
N - 12°30
N - 08°40
N - 05°57
N - 09°25
N - 11°26
N - 13°04

~)

W)
W)

MALI
1) 2) -

3) 4) -

5)
6)
7)
8)

-

9) -

10)-

DIRE
KITA
KOPRJ K?NIEPE
LONGQROLA
SAME
SOTUBA
KOGONI
CINZANA
BEMA
SAMANKO

N -

Wi
W'
Wl
W~

WI
Wj

W)
W)

MAURITANI A
1) 2) 3) 4) 5) 6) 7) 8) 9) 10)-

ROSSO
BOCHE
BABABE
KAErI
KOUNJEL
SELIBABY
OULD YENGEZ
BARKEOL
DJIGUENNI
BASSrKNOU
11 ) - KOUBENI
12)- TIDJ!KJA
13)- ATAR

W)

W)
W)

W)
W)
W)
W)
W)
Wi

W)
W)
W)
WI
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Tableau 1

(Continued)
NIGER
- MAGARIA
3AKIN BIRJI
BIRNI N'KONNI
AGADEZ
BENGOU
KALA PATE
OUALLAM
TARNA
TILLABERY
CHIKAL
11)- DIFFA
12)- NIAMEY AGRHYMET
1)

2) 3\ 4) 5) 6) 7) 8) 9) 10)-

(12°59
(14° 17
(13°48
(16°58
(1P59
(13°29
(14° 14
(13°28
(14°12
(14°25
(13°25
(13~30

NNNNNNNNNNNN-

08°56
08°48
05°15
07°59
03°34
03°01
02°05
07°05
01°27
03°26
12°47
02°06

E)
El
E)
E)
E)
E)
E)
E)
E)
E)
E)
E)

SENEGAL
1)
2)
3)
4)

-

NIORO DU RIP
GOSSAS
SOKONE
KAFFRINE

(13°44 N - 15°47 WI
(14~ 30 N - 16°05 III)
(13 C 53 N - 16°23 III)
(14 C 06 N - 15°33 leI
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CARD "01"

I N T E G RAT E D

C. 1. L. S. S.

PER I 0 0

1 0 - 0 AY
COUNTRY

MAN AGE MEN T

C R0 P

___________________________ ADMINISTRATIVE DTSTRTCT

DATE
-

PES T

M 0 NIT 0 R I N G

____________________VI LLAGE

10-DAY PERIOD FROM

-

-

A-

r,

G ROW T H

S TAG E S
NO OBSERVATIONS
PREPARATION
SOWING
PLANTING OUT
COMPLETE RE-SOWING
EMERGENCE
3RD LEAF
TJLLERTNG
SHOOTING (STEM ELONGATION)
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1. Q. How many observation posts are operational and how is the training of
observers conducted?
A.

The majority of the project's 55 observation posts distributed in 7 CIL88
countries have observers trained at sessions organized by the project. During
this training, the observer receives practical and theoretical tuition in
entomology, phytopathology, weed science, agronomy and meteorology. Meteorological materi~ls are in the installation process and the observer has the material
materials for constituting a reference collection in entomology.

2. Q. What is the importance of temperature in the soil and of dew in pest
modelization?
A.

The list of parameters provided in the presentation is not exhaustive and only
serves as a first stage in the analysis of the problem. The importance of
temperature in the soil made us equip the observation posts of the project
with thermometers in the soil so as to measure not the instantaneous temperature
but rather the maximal and minimal temperature at different depths.

3. Q. To what extend are the problems of parasitism and the sums of temperature
taken into consideration in the modelization of Raghuva?
A.

80 far as Raghuva is concerned, we are at the stage of identifying the major
discriminating bio-ecologica1 factors. Even though no factor is excluded a
priori, it is important to indicate, that one of the most important discriminating factors in the 8ahelian region is water availability and not temperature.
It could be however, that at a certain stage in the development of a pest,
temperature is the key active factor.
The problem of parasitism is very complex and in order to take it into
consideration, it is necessary to have a very large number of data. As a first
step we are limiting ourselves to the relations: hostplant - pest - environment.

17.

THE SOCIO-ECONOMY IN THE IPM PROJECT
by

Lalla R. SANOU*

* FAO

Socio-economist, Direction Regionale, Projet Lutte Integree,
BP 7049, Ouagadougou, Burkina

18.
THE SOCIO-ECONOMY IN THE IPM PROJECT
INTRODUCTION
The development of Sahelian countries is essentially based on the promotion
of the rural environment. Agri~ulture still remains the key element of this
process for which analysis made within recent decades have offered schemes which
are both numerous and divergent. Our aim is not to join in this controversy but
rather to retain the essential aspects for a vetter appreciation of the role of
the socio-economy. The problem we are putting forward and which will help us to
situate the socio-economy in the development of the Sahel in general and of pest
management in particular, dwells on the comparison between what J. Weber called
"Farmers' logic versus technical rationali ty" in an ORSTOM article (1978). The
approach will be concluded with a brief overview of the important socio-economic
aspects of the Sahel, to enable us situate the Pest Management Project and the
legitimate hopes it places on the socio-econorr.y.
Thereafter, from the conventional approaches used by this discipline,
we will identify those which can be adapted for application in the prvject, and
determine the relations between the socio-economy and other disciplines. The
report will be completed with the Gambian experience drawing precise examples
of the main areas of intervention in the socio-economy.
1.

IMPLICATIONS OF THE FREQUENT OPPOSITION BETWEEN THE TECHNICAL RATIONALITY
OF RESEARCH AND FARMERS' LOGIC IN THE RURAL WORLD.

1.1. The reducing technical rationality versus farmers' logic specific of the
group that makes them.
Very often, the best results obtained by researchers prove to be
inapplicable, or raise real problems of transfer from research to beneficiaries.
In the Sahel, this situation has led to expensive failures. The rural population
gives to these techniques developed at research centres, a resistance stemmjng
from the distortion between the conditions under which experiments are conducted
at research centres and the actual conditions of the rural population. In view
of the exigencies of analyses made at research stations and for purposes of
creating controllable models, researchers proceed to an artificial reduction of
the social reality. When introduced to the rural environment, the model thus
created is confronted with a social group which does not necessarily correspond
to the image applied during the theoretical reduction. Thus, the technical
rationality is confronted with historic, religious, economic and social determinations which derive their basis from the nature and organization of the social
group. It will be noted that "farmers logic·specifically depends on the group
concerned" ; the comparison of these two notions: "specific farmers" logic with
"universal technical rationality" singularly stresses the importance and offers
an explanation of the difficulties involved with the transfer of technologies
developed at research stations to a given social group. It places a special
emphasis on the variability and multiplicity of parameters introduced by social
groups and which are difficult to isolate. At the same time it underlines the
need to take the human dimension into consideration for any transfer of technologies. With the recent integration of the social sciences like geography, socioeconomy and anthropology, we can henceforth obtain considerable data on the
knowledge of the rural Sahelian environment in varying fields such as the social
structures, land tenure systems, traditional communication channels, traditional
production systems, traditional crop protection methods, etc.
The long term objective of the pest management project is within the
framework of the development of' CILSS countries
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1.2.

What are the socio-economic aspects characterizing the countries purEuejng
this objective?

The CILSS countries cover the vast territory at the southern border
of the Sahara and which. Giri (1983). in his book "Le Sahel demain". defines
as a succession of narrow bands stretching roughly from West to East where the
average rainfall height determines the landscape. Rainfall is less abundant in the
whole area and irregularly distributed over a season lasting between 3 and 5 months
and preceeding a very long dry season. The capricious rainfall distribution often
has a catastroph1c effect on agriculture. This vast zone of 5.3 million square kms
which is very vulnerable to climatic vicissitudes contains more than 35 million
inhabitants (table 1) unevenly distributed over the territory. On the basis of
climatic conditions. we distinguish:
- the desert and.i.ts immediate confines which are hostile to men and are
almost uninh'.hi ted;
- the Sahel of nomads and that of sedentaries where nearly 15 million
inhabitants live on two million square kilometers of land
- wetter zones where the other half of the population live on 1 million
square kilometers of land.
In this respect. the average density estimated between 7 and 8 inhabitants
per km2 has, only an indicative value since the figures do not account for this
situation. This important phenomenon .isexplained both in history and geography.
Its immediate consequence is a constant dynamism of the populations; migrations
and emigrations of the Sahelian population constitute an important factor in the
development of these countries.
The average annual rate of population growth estimated at 2.7 % is actually
very high since comparable rates are rarely found in other parts of the third world.
This rapid population growth raises food requirements to a level that does not tally
with food production trends already compromised by a persistent drought.
1.3.

Importance of cereal contribution to the calorific composition of
consumption in the Sahel.

Table 4 shows the importance of cereal contribution to the calorific
composition of consumption in the Sahel.
Table nO 1
SAHELIAN POPULATION

TOTAL POPULATION
COUNTRIES

Cape Verde
Gambia
Burkina
Mali
Mauritania
Niger
Senegal
Chad
TOTAL
Source

1980
(estimate)

Year 2000
(projection)

400.000
600.000
6.100.000
7.000.000
1. 500.000
5.300.000
5.700.000
4.500.000

700.000
1.000.000
10.000.000
13.000.000
3.000.000
10.000.000
10.000.000
7.000.000

31.100.000

54.500.000

Plan d'action Sahel.

I

Rural popula-I Rate of popution - 1980 I lation growth
(estimates) I
I
186.574 I
2.5
2.7
601.000 I
5.637.000 I
2.0
6.594.918 I
2.2
1.100.000 I
4.968.250 I
2.9
4.505.000 I
2.8
4.700.000 I
28.071.542

I
I
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Table 2
TREND OF CEREAL PRODUCTION (x 1000 tons)

COUNTRIES
Burkina
cape Verde
Gambia

Mali
Mauritania
Niger
seneaal
Chad

1981/82

1982/83

1983/84

1 312
3
102
1 107
78
1 670
918
522

1 175
4
110
974
20
1 630
780
460

1 084
3
45

I

I
I
I
I
I
I

880

1984/85

!
I
I
I

15
1 686
515
500

1 126
3
97·
751
20
1 014
658
313

I

BHan de campagne agropastorale 84/85 Nov. 1984 - CILSS

Source

• Evaluation not yet final

Table 3
CEREAL DEFICIT IN · THE CILSS COUNTRIES - 1984:85 CROPPING SEASON \X 1000 tons)

Burkina
cape Verde
Gambia

+++

+

60 000 ++

Mali

481 000

Mauritania

150 000

Niger

350 000

senegal

1SO 000

Chad

330 000

Total

+
++

163 000

1 684 000 +++

Information not available
1st evaluation
This figure will be increased by results from Cape Verde and Gambia
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Table 4

PERCENTAGE OF CEREAL IN THE CALORIFIC CONSUMPTION'
OF THE SAHELIAN POPULATIONS

~.

Table.

RICE

WHEAT

4

4

39

2

44

10

2

60

13

11

27

3

2

5

21

7

33

3

2

MAIZE

MILLET-SORGHUM

44

63

52

groupe d'action special FAO/PAM. Rapport nO 5 83 - 84.

5

TREND OF CEREAL PRODUCTION AND IMPORTATION

Productions
Importations
Source:

Sahel plan d'action.

(x 1000 tons)

1970

1975

1980

4 865

4 857

5 232

424

548

902
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This table shows that the rate of growth in production is insignificant
and meets less and less the requirements of the population (table 3). This growth
is estimated at 1 % per year. The difference thus created is reflected in an
increase in imports which from 200,000 tons in early 1960 rose to 400,000 in 1970
and is currently over 900,000 tons per year (table 5) for all Sahel, without
considering cereal imports in the form of aid. Thus, we note a divergence between
cereal demand and production (consumption in cities/consumption in the rural areasje~
high imports of rice and wheat while the rural dwellers consume locally-produced
cereals). Local cereal production which reached 95 % of the cereal consumption
twenty years ago, has decreased because of the drought and only rarely exceeds
88 % today. This phenomenon is both structural and related to the current economic
mess. Indeed, it is also attributable to the inadapted character of the production
system.
1.4.

A traditional production system which perpetuates extensive farming:

Despite the progress made in the transformation of the cereal production
system, we note that 95 % of the cereal is from rainfed agriculture or traditional
farming. The use of improved seeds, animal traction and fertilizer for cereal
production is still very limited. Since 1960, the use of fertilizer on cereal
farms began to develop together with farmers' incomes and the selling prices of
this product. This use however remains limited and sometimes stagnant, as indicated
by the figures in table 6.
Table 6.

TRENDS OF THE USE OF FERTILIZER ON CEREALS IN TWO SAHELIAN COUNTRIES
(x 1000 tons)

YEA R S

1972
1973
1974
1975
1976
1977
1978
1979
1980

Source:

BUR KIN A
(Millet, sorghum, rice)

0.3
0.6
1.1
1.4
1.8
3.4
5.5
7.2

SEN EGA L
(Millet , sorghum)

16.4
10.8
17.4
28.2
30.6
19.3
33.1
37.7
28.2

Document preparatoire a la 5e Conference du Club du Sahel
Avril 1983 (Developpement des cultures pluviales dans Ie Sahel Bilan et perspectives).

The same source indicates that in Niger, the quantities used on cereal
reached 2,300 tons in 1980 ie. 0.8 % of the land cultivated with cereal.
Besides, there is an important unbalance worth noting. The insignificant
intensification of cereal cropping constrasts with the improvement of cash crops
(cotton, groundnut) solidly sustained by all agricultural policies. This evolutive
tendency of the traditional production system marked by the creation of an
imbalance between food crops and cash crops, has also been observed in effort made
towards crop protection, ego 2/3 of the land cultivated with cotton are treated
at least thrice while the other crops are not (Burkina).
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In conclusion , we may note
production system:

th~

following, as the present trends of the

1) Shifting cultivation using both simple and rudimentary techniques, on burn
beated and irregularly shaped fields with inprecise limits. The community owns the
land, administered by the so-called land chief who may be different from the
community chief. This system offers very low yields and is incapable of maintaining
soil fertility despite the use of long fallows.
2) Some forms of transition towards intensive agriculture have been observed.
a) concentric hallow-like system: backyard gardening (key element) and two other
farm belts with fallows (lor 2 years) and temporary farms. Soil fertility there
is
renewed in various ways. The application of composting, organic manuring.
These additions are insufficient and the soils of intermediate farms are often
exhausted.
b) The case where livestock breeding and agriculture are integrated, ego "Serere"
whose example is underlined by P. Pelissier, integrating agriculture to livestock
can maintain population densities of 50 to 60 inhabitants per square meter. This
system could be compared with that of the Dogons in Mali.
1.5.

The situation of cereal marketing in the Sahel

Cereal production is mainly for self-consumption. Annual estimates of
commercialized quantities are between 10 and 20 % of the total cereal produced.
The cereal offices play a very insignificant role in these transactions which
are mainly undertaken through parallel channels. This system greatly influences
the intensification of food production whose development can hardly offer
marketable surpluses. Finally, it must be noted that the activities of community
structures, (cooperatives and others) have very rare or very little bearing on
the promotion of food crops.
2.

THE ROLE OF THE SOCIO-ECONOMY IN DEVELOPMENT

2.1. Socio-economy in the development of the Sahel

Activities undertaken by the CILSS countries towards food self-sufficiency
are long-term efforts. However, project evaluations as well as the result3 of
different works undertaken since 1975 have pinpointed certain tendencies in food
crop production. The Ottawa strategy drew a priority line with regards to the
intensification of rainfed food crop production. Despite the actions undertaken
in this regard, it has been noted that increase in cereal production is always
marked by the extension of the cultivated areas of land, often to the detriment
of fallowing.
TRENDS OF CEREAL PRODUCTION IN THE SAHEL
1970

1974

1978

Annual
trend

Cereal production
(in thousands of tons)

4 077

4 597

4 949

+ 2.45 %

Cultivated area
(in thousands of hectares)

7 700

8.880

9 840

+ 3 %

530

518

503

Yield in kg/hectare

- 0.65 %

Source: FAO (drawn from: Premier bilan Club du Sahel 1980) Sahel D (80) 101.
Years 1970, 1974, 1978 were not marked by exceptional climatic incidents.
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For the following two reasons it can be concluded that the intensification
has not yet begun:
1) Technical reasons
"For the Sahelian farmer to change his traditional farming system , the new
system will have to offer him undisputable advantages and that in the face of
inevitable climatic vicissitudes, he is not made to take unbearable risks". It was
observed in 1979 that the validity of the new models proposed to the farmer is
challenged by several specialists. The author gives the following examples in
support.
a) In Niger: the millet variety P3 Kolo (USAID Evaluation report).
b) In Burkina: the failure of attempts to intensify food crop production on the
Mossi plateau attributed to the fragility of the new varieties.
c) In Chad: the Southern Chad operation for the intensification of cotton and
cereal production and which was limited to cotton promotion.
Technically it is noted that many technical themes are available. Undoubtedly
the remaining problem is the coherence of these themes with the farming systems
of each soil and adapted to the technical and financial possibilitie~ of the farmers.
2) Economic reasons
Here we base our arguments on the Nouakchott colloquium (July 1979 on
cereal policie~. We pointed out two important conclusions of this colloquium held
by CILSS and the Sahel Club.
-,~t the current government legislated prices at which the National cereal
offices effect purchases, the farmers are not motivated to cultivate cereals for
sale. Their interest in farming is only for their own needs and the quantities
sold are only the surpluses which the farmers may accept to sell of at cheap prices'~

- "At the current cereal prices and at the supply price of modern production
factors: fertilizer, pesticides, agricultural materials, farmers have no interest
in adopting the more efficient farming models proposed to them".
From these concrete examples, it appears that the recommended intensification
requires something other than technical performance and that the massive investment
of capital can neither solve the problem. One important factor for the success of
these operations.has been neglected: the whole human dimension. Since the
beginning of the last decades, we have been witnesses to a new scheme of approach,
whereby the social sciences appear beside the natural sciences to offer a better
understanding of the farmer's reactions and a consideration of the actual
biological, physical, social and economic data of the environment. In this way
the socio-economy enhances a better integration of the human dimension into
researches by providing the results of two kinds of analysis.
1) Analysis of the social organization, of social relationships surrounding
the appropriation and control of production and of the means of production. This
aspect comprises a structural analysis: the land, the farming capital, labour
forces, production; and an approach in terms of social relationship: emergence of
social strate, the conflicts and alliances involved with the appropriation and the
control of productive forces and production.
2) Analysis of the choice of production techniques according to constraints
and objectives.
In this regard, the small plan culled from the text of Le Plaideur on the
object of the socio-economy is quite explicit.
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Constraints:

Trade network
and market
Cultures and

Ecological

/

/ C3

C1
Results:

J

Technical cropping and animal rearing systems

1
Objectives:

01, 02, 03

Farmer's aspirations and objectives:
01 = Food survival
02 = Control or appropriation of his means
of production
03 = Social ostentatious consumption

Thus, the object of the socio-economy boils down to
1. making quantitative analysis
C2 C3 and accessorily C1 on the constraints
02, 03 (budgetary analysis) and accessorily 01
1, 2, 3, concerning working time, yields, costs and margins.
2. Situating these analysis in terms of social relations during the act
of production (exchange regulations, budget, currency, nature and work
between the producers, distribution of production).
2.2.

Socio-economy in the Pest Management Project: What are the steps taken
to achie~e the goals of the project ?

Pest control is a multi-disciplinary research and development project aimed
at increasing food-crop production in the Sahel by reducing the losses caused by
insects, plant diseases and harmful plants. Since September 1983, socio-economy
has been part of the projects disciplines. This belated intervention of the socioeconomy does not permit a conventional approach of the socio-economic aspects as
recounted above.
What is the goal of this discipline and the programming of activities?
The project is made up of three stages:
- research
- demonstration - farmer/r~searcher dialogue
- surveillance, at least for some pests.
The objectives to be achieved during a first phase are as

follo~~:

1. "Develop appropriate control techniques for the different ecological
and economic conditions".
2. A second objective tc be achieved in Phase I is the establishment of
experimentation/demonstration zones and the enhancement of farmers participation
in the programme to facilitate the introduction of pest control techniques into
agricultural farming.
3. Finally, these pest management research results will be presented in
a form that will be easily understood by farmers. In this phase interventions
in socio-economy will be directed at:
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1) general considerations on the parameters influencing the dissemination
of the innovation.
- social st"'uc'ture (composition, type of the social organization), social
relations (conflicts, tensions, decision centres). This analysis is qualitative.
- the social environment in its dynamism
- the current traditional systems of production
- the traditional plant protection system.
2) these analyses also comprises quantitative aspects with the view to
establishing economic threshold, possibilities and appropriate incitement measures.
The research-development approach creates an effective link between the
disciplines of the project and leads to the development of production systems
analysis and in this connection, it organizes research activities relating T.O real
development pi'oblems. The table on the organization of research-development acti vi ties
in a similar environment is an illustration of this nulti-disciplinary character. Prod..lction systen
analysis introduces technological evaluation capacit;y for purposes of producing awrcpriate technique.
In this approach, socio-economy comes in through surveys and i.nterviews to
determine the nature of the development policy, identify the social dynamics and
the characteristics of the market for products and infrastructures. Its ~ontributio~
is situated downstream and upstream of the new techniques to be extended.
The researches on applied sectorial techniques, play the role of critical
observer and intervenes so that appropriate techni~ues may be made available to
the world. It influences pure economic analysis to avoid considering agricultural
farm management as "the art of profitable combinations" as Chambord de Lauwe put
it in 1963.
Socio-economy is a key discipline aimed at the dynamic analysis of the
transformation process of the rural world. It relies on the tools used by both the
natural sciences and the social sciences to decipher the quantitative and qualitative aspects of this analyses.
The pest management Project is the necessary instrument to evaluate the
coherence of the integration of the different disciplines. It helps to acquire a
thorough knowledge of the environment, an approximate knowledge of the technologies
implemented by technicians and establishes solid links between researchers - farmers
and developers ~ith the view to appreciating the adaptability or eventually, the
reasons for rejecting new techniques and to propose alternative solutions.

PLAN FOR THE ORGANIZATION OF ACTIVITIES IN AN IDENTICAL
ENVIRONMENT FOR RESEARCH - DEVELOPMENT PERSPECTIVES
Type 1 activities
Social
dynamics
(eg: migration)

General research
Product market
(eg: rice)

Development policy
(eg : cooperative)

Physical aspects
(eg: rainfall)

Evaluation of export development

Type 2 activities

Agrarian and production systems analysis
Ex ante technological evaluations

Type 3 activities

Researches on applied sectorial techniques

Other essential general
elements
(eg: infrastructure)

Useful products
Necessary
disciplines
Type 4 activities

Financial identification and feasability
of valorisation projects.

Type 5 activities

Research development
in the limited sense

Type 6 activites

Organization of diffusion
Financing

Administrative, general interest 1, 2, 3
Cost, advantage, totalities, projects. 4, 5, 6.

I\)

"-l
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3.

AN INTERVENTION EXPERIMENT : THE PILOT PROGRAMME IN THE GAMBIA

In April 1984, a multidisciplinary team comprising CILSS, FAO and USAID
authorities works out a protocol for the implementation of a pilot programme in
the Gambia. This country, slightly sheltered from the numerous disparities in the
Sub-region, was clearly distinguished to conduct this first experiment which
integrates the socio-economy with the other pest control disciplines. It is
interesting here to note the divergences between the approach imposed by circumstances and the conventional approach.
3.1. An approach mutilated by the demands of time and means of intervention and
which does not faithfully portray the socio-economic realities.
3.1.1. Conditions for preparation and interventions: Among the participants who
worked out the protocol of the pilot programme, were the Socio-economist from the
Regional Directorate and an agro-economist of the Mixed Farming Project. Socioeconomy therefore seemed to be well represented. However when it became necessary
to undertake an exploratory mission, there was only the socio-economist of the
project who, according to task distribution had been assigned to a group which
met only the women of the village. The other groups held talks with men at
village assemblies. This forum is generally the richest as a source of tuition
for anyone wishing to know the populatons, the village (socially, economically,
culturally and politically). It must also be stressed that in this country, millet
production is almost exclusively in the hands of the men, meaning that this mission
was not instructive enough for the socio-economist.
In early September, during harvest, the socio-economist held talks with
the pilot farmers, the Director and the programme assistants, and some other
farmers. These talks were to help identify :
1) the farmers perception and appreciation of the programme contents and
his understanding of the results of the campaign.
2) the degree of adherence to or acceptability of pest control methods.
3) and eventually, the constraints impeding the correct application of
the programme.
The objectives thus defined does not give much room for the collection of
economic results. In reality, we had programmed three socio-economic follow-up
missions, but project implementation conditions obliged us to undertake only one.
We anticipate going on a 2nd mission shortly, which we hope will help us gather
reliable quantitative data for an economic evaluation of yield, method, and
accessibility to the average farmer. Meanwhile, we submit for your attention here
a qualitative appreciation, based on the opinions and appreciations of the social
categories met.
It can rightly be said therefore that the socio-economic follow-up was
conducted under difficult conditions ann did not follow the conventional approach
which generally requires :
- a diagnosis phase aimed at establishing a diagnosis, defining research
orientations and offering a knowledge and understanding of the current systems in
the rural environment.
- an experimentation phase -f9llow-up which should lead to the establishement
of farmer-researcher dialogue, and understanding of '''technological package" tests,
an observation and coherent analysis of the reaction from within the environment.
- finally, the establishment of dialogue between researchers, producers and
developers.
Brief account of the pest control
protocol:The technical aspects relating to
research will be presented by the officer in charge of the pilot programme. The
approach is an integrated method for food crop protection. The innovations proposed
by pest control are simple and can therefore be generalized subjected to a detailed
appreciation of its economic profitability. They are based on real dynamism of the
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farmers, (who are the beneficiaries) and on the assistants and officials of the
programme. They mainly involve advices on a set of improvements likely to better
the sanitary condition of food crops: the adoption of crop rotations (eg: groundnut/millet), soil preparation, sowing and weeding times and methods, seed quality,
choice of variety, farm supervision, the methods and periods of pest control
treatments, the precise harvesting moment. This action will have to be based on
the cropping habits of the farmer and also to propose for the farmer integrated
methods of food crop protection taking into consideration his economic possibilities. These integrated methods must tally with practical life (social and
economic) and the environment, without bringing any changes which will compromise
the pre-established balance.
The protocol worked out in this connection is as follows : three villages
where millet is significantly produced and having a relatively easy accessibility
were chosen. In each village, the programme with the help of the Gambian National
Component and the village authorities chose five pilot farmers among the largest
millet producers. The project thus had 5 farmers' fields per village, and each of
them was divided into two plots; one cultivated traditionally and the others
receiving pest management improvement methods.
All of these plots planted with "early millet" under the same working
conditions and by the owner himself, served as local references for testing the
selected methods by comparing them with traditional farming. Technically, precise
observations and comments were made b~.' plant protection technicians. These daily
observations which will be analysed to you by the programme officer involved a
technical appreciation:
- of the different stages of agricultural work on millet;
- of the farming procedure;
- of the effects of pest management interventions.
The differences introduced into the experiment are either economic or
technical.
1° Economic

- the IPM farms received two types of fertilizer NPK and urea in sufficient
quantities, while generally, for economic reasons, farmers used only the NPK;
- the state of production factors did not enable farmers to use the machine
(cultivators) after fertilizer application.
2° Technical
- the superV1S10n of pest emergence was better followed and the treatments
were carried out at the appropriate time by IPM technician~ on rPM farms;
The possibility of considerable limi tati0ns were noted in the villages.
They may be :

1) economic, relating to :
- the inaccuracy in the measurement of the cultivated area;
- the fact that the farms involved are almost not viable (insufficient
financial means to reproduce production factors, unsatisfactory or rudimentary
nature of the material used);
- the insufficiency of financial means and the problems facing fertilizer
supply_ (urea).
2) hUman, relating to :
- religious problems and also linked with traditions;
- a labour insufficiency linked with time constraints.
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3) general policy:
The country's cereal policy. However, a certain number of data may be in
favour of the project :
- 2 out of the3 villages of the programme are easily accessible and are the
sites of many other experiments. The farmers there are very receptive;
- the importance of mililet in diets. Farming conditions of this speculation
are easier and the variety chosen for the experiment is the most obvious to be
used for an integrated pest control activity (a short cycle variety = 90 days).

- the existence of training sessions organized for the farmers by agencies
for plant protection, agriculture, cooperatives, the Mixed Farming project, etc .•.
- the presence of cooperatives in the villages
It is however difficult at present to give a proper account of the campaign
on this experiment; it would also have to include quantitative data which are not
available at the time of writing. This approach which will help us to appreciate
the profitability of the pest management method and its accessibility to the
average farmer in The Gambia will be the subject of a study to be undertaken soon.
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1.

Mr. A. Diallo (SAFGRAD, Burkina). Can you give some clarifications on the
dist ~nction between small-scale, medium-scale and large-scale farmers and
the contribution made by each category to the national production?

A.

We do not have to delve into the usual polemics generated by the notion of
"small-scale farmers". In effect depending on the context in which we place
ourp.elves, we can give several definitions to this notion.
In my view the most important thing to be necessarily determined here is what
this notion means to us in l ~f' specific context of the IPM Project. Thus,
depending on the objectives and the means of the project, we may distinguish
between :
1) farmers with viable farms (still within the framework of the objectives,
means and assigned duties of the project), i.e. farmers who have the factors
of production and means meeting the requirements of a pest management protocol.
2) farmers whose farms and factors of production are at a rudimentary level
or are more or less rudimentary and who would make no contribution to our
cause in this experimentation phase. Undoubtedly, the broad majority of farmers
are in this category. This is the source of our difficulties becausa we have
to take them into consideration since they are in effect, the target population
of the project for whom all these technologies are ultimately meant.

2.

Mr. Diallo (SAFGRAD, Burkina). Difficulties in the transfer of technologies
are causing much anxieties but how can we talk of the apathy of farmers when
we know in effect, that the technologies proposed for farmers in respect of
cash crops have been adopted?

A.

It
in
in
is

is necessary to stress that the example of technological transfer given
this context is for cash crops. There are major considerations at play
these speculations: profit margin, returns, etc. In our own example, it
rather a question of food crops.

Example: as part of the pilot programme in the Gambia, we advise farmers to
apply fertilizer on millet, as an element of the integrated method pefined in
the protocol. It generally happens that the farmers also possess several
groundnut and rice fields which also require inputs. Considering the very
limited purchasing power of the farmer, where do you expect him to use his
inputs if he cannot obtain them in sufficient quantities for all his farms?
Where do you think he is going to concentrate the maximum labour effort?
3.

Mr. Magah (INRAN, Niger). You have been "oposing farmers' logic to "scientific
rationality"? Does that mean farmers' logic is not rational?

A.

I think it is dangerous to make an abusive interpretation of this notion.
I am not challenging the coherence in farmers' logic and I have emphasised
this in my paper. I only opposed these two notions because the comparison
helps to throw more light on our preoccupation.

4.

Mr. Magah (INRAN, Niger) . Don't yw thirk that the idea of "land being a collective
property of the community" is outdated in view of economic individualisation?

A.

In my paper, I pointed out the dynamism of the production system, because
I gave information on transition models. Yet we must recognize that there are
some countries where we can find this agricultural system characterized by
collective ownership of land inspite of the gradual economic individualisation
of members of the group.
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5.

Mr. M. Cervesato (FAO, AGRHYMET, Niger). Considering the large number of
development projects in the Sub-region, what are the present or future links
that you have established or intend establishing with these projects.

A.

We are aware of the numerical importance of these development projects and
our approach in this regard, falls in line with CILSS general policy. We
work in close collaboration with development bodies operating in member
countries. Already such a collaboration has begun in Burkina with the ORDs
des Hauts Bassins of the Volta Noire and Bougouriba. This pattern is going
to be followed in the other countries. It is worthwhile noting that in each
country, we have even been seeking to collaborate with all the national and
international structures whose commitments fall in line with ours.

6.

Zeiss (USAID, Gambia). You don't seem to approve of certain aspects of the
pilot programme. What measures have you taken to ensure an improvement in the
future?

A.

The coordinator of the pilot operations will hold a seminar on programmed
pilot activities with each national component. The socio-economist of the
Regional Directorate will be associated wi~h the seminar. With regards to the
pilot activities already carried out no significant conclusion can possibly
be drawn after the conduct of a single campaign in one country
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CONSTRAINTS TO IPM EXTENSION TO SUBSISTENCR FARMERS

Integrated Pest Management (IPM) in the developiag countries is not to be
identified as a simple adaptative transfer of technology since its construction
is entirely based on local phytosanitary conditions. The transfer is limited to
the adoption of a concept which has to involve a new approach to the pest control
problem. This sometimes implies the revision of the pest control concept.
However, an excess of imagination has to be avoided, to the prejudice of
common sense, and experience is there to serve as our guide. As a matter of fact,
there are examples of IPM programs which have gathered extremely various and
sophisticated informations, with the final conclusion that a good use of chemical
insecticides, without any contribution of additional methods, is the only means
of control to be applied. This is particularly true for some cabbage insect
pests (Way, 1983).
The examination of the particularities inherent in agriculture and in
the subsistence farmer, may induce one to discard certain pest management methods
or strategies, with the result that activities which may be carried out on the
basis of these methods become useless, at least, if no modifications are made
permitting the circumvention of difficulties which may hinder their application.
As a matter of fact, in a given area, some fixed or dynamic factors impede the
adoption of certain improvement practices.
In the quest for solutions, care must be taken to avoid the "technl.cians
trap" which consists of solving problems sectorially, in the event of plant
protection at the risk of causing other problems relating to other disciplines
or leading to a rejection of recommended methods by the farmer because, such
methods are incompatible with the general agricultural works which he has to
assume. Collaborations with agronomists and agro-sociologists will help in
avoiding the recommendation of inappropriate solutions.
Factors which may hinder the introduction of integrated management
activities in Sahelian agriculture may be classified into four categories of
constraints: technical, economic, sociological and institutional. These four
categories will be examined successively. You will note my expression "which
may hinder"; it is not my intention to draw a distinction between those that are
absolute obstacle or those that can be overcome in one way or the other.
TECHNICAL CONSTRAINTS
They will be examined according to the four major components of IPM
activities:
1. The use of pesticides
The majority of subsistence farmers have a low level of education with
many of them being illiterate if not the majority. It is therefore illogical to
believe that detailed instructions for use printed on the labels of pesticides
will be observed. It is the same for conventional symbols, although it is easier
to diffuse information concerning the latter. Thus, chemicals whose use might be
dangerous are to be avoided. The non-observation of this rule has resulted in
disastrous accidents. On the other hand, the observation of this regulation tends
to restrict the choice of usable pesticides.
Since the market for pesticides is determined by their use, which remains
limited in regions where subsistence agriculture is dominant, the availability
of these pesticides is also limited. It could be dangerous to recommend the use
of a pesticide without making sure that there are possibilities of future supply
which depends on commercial aspects.
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The application of pesticides, irrespective of their nature, using a
portable equipment, at times raises the problem of plant height. An example is
in Sahel for several varieties of sorghum and pearl millet where the ears have to
be protected. Traditional varieties of sorghum which are much taller than 3 meters
are quite frequent; for pearl millet which is a strong tillering crop, once the
ears get heavy, the lateral stems may flatten thereby making it difficult to move
between lines. The genetic shortening of straw height seems to be a simple solution,
which is not complicated and which has no impact on other important features as
long as the height reduction is not too much. Furthermore, this solution has the
advantage of reducing the problem of soil fertility degradation through a reduced
depletion of soil nutrients. However, this solution may result in other problems.
Farmers use harvest residues such as sorghum and millet stems, for the construction
of roofs and fences of their dwelling plots and, in times of severe drought they
are used as feed essential for animal survival.
2. Cropping practices
The land tenure system is either traditcnal or governed by a legislation
which does not mean that the latter is alwaypin force. Under the traditional land
tenure system, there are cases where the farmer does not know which land will be
assigned to him the following year, which also means that he will abandon the land
cultivated during the present cropping season. This situation may constitute
a factor hindering the recommendation of any particular method of rotation or the
elimination of certain plants so as to reduce their grain production, or to carry
out an end-of-cycle ploughing.
An "end-of-cycle ploughing" may face two major constraints in regions with
long dry season; this ploughing, which has to be effected before the soil dries up,
interferes with the on-going harvesting works; on the other hand, the labour force
required for the ploughing to have the desired negative effects on certain pests,
such as diapausing pupae in the soil, is beyond the means of many farmers. The
compatibility of this method with its effect on other categories of pests,
especially weeds, should not be over looked.
In regions with short-lived rainy seasons, deliberate changes of sowing
dates, with a view to preventing the situation whereby, a sensitive phenological
stage of the plant coincides with a period of presence or abundance of depr~dators,
is a practice subjected to limitations. Where sowing dates are deliberately delayed,
the gains in production obtained by reducing damages caused by pests, are often
lower than the losses in yields caused by the ensuing delay in plant development.
Itsprogress can rarely be anticipated because in these regions, most sowings have
to be effected at the beginning of the rainy season or even before the rains begin.
The evaluation of the appropriateness of this farming practice depends especially
on the assessment of gains from production as compared to losses in yield. This
presuppDsesa thorough knowledge of the assessment of crop losses due to pests.
Changes in sowing dates may not be the only means for altering the coincidence of
pests with sensitive plant stage. Another means is the use of varieties with an
other cycle lenght that the one of usually cultivated varieties, thereby
permitting an adjustment of the sowing date depending on the dynamics of the
pest in question.
Intermixed crops which must be distinguished from the introduction of
"trap plants" in or around fields, have most often proved to be efficient in
reducing pest populations on crops (Risch, 1983); it should be noted that in the
presence of polyphageous pests, the results may be reversed. In certain regions,
the tendency for intensified cropping has led to the neglect of traditional
intercropping practices which are not conductive to mechanized agriculture.
Intercropping systems are however widespread and their use ~o reduce pest damages
must not be neglected. This must be based on usual intercropping practices and
not on those determined by scientists as being most favourable, without considering
the farmer's needs in terms of harvested crops; similarly, modifications of the

36.

proportions of different mixed crops with a view to increasing the efficiency of
the system in pest control, must take cqgnizance of these needs.
3.

Variety resistance

There may be certain constraints posed here and the case of reducing the
height of cereal straws has already been mentioned. There are some others to be
considered.
Experience has shown that farmers do not adopt new varieties overnight.
Thus the diffusion of earlier varieties may have a negative impact on the level
of damage that some pests cause to traditional later varieties that are still
cultivated. This is because one or some pest generations may develop prematurely
on these new cultivars and then infest late varieties.
The ideal situation would be to have cultivars resistant to various most
harmful pests. A system was developed for obtaining multi-resistant varieties
and it gave positive results on cotton farms (Bird, 1982). T~is however is a
tedious work besides posing the risk of incompatibility between resistance
characteristics required by different pests, between these characteristics and
agronomic characteristics, without considering genetically related characteristics
which result in qualitative modifications in harvested products. The 1.3tter may
no longer suit consumers' taste, since all food products are meant for human
consumption, or for certain criteria necessary for transformation. It is therefore
recommended that on one hand phytosanitary problems to be resolved must be graded.
On the other hand, the possible means for controlling pest must also be graded
according to the ease, reliability and profitability of their application. Thereafter with the assistance of breeders one must proceed to examine the compatibilities and priorities with agronomic characteristics defined for variety
improvment.
4.

Biological control

Agriculture in
climatic vicissitudes
several areas, two or
recorded at different
conducive to the use
entomopathogens.

regions with marked dry seasons, is not protected from
even in the course of the rainy season. Every year, in
even three week periods of drought without rains are
stages of crop development. These conditions may not be
of certain natural enemies for controlling pests especially

ECONOMIC CONSTRAINTS
The incomes of farmers in subsistence agriculture are low and grlL'rally they
are even very low; very often the income of the agricultural worker does not
exceed 200 US dollars; the sum is still lower in certain r~gions or in some years.
This emphasizes the low investment capacity of farmers. Recommended solutions which
do not take this situation into account may end up to be a mere technical note
if such solutions do not include financial aids which could be provided for farmers.
Therefore if we recall that development is the ultimate target of integrated
control, then it is not sufficient to demonstrate that a given control strategy
is profitable. It is as well necessary to appreciate the applicability of the
strategy and this consideration must not be made at the end of the research phase.
It must rather be just at the beginning so as to avoid, as much as possible, the
devotion of human and financial resources to ventures which may never be put to
the anticipated use.
The problem still poses some further complications. In effect there is the
problem of the means for calculating profitability and consequently the volume
of expected harvest. A major factor contributing to the difficulty in calculating
profitability is the general lack of organized marketing for staple food products.
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Prices fluctuate from region to region depending on production, the period of
the year and proximity to urban centres. What is the price per unit of food
product which must be taken into consideration when calculating profitability?
The government legislated price which is not respected because the governement
hardly intervenes in this market regional or inter-regional average price
calculated for several years, the cost price per unit of commodities imported to
cover food deficits irrespective of whether they were purchased or donated by food
aid programmes. Estimates of future harvest is still a limitation when it comes
to assessing the appropriateness of devoting appreciable funds for crop protection.
Here again the unpredictability of future rainfalls casts doubts about returns
from inputs. Hig~ inputs should thus be introduced as late as possible bu t this
economic requirement is not necessarily in line with biological requirements.
Where the decision is taken to apply chemical products, not only their
present costs have , to be taken into consideration but their future costs as well.
Profits today do not mean profits tomorrow. In the recent past, pesticide prices
kept doubling regularly every three or four years (Metcalf, 1984) while the price
of agricultural products was stagnant. Can
increases in yield absorb these
probable increases in input prices?
For most farmers, the cost of a mea~for control, whether or not it is a
pesticide, can constitute a barrier to application if this cost is a bit significant as compared to the farmer's resources. An evaluation of the farmer's
capacity to invest in pest ' control must be a pre-requisite for testing the
choice of this control method. If we are dealing with pesticides then it becomes
necessary to consider those that are used on a large scale in the country for
protecting cash crops. The more they are used, the more competitive is their price.
The price of a more sophisticated formulation can thus be lower than a less
complex formulation. Furthermore, biological disadvantages which may be inherent
in complex formulations must be evaluated in order to determine their effect in IPM.
One way to make up for high pesticide prices is through subsidies. However,
state intervention in the sector is justified only if the cost/benefit balance is
positive. It is doubtful that states will always be financially capable of
subsidizing pesticides on a large scale. Besides, a highly subsidized price could
be a stumbling block to agricultural intensification which in the long run probably
remains the only way to reach food self-sufficiency. Past experience on fertilizer
subsidies is a pointer to this contention.
The cost price of inputs to be taken into consideration is that price at
the place where it is used; its distribution cost is a significant part of this
price. This cost is particularly high if transportation cannot be effected once.
Thus, a biological control system requiring a repeated release of natural enemies
is unlikely to be profitable due to transportation and distribution cost, if
these enemies cannot be produced locally, through rearing or collection, or if
they can only be stored under conditions which are inaccessible to the farmer.
For the same reason, the probability of application for certain control
methods seems to be very low. Thus, reliance on specific viral pathogens for the
insect pest control is high (Brader, 1982), as they have to be produced on living
materials. On the other hand their limited use is not conducive to the
reduction of this cost.
Control through forecasting may be based on observations which are either
made by farmers themselves, or by observers who depend on organizations directly
or indirectly controlled by the government; moreover both systems are not
incompatible. However, it has to be pointed out that the latter system represents
a burdern on the community, if this activity requires the establishment of a
specific network, in which the specialized work will only cover a period rarely
exceeding 6 months, and if no other necessary or useful tasks can be assigned to
it during the rest of the year.
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In subsistence agriculture, priority is generally given to the minimization
of risks and not to profit maximization. This is also a significant factor in the
choice of pest management strategies.
The introduction of control methods using large quantities of inputs, should
not be dissociated from other crop improvement techniques and vice versa. In fact
much as it is useless to improve production if it is mainly going to be consumed
by pests, it may also be absurd to seek to make the inputs profitable on badly
managed crops.
Moreover, it should be recalled that the farmer seeking to improve
production is faced with the problem of competing input requirement for the
different crops he grows. A comparative study on profitability needs to be carried
out before recommending the use of one input and not the other.
SOCIOLOGICAL CONSTRAINTS
A first constraint in this s~ctor is the scientist's frequent reticence to
apprehend or to recognize the importance of sociology and the difficulties which
a sociologist faces to get integrated into the multidisciplinary teams (Goodel, 1982).
This is especially true where the sociological study may lead the researcher to
revise his opinion by incorporating elements, which are not in harmony with his
rationalism.
This may be illustrated by the difference between the farmer's and the
scientist's perception of a pest problem. The farmer does not isolate it from his
general agricultural concerns, and he apprehends it rather qualitatively than
quantitatively. Consequently, if farmers themselves have to gather the information
upon which pest control will be based, these information will be more easily
understood when based on the qualitative aspects of damage and not on quantitative
aspects (Goodel, 1982). Intervention thresholds based on qualitative data may not
appear to be very accurate to the scientist although semi-quantitative or
qualitative measures are often satisfactory (Legendre, 1984). However, global
global geographical efficiency of integrated control methods must have priority
over punctual efficiencies relatedtoaminorityof more receptive farmers, and
it seems logical to expect a better effort of adaptation from a scientist than
from a farmer. The farmer's logic and the researcher's relational ism should not
remain incompatible.
IPM sometimes requires sophisticated observation methods and decision
processes. The technology of the majority of farmers is low making it difficult
for them to accept these new methods. These facts must probably be taken into
consideration in the choice of strategies. The next step is to proceed to a
selection according to the farmers' capacity to assimilate; forecasting in pest
control, which necessarily requires sophisticated evaluation methods, should not
be entrusted to farmers without the assurance that they will be able to effect them.
Should self-forecasting be individual or can it be collective? If it is
individual, it can only include factors which are beneficial to the person who
applies them, independently of what his neighbour does. If it is collective, the
scope of improvement can be extended; furthermore, it may reduce the error of
appreciation as it is based on a larger sample, and also the community will be
made dynamic through the efforts of the most progressive individuals . Is this
community work also a matter of mentality. If so, the size of the association,
which size would depend on the technical aspect of the problem to be resolved,
should be determined by sociological aspects. This may lead scientists to revise
some of their standards.
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We may add that pest control in EiJbsistence agriculture has so far been
based on the use of chemicals. Since this practice corresponds to the taste for
"modern" techniques, and since its effect is easily perceived its application
has gained much confidence among farmers. Consequently it will at times be less
easy to convince farmers to adopt other control techniques whose efficiently is more
difficult to perceive.
Finally a thorough knowledge of the beliefs of farming populations will
help in identifying (and they are quite significant at times) those that impede
the development of new techniques whether or not the techniques are meant for
integrated pest control.
INSTITUTIONAL CONSTRAINTS
In several countries where subsistance agriculture is dominant, phytosanitary
legislations are either inexistent, ignored or hardly applied due to the lack of
means. Consequently these regions are very vulnerable to attacks knew pests
and unfortunately these cases of new attacks are numerous in the recent past.
The latest of such known cases that are of slgnificance are the introduction of
cassava, mealybug, Phenococcus manihoti and the larger grain borer Prostephanus
troncatus, a pest of stored maize and cassava. We must however not lose sight of
~he fact that lefislation alone does not solve problems. The extend of application
applicability of legislations also need to be appreciated, ego the impact of
legislating a fixed sowing date. In some countries, this measure has been embodied
in IPM activities especially for cotton production in Texas (Akidson, 1982) and
in Egypt (Brader, 1979).
In many developing countries, there are plant protection services with
duties geared towards wash crops or some special assignments, bird control,
insect control, control of severe and unexpected pest inf~stations, etc. Their
activities mainly or exclusively cover entomological and bird pests. What is the
intervention policy envisaged by these services for the future? Will the means
available suffice to enable them win the confidence of farmers? On what decentralization will the delay of intervention depend. This cannot exceed the limit
betweent the observation of a critical threshold and time limit for the required
treatment in view of the duration of treatment. Answers to these questions may
influence the choice of pest management strategies. This is even more so
considering that because implementation is permanent, it is the most important
part of an IPM programme and that implementation is not conceived without the
support or assistance of plant protection services··who become the IPM catalyst,
with farmers assuming the highest possible responsibility. A real integrated
control programme requires a relatively more active participation of farmers in
subsistance agriculture than is required in other systems (Goodel, 1984 ;
Matteson et aI, 1984).
This participation calls for farmers training because IPM techniques are
hardly intuitive. Can extension structures cater for this training?
IPM development should not be considered as the responsibility of only
extension and plant protection services. The pest problem is a dynamic one. For
the time being, variety resistance strategies (considered to be durable) have been
chosen as solutions to the problem. We must however beware of the possibilities
of a pest race overcoming this barrier to resistance (FAO, 1984; Simmons, 1984).
Therefore there is the need for a permanent research on genetic improvement.
Even where political leaders recognize such a need, can the states financially
assume this role?
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This participation calls for farmers training because I.P.M. techniques
are hardly intuitive. Can extension structures cater for this training?
I.P.M. development should not be considered as the responsibility
of only extension and plant protection services. The pest problem is a
dynamic one. For the time being, variety resistance strategies (considered
to be durable) have been chosen as solutions to the problem. We must however
beware of the possibilitis of a pest race over coming this barrier to
resistance (FAO, 1984 ; Simons, 1984). Therefore there is the need for a permanent
researche on genetic improvement. Even where political leaders recognise such
a need, can the states financially assume this role?
With respect to input requirements for pest management two problems
may be encountered: the availability of these inputs at the desired time and
place and accessibility of farmers to credit to enable them acquire these inputs,
in view of their already imited financial resources. What structures can
take over the responsibility of solving these problems?
CONCLUSION
The enumeration of these many difficulties capable of obstructing
pest management development, must not discourage us. Firstly because these
impediments do not manifest themselves together at a time. Secondly, most of
them can be eliminated even by the choice of a given strategy.
Local variabilities in contraints due to climatic, sociological, economic
and structural factors are such that it is certainly illusive to try to define
a unique strategy for a given pest complex in all cases.
Furthermore, farmers' tendencies towards changes must not be neglected
because a constraint today can disappear tomorrow. Is it utopian to believe that
local associations can take measures, to assure for themselves a stabilization of
cereal prices as time goes on? Experiments carried out along this line in Senegal
are indications of an imperatively negative answer to this question.
It is obvious that the appreciation of this tendancy for a change is
complex. Undoubtedly sociologists will help us to overcome the problems characterizing this evaluation.
It is finally clear that both in the definition and implementation phases,
pest management demands a multidisciplinary collaboration. Agronomists,
extensionists, sociologists and economists must all collab~rate with specialists
from plant protection disciplines.
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DIS C U S S ION

1.

Mr. Ramaiah (ICRISAT, Burkina). What are the activities carried out by the
project in the domain of variety resistance?

A.

These activities will be highlighted during the presentations on different
crops. Substantial work has been done on the resistance of rice varieties
to leaf blast. While some screening has been done for millet and sorghum,
research works on the resistance of these varieties were limited to the
observation of their behaviour vis-a-vis major pests at the stage when they
are approaching or have reached the end of breeding.

2.

Mr. Ramaiah (ICRISAT, Burkina). What relations does the Project maintain
with organizations working on variety improvement?

A.

We collaborate with these organizations notably with national structures,
ICRISAT and IRRI. In some cases, our collaborations have stemmed especially
from personal relations. To widen the scope of this collaboration, the Project
is presently working out an agreement protocol with ICRISAT and desires to
develop wider relations with other bodies working on variety improvement.

3.

Mr. Ndoye (IPM Project, Senegal). Considering the geographical variability
characterising the different constraints, how can different solutions be found.

A.

I hope that the Seminar will succeed in answering this question. For example,
in Senegal, millet is grown as a sole crop whereas it is intercropped wi~h
groundnut in Niger. In the latter case, there is a possibility of reducing
a given pest population by modifying the intercropping proportions.

4.

Mr. Leuschner (ICRISAT, the Indies). Does the IPM Project partake in postharvest protection.

A.

The IPM Project is only a component of a wider plant protection programme of
CILSS. Another component is to see to this post-harvest protection but up to
date this institution has not begun operating. Moreover, apart from the
IPM Project, there are other structures in the Sahelian region in charge of
Pest Control, undertaking post-harvest protection activities. On its part,
the IPM Project has worked on the protection of stored cowpea and is currently
conducting researches in Senegal on the pests of stored grains among farmers.

5.

Mr. Awoderu (ADRAO). It is clear from the presentation that different
constraints can impede the use of pesticides and the development of biological
control. Do you think, in this case, that variety resistance is a basic
solution, while the other methods are only short-term solutions or instantaneous
measures or cases of unexpected or sporadic infestation?

A.

In most cases variety resistance may constitute the most appropriate solution
because, falling out of the competence of farmers, it has the advantage of
escaping several constraints as well as having a "stable" effectiveness in
time and space (correlatively with one or several pest races). However this
choice has to be examined in collaboration with breeders depending on the
complexity involved with the incorporation of resistance characteristics
into varieties and according to the priorities of the set of objectives for
the variety improvement.
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THE PROBLEM OF MIGRATING GRASSHOPPERS

1.

DEFINITION OF MIGRATING GRASSHOPPERS

During the 1974 rainy season large numbers of insects of exceptional
importance caused enormous damages; 355.000 ha invaded, 368.000 metric tons of
agricultural losses.
Until then, these insect species, commonly called "grasshoppers" were
considered <'IS sedentary and without much importance with regard to E!conomic losses.
The term "migrating grasshoppers" is ordinarily used to collectively
designate a large number of insect species that have been considered for a long
time as sedentary and not gre.garious. They contrast with the "large migratory
grasshoppers" that are gregarious, like the migratory locust (Schistoscerca
gregarious) and the African migratory locust (Locusta migratoria).
The consequences of a classification of locust of the "migrating grasshopper" type does not go generally beyond the simple mass effect. This tendency
towards gregariousness which is exhibited by some species, has nothing in common
with the complete obvious and reversible stage transformation of the locust.s
Among the migrating grasshoppers there is a species which create huge
financial losses for farmers in view of its great numbers and the damages it causes
to crops. This is the Senegalese grasshopper (Oedaleus senegalensis) studied in
Burkina and Niger by the GERDAT/PRIFAS team (insect and operational ecology
research team) in Montpellier (France).
These studies led to a modelization of the insect and the possibilities
for its application drew the attention of the IPM Project Regional Directorate
which requested the GERDAT/PRIFAS team to help in making the model operational
in the Sahe I .
The setting up, in 1983, of a multidisciplinary team PRIFAS/IPM produced
concrete results which will be illustrated in the following chapters.
2.

HABITAT AND IMPORTANCE IN THE SAHEL

Oedaleus senegalensis (O.s.) lives in the dry tropics. It rarely migrates
to deserts and never to the wet tropics. Its habitat includ~the following
distinct areas:
-

a
a
a
a
a

sub-desert Sahel
typical Sahel
sudano-sahel ian zone
north soudan ian zone
south soudanian zone

At the time when the Inter Tropical Front is in the most northernly
position, isohyet 25mmof August plotted on the West African map indicates the
theoretical northern limit of the geographical distribution of the species. This
limit reaches the 21° N parallel in Mauritania and the 17° N parallel in Chad.
Three extensions northwards were observed; in the Adrar of Mauritania, Adrar of
the Iforas (northern extension of the lacustral depression in Mali) and the Air.
The southern limit of the O.s. dispersion follows the position of isohyet 25 mm
of October and oscillate from the 15° N parallel in Senegal to the looN parallel
in Nigeria. Two extensions southwards were located near the 2°W in Burkina and the
9°E in the Nigeria mountains. The area is therefore located between the annual
isohyet of 250 and 1000 mm with seasonal movements of 500 to 800 km. Crops which
were found to be damaged are: millet (leaves and grains), sorghum (leaves and
grains), maize, cowpea, groundnut, rice.
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O.s. particularly attacks the young seedlings and ears of millet and
sorghum in the milky state.
3. BIOLOGY OF OEDALEUS SENEGALENSIS
The existence of long distance movements, the insertion of an obligatory
embryonic diapause in the dry season and the identification of three ecological areas
of major importance to Oedaleus senegal ens is (the initial multiplication area in the
south, (AMI), between annual isohyets from 1000 to 750 mm; the transitory mul tiplication area (ATM) between 750 and 500 mm; the northern multiplication area (ASM)
between 500 to 250 mm)clearly show three annual generations that follow each other
in time and space.
The biological cycle of O. senegalensis follows this pattern: the eggs laid
at the end of the rainy season in the previous year, mainly in the southtern part of
the living space of the species (AMI) stay in diapause in the dry season from October
to June. Following the first rains in AMI, towards june, the hatching of the first
generation (G1) takes place. Larval development is in five stages and takes about threE
weeks. The Gl adults driven away by the excessive humidity in the AMI ~igrate towards
the ATM, where they ley eggs at the end of July.
The hatching of the second generation (G2) takes place in early August.
G2 adults also migrate under the influence of increased humidity in the ATM zone,
towards ASM where, in September, they lay eggs of the third generation (G3).
The eggs hatch in late September and early October. In October, the G3 adults are
prompted by the gradual drying in the ASM environment to emigrate towards AMI
The females lay eggs in the AMI area, and the eggs stay in diapause until the
following rainy season.
Such is the general average pattern whereby three generations seasonally
exploit the complementary area. The pattern may change each year depending on the
rainfall trend.
4.

BIOMODELIZATION OF OEDALEUS SENEGALENSIS

The integrated study, that the GERDAT/PRIFAS team conducted on
O. senegalensis, helped in developing an explanatory ecological model which permitted
the movement from effect to cause. This model, if validated by confrontation with
reality, is convertible into a forecasting model whereby with a knowledge of the
cause one can predict the effect.
The O. senegalensis model belongs to a new generation of models, called
"bio-models" very different from the "bio-mathematical" modf~ls, which very often
have two disadvantages :
- a weakness in the biological inputs and the complexity of the model's
output.
- the situation at the beginning on which the configuration of the model
is based, helps in "forecasting" new situations with the use of coefficients
calculated a priori. This leads to a descriptive model.
Irrespective of whathever a model is "bio-mathematical" or "bio-model"
it must always be a simplified image, but resembling reality. It is used in
describing, explaining and forecasting events.
Considering the principle that a model must follow the data and not the
reverse, bio-models differ from bio-mathematical models from the point of view of
huge investments in the knowledge of situations revealing the relations between
organisms and their environments and the almost total absence of a priori hypotheses on laws governing these relations. A bio-model is therefore an uncommented
projection of real diversified situations in a main matrix "environment typesresponses from the organism" aimed at ascertaining
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the various conditions in which an organism can be found and the specific
responses of the latter to each type of environment.
The basis of the model is to highlight the major~distinguishing factors,
biotic or abiotic for the organism in relation to its environment. These
factors must be hierarchical from one to the other depending on the effect on
the organism and then combined in types of significant ecological environment.
To each type of significant environment, there is a direct relationship between
the organism and a certain event-response. Finally we obtain a table of
correspondence or relationships between the significant types of environment for
organisms and some quantified responses from it (e.g. speed of development,
mortality rate and dispersion rate).
The bio-model specific to OSE (code name of Oedaleus senegalensis)
is constructed from a relationship table expressing the response of the insect
at the egg, larval and winged stage in different types of environment defined by:
the photoperiod, the temperature, the water balance, the state of vegetation,
considered as the result of the photoperiodic, heat and water factors.
Each key factor has been quantified. The 36 combinations of factors in
types of environments have been classified as unfavourable, compatible,
favourable or optimal, according to the observations of correspondant real
situations. The responses of the organism, habe been evaluated as indexes of the
speed of development and survival for three distinguished biological stages, by
adding the arrival and departure indexes for the winged.
In addition to this first correspondence table, there is another that
permits a conversion of development indexes into effective number of days.
The inputs of the OSE bio-model are :
-

the name of the country and the station
the date (giving as well, the duration of the day)
the mean temperature for every 10 days sequence
the potential evapotranspiration for every 10 days sequence
the water balance (ratio between real evapotranspiration and potential
evapotranspiration).

Now, there are four operational variables depending on the chosen
duration time and the required visualisation: two are on 10 day basis, one
monthly and one season.al.
The variable OSE I provides indications each Ie days on the value of
the types of environment for the pest, the coincidence between the presence of
the insect and the sensitive stages of the millet and sorghum, the detailed
reconstitution of the OSE population dynamic, and the success index of reproductions per generation and per season at each study station.
The variable OSE II uses, a part of deductions from OSE I by projecting
them on a map, to find after every decade, the areas that show risk of
infestation. The treatment is automatic and the geographical scale is the
country or the whole Sahel.
The variable OSE III uses the monthly isohyet maps to determine the
bio-ecological value of each pluviometric interval (correspondance between the
water balance and insect response), in order to establish the monthly gravitational centre of the insect populations.
The variable OSE IV is in the process of being developed for use in
calculating the overall success index of the insect population throughout a
reproduction period. The geographical scale is the country or the whole Sahel.
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Finally, these OSE bio-model variables may be used
5.

in
in
in
in

past situations
present situations
future situations
imaginary situations.

EXPERIMENTAL OBSERVATIONS FOR VALIDATION

Various validation tests on the past sitaution were conducted during
the 1974 season in the whole Sahel and in Burkina and Niger from 1975 to 1977.
An observation form concerning the OSE population dynamics was worked
out during the 1983 campaign (see form 1) and three experimental situations
were studied:
1) the population structure at S. Jorge (Cape Verde) (Fig. 1)
2) catches with the light trap in Tarna (Niger) (Fig. 2)
compared with the water balance for each 10 days.
3) the population trend in the whole N:ger (Fig. 3) traced from
the monthly isohyet map.
The experimental observations confirm on one hand the validity of the
OSE bio-model and on the other hand the necessity to adapt it better to cases
like that of Cape Verde where the ecological conditions are different from the
rest of the Sahel.
6.

USE OF THE OSE BIO-MODEL

The OSE bio-model, in the computer form, will be used during the cropping
season, by the regional bioclimatology unit of IPM Project from 1985. But before
the 1985 cropping season, the bio-model will be used for eventual validation, with
data collected in 1983 and 1984.
This work will help in making hypotheses for determining the areas
where the maximum hatching that the 1985 dry season will spend.
In this way the effective 1985 rains will help in following the recovery
of the OSE development. Fig. 4 illustrates the uses made of the OSE model
during the cropping season.
7.

POSSIBLE FORECASTING AND INTERVENTIONS

Insects forecasting is possible only if one supp~ses that the immediate
future depends on the recent past. This procedure is valid for foreseeable events.
Short term forecastings that the model can provide are on a 10-day basis. At
this scale it is possible to make a forecast of probables by examining all the
eventualities that are most statkally probable to occur. Then one defines a
range of possibilities within which the future reality is found. The forecast
limit depends on the meteorological forecast. If it were possible to make a
meteorological forecast for 10 days one could evaluate the insect situation
with a confidence coefficient of 80-85 %. Any progress in the field of meteorological forecasting will lead to progress in insect forecasting.
The medium term forecasts are on monthly basis. The simulation permits
the evaluation of insect evolution according to the probability of obtaining
a certain level of water balance at that particular time of the year.
We can also conceive of the long-term forecasts in some circumstances
from the beginning of the dry season to the beginning of the rainy season (the
following year).

48.

It is obvious that the bio-model will always need to be adjustp.d since
it depends on the evolution of the environment and the insect itself. A better
knowledge of the biological cycle of Oedaleus senegalensis and the populations
regulating factors helps in reprogramming the logistics to be used in the control
by answering three questions:
- where to intervene? (areas with high risks)
- when to intervene? (the most favourable period)
- how to in~ervene?
From answers to these three questions, different possiblities of control
can be recommended.
a) Cultural practices
Cultural techniques against Oedaleus sengalensis include :
- the suppression of fallows favouring the development of the insect
- weeding
- crop rotation.
b) Chemical control
Chemical control can be conceived of either directly by treatment of
the crops or indirectly by treating the edges of the fields. The experimental
comparison of these methods, from both the efficiency and economic points of
view will determine the strategy to be used.
c) Integrated control
The main infestation factors depend on the climatic conditions. The
most important among them is the water factor, linked to the rainfall factor.
It is therefore difficult to imagine influencing one of them so as to change
the environment to the detriment of the insect, except perhaps, in the hydroagricultural management areas.
In addition to chemical control, which is a component of integrated
control, one may anticipate other methods notably the selection of cultivated
resistant varieties, the cropping of trap plants, the modification of cultural
practices, the limitation of over grazing, complete weeding and biological
control. In practice, the effectiveness of these methods must be proved . .

C I L S ::;

f'ROJET

COUNTRY

INTF.GREE
DATE:
T-T-T-r-T-T-T
--------------------

STATION

LATITUDE

LONGITUDE
SURVEILLANCE

DENSITY

ACRIDOFAUNA

ALL

ALTITUDE
OEDALEUS

SPECIES

TAKEN

T-T-T-T-T-T-T-T-T-T-T

LARVA

T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
T--------------------

/50
,. I .)
i.

LUTTE

r.l-

-----.

1

CAPTURES

1 HOUR

Number of all

x 200

RESPONSIBLE
(O.s.)

TOGETHER
WINGED
/50 X 1.. 2

1---------7~~T

-------------

T-T-T-T-T-T-T-T-T-T-T

T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
T-T-T-T-T-T-T-T-T-T-T
I-~~~::--------:-~::-=

r -·--------T
/ha

-----------

LARVAE

spec i es

Number of larvae

=

SENEGALENSIS

~~~l~~_~~_~_r==r

taken

t'oge ther

CAPTURES 1 HOUR WINGED
Number of winged, all

O. s.

Purcentage of larvapO.s.

species

taken

togplh~r

Number of winged,O.s.
Purcentage of winged,O. s.

DENSITY
O.S.

O. s.

LARVAr~

------------T
1- - - - - - - - /ha
----

DEN SIT Y

0 .s.

WINGED

________ Lh! __
I------------T

POPULATION STRUCTURE
WIN G E D

T------M-A-[-E-S----T---------r-E-M-A-[-E-S-------T
I----,---T----T----T----T----T----T----T----T----T----T----T----T----T----T----I
1 L1 1 L21 L3 1 L4 I L5 1 T 1 1 1 2 1 3 I T I 1 I 2 I 3 1 4 I 5 1 T 1
I----T---T----T----T----T----T----T----T----T----T----T----T----T----T----T----I
L A R V AE

1___1____1____1____1____1____1____1____1____1____1____1____1____1____1____1

1____

CAPTURES OF WINGED AT LIGHT TRAP
--------------------------------

1=~:~!~~~=!;~~~;~:~~I~::~;~:~I~~~~~~;I~~~:~~~:I~~~~~~~~!~~~~~~~~~I~~~~~~~~~j

1_~Q!~~

___ 1_________ 1________ 1________ 1________ 1________ 1_________ 1_________ 1

OBSERVATION CARe

A
(!)

Form 1

~'.n

'.

.

A

If'

,

\

,

ul
I

I
I

.-

lUi. S C,

,,
,

,
~

/

--

---'

/

t J
'J

11"a Jv a

~

I

,

I
11

~

v

~

II
J

j

,

1]

'.

__ I -

t

~.~ ~_+ ._

11

/'1'

It·

I

I
I

r~ ; n l •
I

1

--.~--l.

• .-

~ -&... .

•
•

~-

-- .....

i

II

II

II

a

. ..-

It

I

t--iI

-I 1'-

.-

II
~

III

II

,

r

. r-.

I

l

!

17

.

-

20

~

n

]~

-.

~/IO

7

'-

...f- _.I.

..

-_ .-"

~

V

-

1--

•

I ..

-t
J

....

J
' .-1-

•

"

I

- . --

•

--r~
I·- I - -

. _.

.-~-

~ ..........
L

.,-

"

-f~ f - -

/L

211

.

~

.......

!

.....
r-It

I

r-....

,

•

1/1

~

.....
Ll

II

.... 11

o

,r--.....

-~

r---....
n

fi . f

,
Fig. 1

LO

~

r--

~

._..

121

:

III

....

iI

A- . .

rt-

.

.i..
~

1- '

1/

........ L~'~

-..

lit

Z

j

-

I-

J

.
~I~
'I't
_.
_

... "'/

j

'r

-

.

.I _

,\ '
"
L~ I
. ""'~ _. _. -"-' - v

t-i"_":--

1-- -.

r- '

:-"""6£
'
!i
----~
-'
_.

. f--

II

.

.. . .. . • •
.. lL~
• • Iia-'

r

'" '-..

l

j

-'"

L ..

:-; ~- "'t

~V

I _U

.. II

~

... ..

'1 '- Ii- IV
1-.

I

1/: i ii

I'
~/I •

•

III

~I. •

I

I .. lL-4L
,

•I

~

CL,

!

~
f-'
\

III

I• .

f--

,
~

'.

'

•

n

_.

. . ... • • - ..... L
•
- f
II

obser~

-

r:--:- ~- - ~ --=~:
_.~[
. -~ _
. ~. ~r'-I- ,"" --·l·t-·
l
i
-r~-r8
bI
-t-_L_-lT
-- ~
I .
\li-1 \i "' "V '- - i
J
I

I'

~fll

In
"

• ••

n

structure of

~

SI Df ~T" ~, ~T 10 1(

r'

.

....

l:::odul t density
larva density
ed population

-- ~ ptructure of infere d population
-

/:

11". ;11

-

~-

.-

L1

J'

J

!

(!j

1/

/

,

,.

t~j

/

,

,

~

Dynamic of .' ~ '_~ .. '::1.:3 G i-~!l:2t;alen3is popul a ;:iC;1
Cape Verde Islans 1933 (Ribeira :1oura,
Santiago Island)

J

,

I

5

-

--.I

l'

.! .-: : :-' . :

! ' ..'

I...

~.,..

.

I .

I

i

..

.:i/i.

. !

-;-

~

N,...

__ ~~_I_J_
.-,-t
1

"'!

_L."-:;j;;;:_"_

J. _: ...,;.; . _ . -." , ...

Q~ • . __.--._.. ~_ . : .~J~.T-~_..._-.-!
,
~
,
.
,
.
.
"
I
:
"
e: L:tt
"T -- :.
!"
:
I -. :- - -;. - .. -"I" '
r;":~""! ... ~
; .. ., -+I--~.--!--T---..- 1-----1"----.......
. . I . -~;-.-t
. :

a....

i

,

' .;-..

. .

! 1-1

-., . i"

~ • ~;

I;" .,,- . . .;~L,;.,

'ii'. •. ., . , . ..

'.

"- I

.- 1"1.

., .

I

: ..

'

_L

.l. .~; ....1.j_-;-::
l,,'
;-7 .1'

I

:'

:

.

:

..

:

:

:

•

•

J '

':'-I. -:.-~ t5*~
,:. ·1 · ,-,,1,,-,

i

.-: 7 "; ' : . . : .. .. .. --;

'

,

;

:

•

+- ~ I

: I

I

-

•

:,.,..H-J....:. .. ... ~-'-.~ II.

_.i. L ..
: '
.. :.

-~"::f:: ~. ~-:L-~ -~"l

.i.:.!:~-l::.:.:.:i·. -;·:·I -~ ::J ~ ; .Le ·· -: i·" 1- ;- :
._~: . ~~. .? .: :' : .; : !. ~: .'
~
.!

d·

::

-;:

,...

.j..I

8

r:-c..• ~~.~
~.:l"'; ~ ;:'..;;:::"=r..:
-4-' -:-::L .·......i-T .~,~~ -~...J..i: ~-J=t==="e ::rTf.'~;-~~c.
-'''':.'; ''~:'';''. : . ! - . - . . . ' .-. -. ' .11' :
.-. :1: .': . . - . : i
. 1 t.
.i .. :'.
..'
'.:.;,,.
a~ 1:0
: ."

j ..-

~~~_- i' l-='~~ _:_~~~.
'\ .... Cj-. :~:.
It · I
: ,"

~

t-:-:''T -~h- 'r-'; :.
:.,-

.

~

j'

...

:

•.

i

.

I . . .. ! :.

-...

.

;

I

!

i

.

·

,.,.

. I

"j

••

./.'y

.

'

.

I

r-" • .. ._r_ - .,- -.-

.:

.1

..

,...

i.

. __ -: - ,

...... '1'"

""i

.

I............
.

:

;

-

•

.,; -: ; . . -,- :. J . ..

!

•

!

"

i" !

.~ .~,
.L
,,:

;-

I

- '

I

.l.-.-

.1

_~

_.

-- - . . . . -

.

. '

-. -:-

'-+' . . . ~

/

. I

..

/

".
...............

-. -

.. ...

--j'

\

.

0

.l._ - ';

I

--- ----.-."

Q

-..-/ ...
/

.

'-.

--....-

'

..

~ ..

--

.-\

co

...co

='

~
~

<

;:.,

J::

Q)

='
......,

0r-i
1

/ '> ,.,

<
.,..'

.JO""~

~..

~..

.

__ . • _ _ _ _ _ _ ._ .. _. _ _ _

. . . ..,.

. 'I

'<

0

'" ......,='
!

:-..
. . - .--.... -.. . -- s

.- ----- '------~

~

.:. :-,/- -.. -.

I

"
"
"

""

,. \

-,-_--'-+
_--~-~---=--_~Jj~.";......~-.. ---H

~

,

I" ' : :
. .~ ... -..... . -- - . .-- --~

, . !..

.• :-

.
~....

I

H-t--··-,-...:--

••

. :-+.- .... . -

-;:--.

I' . _ '. ___ :. '

i

.;! .

--r-:-~

•

.1

~~ T~' - .... ,- i-'~

- ..

••

-.

t.~ _....

'.~~-J..:~.. ~.-

. .: -

'j

"

"' "'.

. - --"- ....

CI)

. '1. .: .
! -.. . . . !
i ,
\,
OJ
I · · , '~.....:: . ,' __'___ ;_' __ '_ ~ .. l._ .. __ I •• '-.;,....
.j..I
'1.!
0..
, ... : . . . .I~
"I.......
, ,
.
' \ ,_:u

.

:. -: .~:+++~~.+ .;-:I . Pi: .:~ "·: ,:Fi- .. :~.~...... :;; ;'-:;;r
~~;"i-L;"
. -" .~- .L.:...·! -' .: ..~ ~ ... ~ 1:
- . ---e

', .

e:..!...:;. pt: ;-:I:'~
'"

~

.'

.

!~~.. ,,'--+---+-.~-- . .
'" t--.......
.:
,.-.;,: .Ii
i
.. ,- I' ,..

~

'w

'

'

~ ~,--t-t";--t "..··--·
:- -.-.-.';u....~-~--;--I'
';~l' .~~.:...~
. -.~---- . -.L-'f-_: .~: -~ . . --:-~:-+ :. · -.~i ._- . - .. , - --,-_. f-- ..... : . ,
_

.-.. .

-

--: . -.. ..-;.-+-. r--t--i
. .,.., --. . . . -,'! "-

• ....-:::::::;;;:::=:..

. 'J'

'1
..:_._ ...j

. .

-~-.!..-- :.... :'.-

~

~-:.....~- ~--: -

•

-·---1----7~·--- .. - - .

' - , -·-i· . ; . . -

Wl"t-.......--..,--!---t---"""''''

-.
~

~
,

Q

'-'

<:)
-

~. ~-+----.,.. ~
••

I"

- .---4----- ..----- .---'.. -

.. 1-------"-1---I--;~
I -...~.l.----I....

-.... i··-

__

_. .

-

-----: . --;-- --;- ' -7'-'-

~ ._ t

_ --.-.- . ---~.--

oI-~~

ff\1-...........-+,--,-~-~- .. ......,----.--t--'-.~

-.. --r

. . . ~~~_ .... _..!.. ____ .. __

~
- ~---;----+--

. i

--_'.--'-~- ..1 .. , ..... :

N

51.

52.

"S'.3
A'l./j

'"'1 _

,

I

GI

'filS

-"

'I • •

5
APril

Il

1iIt-f

f

H

H

~lay

June

July

'"
August

H

S.ept.

.

\
\

\

\

~. • of •

Oct.

f

Nov.

S

too dry

A.M.l : initial multiplication aera (SO-lOCOmm)

F

favourable

A.T.M.: transitory multiplication aera (SOO-7S0)

H

too humid

A.S.~l.:

northern multiplication area (250-500)
Fig. 3

53.

CLIMATOLOGICALI
DATA EACH 10 I
DAYS
1951 - 1984

I

III

PLUVIOMETRIC
PREVISION 1985
DECADE D(N + 1)

METEOROLOGICAL I
DATA EACH 10
I
DAYS 1985
Decade D(N)

I

I
I
I

I
I
I
I
I

I
I

•

OSE BIO-ECOLOGICAL

I

,

t-..~r---------'-

~

MODEL

I
I

OSE

*

PREVISION

I

I
I
I

t

OSE EXPERIMENTAL
DATA

I
I
I

I
I
I

*

VERIFICATION AND
CHANGING OSE
MODEL

.'
Fig. 4

54.

DIS C U S S ION

1.

Mr. Konate (National Meteorology, Mali). How is the ETR calculated in the
Oedaleus senegalensis, model?

A.

The O.s. model was construc·ted by the GERDAT/PRIFAS team and from the
agrometeorological point of view, the part of the model which calculates
the value K (K =
ETR) was developed by Mr. Forest. More specifically the
ETR was calculated r~~m Eagleman'~ polynomial.

2.

Mr. M . Konate (National Meteorology, Mali). Is it possible to apply the
Oedaleus senegalensis bio-model in the Agrometeorology Pilot Project in Mali?

A.

Obviously, the objective here is to apply the model in all the Sahelian
countries where the problem of Oedaleus senegalensis has been arising.
Accordingly, before the 1983 and 1984 agricultural campaigning seasons,
observation forms (refer to the presentation) were sent to all the national
components of the Project. Up to date, only the Cape Verde and Niger
components, have collected field data.
At the national level, it is the IPM Project component which must decide
on the activities to be carl'ied out. The regional bioclimatology unit of
the project can only coordinate the activities.

3.

What are the integrated means for controlling Oedaleus senegalensis?

A.

It is obvious as demonstrated in recent agricultural campaigning seasons that
an effective control of these crickets mainly necessitates a forecasting of
at least some few days to help organize the activity. So far, there are no
applicable methods available apart from chemical control.
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ENTOMOLOGICAL PROBLEMS OF THE MAIN CROPS
IN CAPE VERDE

INTRODUCTION
The basis for the economic and social life in Cape Verde is agriculture.
Eighty percent of the 300.000 inhabitants of the country live from agriculture.
Two main kinds of crops are cultivated. Rainfed crops and irrigated crops.
The last ones are generally grown in the valleys, during the dry period of
October/June, using groundwater.
The main rainfed crops, occupying an area of about 40.000 ha, are corn
(Zea mays) and beans (Phaseolus lunatus, Dolichos lablab, Vigna unguiculata and
Cajanus cajan) generally grown in the uplands and slopes during the rainy period
of June/October.
In the irrigated areas, which occupy an area of 2.000 ha, are cultivated
a variety of legumes, manioc, sugar cane, and some fruit trees.
Although the rainfed crops are cultivated in an area 20 times bigger than
that of the irrigated crops, the irregular pluviometric regime of Cape Verde makes
the production of irrigated crops in most dry years bigger than the conjuct production of corn and beans. The last years of dryness and the food dependence from
the exterior brought the capeverdian government to the conclusion, that a certain
security of the food production won't be attainable by any other way than irrigation. For that reason irr~gated crops are considered as foodcrops.
There is no doubt, that the main factor limiting agriculture in Cape Verde
is the poor pluviometry and its bad distribution. However, among the other
conditioning factors, the phytosanitary problems, particularly those of entomological character, contribute greatly for the reduction of the national agricul~ural
production.
MAIN PESTS, STUDIES ALREADY STARTED AND FUTURE PROGRAMS
1.
1.1.

Irrigated crops
Cabbage

Plutella xylostella (Lep. Plutellidae)

The larva of P. xylostella causes damage on cabbage in Cape Verde.
The research to find the means of control of this pest has been oriented
the biological control : introduction of natural enemies and the use
of biological insecticides.
towa~ds

In 1981, two species of parasites of the larva of P. xylostella were
introduced in Santiago : Cotesia vestal is (Hym. Braconidae) and Tetrasticus
sokolowskii (Hym. Eulophidae). Actually these parasites are established in this
island. Releases were made in other islands, but were not followed.
The field trials with the biological insecticide Bacillus thuringiensis
gave very efficient control of P. xylostella and its application is economically
viable.
We think that the low actual population level of P. xylostella in Santiago
is owed to the action of the introduced parasites, completed when necessary with
B. thuringiensis.
In a future program, it is planned to conduct a follow-up study on the
release of parasites in the other islands and its continuous study.
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1.2.

Cabbage and tomato: Heliothis armigera, Chrysodeixes chalcites and
Trichoplusia ni (Lep. Noctuidae)

The larvae of these noctuids cause important damage to tomatoes and cabbages.
The research on means of control of these pests were also oriented towards biological control.
A parasite of these noctuids, Cotesia marginiventris was introduced in 1982
in Santiago, where it is presently established.
Another introduced parasite Telenomus remus (Hym. Scelionidae) was not
yet recovered.
The experiments with Bacillusthuringiensis and Elcar, a virus specific for
Heliothis spp have shown a great efficiency: B. thuringiensis in controlling
T. ni and C. chalcites and Elcar against H. armigera. These products are actually
sold to the farmers.
A future program includes the continued release of the parasite C. marginiventris in the other islands and follow-up studies of its behaviour as well as the
introduction of other species of parasites.
1.3.

Squash: Dacus frontalis (Dip. Tephritidae)

The larvae attack the fruit considerably reducing the production of this
crop in Cape Verde.
The research for the control of D. frontalis at this moment is based on the
following methods of pest control :
- Use of semi-sterile males. The results obtained show that despite the
possibility of being an efficient method its practical application in Cape Verde
is not economically feasible.
- Chemical control. The field trials with different insecticides have
allowed the selection of dimethoat and fenthion. The best time of application
was determined.
- Biological control. Two species of parasites of larva, Opius concolor
and O. longicaudatus, were introduced in Santiago in 1982. Studies are still under
way.
Cultural methods. In small areas the covering of fruits has proven to be
very efficient for the control of the fly.
A future program considers :
- introduction and follow-up studies of new species of p~l'asites (Opius
fletcheri, Bioster es oophilus) and subsequent studjes of the behaviour of already
introduced parasites.
- resistance studi es concerning the chemical insecticides actually used
and their effect on natural enemies.
- use of attractive substances.
1.4.

Potato. Spinotarsus sp (Dipl. Odontopygidae)

The pest destroys the tubercules and causes important damages on potato in
the island of Santo Antao.
Other than the identification and geographic distribution, the research on
methods of control of Spinotarsus in Cape Verde, has been limited to some trials
with insecticides in the laboratory. The only pesticide which gave satisfactory
results was propoxur.
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In the future a well planned program for the integrated control of
Spinotarsus in Santo Antao shall be prepared.
1.5.

Sweet potato : Cyclas puncticollis (Coleop. Curculionidae)

Feeding on tubercules and stems of plants, C. puncticollis causes
important losses on the production of sweet potato in Cape Verde. The following
research topics on this pest are underway :
- Cropping trials (quantity of water, fertilizer, resistant varieties).
Some preliminary information is available but there is a need to continue the
trials.
- An estimate of the losses in the farmers field is done at harvest time.
- Control with the fungus Metarrhizium anisopliae. The trials already
started should be continued at the laboratory and in the fields.
A future program is supposed to look at
- continuation of the research work already initiated.
- control trials with parasitic nematodes (Neoplectana carpocapsae).
1.6. Cassava: Aonidomytilus albus, Pinnaspis strachani (Homop. Diaspididae)
These armoured scales are the most dangerous pests of cassava in Cape
Verde. They attack the stems, causing especially in new fields important losses.
The field trials with pesticides allowed us to select fenitrothion 50 %
and diazinon 50 % as efficient insecticides against these armoured scales.
The cuttings should be dipped in the pesticide solution before planting.
This method is already known among the farmers.
For the future we consider the introduction of predatory armoured scales
notably Pharoscymus flexibilis, a predator of Pinnaspis strachani.
2.
2.1.

Rainfed crops.
Corn: Oedaleus senegalensis (Orthop. Acrididae) and Sesamia nonagrioides
(Lepidop. Noctuidae)
Oedaleus senegalensis is the most important corn pest in Cape Verde.

The information already acquired about the b1010gy of the species and
its correlation with the climatology, somewhat insufficient, allows us a moreover
efficient intervention against this pest.
The organochlorates utilised before (HCH, lindane) against this pest were
replaced by a carbamate (propoxur) utilized especially as baits.
In collaboration with GERDAT field observations are done, aiming to the
establishment of a vigilance trap for O. senegalensis.
The inventory of local parasites of Oedaleus is underway and the introduction of some parasites is planned.
The trials with Nosema, initiated in 1980 will be continued.
The larva of S. nonagrioides attacks the stem of corn. Preliminary
biological studies of this pest were done together with the inventory of the
local natural enemies.
Due to the low efficiency of the chemical treatments against this pest
and considering that the production of corn does not justify this kind of
intervention for S. nonagrioides we have planned the introduction of certains
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parasites, which could eventually lower its population. Pediobius furvus has
already been introduced in Santiago and Santo Antao. Pediobus is well adapted in
Santiago.
The multiplication of another parasite Apanteles sesamiae at the laboratory
level has been difficult and for this reason the releases have been null.
The studies will be continued together with the releases.
2.2.

Pigeon pea: Etiella zinckenella(Lep. Pyralidae), Heliothis armigera (Lep.
Noctuidae), Lampides boeticus (Lep. Lycaenidae).

The larva of E. zinckenellaattack the well developed pods of Cajanus cajan
while those of H. armigera and Lampides boeticus attack the new pods and flowers.
A preliminary study of the biology of this pest and relationship with the
different phenological phases of the plant has been elaborated. For the control
of the pigeon pea pests two main approaches were considered: introduction of
natural enemies and selection of more resistant varieties.
The application of pesticides has not yet been considered due to the
cropping system (dispersed, in areas of difficult access and lack of water in the
hill sides).
Four braconids, Bracon thurberiphage, Bracon cajani, Apanteles etiella and
Phanerosoma benetti, an ichneumonid, Eiphosona annul tatum and one bethylid
Parasierola sp, parasites of E. zmckenella, have already been introduced to
Santiago and other islands.
According to Bennet (1960) those parasites can, under specific ecological
conditions, control E. zinckenella to a great extend.
The species of braconids have already been recuperated from the field, we
are however not sure, if they are native or introduced species.
For H. armigera three species of microhymenopterous parasites were
introduced: Apanteles kazac (Hym. Braconidae), Hyposoter didymator (Hym. Ichneumonidae) and Apanteles marginiventris (Hym. Braconidae). The last one is already
established in Santiago.
The field observations of trials on variety adaptation of cajan allowed us
to obtain interesting information about its sensibility to the attack of this
lepidopterous pest on some ICRISAT varieties. The most premature varieties were
most attacked by Heliothis.
The release of parasites and the varietal trials will be continued in
Santiago and other islands in collaboration with the Plant Protection Service.
2.3.Pulses : Chrysodeixes chalcites, Trichoplusia ni, Heliothis armigera (Lep.
Noctuidae) ; Lampides boeticus (Lep. Lycaenidae).
The larva of these species attack the leaves (C. chalcites, Trichopulsia nil
flowers and pods (H. armigera, L. boeticus) of different p~lses. The control
measures are similar to those of the pigeon pea pests.
Apanteles marginiventris, a parasite of noctuids, was introduced in 1983 and
is by now established in Santiago on H. armigera, T. ni and C. chalcites.
For the future we plan to continue the releases of the introduced parasites
in other islands than Santiago, as well as the variety trials in cooperation with
the Plant Prote=tion Service.
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3.

Conclusions

The above mentioned results of our work indicate that we emphazise the
biological control. We are not expecting very spectacular results, but we think,
that the approach of the biological control has a certain chance under the ecological conditions of Cape Verde. Inspite of the dry climate of the archipelago
there are favourable conditions (Greathead, 1971) like the insularity and the
very different microclimates for the rapid establishment of introduced natural
enemies.
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TABLE I
IMPORTANT PESTS OF THE MAIN CROPS IN CAPE VERDE
AND NATURAL ENEMIES (LOCAL) AND PLANNED INTRODUCTION

PES T S
Plutella xylostella
(Lep.: Plutellidae)

Heliothis armigera
Heliothis peltigera
(Lep.: Noctuidae)

LOCAL NATURAL ENEMIES

I
I
I
I
I
I
I
I
I
I

Apanteles sp.
(Hym.: Braconidae)
Stictopisthus sp.**
(Hym.: Ichneumonidae)
Pteromalus semotus **
(Hym.:Pteromalidae)
Drino sp.
(Dip.: Tachinidae)
Goniophthalmus halli
(Dip.: Tachinidae)

Chrysodeixis chalci te~ Euplectrus laphygmae?
(Hym.: Eulophidae)
Trichoplusia ni
(Lep.: Noctuidae)
Trichogrammatoidea lutea
(Hym.: Trichogramrnatidae)
Drino sp.
(Cip.: Tachinidae)

Etiella zinckenella
(Lep.: Pyralidae)

Bracon sp.l
Bracon sp.2
Phanerotoma sp.
(Hym.: Braconidae)
Gen. sp. indet.
(Hym.~ Bethylidae)

PLANNED INTRODUCTION
Cotesia vestalis *
Microgaster plutellae *
(Hym.: Braconidae)
Tetrastichus sokolowskii *
(Hym.: Eulophidae)
Trichogramma achaeae *
(Hym. : Trichogrammatidae)

Apanteles kazak *
COstesla ~arglniventris *
Mlcrogaster croceipes
Mlcrogaster demoIltcr
(Hym.: Braconidae)
Hyposoter didymator*
(Hym.: Ichneumonidae)
Trichogrammatoidea armigera *
(Hym.: Trichograrnmatidae)
Eucelato:-ia spp.
Palexorista laxa
(Dip.: Tachinidae)
Apanteles ruficrus
Cotesia marginiventris *
(Hym.: Braconidae)
Hyposoter didymator *
(Hym.: Ichneumonidae)
Brachymeria ovata
(Hym.: Chalcididae)
Copidosorna truncatella
(Hym.: Encyrtidae)
Trichogramma achaeae*
(Hym.: Trychogrammatidae)
Apanteles etiella *
Bracon cajani *
Bracon thurberiphagae *
Phanerotoma benneti •
(Hym.: Braconidae)
Eiphosoma annulatum *
(Hym.: Ichneumonidae)
Parasieroloa sp.*
(Hym.: Bethylidae)
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I
I Paraphaenodiscus lycaenophila
I (Hyrn.: Encyrtidae)
1 Brachyrneria lasus

Lampides boeticus
(Lep.: Lycaenidae)

I
I
I
I
I
I
I

(Hyrn.: Chalcididae)
Telenornus alaeus
(Hyrn.: Scelionidae)
Aplornya rnetallica
__Aplornya versicolor
(Dip.: Tachinidae)

Sesamia nonagrioides
(Lep.: Noctuidae)

Gen. sp.indet.
(Hyrn.: Scelionidae)

Apanteles sesarniae
(Hyrn.: Braconidae)
Pediobius fur '.IS *
Descampsina Sf::S~:!I:::'~~
Sturrniopsis parasit~c~
(Dip.: Tachinidae)

Aonidornytilis albus
(Horn.: Diaspididae)

Aphytis diaspidis
(Hym.: Aphelinidae)
Sybocephalus nitens
(Col.: Nitidulidae)
Pharoscymnus tomeensis
(Col.: Cocclnellidae)
Lestodiplosis sp.**
(Dip.: Cecidomyiidae)

Chilocorus distigma
(Col.: Coccinellidae)

Pinnaspis strachani
(Horn.: Diaspididae)

Arrhenophagus chionaspidis
Marietta sp.
(Hym.: Aphelinidae)
Habrolepis fanari
(Hym.: Encyrtidae)

Aspidiotiphagus citrinus
Aspidiotiphagus lounsburyi
(Hym.: Aphelinidae)
Pharoscymus plexibilis
(Col.: Coccinellidae)

Cylas puncticollis
(Col.: curculionidae)

Rhaconotus rnenippus
(Hym.: Braconidae)
Heterorhabditis bacteriophora
Heterorhabditis heliothidis
(Nem.: Heterorhabditidae)

Papilio dernodocus
(Lep.: Papilionidae)

Telenomus demodoci
(Hym.: Scelionidae)

Carcelia evolans
(Dip.: Tachinidae)
Apanteles pallidocinctus
(Hym.: Braconidae)
Brachyrneria cowani
(Hym.: Chalcididae)

Dacus rontalis
(Dip.: Ephritidae)

Dirhinusgiffardii?
(Hyrn.: Chalcididae)

Biosteres longicaudatus
Biosteres oophilus
<?pius fletcheri
(Hym.: Braconidae)

Oedaleus senegal ens is
(Orth.: Acrididae)

Blaesoxipha cf. filipjevi
(Dip.: Calliphoridae)

Scelio spp.
(Hyrn.: Scelionidae)
Stomorhina lunata
(Dip.: Calliphoridae)

* already introduced
** hyperparasite

TABLE II
LIST OF INTRODUCED PARASITES AND RELEASE PER ISLAND

PESTS

PARASITES
Cotesla vestalis
de Trinidad
Elev. Sao Jorge

Plu tel la
x~mpstel1a

S.ANTAO

S.VIC.

SAL

S.NICOL

BOAVIS.

MAIO

27

110

80

26

23

243

30

600

503

1480

730

730

232

10

14660
12938

236

7500
800

7

55

735
132

21

34

10700
630

Apanteles kazak
de Suiss
Elevage Sao Jorge

2380
28

Hypasoter didymator
de Suiss
Pediobius Survus
de k6nya
Elevage Sao Jorge
Elevage Rib. Grande

1813

x

Trichoplusia ni Cotesia margi niventris
Chrysodeix is
de Trinidad
Elevage Sao Jorge
chalcites.
Telenomus remus
S2odOPtera
de Trinidad
littoralis
Elevage de Sao Jorge

Sesamia
non!£lrioides

BRAVA

120

T richogramma achaeae
de Trinidad

Heliothis
armigera

FOGO

170

Microgaster plutellae
de Trinidad
Tetrastichus sokolowskii
de Trinidad
Elevage Sao Jorge
Elevage Rib. Grande

SANTIA.

813
1600
1550

43
29550
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DIS C U S S I a N

1. Mr. V.S. Bhatnagar (FAa, IPM Project, Senegal). It appears from your document
that there has not been a detailed inventory of local natural enemies of major
crop pests in Cape Verde. In this case how can the type of exogenous agents
needed for the control of a given pest be determined?
A. We generally agree on the need to know the local parasites before proceeding
to introductions. However, due to the lack of time, we simultaneously began
the inventory of local parasites of major pests and the introduction of
parasites notably against Plutella.
2. Mr. V.S. Bhatnagar (FAa, IPM Project, Senegal). How can you know that the
parasites introduced in Cape Verde are not found in the existing entomofauna?
A. It is obvious that up to date, we do not have a thorough knowledge of
parasite entomofauna in Cape Verde. We can only devote a limited time to this
study because our work is basically applied entomology.
3. Do you think that the number of parasites imported is sufficient?
A. The number was sufficient for certain parasites for example against Plutella
xylostella. For others there is the need for more.
4. Q. Can you give the parameters chosen for evaluating the adaptation of
an imported parasite?
A. Not only the establishment of a parasite need to be taken into consideration
but as well, the efficiency of an established parasite.
We hope to be in a position to give the parameters of adaptation by comparing
the results of releases made in different environments (micro-climates) in
Cape Verde.
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PEARL MILLET PRODUCTION SYSTEMS IN THE SAHEL

INTRODUCTION
Considering the galloping rate of population increases (2.9 %) and the
sluggish rate of increase in food production (2.15 %), the campaign for Food
self-sufficiency constitutes one of the major preoccupations of our countries.
To achieve this objective necessarily implies having to improve upon the
performance of the different factors of production in order to step up output
and consequently overall production.
As a means of intensifying cereal production in general and millet
production in particular, a better familiarity with and a mastery of these
factors of production would be very contributive. In Africa more than 50 % of
the total lands cultivated with millet can be found in the Sahelian region.
This explains why millet should feature prominently in the idea of improving
upon food crops, towards the achievement of self-reliance.
1.

THE PLANT

Pearl millet, Pennisetum americanum, is an annual species originating from
the semi-arid areas located in Africa. This species is in turn subdivided into
three morphologically different sub-species:
- u/s P. americanum which comprises the cultivated millets
- u/s P. monodii which corresponds to the wild type
- u/s P. stenostachyum corresponding to intermediate types.
Millet is a cereal with considerable potentialities due to its ability
to grow on infertile lands with low rainfall (200 to 250) mm. The local varieties
are generally of tall size and could be divided into three categories depending
on the duration of the maturity cycle.
- The late millets - photosensitive. They mature between 120 and 150 days
after they are sowed. Their names vary from one country to another: Maiwa or
Somno or Sanio. These millets are planted in areas where recorded rains are
generally sufficient to enable these varieties to close their cycle
- the early millets, locally referred to as Hemi-Kire or Guero or Souna.
The maturity cycle ranges between 80 and 100 days.
- the very early millets. They mature between 65 and 75 days after they
are sowed. Their eam (spikes) are generally very short (25 to 30 cm); they are
mostly planted in low rainfall zones.
1.1. Plant development
- Germination: under favourable humidity conditions, germination takes
place from 2 to 3 days after sowing. Rooting depends on the nature of the soil
and this accounts for the need for a proper soil preparation before proceeding
to sow.
- Tillering. The millet seedlings has the property of shooting several
secondary or tertiary stems (tillers). This ability to tiller varies from one
species to the other. Tillering begins two weeks after germination and continues
into the fourth week. This is the crucial stage for the application of fertilizers.
- Elongation stage. This is characterized by an elongation between the
nodes hence the stems and continues until the emergence of the ear.
1.2.

Crop development

- The development of the ear begins at the inner part of stem, but this
deveopment starts to be ~ctive only after teh elongation of the stem. The length
of the ear varies from one genotype to the other, i.e. from one variety to the
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other. It ranges from 20 cm (Ankoutess) to over 100 cm (Zongo). The form of the
ear is one of the features that is used to differenciate the varieties.
The ears of millet are three different forms:
the coniform : the largest position of the ear comes below the middle
part.
The fusiform: in this case the largest part coincides with the middle
position of the ear .
. The cylindrical form: here the edges of the ear are parallel and the
rounded tip bears grains.
- Flowering. The millet flower is made up of male and female organs.
The female flower begins to develop immediately after the emergence of the ear
(50 to 60 days after sowing). The female organs (stigmas) emerge from the top
of the ear and extend towards the base. After 3 to 4 days, the male organs
(anthers) appear at the top of the ear and also extend. towards the base.
The female flowers mature before the male and there is very little likelihood of the female flower being fertilized by the male flower of the same ear.
This explaims the cross-fertilization property inherent in millet.
1.3.

Uses of millet

Millet and sorghum are the two major cereals in the Sahelian countrie~
and they both constitute the basic food item for the people in the area. In the
rural areas, the grains are the major source of calory supply and at the same
time it plays an important role in the supply of proteins and vitamins. Despite
its low yield, it stands out as the favourite cereal of the people. It is used in
the preparation of several dishes:
- to or tuwo which has become the everyday diet for certain sahelian
peasants.
- porridge often referred to as "dormant"
- "couscous".
All the by-products obtained from millet farms are put to use by the
peasants:
the stems are used in making fence plots and granaries for the storage
of millet kept in the form of ear.
- the by-products from the harvest (leaves and stems) are also used as
animal feed.
2.

FARMING AREAS AND PRODUCTIO '

2.1. Farming areas
Millet is mostly cultivated in West Africa where it occupies over
13 million hectares of land. All the Sahelian countries produce more or less
millet depending on the weather conditions of the year. Production is purely
meant for self-consumption.
Deterioration in the physical environment (regression in the natural
vegetation and continious soil erosion) has accelerated the desertification of
these areas which hitherto, have immensely contributed the production of millet.
Millet is a very hardly plant cultivated preferably on light soils with
low fertility. As soon as the soils become heavy enough and more fertile, millet
gives way to sorghum and maize.
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The table below illustrates in order of size, the total area that was
cultivated with millet in the Sahelian region in 1978 - 1979.

AREAS. PRODUCTION AND YIELD OF PEARL MILLET IN 1977,
1978 AND 1979 IN THE SAHELIAN COUNTRIES

I

I

I PRODUCTION (1000 T) I YIELD (kg/ha)

COUNTRIES
1979

1977

2 8001

1 130

NIGER

2 729

2

NIGERIA

4 920

5 000

5 000 1 2950

MALI

1 417

1400

1 4001

71(1

I
I

I
I

751

1979

1979

1977
414

409

445

3 060 1 3 100 1 600

612

620

530

739

531

507

509

509

1 1231

I
I

1 0351

I
I

1 2461

I
I

7441

I

I

1 133

1 140

1 1401

574

sao I

5801

GAMBlE

30

35

351

19

241

2s1

633

686

714

MAURITANIE

60

109

1101

351

350

158

318

SENEGAL

899

950

9001

5001

467

845

556

BURKINA rASO

900

910

9001

350

4031

4001

389

443

444

12 088

12 291

12 2851

6 215

7 0451

6 6301

I

I

TCHAD

TOTAL

I

I

I

I
I
I
I

I

21

171

420

8031

I
I

I

I

I
I
I
I
I

In recent years, increases in millet production have been very insignificant and could mainly be attributed to expansion in total cultivated area of
land.
2.2. Production
In the Sahelian countries, the drought of 1972-1973 has had a marked
effect on the concept of rural development, aimed at increasing food production
in spite of poor climatic conditions. Agriculture in the Sahelian region is
purely on subsistence basis and productivity still remains very low. In Niger,
and Burkina, the average cereal yield per hectare of cultivated land is 500 kg
while the same figure is 4 300 in France.
The total stretch of land devoted to the production of millet and other
food crops keeps reducing year after year owing to gradual desertification.
(Table I). This amounts to the assertion that drought has almost permanently
seated itself in these countries which already had very limited resources.
Millet production which relies almost exclusively on rainfalls has become
unstable. Bad harvests resulting from unfavourable climatic conditions and
attacks by pests have created chronic shortages in recent years. The serious
effects on millet production have necessitated the importation of substantial
quantities of food crops and have further led to a massive exodus of the youth
to cities in their search for a better living.
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In 1983, the deficit in cereal production rose to 1.6 million tons in the
totality of the Sahelian countries. From 1970 to 1982 the importation of cereals
in this region had to be more than doubled in order to meet the food requirements
of the populations. The situation in the Sahelian countries is still critical this
year. Certainly, the rainfalls of the month of May 1984 Made possible some early
cultivation of millet which grew up satisfactorily, but then due to the lack of
regular rain precipitation, the farmers in certain areas were forced to begin
another planting. These bad precipitations of rains coupled with its irregular
nature has led to a poor millet "stand establishment".
In order to meet food requirements therefore, the need arises to adopt
a new strategy involving the use of modern techniques and effective policy so as
to stimulate the production of millet and other dry crops such as maize and sorghum.
3.

PHYSICAL AND BIOLOGICAL CONSTRAINTS

Millet production in the Sahelian region is subjected to certain physical
and biological constraints.
3.1. Physical constraints
In the rural areas, the farmer can hardly better his lot owing to
unfavourable natural conditions. For a greater part of the year, the temperature
remains very high ; the soil is more often exhausted and therefore infertile,
deprived of proper organic and other mineral contents.
3.2. Biological constraints
The effect of smut (Tolyposporium penicillariae) or mildew (Sclerospora
graminicola) on the output of local millet remains negligible despite sporadic
attacks. The damage caused by the head borer (Raghuva albipunctella), stem borer
(Acigona ignefusalis), and sucking insects (Dysdercus, etc) are at times very
great and does significantly reduce the production of early millet. Whereas the
damage caused to farms by pests is immediately perceptible, losses incurred in
course of storage are not easy to assess and deterioration in quality proves to
be very difficult to quantify. It is indicated from FAO sources that 10 % of worldwide production are lost each year during storage practices; on the other hand,
13 million tons of grains are destroyed annually by insects.
These figures furnished by the FAO remind us that the question of post
harvest protection for farm products deserves a serious attention if the harvests
of peasants are to be adequately conserved and protected.
Granivorous birds equally constitute one source of limitation to millet
production in the sub-region. The striga (Striga hermonthica) often found in all
the millet producing areas, could cause a sharp reduction in crop yield on farms
where it occurs.
In recent years however (1979-1984) an intensive operation of selection
has been undertaken to enable proper resistance to be made to the striga. This
feat is being achieved through the attachment of a breeder ICRISAT to Burkina.
The resistance of millet to Striga hermonthica has not yet been demonstrated
(Ramaiah, 1984); the phenomenom however seems to be related to the strong allogamy
inherent in millet.
4. RESEARCH WORK
Inspite of the important role played by millet as a source of food supply
for the Sahelian people, research on this cereal began rather lately and has been
very limited. The research on millet aims particularly at evolving a highly
productive crop plant with stable yields and an appreciate measure of resistance
to insects and plant diseases so as to make up partially for the deficit incurred
in crop production. The local varieties very appreciably contribute to the increase
in millet production in the sub-region. They are generally of tall size.
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Within each group (photosensitive and non photosensitive) there exist a great
deal of variability from the point of view of many agrarian features: form,
compactness and length of the ear, height of the stem, etc •.. This pronounced
variability observed within the local varieties accounts for why this crop plant
is used by the breeders as a source of genes.
The research which aims at evolving a new variety could take several
years. To the breeder, the development of the new variety could take up to five
years. The initial extension work which involves multilocal trials (on peasant
farms) could also take another five years. It would therefore require a minimum
of 10 years to ensure that the newly selected seed is generally established
among farmers.
Already in the sub-region, several varieties of millet are being extended.
Some national programmes have had to readjust their research methods in order to
accelerate the process of popularizing the selected species.
In countries where these local cultivars are found, emphasis is placed
on increasing the yield of these cultivars which can appreciable withstand drought
and also yield on infertile lands. Since this type of crop plant has been
cultivated over the years it is adapted to local conditions and is therefore
acceptable to the farmers.
This task of improving upon the local millet was begun in 1960 through
the collection of ecotypes, followed by trials which enable each country to
identify the best ecotypes. The classical method of selection (bulk pedigree and
recurrent) is then applied to the chosen ecotype. As a result a certain number
of improved local varieties well adapted to the environment are retained. It is
through this procedure that the following varieties of millet came to be
proposed for extension: P3 Kolo and Heini-Kire (HK) in Niger, Souna 3 in Senegal,
M9 and M12 in Mali.
On the subject of improving upon millet therefore the major objectives to
be underlined in the research work must be :
1.

Breeding

a) Genetic collection, appraisal and amelioration of the local varieties
so as to obtain varieties resistant to pests and diseases, having a good grain
quality and which can withstand the striga.
b) Creation of new varieties adapted to the different agro-climatic
zones being dealt with.
2. Agronomy
Improving upon farming techniques so as to obtain a substantial increase
in grains production. The timing of sowing can for instance have a considerable
effect on performance in farming and on incidence of diseases and insects. The
application of fertilizer helps a lot in improving upon millet production. In
fact despite the excellent capacity of millet to pump some ~ element into the
low quality soil, it reacts very positively to adequate application of fertilizer.
A deficiency in nitrogen would often constitute a limiting factor to output of
grains. It has been observed that output increases when cultivation is affected
immediately after a legume. This is certainly due to the increase in the quantity
of nitrogen contained in the soil. A part from the increase in yield, nitrogen
fertilizer could help increase the protein content of the grains.
3. Protection
a) An appraisal and a study of the biology, behaviour and ecology of
major insect and pathogenic agents that attack millet.
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b) Research on integrated techniques for the control of major pests.
c) Discovery of varieties that are
(non preference, antibiosis, tolerance).

r~sistant

to diseases and insects

The following are the two major alternatives for the selection of plants
that are resistant to disease or insects.
- There are cases whereby the selection for resistance to diseases or
insects influences the other aspects of amelioration (yields or other agrarian
qualities): in certain area for example the head borer (Raghuva) and the blister
beetles have constituted limiting factors to the successful cultivation of millet.
- Studies on resistance could be one of the aspects of the amelioration
programme.
More of ten the diseases or insects only constitute one of the limitations
to either reaping high level of output or good quality products or at times both.
This is the prevailing situation everywhere and this is exactly why great
importance is attached to diseases, insects, drought and other factors depending
on the ecology of the area where millet is cultivated. As a result, an amelioration
programme must of necessity be launched. The programme must endeavour to include
several varieties which must be examined to ascertain their resistance to
diseases and insects. In course of the research could be transferred to varieties
of high potentiality by using the classical method of selection. This transference
could be more or less easily affected depending on the number of genes. It is
very obvious that the breeder or the entomologist all alone would encounter
difficulties in ascertaining all the characteristics pertaining to the plant and
the pests. This is due to the complexity of the life cycle of insects and
pathogenic agents, their behaviour and their physiology. A research of this like
could only be well effected by a research team. A breeder, an agronomist,
a pathologist or an entomologist must of necessity be included in such a team.
For a better understanding of the mechanism of resistance a physiologist and
a biochemist must be associated with the team.
5.

CONCLUSION

Beside the already choronic deficit in cereals, the Sahelian peasants
have very limited human and financial resources.
For purposes of obtaining a satisfactory production of millet, an
adequate balance in the essential element must be maintained: variety, adequate
fertilization, good planting density efficient use of water and finally, control
of diseases and insects.
In effect, any strategy which does not aim bringing in ~oncert, all the
researchers working on the same crop (millet, sorghum, cowpea, etc) does not
stand a good chance of evolving a crop plant with a better yield than that of
the peasant's cultivar.
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THE PEST PROBLEMS ON PEARL MILLET
IN THE SAHEL

1.

INTRODUCTION

Pearl millet (Pennisetum americanum L.) is the major food crop in the
West African Sahelian region where it has been cultivated since time immemorial.
It has already been realized for quite a long time that this plant was
heavily attacked in this area by all sorts of pest: granivorous birds, insects,
pathogenic fungi, weeds. The most notable among these pests are insects already
reported by Risbec (1950) and Appert (1957) as well as granivorous birds.
In December, 1976, FAO organized a governmental consultative meeting
on plant protection requirements in the Sahel. At this meeting, all the delegates
from Sahelian countries declared that "many pests of minor economic importance in
the past have gained a status of major pests in recent years, particularly after
the period of droughts followed by normal rainfalls and partly due to intensified
and diversified agriculture and the practice of off-season farming"
(FAO report, 1976).
The consequences of these diverse modifications were manifested by the
invasion of locusts in 1975 and of rats in 1976 in many countries. The aggravation
of the problem of granivorous birds is still existing. The FAO meeting generally
approved the principle that in matters of maintaining, and improving crop
productivity, plant protection should be considered as an important discipline
comparable to such fields as plant improvement and pedology.
The Sahelian zone in Africa, already facing a problem of climatic
instability is also being tormented by all the common cereal pests. In such
a study, it would be difficult to enumerate all these problems as they affect
pearl millet. Emphas~s will however be laid, in turn, on birds, insect pests,
pathogenic fungi and weeds.
The biology, the ecology and the means for controlling major pests will
all be disc~ssed here. However, for purposes of developing a coherent system
for controlling the totality of pear millet pests, it will still be necessary
to intensify a certain number of studies discussed here. The present document
is therefore a simple introduction to a discussion on the future of millet pest
control in the Sahel.
2.

GRANIVOROUS BIRDS

At present, damages caused by granivorous birds in the Senegal River Valley
area, the Niger River Valley and the Lake (}.aj Bassin are well knarm. For several years
already, the OCLALAV (Organisation Commune de Lutte Anti-acridienne et de Lutte
Antiaviaire) has been working to reduce these damages. Many projects have also
been initiated in this line, the latest being the joint UNDP/FAO project for
assistance to the OCLALAV (Annex 02 of CILSS Plant Protection programme).
Among a large number of species the Quelea Black-faced Dioch (Quelea quelea)
has undoubtedly been identified as being mostly noted both for the damages it
causes and in view of its geographical distribution in the area. Also notable
are the Red-headed Quelea (Quelea erythrops), the Village Weaver (Ploceus
cucullatus), the Golden Sparrow (Passer luteus), the Bishop Birds (Euplectes
afer and E. franciscanus), mention must also be made of parrakeets and parrots,
particularly the bong-tailled Parrakeet (Psittacula krameri), and the Black-faced
Tree-Duck (Dendrocygna viduata).
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Damages caused by birds are often significant as the species are mainly
polyphagous. The Quelea project terminated in 1979 gave the following data on
percentage yield losses for purposes of guidance :
- sorg)1un gru.om 00 residual soil moisture after main crop season: 20 % losses
mainly caused by Quelea and 10 % by Morning Dover (Streptopelia decipiens) and
the Blue-eared glossy-starling (Lamprotornis chalybaeus).
winter wheat: 30 % losses due to P. cucullatus
- rice, sorghum, millet: 10 - 15 % losses due to P. cucullatus
- pearl millet: 75 % losses due to Euplectes and P. cucullatus
rice: 1 - 30 % losses due to Quelea, Ploceus, Euplectes
- irrigated sorghum: 23 % losses due to P. cucullatus and P. capitalis
These figures give credence to the notion that granivorous are the most
dangerous pest of cereals cultivated in the Sahel particularly in areas recently
developed in river basins. All the disturbances caused in these areas really
enhanced the development of bird population (water, sufficient food).
Modern control methods are not really efficient for controlling these
new pests and traditional watch keeping requires a large number of labour
(4 persons a day per hectare during grain formation and maturation).
This demonstrates the importance that must be attached to this question
in the endeavour to develop a general integrated control system, in view of areas
where these birds abound in their numbers and which will be the centre for the
future development of cereal production in the Sahel.
3.

INSECT

PESTS

3.1. Current situation of pest
3.1.1. Geographical distribution
In West Africa, the Sahelian region covers eight countries (Cape Verde,
Senegal,The Goobia,Mali, Burkina, Niger, Chad). The mean annual rainfall varies
between 200 and 600 mm.
The
mentioned
abundance
rainfall,
3.1.2.

same pests have been identified with pearl millet in all the auovecountries but their distribution varies with the rainfall and the
of crops; Sesamia for example attacks late millet in areas with high
whereas Acigona is mostly found in relatively dry areas.

Economic importance

The economic importance of millet pests is not well krloNn. Sb.!dies carried rut
in Nigeria and Senegal show that stem borers (Harris, 1962; Bonzi, 1977;
Ndoye, 1977), the midge (Coutin and Harris, 1968) and Millet Head Borer (Bos, 1983),
are quite important since almost 100 % losses have been recorded. Considerable
damages caused by blister beetles were recently noted in Mauritania, TheGoobia run
Mali, but no precise evaluation has yet been made.
3.1.3.

Pest complex

Ndoye (1979a) analyzed the current situation of millet pests in the Sahel.
It will however be necessary now to lay emphasis on areas where damages seem
to be most constant and those where considerable changes have been noted in
recent years (Gahukar, 1983a; Magema, 1984; Maiga, 1984; Dakouo et aI, 1984).
3.1.3.1. Seedling pests
Millet, often sown dry, germinates after the first rains. The seedlings
can immediately be attacked by several depredators. Resowings become necessary
due to early attacks by millipedes (Peridontopyge spp.)
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Scapidepus marginatus in the grasshoppers group cut, the shoots at the stem base.
Up to 5 - 6 weeks after emergence millet is attacked by shoot flies (Deeming, 1971).
Among these, Atherigona soccata is the most frequent, found particularly on late
sowings. Larvae cut the heart cross-wise and the central leaves become yellowish
and dry up. In cases of late attack, the plant shoots out non productive tillers.
The leaf beetles (Lema planifrons, Chaetocnema tibialis, etc.) reproduce on the
leaves and feed on the epidermis and the parenchyma thus leaving some whitish
spots on the leaves. Damages caused are increased by the drought, the leaves dry
off and the plant dies.
3.1.3.2.

Foliage pests

Millet leaves are devored during vegetative and reproductive plant stages
by lepidoptera pests whose attack is often sporadic. First generation larvae of
Spodoptera exigua, S. exempta, S. littoralis and Amsacta moloneyi attack millet
just after plant emergence and causes considerable damages in specific localities
(Ndoye, 1978). Gre.g arious larva~ move in bands and may attack millet at the
vegetative plant stage. Larvae of Mythimna loreyi are voracious feeders and are
found often in terminal leaf whorls but their numbers are always low. These larvae
are abundant in August (Doumbia et aI, 1984).
Grasshoppers attack millet and other graminaceous plants (Launois, 1978).
Considerable damages by Oedaleus senegalensis, o. nigeriensis, Hieroglyphus
daganensis, Chrotogonus spp have been recently reported from Mauritania (Magema,
1984) and Niger (Maiga, 1984).
When droughts are prolonged, aphids (Rhopalosiphum maidis) become an
important pest. Due to its parthonogenetic reproduction about 40 generations of
the species may develop in a year. The larvae and adults suck the sap of leaf
whorls, leaves and milky grains and thus the timing of the plant development
is affected. Some plant bugs such as Aspavia armigera, Callidea spp, Nezara
viridula, Diploxis sp suck the sap of young leaves but bug incidence remains low.
In Burkina, leaf yellowing of matured plants is often caused by the larvae of
spittle bugs Poophilus costalis (Bonzi, 1981).
3.1.3.3. Stem borers
About 10 borers species attack millet from one and a half months up to
the harvesting period (Gahukar, 1984). Among these borers, Acigona ignefusalis
and Sesamia calamistis are the most notable. Acigona is abundant on early millet
varieties and Sesamia on late varieties. The biology and ecology of African borers
have been studied by Ingram (1958), Harris (1962) and Usua (1968). These borers
are polyphagous. Acigona larvae feed on whorl leaves and penetrate the midribs.
They then bore the stem just above a node and feed on the stem pit.
These damages result in withering of the central leaves (dead heart). As a
result the plant produces excessive tillers which remain sterile. Sesamia larvae
directly penetrate the stem. Plant lodging, peduncle damages, etc. can reduce yield.
Acigona can complete 2 - 3 generations in a cropping season since the adults
emerge approximately one month after the first rains. The larvae undergo diapause
in the stem during the dry season. The stalks left in fields after harvest together
with the stubbles and the stalks used for fencing, harbour these larvae and serve
as a source of infestation (Gahukar, 1983b). Seasonal incidence of borers depends
on many factors such as moth population, growth stage of millet, climatic
conditions, etc. Considerable damages caused to traditional varieties have been
reported from Mali (Doumbia et aI, 1984), Burkina (Bonzi, 1977), Senegal (Ndoye,
1977) and Niger (Maiga, 1984; ICRISAT, 1984). In general, the borers are active
between August and September. However, Sesamia larvae are often found even in
November (Doumbia et aI, 1984) since these do not undergo diapause and reproduce
on secondary hostplants throughout the year.

3.1.3.4. Earhead pests
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Several different types of insects attack millet just at the beginning
of flowering until grain harvest. Insect feeding directly reduces grain yields.
Five species of grain midges (Geromyia penniseti, Contarinia sorghi,
Lasioptera sp, Lestodiplosis sp , Stenodiplosis sp) have been reported from West
Africa (Coutin and Harris, 1968), but G. penniseti is the most abundant and is
widely distributed in the Sahel. Doumbia et al (1984) found few secondary host
plants of G. ?enniseti in Mali viz Echinochloa stagnina, E. colonum, Pennisetum
pedicellatum, P. asperifolium and Setaria pallidefusca. Damages caused by larvae
which attack the ovary and no grain is formed. The glumes of attacked flowers
remain flat. Pest incidence is high on late varieties when varieties of different
maturity cycle are planted together or side by side in the same region. There
is thus a large variation in incidence. In a normal season, midges become abundant
and active in September (Doumbia et aI, 1984). Larvae enter in diapause and then
in quiescence at the end of the cropping seaso~. The biological cycle takes two
weeks in the cropping season and the pest can complete 4 - 5 generations.
Deeming (1979) noted that a fly pest, Dicraeus pennisetivora which attacks
maturing grains in Burkina, Senegal and Nigeria. Early attack of this fly is
reflected in complete withering of ovary whereas late attack causes some lesions
on formed grains.
The Millet Head Borers have gained a status of major pest after the drought
of 1972-74. This pest complex consists of about 10 species belonging to the genus
Raghuva, Masalia and Adisura (Vercambre, 1978; Laporte, 1977; Ndoye, 1979b).
Among these the dominant and most farmful species in Senegal is R. albipunctella
(Ndoye, 1979b; Bhatnagar, 1984) which seems to be also abundant in other Sahelian
countries. Young larvae make perforations in glumes and feed on the inner part of
flowers. Their presence can be detected by the deposition of whitish faeces in
tiny and granulated forms. Old larvae cut floral peduncles thereby preventing
grain formation or making the grains fall in characteristic spiral traces. Pest
biology has been studied by Vercambre (1978) and Guevremont (1982, 1983). In
general, the extend of damage largely depends upon the coincidence between adult
flights and the period when head emergence of millet begins (Ndoyes, 1979). It also
depends upon larval population densities and the reaction of plant to pest and
damage. Pest is generally active in August and September (Ndoye, 1979a; Doumbia
et aI, 1984; Maiga, 1984; Gahukar, 1984; Guevremont, 1981, 1983; Bhatnagar, 1983).
At the end of the cropping season, old larvae descend to plant base and pupate
in the soil. Pupae undergo diapause and remain inactive. Moths emerge roughly one
month after the first rains for a single generation in a YGdr.
On clay soils the pupae can be found in the superficial part of the soil
(5-15 cm deep) whereas on sandy soils they are abundantly found 15-30 cm deep.
Other lepidoptera pests are Heliothis armigera, Eublema gayneri, Pyroderces
spp., Celama spp, which feed on developing grains and sometimes cut them in bits.
At present, these insects are occasional pests and are of minor importance. Their
incidence is however intensified by the compactness of the head which facilitates
larval settlement and probably reduces parasitism.
About 10 species of blister beetles are known as millet pests in the Sahel.
Recently, the following species were abundantly found on fields in The Gambia
Mali and Mauritania (Magema, 1984; Doumbia et aI, 1984; Zethner and Oliver, 1984):
Psalydolytta fusca, P. vestita, P. flavicornis, Cyaneolytta spp, Mylabris holocericea
M. pallipes.
However the distribution of these species is not yet well understood. Yield
losses may be considerable if pest population is high at the flowering time of
local varieties. The adults feed on the pollens and female flowers, consequently
affecting grain formation and sterilizing the ear head . The peak population period
varies with the locality and the year but it is mostly in September (Doumbia et
aI, 1984). Damages of scarabeid beetles (Pachnoda spp, Anomala senegalensis,
Rhinyptia reflexa and R. infuscata) and other species have been found at times on
raturing grains.
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About ten bug species suck into the milky grains and make the grains shrinkle
with chalk~sh
blackish spots. In the present cooditioos, Agnonoscelis versicolor,
A. pubenscens, Diploxys spp and Spilosthetus spp, have been noted to "be abundant.
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Earwigs (Forficula senegalensis) cause reddish streaks on leaves which leads
to a yellowing. They also prey on flowers and milky grains. These insects settle
in the last leaf sheath.
3.2. Control of millet insect pests
3.2.1. Cultural practices
. End of cycle ploughing : deep ploughing can reduce the population of
diapausing Raghuva pupae because they become exposed to dessication and predation
(Vercambre, 1978). In practice this technique is nowhere applied by farmers inspite
of its agronomic benefits.
Planting dates: concerning Raghuva and the gro~p of Head Borers in general,
changes in planting dates proved to be effective in avoiding pest attack
(Ndoye, 1979c). For example, late planted crops are less attacked by tha Millet
Head Borer (Anonymous, 1977; ICRISAT, 1984; Zethner and Oliver, 1984). However if
delayed planting causes spaced sowing it creates favourable conditions for grain
midges and stemborers (Gahukar, 1983a).
Utilization of fire: burning of wood during night-time around millet fields
reduces blister beetle attacks on earhead (Magema, 1984). This traditional method
is well known to Sahelian farmers.
Destruction of crop residues: collection and destruction of stalks after
harvest is always considered as a mean for reducing diapausing Acigona larvae.
It however raises a problem because farmers use millet stalks for fencing.
3.2.2. Variety resistance
Researches conducted in the region indicated a measure of millet tolerance
to Raghuva attacks by varieties namely : Souna, 3/4 HK-78, ICMS-7819, IBV-8004,
H24-38, Nigerian composite, HKB-Tif, CIVT, HKP, Zongo, Nieluva, Boudouma, IBMV8302, INMGI-1, INMG-52, ITMU-5001, Sadore, Torini, Haini Kirei (Gahukar, lS83a,
1984; ICRISAT, 1981; 1984; Guevremont, 1982, 1983, Maig~ 1984). Resistance is
expressed by the non preference of females in egg laying, antibiosis effect and
yield recompensation. Similarly, long cycle varieties like Sanio in Senegal and
NKK in Mali (Gahukar, 1983a; Doumbia et aI, 1983) are less attacked since millet
heading does not coincide with the peak period of moth flights (Pseudo-resistance).
Various factors associated with the earhead have been studied in relation to the
extend of damage. However the compactness of flowers peduncles (Vercambre, 1978;
Guevremont, 1983; Gahukar, 1984).
The varieties INMB-106, INMB-218, INMB-155 were found to be tolerant to
Acigona in Niger (ICRISAT, 1984). The Zongo variety produces some secretion in
the larval dwelling galleries (Ndoye, 1977) and the antibiosis affect the larvae.
In Mali, Doumbia et al (1984) found no role played by the bristle characteristics of the earhead (form, length, orientation, stiffness) and flower position
inside the glumes when it comes to flower beetle attacks.
3.2.3. Chemical control
During floweting, one or two applications of endosulfan at a dose of
525-700 g a.i./ha (Vercambre, 1978), clordimeform at 750 g a.i. (Anonymous, 1977),
Decis ULV (Dimethoate + Deltamethrine) at 4 litres/ha (Gahukar, 1984) or
trichlorfon (Dipterex + SI 8514) 1 kg a.i/ha (Guevremont, 1982) were effective
against Head Borers. Moreover, appli~ations made at the beginning of heading were
more effective than applications made at the beginning of flowering or of grain
maturation. However, it should be stressed that insecticides are not always
economical and that earhead treatment raises problems due to plant height and
the risk of plant lodging.
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Midge infestation has been reduced by applying fenitrothion which was
dangerous for the plant (phytotoxicity) and the parasites; therefore, phosalone
was recommended (Coutin, 1970).
Decis applied at 50 g a.i./ha was more effective than endosu1fan (125-500 g)
in reducing flower beetle population in Mali (Doumbia et aI, 1984).
3.2.4. Natural enemies
Risbec (1950) listed natural enemies (predators, parasites and pathogens)
among most of the millet insect pests. Recently, about 20 auxiliary insects
attacking Raghuva at various stages have been identified (Vercambre, 1978;
Ndoye, 1980; Gahukar, 1981; Guevremont, 1982, 1983; Bhatnagar, 1983, 1984). Of
these, Bracon hebetor (Braconidae), Litomastix sp (Encyrtidae) and Cardiochiles spp
(Chalcidae) seem to be most important since the level of parasitism may reach
a rate of 48 % for eggs, 95 % for larvae and 2 % for pupae (Guevremont, 1983;
Bhatnagar, 1984). Unfortunately they are only significantly active at the end
of the cropping season particularly during droughty years.
Acigona larvae and pupae are attacked by 6 parasites (Syzeuctus sp, Goniozus
procerae, Chasmias sp, Euchalcidia soudanensis, Pediobius furvus, Sturmiopis
parasitica) and a fungus (Metarrhizium anisopliae) (Risbec, 1950; Ndoye, 1977;
Gahukar, 1981). The ichneumonid parasite, Syzeuctus sp, is a major parasite in
Senegal and Nigeria where it has reduced the larval population by up to 30 %
(Harris, 1962; Bhatnagar, 1984). Among six parasites present in the Sahel
Tetrastichus spp (Eulophidae) is the most important (85 % of the total parasite
population) at the end of cropping season, attacking the larvae and pupae of
Geromyia (Coutin and Harris, 1968).
4.

MILLET DISEASES IN THE SAHEL

Generally, millet diseases are widely distributed throughout the West
African Sahelian region. Their relative importance however varies considerably
from one region to another and from year to year.
4.1.

Major millet diseases

- Undoubtedly Downy mildew (Sclerospora graminicola) is frequently
identified as the most dangerous agent. Annual yield losses are in the order of
6-10 % (King, 1970; Selvaraj, 1977; Harris, 1982). This disease is endemic in the
Sahel. Primary infection is due to oospore which remain in the soil. But the
disease is propagated by secondary infections through attacks on other plants
by sporangia produced in large numbers during night time and carried by the wind.
High humidity conditions during seedling stage enhances the development of the
disease on leaves.
The presence of large numbers of sporangia in the atmosphere and at the
seedling stage is a necessary condition for the development of an epidemic.
However, day temperature above 33-35°C is fatal to sporangia and reduces infection.
Thus, in certain areas of the Sahelian region where these conditions are fulfilled,
there are little chances to observe the epidemic form. But it may be noted that
a high infestation of soil with oospores is favourable condition for this disease.
Some cultural practices seem to influence the pathology of this disease.
While early sowings favour the plant, mild doses of fertilizer application
enhances the disease. Several methods of control have been recommended for this
disease, but it is firmly established now that variety resistance is the only
acceptable and permanent control measure. However, variation in pathogen
virulence should be taken into account to accomplish durable resistance (Selvaraj,
1977). Harris (1962) had already recommended the collection and burning of
diseased plants and stalks followed by crop rotation . This practice could
reduce primary inoculum.
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Seed treatment with metalaxyl only gave partial protection to young plants
(Selvaraj, 1978; CILSS, 1984; Mbaye, 1984). This chemical was found to be
cancerigenous and its future in this respect is very bleak.
- Smut (Tolyposporium peniciliariae). This disease is important especially
during years in which cloudy weather and high atmospheric humidity are prevalent
at flowering time. Fungus spores can directly attpck flower stigma in the same
season before pollination and if fallen on the ground serves as inoculum for
coming year£. There is no direct means for controlling this disease because the
spores are wind-borne infecting the stigma. Diseased heads should be harvested
separately and destroyed. This will reduce inoculum. Seed treatment with TMTD
destroys the spores on grain surface and reduces seed infection. But the sporidies
produced by spores hibernating in the soil serve as primary inoculum. The most
effective control method is variety resistance.
.
- Ergot (Claviceps microcephala). This disease appears sporadically in
West Africa and is present in endemic form (Girard, 1974; Selvaraj, 1980).
Disease incidence is limited to humid regions where most of the local varieties
are tolerant (Selvaraj, 1977).
Ergot poses a very serious problem in millet producing countries in Asia
(Shinde and Binde, 1958). Even a slight attack by ergot must have a close
attention due to its toxicity to mammals. Primary infection is by sclerotia
carried by grains from one season to another. Secondary infection is by conidia
disseminated by insects, ants and rain drops. When there are attacks, yield
is reduced by a transformation of spikelets into a compact mass of sclerotia
seed formation is inhibited in the unattacked spikelets due to the secretion of
honeydew.
- Diseases transmitted by seeds and soil. The problems of millet disease
dispersal is sporadic. However, many pathogens transmitted by seeds or spread
through soil contact can destroy the seed sown. This problem may be serious in
wet soils if seeds used are of poor quality, because these seeds produce weak
seedlings and plants which are unproductive. The major pathogens isolated from
grain are: Fusarium, Rhyzopus, Phoma, Aspergillus, Pythium. Seed treatment
with TMTD showed some effectiveness.
- Leaf diseases. Several diseases are often observed: zonate leaf spot
(Gleocercospora sp) Cercospora leaf spots, leaf blast (Pyricularia), leaf blight
(Helminthosporium). But their effects seem to be of little significance. Cases
of bacterial attacks by Pseudomonas sp and Xanthomonas sp 8S well as symptoms of
anthracnose and rust has been reported.
4.2.

Diseases control strategies

- Genetic control : resistant varieties. In the breeding programs, crop
improvement through varietal resistance to diseases has always been a controversial
subject. The existence of stable and durable resistance is often opposed to the
objective of crop productivity. In reality, this is wrong because since millet
originates from West Africa, genetic resources o~ resistance to major diseases
are still available. Genetic combinations relating to a high level of horizontal
resistance can be associated with productivity criteria, through recurrent
selection techniques.
- Seed treatment with chemicals
Different results obtained show that treatment with metalaxyl only
offers a partial protection against millet diseases (Selvaraj, 1977; Williams,
1983; CILSS, 1983). This is due to following facts:

- strong doses exceeding 1.5 g a.i.!ha are toxic to plants
- mild doses below 0.5 g a.i./ha are not effective
- millet plant has many tillers.
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However, these treatments should not be totally excluded from integrated
control.
- Cultural practices
Removal of diseased plants, and destruction of infected tissues help in
reducing the quantity of inoculum and consequently reduce the pace of epidemic
development. In the case of mildew, this method also, helps in destroying sources of
oospore, which ensures the conservation of pathogens in the soil from year to year.
_

Destruction of crop residus

This technique helps in destroying the inoculum existing at the end of crop
season and of which a large part can be preserved. However, these crop residues
are used for animal feeding and many spores can remain viable after their passage
in animal intestine. The animals movements help to propagate the disease. ~
- Planting dates.
In northern Nigeria, very early sowings enable millet to escape attacks
by diseases but this is not true for Sahelian regions where rain distribution is
random and irregular with planting dates varying every year.
- Sowing density and manure application
High population densities and appropriate manure applications increase
the mildew incidence (Selvaraj, 1977; Odion, 1980) which is associated with,
intensified agriculture.
4.3.

Conclusions and recommendations

Millet mildew deserves special attention due to its importance. The
following is a set of recommendations :
5.

selection of ecotypes having a correct horizontal resistance
utilization of selected seeds
seed treatment with metalaxyl at a rate of 1 g a.i./kg of seeds
destruction of diseased plants
crop rotation.

MILLET WEEDS

In general, millet compete well with weeds as compared to other cereals
(Terry, 1983). In traditional systems or under-developed agriculture, millet is
the crop that requires the least proportion of time for weeding : 20-30 % of total
time (from planting till harvest) as against 31 % for maize and 42 ~ for rainfed
rice. However, weeds are considered as one of the major constraints to agricultural intensification and yield lossess of 25 % have been reported by Cramer (1967).
This problem is so much pronounced when climate is favourable for their
development and/or farming implements are insufficient. This is the case
particularly in Eastern Senegal and Casamance regions, The Gambia and in other
countries.
Generally the weed flora is made up of those commonly associated with
rainfed crops. Major weeds are annual graminaceous plants having an early
development cycle. Notable among them are: Digitaria ciliaris, Cenchrus
biflorus, Dactyloctenium aegystium, Digitaria longiflora, Eragrostis tremula,
Pennisetum pedicellatum, P. polys tachyon , Paspalum scrobiculatum, Digitaria
horizontalis. Among dicotyledons and legumes, and weeds of Rubiacae fa~ily,
(Mitracarpus villosus, Spermacoce stachydea, Oldenlandia corymbosa, O. herbacea)
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are the most common. In the Sudano Sahelian zone, other species as Commelina
forskalei and Cyperus rotundus are sometimes very serious weeds in millet crops.
There is certainly, the special case of witchweed parasite species particularly
Striga hermonthica which locally causes considerable damages especially on lands
that are continuously farmed.
The estimation of yield losses caused by weedsin spite of figures provided
above, is not easy for a single species or a group of species due to the
multiple interactions between other pests. Losses vary according to weed
composition, the level of soil fertility, the general environment. and the crop
itself. It is however certain that a high weed population in the field brings
forth yield losses.
5.1.

Striga hermonthica - a case.study

Striga spp is an imposing parasite that attacks host plants by hooking
its roots to those of the hostplant with the help of a specific organ called
the haustorium. It then sucks the nutrients of the hostplant thus weakening
the plant. During the 1984 international seminar on witchweeds in Dakar (Ayensu
et aI, 1984), it was stated that this group of weeds could cause yield losses
of 60-70 % in Mali, Burkina, Niger, Chad, Nigeria, Cameroon, Sudan and Ethiopia.
There are reports form The Gambia, Senegal and Mauritania of ocnsiderable but
unspecified damages caused. It was mentioned however, that the low level
of general damages observed in The Gambia and Senegal could be due to a real
antagonistic effect of groundnut which is regularly rotated with cereals.
Striga hermonthica which has been attacking millet throughout the Sahel
is well known to farmers for its damages. Several methods have been recommended
for its control:
- cultural methods
- land management and occupation
- post-harvest treatment.
All these methods are mostly general, traditional or modern weed control
methods.
5.2.

Mill~t

weed control

- Mechanical weeding
This method is commonly used in the major millet growing areas in
Senegal where there are possibilities of mechanized weeding using animal traction.
Drilled sowings (90 cm between and within lines) allows hoeing and weeding
operation and significantly reduces the time for manual working.
In the peripheral regions, Eastern Senegal and Casamance where animal
traction is not developed, manual weeding is the major if not the only control
method. This method demands more labour hours and protection is less effective
because weeding is frequently delayed and the number of weeding insufficient.
The same problem exists in many other countries especiallyThe~ia~iger and Mali.
- Chemical weeding
The use of herbicides is not economical in traditional cultivation due
to the low productivity of varieties and local methods. However, ever since
researchers started proposing less competitive new varieties accompanied with
new techniques (closer planting, mineral manuring, etc) researches in Senegal
on chemicals for millet farm weeding has been justified since 1972-1973. A
number of herbicides have been tried. Among them, only the combination of
propazine + atrazine at a dose of 1 kg + 1 kg a.i./ha applied after sowing but
before plant emergence, helped to obtain a satisfactory weeding. This method
is recommended for extension on condition that users be given sufficient
guidance and that intensification remain high.
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- Cultural practices
These methods are good for soil management by following correct rotations
which proved to be unfavourable to weed development. It is now confirmed that
frequent rotations cereals/groundnut are not favourable for witchweeds.
If end of cycle ploughing can be carried out before seed settling of weeds,
then it can be a method for reducing weed population.
Herbicide treatment at the end of rainy season can only be recommended for
very fertile soils and highly yielding crops.
- Traditional methods
These methods are well developed. The most common method is the burning
of crop residues and weeds at the end of the dry season.
It is often advisable not to use this method due to its non selective
nature. Uprooting of witchweeds before seed formation has been often suggested.
Manual weeding with local tools (hoe, hand rake, etc) is commonly employed
everywhere in West Africa.
5.3. Conclusion
Research on methods for controlling millet weeds is justified by the :
- important role played by weed control with regards to the intensification
and augmentation of crop productivity,
- extension of new varieties and techniques of intensive agriculture.
Nevertheless, this program should be clearly geared towards integrated pest
management. Research on appropriate control methods should be based on sufficient
knowledge of weeds and different constraints related with weeds.
The studies will cover :
- the flora: weed botany and ecology,
- evaluaticn of weed incidence on crop productivity,
- adaptation of agronomic practices to weed control,
- experimentation on herbicides,
- comparison of mechanical and chemical methods in order to define the most
efficient procedures technically and economically.
6.

DIFFICULTIES OF MILLET PEST CONTROL IN THE SAHEL

The concept of integrated pest management (IPM) was developed in USA and
Europe for an advanced agriculture characterised by large consumption, particularly
the use of pesticides.
This type of agriculture already had a long tradition and was firmly
supported with researches and investigations. All the related phytosanitary
problems also became well known one time or the other.
This agriculture was maintained by farmers who were perfectly integrated
in market economy and who were imbued with the knowledge of risks. It was highly
productive and corresponded already with some characteristics of a classical
economy. Obviously, Smith and Reynolds (1966) only had this type of agriculture
in mind when they gave their definition of IPM which has, since then, developed
from the control concept to that of managed control.
As already mentioned millet is still a major food crop in the Sahel. When
cultivating millet, farmers firstly consider their personal survival and the
survival of their families. Grain marketing is hardly existing. In reality, there
is no well-structured local cereal market in any of the Sahelian countries.
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Millet is a typical Sahelian crop, meaning that it is grown in a marginal
agricultural zone where forecasting is only feasible after harvest. From the
phytosanitary point of view, we still have to determine the status of main pests
whose stability and regularity are nowhere near those of the codling moth in French
orchards. Moreover, in spite of numerous references, geographical distribution is
very often not well defined and sometimes, the specific determinations or variations
of ecotypes in different biotopes are controversial subjects.
If we are to fuse up all the appropriate control methods, taking into
consideration the environment and population dynamics of pest, in order to
maintain pest population below economic limits, implementation of IPM should
be reviewed in the context of Saheli~l traditional agriculture. It its therefore
necessary to ask ourselves the following questions on the practicability of
methods as suggested by Geiger (1982).
1. What is to be accomplished in the fermer systems of production
2. What would be the limitations (biological, technical, socio-economic,
etc) in the conduct of IPM operations.
The results obtained by different national components of IPM projects in
Sahelian countries would be used in preparing a first control strategy. But
there are various types of difficulties in the development and implementation
of this approach. Intensive research on economic threshold, the biology and the
ecology of major pests is required. Priority should also be given" for res~arch
until such a time that farmers can themselves apply the results. Participation
of all persons involved with development is necessary for our success.
With regard to millet therefore, emphasis must basically be laid on the
combination of variety resistance with biological control. Farmers will not have
to intervene much in this ideal combination. Other additional techniques such as
incorporation or burning of stalk or an end of cycle ploughing, would be useful
depending on the target pest. Chemical control cannot be totally discarded but
there is the need for a judicious choice of target pests and pesticides.
Irrespective of the situation, pearl millet a basic food crop in" the Sahel,
is going to be cultivated. However a multidisciplinary approach to phytosanitary
problems which can be perfectly integrated into cropping systems, may offer a
lasting solution which will ensure a real profit that cannot be measured in
economic terms but rather in terms of a stabilised production or yield. This
would be a decisive and positive step for the Sahelian farmer.
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It was readily apparent that our knowledge of each pest and its control
is too lilited to formulate a management strategy so we concentrated primarily
on recommendations for future research that would yield both short term and long
term results.
1.

Raghuva

1.1. Biological control
Research to date has been primarily descriptive in nature - identification
of the parasite complex, its biology, and levels of effectiveness. Very little
work has been done in the area of parasite enhancement which is the only
strategy that can be taken to maximize the use of these natural enemies. Since
most parasites of Raghuva have an impact on the host population only late in
the season, we need to broaden our knowledge of the carryover populations and
begin now to investigate ways to enhance early season buildup. Furth~L"more, since
different species and different levels of parasitism have been reported throughout
the Sahel, translocation of local parasites to areas of low parasite occurrence
should be considered as another way to enhance biological control.
Finally, many participants felt that basic ecological studies of Raghuva
on its wild host plant may give insight to its parasite complex and why it is
now a millet pest.
1.2. Host plant resistance
The group emphasized that partial resistance can play an important role
in integrated control of Raghuva, we recommend that future research work
concentrate on the development of phenological and morphological mechanisms of
partial resistance rather than the development of high levels of antibiosis
which takes a greater investment of time and restricts the available germplasm.
Phenological mechanisms identified as having potential included short season
varieties to avoid Raghuva both emergence and varieties with shorter peri0ds
of development from head emergence to flowering to minimize susceptibility.
Morphological mechanisms showing promise include head compactness to restrict
movement of larvae.
1.3. Cultural practices
Several practices were recommended but none have been researched or
demonstrated enough to warrant incorporated into a management strategy for
Raghuva. Those suggested were (1) deep plowing during the dry season to expose
diapausing pupae, (2) alternative crop associations/rotations to enhance parasite
effectiveness, (3) manipulation of the planting date to avoid the pest, and (4)
burning localized surface areas after harvest to kill pupae. The general consensus
was that all these practices can help suppress Raghuva but are difficult to
implement under current farming conditions due to their labor-intensiveness,
possible conflicts with weed management practices, and socio-economical
constraints. We recommend that these cultural practices should be re-evaluated
and if effective integrated into a management strategy in the long term.
1.4. Chemical control
Numerous trials have demonstrated Raghuva control with 1-2 applications
right after head emergence. However, we recommend that more research is needed
to determine the cost e.ffectiveness, timing strategy, and operational feasibility
of using insecticides against Raghuva.
We also suggest that the adverse effects of insecticides on non target
organisms should be evaluated, particularly the Raghuva parasites and Striga
feeding insects that reduce seed production.
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1.5.

Socio-economic aspects of Raghuva control

Our group more or less agreed that the major obstacle in developing millet
pest management strategies is the current marketing system land perhaps food aid)
which does not encourage increased production, price incentives, and the possibility
of sale. Thus many farmers are not concerned about maximizing yields per hectare as
long as they produce enough food for their families. These same farmers may resist
any new technology that requires an investment of time or money to control Raghuva.
The solution to this problem is perhaps beyond our control ; thus, we must develop
and properly demonstrate, at least for the short-term, practical management
strategies that do not alter significantly the normas practices of millet
production.
1.6. Long term management strategy
We propose that the most likely management strategy to work in the long term
is a combination of enhanced biological control and host plant resistance. Chemical
control and certain cultural practices may fit into this scheme but need further
development and t e:;ting and morp time for socio-economical changes to occur.
2.

Stem borers

2.1. Chemical ; ontrol
Numerous insecticide trials on research farms in the Sahel have shown
efficacy for control but lack the cost/benefit analysis and yield response data
needed to make a bound recommendation for use by farmers. Generally, chemical
control was not considered to be a justifiable measure against stem borers even
though it is more operationally feasible than the chemical control of Raghuva.
Spot treatment may be feasible in certain cases and preventative treatments of
carbofuran applied to young seedlings may be considered in certain high risk areas
but there was much concern about the potential toxicity hazards of this chemicals.
2.2. Host plant resistance
Tests conducted in several Sahelian countries show varieties with high levels
of tolerance. Partial levels of tolerance was recognized by the group as a better
goal for plant breeders than high levels of antibiosis. The use of varieties tolerant
to stem borer damage is the most promising control measure at this time.
2.3.

Cultural practices

Several practices were recommended for incorporation into an overall
management strategy. Destruction of stalk residue has long been known as an
effective measure against diapausing larvae but this practice is not acceptable
in most villages because the stalks are used for construction and fodder. Partial
burning of stalks to heat kill larvae is practiced on other crops and it was
recommended that research be conducted to evaluate this practice and its acceptance
by the farmers. Removal of deadhearted plants to aid in the suppression of the
second generation was offered as a possible control measure. But there was no
clearcut indication of how successful this approach would be given thei following
constraints: (1) labor intensive, (2) infested plants are not always visible,
(3) larvae can pupate before the plants are pulled, and (4) need for a~ea-wide
implementation.
2.4.

Biological control

Indigenous parasites are not efficient enough to control stem borer
populations so the group recommended that research should undertaken to import
exotic species into the mi"llet agro-system. There are many potential parasites
effective on related stem borers in other crops.
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2.5.

Proposed management strategy

The proposed strategy for the long term is the identification of tolerant
varieties that are agronomically acceptable to the farmers coupled with the
importation of exotic parasites. A short-term solution may be some way to
partially burn stalks without rendering them useless for other purposes.
3.

Other pests

Leaf
sporadic
the need
they are

beetles, armyworms and other defoliators were recognized as minor pests,
in nature, and usually associated with drought. The group recommended
to maintain surveillance and damage loss assessments of these pests but
not important enough to warrant a full scale research program.

Blister beetles represent a complex and unclear pest problem which is serious
in only certain countries of the Sahel. Farmers use various traditional methods
of control which seem to work on some species but not on others. Right now the
only effective control strategy is corrective insecticide treatment in heavy
infested fields.
Continued research should be geared towards the identification, biology
population dynamics and crop less assessments of the most important species and
as well as towards their alternate host plants.
Furthermore, current traditional methods should be evaluated and improved
where applicable.

*
*

*

REPORT OF THE WORKING GROUP ON MILLET PATHOLOGY
INTRODUCTION
The Friday morning session on December 7, was devoted to the identification
and ranking of problems.
The consensus was general in ranking the problems according to their
importance as follows: 1 0 the mildiew, 2 0 the smut, 3 0 the ergot, the leaf blast,
the bacterial-streak, and seedling mortality were considered as secondary problems.
On the afternoon session, the discussion was carried on the previously
mentioned diseases.
For the main problems, the discussion deal ted with the following points
1) Control methods
a) Genetic resistance
b) Chemical seed treatment
c) Cultural methods
2) Field loss assessment.
- Establishing a methodology
- Application of this methodology by the different National Components.
The previously mentioned points were discussed starting by mildiew,
followed by the smut , and ended by the diseases of secondary importance (ergot,
leaf blast, bacterial streak and seedling mortality).
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DOWNY MILDIEW
1.

Control

1.1.

Resistant varieties

Some screening techniques were established and used by the National
Components.
Some progress was realized in the field of identifying the mildiewresistant varieties in some CILSS countries : resistance sources to mildiew
were identified in the Sahel ian countries, namely Burkina and Senegal.
It was known that the research activities for identifying and creating
resistant varieties should be pursuit in strong collaboration between pathologists
and plant breeders. It is also necessary to study the mechanism of resistancehereditability.
The pluridisciplinar approach should be reinforced. In addition, jn order
to make a fast progress in the field of disease-resistance, the agricultural
research institutions of different CILSS's country-members must also work in
collaboration among themselves and with the regional and international organisations
working in the Sahel or elsewhere.
1.2.

Seed treatment

The control activities using the seed desinfection technique did not permit
a clear identification of the products able to reduce mildiew incidence and
increase yield. The research should be pursuit to
1) gain knowledge on the advantage of seed treatment on diseases like the
mildiew
2) identify the effective systematic products.
1.3.

Cultural methods

Among the different cultural techniques (sowing date, burning plant
residues, etc). Only the uprooting and burning of infected plants was considered
by the Working Group as a technique that could be included in an integrated
management program. Due to the absence of research results on that subject, it
was suggested that research must be conducted in that field and the farmers should
be aware of this operation of uprooting the infected plants.
2.

Yield loss assessment

It is an important field that merits a particular attention. The establishing
ofamethodology is .in progress on the regional level. Until the establishment of
the methods, it was suggested that all National Components conduct some studies
on loss assessment in the farmer fields.
Should a seed arise, the National Components could request or calIon
consultants provided by the project.
3.

Biology and epidemiology

The Working Group has deeply regret the lack of information concerning the
biology and epidemiology of millet mildiew in the Sahel. Subsequently, some
studies must be conducted on certain aspects of epidemiology, in particular the
production of oospores, spore-cases, and also the ways of the spreading of the
disease.
SMUT
It was the opinion of the Working Group that the scheme used to control mildiew
has
little to add to be applied on smut, but the research must concentrate
solely on resistant varieties, because the seed treatment and cultural techniques
are not applicable for smut.
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DISEASES OF SECONDARY IMPORTANCE
For the secondary diseases (ergot, leaf blast, bacterial-streak, and
seedling mortalities), it was suggested to follow their evolution in the different
countries concerned.
Finaly, the Working Group has noted the importance of training s aheli an
phytopathologists.

*
*

*

REPORT OF THE WORKING GROUP ON THE WEED PROBLEMS OF PEARL MILLET

1. Statements
1. Weed control management and good crop establishment are essential to
fully exploit other inputs such as good seed, fertilizer, insect control, etc •••
2. Weed management practices should not further weaken the existing fragile
agro-ecosystem.
3. Recommendations should be such that they can be adopted by the "small
farmer", but not necessarily be an additional input for him.
eg change from broadcasting to banding of fertilizer providing ample weeding
can be done withing the row.
2.

General weeds

2.1. Land preparation and sowing
A need exists to reduce and simplify the amount of work the farmer has
to do to quickly establish the crop. The recommendations are
1°

the minimum amount of soil movement consistent with good millet production.
eg strip cultivation rather than whole area cultivation.

2° "Jab planters" should be exploited to speed up the manual sowing and reduce
weed problems.
2.2.

Post planting weed control
The recommendations are
1° very early efficient weed control of intra-row or withing the hills strip
is recommended. Inter-row weeding may be delayed to maximize efficiency
of labour.
ie. concentration of weeding efforts chose to crop by manual and
herbicides where competition from weeds are most damaging during crop
establishment.
2° maximization of animal power for inter-row weeding, where it is possible.

2.3. Intercropping
The use of intercropping is endorsed as a contribution to weed control
provided other weeding operations can be carried out.
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2.4.

Herbicides

Minimal use of herbicides should be examined to facilitate millet production.
Agro-chemical companies should be encouraged to develop such materials before
extensive work is undertaken by the project.
3.

Shibra

Shibra, the semi-wild form of millet, is recognized as a problem but because
of its localized nature (in Niger) it should be tackled on a national rather than
a Regional basis.
4.

Striga

Striga is a major problem within the project area and as yet without an
efficient short term means of economic control.
Striga was agreed
meeting in Bamako.

to be a priority area of work at the IPM Project

4.1. Survey and loss assessment
Recommend a minimum of deliberate effort to survey Striga and evaluate
crop loss.
The exploitation of other work, such as fertilizer use programmes, to obtain
this information is suggested.
4.2. Varieties
Resistant millet lines are available for limited field testing. These
experiments must be encouraged.
4.3. Fertility
We recognize the value of fertilizer (organic and mineral) as an important
means of Striga control when applied over a number of years.
4.4.

Culture and hygiene

The pulling of Striga has given a significant reduction in Striga plant
numbers and crop yield increments in the succeeding year. This has been known
for many years but is not adopted by farmers.
It is recommended that :
1. the socio-economist investigates the reason for none practice of pulling.
2. the establishment of long term demonstration plots to show the value
of pulling.
4.5. Rotation
In millet growing areas little scope exists for rotation other than fallow.
This will be considered when discussing sorghum.

*
*
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REPORT ON THE INTEGRATED CONCLUSIONS OF THE WORKING GROUPS ON PEARL MILLET

The Working Groups on plant pathology, weed science and entomology convened
separately to discuss the current state of knowledge within their areas of
expertize and to formulate recommendations for the future development of work on
pearl millet in the IPM Project. These recommendations and comments are given
in the separate reports of each Working Group.
A combined meeting of all three Working Groups considered these reports
and proposed that a summary report should be prepared to integrate the recommendations and to identify firm proposals that could be considered to develop pilot
action projects.
Following the main meetings, discussions continued between the Chairmen,
Moderators and Rapporteurs of the Working Groups, together with the Regional
Director and the FAO Principal Technical Adviser.
It was agreed that a multidisciplinary, cooperative international apprcach
is essential, both in assessing and developing requirements for further
information and research inputs and in deciding national and local priorities,
and it was also agreed that some positive recommendations can be made at this
stage for consideration in pilot project planning. These are marked with an
asterisk (*)in the following summary, which also indicates where further
information and research are required.
1. Cultural controls
1.1. Land preparation
* Soil disturbance should be kept to a minimum to discourage weed germ i nation
and to limit mineraljzation and erosion.

1.2. Weeding and fertilizer application
* Early weeding and application of buried fertilizer should be done at the
same time and should be concentrated within rows. Inter-row weeding should be
done later.
1.3. Crop sanitation
* Plants affected by downy mildiew in the vegetative phase should be uprooted
to limit spread of the disease.
The possibilities of reducing shibra by clean seed prcduction on
experimental farms and/or through prevention by farmers of seed contamination
with shibra should be considered.
1.4.

Striga control
* Striga plants should be uprooted and burned at the early flowering
stage to prevent seed production .

1.5.

Crop residues management

* Residues should be left in the fields if possible to create a beneficial
microclimate for establishment of the new crop ; otherwise residues should be
fed to animals whenever possible. Stems required for fences and roofs should
be partially burned.
1.6. Crop rotation and inter-cropping
Further research is needed before recommendations can be made.
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2.

Traditional control methods

Methods of trapping and hand collection to reduce blister beetle attacks
should be investigated.
3.

Chemical controls

3.1. Seed treatments

The possible use of economical, systemic treatments to control downy
mildiew should be investigated further.
3.2. Insecticide

control of Raghuva

Further research should investigate the possibilities and assess the
operational constraints of forecasting and application to the maturing crop and
should monitor possible enhancement or reduction of Striga seed production through
interactions with pollinating or phytophagous insects and possible interactions with
natural enemies of Raghuva.
3.3.

Herbicides
Further research is necessary.

4.

Plant breeding

Research should concentrated on the identification and development of
resistance/tolerance to downy mildiew, smut, ergot, Raghuva, Acigona and Striga
wi th exact priori ties left to the discretion of research workers, taking into
consideration
1 0 the economic importance of the pest,

2 0 facilities of transfering resistance factors,
3 0 possibilities of using alternative methods.
5.

Biological control

Possibilities for biocontrol of Raghuva, Acigona and Striga should be
considered.
6.

Crop loss assessment and surveys

Information for most major insect pests, diseases and weeds is still
insufficient.
7.

Biology/epidemiology
Information is still 1nsufficient in most cases.
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SORGHUM CROPPING SYSTEM IN THE SAHEL

INTRODUCTION
Sorghum is an annually cultivated gramineae. In the Sahelian countries
there are two sorghum cropping patterns :
- one during the rainy season (rainfed sorghum)
- the other one in fall period (residual moisture sorghum) is far less
important than rainfed cropping and can be observed in the Senegal Valley and
Niger Valley (region of the lakes and the Bend of Niger River) as well as around
some lakes in the Sahelian zone, notably in Chad.
Local sorghums are more general~y suitable to loamy clay and sandy clay
soils and only a small group is grown on sandhill soils. Most sorghum lands in
Mali and Senegal are tropical ferruginous soils with a low nitrogen and phosphorus
content.
Sorghum is one of the basic food products for the local popula~ions. The
main types of sorghum found in the sub-region are the Guineense, Durra and
Caudatum races.
1. ORIGIN AND GEOGRAPHICAL DISTRIBUTION
The widest range of cultivated and wild sorghum species is found within
the north-eastern dial of Africa. Dogget considers that wild species were used
in domesticating sorghum in Ethiopia 5000 years ago. Then it spread very early
through Sudan, Mali and the Niger Upper Valley to West Africa. Sorghum was
similarly introduced to East Africa from where it reached Central Africa, India
and China. The plant was introduced in the United States of America by the
middle of the 19th Century.
1.1.

Classification
Sorghum bicolor Moench (X = 5) 2n = 20
Tribe : Andropogoneae ; Genus : Sorghum ; Subgenus : Eu Sorghum.

Two approaches may be adopted, in classifying cultivated sorghums. They
may be considered as originating from one species, Sorghum bicolo~ or several
distinct types may be identified among them. Snoden examined 3 000 specimens
of cultivated sorghums, and divided them into 31 species, 157 varieties and
574 lines. Such a classification is based on the characteristics of spikelet
inflorescence and of plant morphology.
Harlan simplified Snoden's classification by only considering grain
characteristics and panicle form. Thus, for the cultivated species he distinguished
5 races or major types resulting from the combination of two of them : Guinea
race, Durra race, Caudatum race, Kafir race. The Guinea sorghum forms constitute
the main variety of sorghum grown in the Sahel.
2.

MORPHOLOGICAL ASPECTS

The axillary buds commonly appear at the base of each internode under
the angle formed by the leaf and the internode of the buds that grow on a root
or an internode. There are also adjacent buds. The axillary and adjacent bud~
springing up at the base of the stem, develop into tillers or rhizomes. A tiller
is a generally erected aerial basal stem, which usually originates from an
axill ary bud. We are not particularly interested in the case of the rhizome.
The number of tillers varies according to the climate, the variety and plan t ing
density. Basal tillers must be distinguished from axillary tillers.
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The height and diameter of the stem are respectively 0.4 to 4m and 0.5
to 5cm. The height of the stem is determined by the number and the lenght of the
internodes which compose it.
The colour is gl'een but may be masked by a profuse bloom. On the young
internodes of most varieties and on old internodes of some varieties. This bloom
concentrates in the upper part of the internode and forms a bloom strip.
The leaves are arranged in different ways. They may be concentrated at
the base or uniformly distributed in other cases. The leaves grow at different
angles of the stem. ranging from vertical to horizontal. They may be up to 1m
long and 10 to 15cm wide. The number of the leaves widely varies from one variety
to the other; There are 14 to 17 leaves in well adapted varietiesand 30 or more
leaves in ill adapted varieties.
Two genetic characteristics of the leaves are noteworthy:
- bloom on the leaf. There may be on the leaves. either a deep profuse
bloom or a light deposition of bloom or the leaf is bloomless. Blooming is
controlled by ·jominant homozigous alleles and bloomlessness results from r~cessive
homozigous alleles (bml bml andbm2 bm2). Three independant recessive genes
determine the lightness of bloom deposit (hlhl. h2h2 and h3h3). Bloomless varieties
bml bml or bm2 bm2 proved to be tolerant to the greenbug (Schizaphis graminum)
a pest that does not exist in the Sahel.
- the characteristics referred to as "Glossy" and "Glossyness". respectively symbolized by gl and GI denote the adhesion and non adhesion of water on
the leaves. Sorghum varieties with glossy character proved to be less favourable
to the egg-laying of the shoot fly (Atherigona soccata).
- the inflorescence is a ramose panicle of variable size (4 to 25 cm long
or more, 2 to 20 cm wide or more). It is either compact or loose.
The raceme always consists of one or several spikelets. One of them is
always sessile and the other one pedicellate except the terminal sessile spikelet
which always goes with pedicellate spikelets. Pedicellate spikelets are sterile.
Therefore Contarinia sorghicola, a midge species infesting these spikelets is
economically insignificant but should not be mistaken for Contarinia sorghicola,
which attacks fertile spikelets.
The glumes are hard and rough and cover the seed more or less firmly.
The seminal tegument, called "testa", directly located at the periphery
may be heavily pigmented. This feature may be associated with a resistance to
granivorous birds.
The flower is a hermaphrodite and sorghum is primarily an autogamous plant
with a rate of allogamy ranging from 2 to 35 % (average rate = 6 %).
flowering begins from 0 to 3 days after panicle emergence. It starts from
the apex of the panicle and proceeds downwards within 4 to 7 days. The stigma is
receptive within the first two days after flowering. The anthesis generally
occurs very early in the morning as early as 2 o'clock. Cold and moisture delay
flowering. The viable pollens are dispersed by the calm weather until around
midday, but when it is windy, dissemination is immediate. Under favourable
conditions, fertilization lasts about 2 hours. The differentiation of the organs
occurs within the following 12 days.
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3.

THE IMPORTANCE OF THE CROP

Everywhere in the Sahel s~rghum and millet rank first in human diet.
In Burkina, sorghum covers 50 % of the cultivated land. In Senegal, sorghum
ranks second to millet. In Mali, both sorghum and millet rank first. It should
be noted that as one proceeds from North to South, drought tends to impede
sorghum cropping in favour of millet; but in some areas, the problem of meloids
and millet head borers (Raghuva albipunctella) make sorghum cultivat ion r e l atively
better nort~ardQ Sorghum is often preferred to millet from the point of view
of yield and also quality because it is suitable for a more diversified cooking.
Accordi.ng to Harlan's international classification, the various sorghum
races grown in the Sahel are
The Guinea race
This is the predominant race of sorghums ~ ltivated in West Africa from
Senegal to Chad. It includes the following spec i es: Sorghum gambicum, Sorghum
guineense and Sorghum margaritiferum.
S. margaritiferum : the panicle is very wide, with the secondary axis
largely diverging from the central axis. The grain is very vitreous,called
"Kende"; it is appreciated by farmers as a substitute for rice. The gaping
glumes reveal the grain and form an obtuse angle among them. The stem is 2 to
3 m high.
S. guineense : the stem may be up to 4 m high and often higher. The panicle
is generally dense, not compact, erect in the secondary axis and not drooping
at ear emergence. It is 25 to 40 cm long. The glumes form an acute angle. The
vitreousness of the grains is average.
S. gambicum : this species has an important vegetative growth and the
average height of the stem is 3 to 4 m and may be 5 m high. The panicle is loose
and slightly curved at maturity (30 to 50 cm long). The glumes form a 90° angle
among themselves and are adhesive at maturity.
The Durra race
This includes Sorghum cernum. The stem height ranges between 1 to 4 m.
The panicle is contracted with an ovoid, elongated or reversed (crooked) form.
The glumes are shorter than the grains. The grains are wider than they are long.
They are also floury.
3.1. Use of the grains
The seed is usedin human diet: "to", porridge, couscous, cakes , etc .••
Sorghum is also often used in brewing local beer and making sugar or
sugar syrups. It may also be used in making starch. Traditional shoemakers use
some varieties as adjuvants in leather dyes. Finally the panicles of Sorghum
bicolor are used in making brooms.
3.2 . Utilization of crop residue
Once the panicles are cut off from the stems, the stems may either be used
as cattle feed, as materials for hous~ -roofing and fence construction, as fuel
or may be left in the fields to help improve organic matter content of soils.
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4.

CULTURAL PRACTICES

4.1. Traditional cropping practices

Traditionally sorghum is grown on sandy loam soils and sandy clay soils.
Cropping is practiced on burnt surfaces and is manual, the only implement used
being the small hand hoe. Planting after the first rain is carried out on
disorderly hills. Demariage is rudimentary and there is no fertilization. Sorghum
is intercropped either with millet or with groundnuts. Earthing up is sometimes
practised.
4.2. The extended cultural practices

The following are the extended cultural techniques :
land clearing
tillage, cultivation or harrowing before planting
planting in hills and in rows, better still with a seed-drill.
an early ridging is often recommended.
in a rotation system, since sorghum fares poorly as a first crop
(allelopathy) the recommended first crop must be a grain legume or
a fertilized maize.
- sorghum is responsive to nitrogen and phosphorous manuring but at
a moderate rate, because at high rates traditional sorghums remain at
the vegetative stage for too long a time.

-

5.

VARIETY IMPROVEMENT

Sorghum improvement works mainly focused on bulk breeding carried out
on Guinea type of sorghums (according to Harlan). Among them is the Tiemarifing
which is still grown in Mali.
The outstanding results of the observat10n on collections made at
M'Pesoba in 1951 including american varieties, Benin varieties and local varieties,
be summarized as follow :
- poor adaptation of american dwarf varieties with regards to productivity
and grain quality (floury grain, bad preservation)
- precarious nature of production of very long cycle varieties, particularly
those originating from Benin which give satisfactory yields only in years
when rainfall is abundant and extends over several months.
- difficulty in obtaining plant materials which are better than the
populations grown on large areas.
Sorghum has been studied in Senegal and Mali since the fifties. Very good
breeding have been obtained within an important collection of local material or
introduction.
From 1982 IRAT took over sorghum improvement in the sub-region (Burkina,
Mali, Niger, Senegal). It included:
- A short term programme on local material improvement without resorting
to hybridization
- A long term programme aimed at obtainingahighly potential plant
material to be used in an advanced agriculture with land tillage and
fertilization. This programme largely relies on hybridization.
- the exploitation of heterosis
- composite programme (Burkina and Senegal).
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5.1.

Short term objectives

The objective here is to obtain very rapidly, results that can be directly
extended. S~nce a creation activity is excluded, the best possible use must be
made of existing material.
Local varieties or populations are quite suitable for this kind of studies.
Simple breeding methods are to be applied : breeding of ecotypes, bulk breeding.
All these .nethods have been widely used in all the countries and improved
varieties are still proposed for extension in Burkina (S29, Gnofin , Tisadi) and
in Mali (Tiemarifing, SH1D3, SH2D2, etc ••• ).
5.2.

Medium and long term objectives

Medium term : The objectives were to develop an improved material especially by
- a grain/straw ratio better than that of the tall guinea and obtained
through height reduction
- a higher productivity
- a larger grain with good vitreousness
This material was obtained by two means, namely:
- by foreign introductions
- by crossing local varieties with introduced varieties.
The best results were:
Niger
Burkina:
Senegal:
Mali

A4D48-2-3 (sorghum of the Durra type), L30.
IRAT S8, IRAT S7, CE90
CE90, CE67, CE99.
Many crossings were made and the descendants were chosen according to
the following breeding criteria:
-

high ratio of grain/straw, short, (maximum 3 m)
right panicle emergence
large to medium grains (1 000 grains weighing over 30 g)
the most vitreous grain, light, white or ivory in colour, without
any brown layer, resistance to molds.
- absence of anthracyanic pigments
The SB programme failed because of several defects in the descendants

namely
- breeding was aimed at panicles which were too compact whereas local
sorghums are known to have loose panicles in most cases.
- susceptibility to some leaf diseases. Since these sorghums are short,
all the leaves become dry before grain filling, particularly in
droughty periods, while local types are infested with leaf diseases
on the lower leaves.
- grain mould was enhanced by panicle compactness with the result
that among others, sprouting was without vigour
- da~ages caused by panicle insect
poor organoleptic characters of these lineages.
5.3.

New trends

By way of illustration, the trend for sorghum breeding in Mali will be
rapidly presented :
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1.
2.
3.

Inventory of information on local ecotypes
Identification of photoinsensitive ecotypes. Only five out of eight hundred
ecotypes proved to be fairly early, flowering 50 days after planting.
Study of the cytoplasmic nature of local varieties. It was found:
1 0 that local sorghums possess maintenance genes as well as sterility
restoration genes
2 0 that many crossess provided brown-coated grains which do not suit consumer
taste. This led to the development of a new breeding program based on :
1) the use of local cultivars which will make it possible, in the short term,
to disseminate improved local varieties.
2) population improvement according to a methodology which resorts to the
ms3 genetic male sterility strains. The criteria for breeding are partly
based on seed and panicle characteristics (vitreousness, grain density,
resistance to moulding). Another objectives is the acquisition of amalgamated photosensitive composites.
3) the use of heterosis thra.Igtl the developnent of inproved carposites which will be enhanced.
4) a,grqJtwsiological studies centred en photoperiodisn and dro..Ig)1t resistance.
5)

6.

technological studies on grains for an increased polishing of the breeding criteria
and for meeting processing technique and post-hruvest quality requi.rernP.nts.

GENERAL CONCLUSION

Sorghums present a very wide diversity in the Sahel, hence the great
difficulty encountered in breeding. Only local types are adapted to their ecological
zones. No introduction proved to be adapted to Sahelian conditions. Even introduction from one country to another have not yielded satisfactory results. But many
efforts have been made in this regard, among which the most recent are the trials
conducted by the Sahel Institute within the Millet, Sorghum, Maize and Cowpea
improvement Project.
The following results have been achieved at the regional level after
2 years of testing. With regards to the late cycle trial it appears that :
- for sites with rainfall ranging between 400 and 600 mm the varieties
rank as follow: L30 (2 400 kg/ha), 137-62 (2 280 kg/ha) S10 (2 280 kg/ha)
SS7731 (2 200 kg/ha), E35-1 (2 140 kg/ha), SST 722 (2 100 kg/ha), 7067 (2 100 kg/ha).
The early-cycle trial, indicates that:
- for 200 - 400 mm rainfall zones, SPV 35 performs better. This ranking
should however be moderated :
• under reasonable rainfall conditions, the varieties CE90 and CE145
perform clearly better than the control •
• under unfavourable rainfall conditions, CE151 and VS702 varieties are
better adapted.
- for rainfall zones ranging between 400 and 600 mm the varieties CE151,
CE145, SPV 35 and VS 702 may be chosen.
In Mali , _10 trend has been outlined to help determine the best adapted
variety. This suggests that the genetic base is not wide in these varieties.
Consequently local variety improvement through the population method seems
to be the best choice.
For rainfall zones lower than 400 mm short cycle varieties with compact
panicle could be suitable.
For rainfall zones higher than 400 mm it would be advisable to have medium
or long cycle varieties (the last leaves being non senescent) with loose or semi
loose panicles, aerated panicles with hard and vitreous grains.
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PEST PROBLEMS ON SORGHUM IN THE SAHEL

INTRODUCTION
In spite of the fact sorghum originates from Africa, our continent, from
the global point of view, ranges among the lowest producers of this cereal.
Sorghum constitutes the basic food item for millions of people in the West
African Sahelian region (Table 1).
One of the numerous causes of this low production is attack on the crop
by pests (mammals, birds, insects, diseases, weeds, etc) both on farms and in
granaries. The low humidity characteristic of the Sahelian climate and the
traditional method for cultivating sorghum do not favour any strong counteraction
of specific pests. Unfortunately within the last decade, insufficient and unfair
rainfall distribution have jointly created a new situation in our agro-ecosystem.
This new situation makes it necessary to give a greater and appropriate protection
to the crops and harvests under difficult and unpredictable conditions.
In order to plan how to'organize and successfully conduct the control of
sorghum pests, the need arises to make a review of known pests problems,
available control means and existing information.
ENTOMOLOGY
Over a hundred species of harmful insects have been recorded on sorghum
in the West African Sahelian region. The task of bringing, these insects and
natural enemies to the records was begun in 1950 by Risbec and then in 1957 by
Appert in Senegal and Mali. This was vursued in the 1970's by the other research
works. Since 1980, several up-dated or original documents have been published :
Ndoye (1977), Gahukar (1978, 1980, 1981) in Senegal; Doumbia (1980), Doumbia and
Bonzi (1983) in Mali; Bonzi (1981a, 1981b, 1982), Bonzi and Gahukar (1983),
Nwanze (1981), Dakouo (1981-1983) in Burkina; Samir (1984) in Niger; in
Mauritania (1982).
In the light of these works, we can assert that Atherigona soccata the
shoot fly and Contarinia sorghicola, the gall midge, are the two most specific
pests of sorghum.
Others of economic interest are polyphagus insects such as the ~atermillar
stem borers, foliage insects, panicle insects and insects of stored grains. A
list of the most common harmful insects is provided in Table 2.
1.
1.1.

PRESENT KNOWLEDGE OF MAJOR SORGHUM INSECT PESTS
Atherigona spp : sorghum shoot fly

In the Sahelian region several species of the Atherigona genus have been
identified as sorghum pests and the most important among them is the species
A. soccata (Rondani). This species has been under study since 1924 in Asia and
then in Africa and is well known at present. Adapted means for control are now
available (Young, 1980).
The Farako-Ba Agricultural Research Station in Burkina has identified
23 different species on sorghum fields (Bonzi, 1981; Bonzi and Gahukar, 1983).
Again, at the Sotuba Agricultural Research Station in Mali, 22 species have been
recorded and out of this number fourteen originate from the rearing of sorghum
dead hearts (Doumbia, 1981, 1982). In Senegal where studies have been conducted
in several localities, the dominant species may vary with the locality in
question (Gahukar, 1981) (Table 3)
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In order to capture the adult populations, the practice has been to rise
baits containing fish meal. Whereas the males have been clearly observed to dominate
in Senegal (ratio 7 males for 3 females), the ratio in Burkina is in favour of
the females (1 male for 4-5 females).
In Mali and some Senegalese localities another Diptera, Diopsis sp has been
observed to attack sorghum thus producing dead hearts similar to those of
Atherigona spp. Fluctuation of adult populations is well known in Burkina, Mali
and Senegal. The insect does not undergo diapause in the dry season.
1.1.1. Economic importance
Precise data on the economic effects of shoot flies on harvests is not
available. Besides, it is appropriate to specify that the damage caused by this
pest is not of much importance among farmers. Such damages may especially be
caused in the cases of late sowings, re-sowings, spaced sowings, off-season
farming and draw-down agriculture.
1.1.2. Control method
The best strategy for protection recommended for farmers is early and
grouped sowings. The seed must be given prior treatment to ensure a homogenous
emergence which rules out any re-sowings.
In particular instances, the use of powdered or granulated "carbofuran"
for treating seeds or seedlings gives about the best results.
Some local varieties resist the Atherigona to an appreciable degree. An
example is the improved CE 90 variety from Senegal (Gahukar, 1978).
1.2.

Contarinia sorghicola (Cog) : Sorghum Gall Midge

This tiny orange midge which causes the improper formation of sorghum
spikelets has recently been the subject of a synthesis report by Bonti, Doumbia
and Dakouo (1984). This document is a summary of various studies carried out in
West Africa by different researchers from the time of Harris in 1961 up to 1984.
Control methods which can be immediately applied by farmers have been recorded
and emphasized in the document. These are preventive farming methods which tend
to minimize pest populations at the sorghum flowering period. Some local resistant
or tolerant varieties do exist in several Sahel ian countries and may be used
when needed.
Chemical control is justified for protecting agronomic trials and seed
producing farms.
Some important issues concerning the relations, "pest-host" and "pestnatural enemies", remain to be clarified. It is only then that the best conditions
for a successful integration of existing measures for Sorghum Gall Midge control,
could be brought together in the Sahelian region.
1.3. Sorghum Stem Borers
These are lepidoptera of the Noctuidae and Pyralidae family and their
larvae bore sorghum stems. Depending on the circumstances, the symptoms and
effects of the attack are the following: dead hearts, breakages of the stem
or t,e panicle stem. The panicles may then be completely or partially deprived
of any grain content depending on the severity of the attack.
1.3.1. Economic importance
The sorghum stem borers rarely pose any serious threat to this crop in
the Sahelian contrary to the situation in the more humid Sudan region. However
late attacks of the last generations can break up the stems and the panicle stems.
This can lead to serious damages when there are strong winds.
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1.3.2.

The major species of stem borers

The major caterpillars that bore sorghum stems in the Sahelian region
are: Busseola fusca and Sesamia sp (Noctuidae), and occasionally Eldana saccharina
(Pyralidae) (Table 4a and 4b).
1.3.2.1. Busseola fusca Full.
Biology and damages caused
This pest has been well studied by Bowden (1956) and Harris (1961). The
immature larvae first attack the leaves of the whorl and feed on it during the
early stages. They then bore in it some characteristic symmetrical holes before
penetrating the stem. The duration of the cycle from egg to adult is between
5 and 6 weeks. Within the season, two to three successive generations can be
brought forth. The last larval generation undergoes diapause at the end of the
rainy season. Pupation and hatching ~f adults take place at the beginning of the
rainy season of the following year. This depredator particularly attacks sorghum
and maize.
1.3.2.2. Sesamia spp
The larvae of these highly polyphagous noctuidae attack cultivated
gramineae (sorghum, millet, maize, rice, wheat, etc) and wild gramineae in Africa.
Successive generations lodge on these different hosts throughout the year without
undergoing diapause. Species of the Sesamia genus are the major stem borers
observed to attack sorghum in off-season and draw-down farming. Several sp~cies
have been recorded in West Africa (Risbec, 1950 ; Appert, 1964) : Sesamia
calamistis Hmps., S. nonagroides Lef., S. botanephaga T and B., S. penniseti T
and B, S. poephaga T and B, S. cretica Led.
1.3.2.3. Other sorghum stem borers
Eldana saccharina Walker (Pyralidae).
The dark grey caterpillars with reddish brown silk, mainly attack sugar
cane and maize. The pupa of this exclusively African species is enclosed in a
silky cocoon.
Acigona ignefusalis Hmps (Pyralidae).
This principal borer of millet stems has also been detected on sorghum
(Harris, 1983) in certain Sahelian countries such as Mauritania and Senegal in 1981.
Chilo diffusilineus J. de Joanis (Pyralidae).
This pest is observed to attack sorghum, millet and maize in Burkina
(Bonzi, 1982) and Mali (Doumbia and Bonzi , 1982).
1.3.3.

Natural

enemies of sorghum stem borers

A detailed list of these enemies has been furnished by Gahukar (1981)
covering West Africa and by Gilstrap (1979). Activities of these natural enemies
are especially felt at the end of the rainy season.
1.3.3.1. Parasites. Several natural parasites (Hymenoptera and Diptera) are
commonly observed on different stem borers, namely
Apanteles sesamiae Cam. (Braconidae)
Pediobus furvus Gah.(Eulophidae)
Hypercalcidia sudanensis Stef. (Chalcididae)
Tetrastichus atriclavus Wts. (Eulophidae)
Sturmiopsis parasitica Curro (Tachinidae)
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1.3.3.2. Predators. These are different bugs, ants and beetles.
1.3.3.3. Entomopathogens. Bacteria, viruses, fungi and protozoa partly contribute

to the natural death of these caterpillars.
1.3.4. Control methods

Measures capable of limiting the populations of borers to an appreciable
and durable degree and that can be applied by the farmers are the following :
- appropriate timing of sowings (late sowings to be avoided) ;
- elimination of wild host plants (the genus Rottboelia, Hyparrhenia,
Pennisetum, Panicum, Echinocloa, ••• );
- partial burning of the stems (to kill the diapausing larvae, Adesiyun
and Ajayi, 1980).
Concerning variety resistanGe, breeders and entomologists are aware of
the need to develop local varieties that can resist or tolerate borers. Efforts
have already been deployed in this direction.
With regards to chemical control, its application in the Sahelian region
can only be appropriate in some special cases.
The choice of insecticide, its formulation and mode of application must
therefore be determined especially in accordance with the availability and
beneficial activities of all the natural enemies of the pests to be controlled.
2.

OTHER SORGHUM PESTS
Sorghum constitutes a major host for the following insect pests.

2.1. Poophilus costalis (Hom. Aphrophoridae)

The larv~~ and adults of this species feed on sorghum sap causing a
withering of the plant and a yellowing or blight which are attributed to toxins
transmitted through the saliva of the depredator (Bonzi, 1980).
2.2. Marasmia trapezalis (Lep. Pyralidae)
The caterpillar puts up its shelter by joining the two edges of the
sorghum leaf lamina. It sticks these edges together with the silk that is secreted.
It then feeds on the parenchyma of the upper part of the leaf.
2.3.

Aphids: (Melanaphis sacchari, Rhopalosiphum ma1dis).

These species which are abundant on the lower part of the leaves suck
the sap of the plant, thereby making the plant whither and dry up. The 940
variety (Hybrid 137-62 X Janjare) gives an appreciable measure of resistance to
Aphids in Burkina.
2.4.

Mythimna loreyi (Lep. Noctuidae)

This extremely voracious caterpillar attacks sorghum from the tillering to
the sprouting stage causing much characteristic damages : it largely attacks the
leaf lamina and its excreta are abundant and visib l e. In the daytime the caterpillars hide in the axil of the leaves and more particularly in the whorl.
Apart from M. loreyi, the effect of damages caused by the discussed pests
are particularly felt during the prolonged drought that intervenes in the course
of the rainy season.
2.5. Sorghum panicle insects
In addition to the already discussed gall midge, many other insect species
attack the sorghum panicle between the ear emergence and the maturity stage. This
has as consequence : a deformation of the grain, appearance of moulds and finally
a production of low quality grains.
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Several writers have already drawn attention to the damages caused by the
major species (Bowden, 1965 ; Nonveiller, 1969 ; Mac Farlane, 1984).
Studies are already underway aimed at ascertaining their importance and the
exact nature of their effects on sorghum production. These pests are generally
more abundant in the compact or semi-compact panicle than in the loose panicles of
the guineensia type (Nonveiller and Eckebil, 1970). The major species are:
Lepidoptera

Heliothis armigera, Eublema gayneri
Pyroderces simplex, Sitotroga cerealella

Heteroptera

Dysdercus v5lkeri, Agonoscelis pubescens,
the genus Lygus, Calidea, Riptortus, Mirperus,
Eurystilus, Campiloma, Cereontiades, Taylorilygus,

Coleoptera
In addition to the tiny panicle beetles and some Cetonidae,
Meloidae could also be harmful to the sorghum flower in certain Malian, Gambian,
Senegalese and Mauritanian localities. The most dangerous Meloids are species of
the PsalydolytlQ, Mylabris, Cylindrothorax, Decapotoma genus.
Anthocorids (Orius genus) and Spider constitute the main predator fauna of
sorghum panicle insects.
3.

VARIOUS POLYPHAGOUS PESTS

Several polyphagous pest contribute to the low production of sorghum and
other food crops. The following are some of such insects :
3.1.

The Lepidoptera: Laphygma exempta, L. exigua (army worms), Amsacta moloneyi.

3.2.

The Orthoptera
Migratory locusts : Schistocerca gregaria, Locusta migratoria migratorioids.

Grasshoppers : these were hardly known before 1974, but they have now been
the subject of a lot studies in the Sahelian countries (GERDAT/PRIFAS, OCLALAV,
OICMA, COPR, .•. ).
The major species are : Oedaleus senegal ens is , O. nigeriensis, Aiolopus
simulator, Krausela amabile, Cataloipus spp., Hyeroghyphys sp., Zonocer~s variegatu&
3.3. Isoptera (Termites)
Various termites species cause damage during and after harvest.
3.4. Granary insects
As soons as sorghum is ripe on the field and especi~lly after harvest in
course of storage, the grains are directly or indirectly damaged by many insect
species that feed on them. Most of the insects are cosmopolitans such as :

3.5.

Lepidoptera

Sitotroga cereallela, Corcyra cephalonica, Ephestia cautella

Coleoptera

Sitophilus oryzae, S. zeamais, Trogoderma granarium,
Tribolium spp.

Non insect pests

3.5.1. Mites
They are especially active on off-season farms irrigated by gravity. Some
of such species can attack stored grains.
3.5.2. Diplopodes (millipedes)
These arthropodes can severely attack sorghum right from the emergence.
Soil treatment or the preparation of poisonous baits have become necessary at times
in certain localities of Senegal (Rossion, 1976) and Burkina.
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3.5.3. Birds

In the view of Sahel ian farmers, birds constitute the major cereal pest.
They attack sorghum right from the milky grain stage until the harvesting period.
The most familiar species are : Quelea quelea, Ploceus spp, Passer luteus.
3.5.4.

Mammals

Among the harmful mammalian species are rats, mice, squirrels, monkeys,
wild pigs, etc.
CONCLU~ION

Especially within the last decade, the entomological fauna in the Sahelian
countries have certainly been abundant and active . If considered separately, then
each pest seems to be of moderate or low importance and losses caused by each
are also difficult to assess.
In the light of surveys conducted in the Sahelian region, and the present
situation of harmful sorghum insects, we can propose these immediate control
measures for the Sahelian farmers. The application of these cultural control
measures demands no material nor training. It is a fact that Sahelian farmers have
real and useful experiences in traditional method of plant protection. Such
experiences have been collected from the various countries and they must be put
to use and even improved when necessary.
On biological control, a valuable list of natural sorghum pest is available
(Gahukar, 1981 ; Gilstrap, 1979). Under the present conditions, the application
of biological control must initially be based on the preservation of useful fauna
and flora and must also enhance their beneficial actions.

In the medium term, collaborations within a multidisciplinary team
especially between breeders and entomologists, must be directed towards the
acquisition of varieties that present an appreciable degree of resistance to the
most harmful insects.
Every important issue relating to pests, must be considered in the light
of technical, economic, sociological and climatic data without which we cannot
meaningfully discuss integrated pest management. The proposed remedies must be
acceptable to the small farmer.
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Table 1.

SORGHUM PRODUCTION IN SOME SAHELIAN COUNTRIES (X 1000 T)

COUNTRIES

1973

Burkina

481

I

t

1974

1975

1976

1977

1978

1979

1910

70S

650

717

610

621

610

650

277

315

440

358

396

32

21

30

43

21

254

286

336

371

621

5S4

Ii

Jileuritanie

40

25
126

His er
Slntaal
(Soraho

+

mil)

Sources

795

511

Burkina : Rapport mission BM/FAO/ISNAR sur 1 Recherche Aaron. en
Haute Volta, 1983
Mali : Rapport d'Enqu@te ..ricole 1979 - 1980 - ~NA Fev. 1983.
Mauritanie: (estimation) IV Plan de Divel. Econ. et social Die. 1981
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Table 2.

LIST OF COMMON INSECT PESTS OF SORGHUM IN THE SAHEL

ATTACKED PARTS
SEE))

INSEcTS
Ants

OTHER
Birds (Pardridges, guinea
fowls, turtledoves)
Rats

SEEDLING

Ants

YOUNG PLANTS

Atheri60n

FOLIAGE

STEMS

Busseol
Sea8llli app.
Chilo diffusilineua

PANICLES

Lepidoptera

Heliothia armi, era
lubl~ aerneri
Pyroderce8 8p.
5itotroa8 cerealell

Coleoptera

Idai. terminata

Coleoptera Meloids

Psalydolytta !pp.
I!Ylabri8 8pp •
. ~ ylindrothorax app.
Decapotoma app.

Hemiptera

er8dercua vtilkeri
SpUo.theWs 8p.
Calidea paraethiopica

STORED GRAINS

ColeDptEU:a

51 tophilua app.
Rhyzoperta dominic.
TriboUum spp.

Lepidoptera

5itotro,a c realella
Corcyra cephalonica
Plodia interpunctella

Millipedes
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Table 30

SORGHUM SHOOT FLY SPECIES IN THE SAHEL

Ather.ilona albistyla Deeming
Atherilona ancora Deeming
Atherigona bimaculata Stein
Atherigona budongoana Van Emden
Atherigona freyi Van Emden
Atherigona hancocki Van Emden
A~herigona

humeralis Viedemann

Atherigona lineata Adams
Atherigona longifolia Van Emden
Atherigona marginifolia Van Emden
Atherigona mirabilis Deeming
Atherigona naqvii Steyiskal
Atherigona occidentalis Deeming
Atherigona pallidipleura Deeming
Atherigona pedunculata Van Emden
Atherigona ponti

Deeming

Atherigona rubricornis Stein
Atherigona soccata Rondani
Atherigona secrecauda Seguy
Atherigona samaruensis Deeming
Atherigona tomentigera Van Emden
Atherigona truncata Van Emden
Atherigona valida Adams
Acritochaeta orientalis Schiner
Diopis collaris
Diopsis !Eo
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Table 4a.

Percentage of the borer species in 100 attacked sorghum stems,
at Farako-Ba agricultural station (Burkina), at the end of the
rainy season (Bonzi, 1972).

STEM BORERS
Busseola 1'usca
Acilona ianefusalis
Chilo diffusilineus

3,1

Eldana saccharina

0,6

Total number of borers

Table 4b.

160

Percentage of the stem borer species on sorghum in three locations
in Burkina (Nwanze, 1981).

STEM-BORERS
Busseola fusca

KAMBOINSE

FARAKO SA

SAMARU

0

38,9

98,2

39,1

35,0

A. ignefusalis

9,0

0

0,5
0

E. saccharina

51,7

26,1

1,3

Sesamia sp

Number of dissected stems

1 000

950

520

J
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PHYTOPATHOLOGY
Plant diseases constitute a major constraint to sorghum production much like
the other farm pests. Their significance may not only vary with the climatic
conditions but also with the cultivar, the environment and the year.
Table 4 clearly shows that sorghum has been the subject of attacks by
several diseases out of which a few cause significant damage in the Sahe l ian region.
With the traditional system of production, smut diseasess are t he most
widespread and constitute the major cause of considerable losses i n t he Sahel.
Improved varieties are under heavy attack by grains moulds and black rot but
these do not attack the local varieties.
1.

SMUTS

Covered kernel smut is transmitted by the grains and could be controlled
by seed treatment. Soil moisture, at the sowing t Ome, increases infection. A
28 % hydrometry is the stipulated optimal for infection to take place. The
incidence is higher with acidic soils.
Long smut exists in dry regions and is slightly severe during droughty
years. The disease is transmitted through the air and the mode of infection from
the parasite to the host is not much known. It appears that about 50 % relative
humidity with a high temperature during the emergence of the panicle Wid flowering
paves the way for infection.
Head smut, quite significant though in certain countries is less widespread
compared with the other smuts. It infects sorghum grains in the soil at the time
of germination. The dryness and coolness of the soil at the sowing period
enhances the disease.
2.

FOLIAGE DISEASES

Several foliage diseasffihave been identified in the sorghum cultivation
areas. The local photosensitive varieties, cultivated over a long period by
farmers are tolerant and resistant to a number of these diseases. Poor pedologic
quality, poor sowing density and intercroppings are all factors that undermine the
development of foliage diseases on sorghum. On the other hand, a higher humidity
and strong doses of nitrogen offer favourable conditions for infection.
The two diseases Sooty Stripe and Grey spot are very widespread. However,
these diseases are more severe on the old leaves and probably they do not prevent
appropriate grain-filling so long as the last three foliages remain undamaged
until the end of the time when dry material is completely accumulated in the grains.
Leaf Blight is common in humid areas. Oval Leaf Spot, Rough Spot and
Zonate Leaf Spot are minor diseases.
The incidence of Anthracnose must be closely followed. In case of infection,
the plants completely defoliate and plant development ceases. The disease infects
the stalks and the peduncles. This prevents the filling up of the grains.
Bacterial Streak (Xanthomon~holcicol~ are prevalent in years of high
humidity during the seedling stage. The plant recovers in the subsequent stages.
The yellowish withering observed in the humid areas in West Africa is rarely
noticed. Viral diseases are not common even though symtoms similar to mosaic
diseases and viral streak have been observed.
3.

ROTS

Grains rots and seedling blights are caused by relatively weak pathogens.
They invade the grains and cause damage to the endosperm and embryo leading
consequently to a poor germination and emergence. Generally the Fusarium
constitutes the dominant fungus.
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-Root rot is more typical. I.t first attacks the cortical tissues and then
the vascular tissues of the roots. It is present in certain low land regions where
the soil is badly drained.
Stalk Rot caused by Fusarium is accompanied by damages
Pokkah boengortwisted top causes the distortion and improper
upper leaves. On the other hand, Head Blight (F. graminaerum)
after the synchroniz;ation of the period of heavy rains with a
humidity. The disease is transmitted through the grains.

caused to the root.
formation of the
develops actively
high atmospheric

Charcoal Rot does not pose any problem to the local plant. However when
foreign material is introduced or cropped with the improved variety so as ~o raise
the potential yield of the local plant then the foreign material is generally
subjected to attacks.
4.

GRAIN MOULDS

The short cycle sorghum has been introduced in the dry regions with the
aim of maintaining yield in years when rains cease early. However this adapted
sorghum goes mouldy when rains are heavy at the maturity period. Moulds may not
necessarily constitute a serious problem if the adapted sorghum is planted a bit
late so as to mature after the rains. If they have to be planted early to mature
during the rainy season, then resistance to moulds must be incorporated in the
adapted sorghum.
5.

STRATEGY FOR PROTECTION AGAINST DISEASES

Diseases inherent in the traditional system of production seem to maintain
themselves in harmony with the natural ecosystem apart from probably long smut and
covered smut, which cause damages. Consequently, the immediate preoccupation of
pest management is to protect traditional agriculture against major diseases in
such a way as to minimiz.e losses.
The method must be based on present experience about the diseases and
available eontrol methods that can be applied to the existing production system.
The measures must be quickly put into practice at a socially acceptable price. In
the case of covered smut, the available effective method at present is seed
treatment. Unfortunately nowever, no suitable techniques are available for
protecting sorghum against long smut.
The conventional objective of chemical treatment is to destroy pathogenic
organisms that attacks the grain and to protect the shoots against soil pathogens.
In the case of sorghum, appropriate protection against covered kernel smut and loose
kernel smut can be assured.
Seed treatment must not be specifically directed against any parasite in
spite of the fact that our major objective is to control covered smut. It must
be recommended as a continuous programme. Even in the absence of parasites transmitted by the grain, it is recommended that the treatment be applied in all the
localities.
The preparation of protective cover containing thiram and an insecticide
are much recommended in West Africa. Experimentations at research stations have
confirmed that the practice is effective and has been successful in protecting
the emergence and against loose smut and grain smuts (Selvaraj, 1978, 1980;
Mughogho, 1982). Similarly there has been protection against soil inseets such
as those that attack roots : white grubs, millipedes, tiny granivorous ants and
termites.
The results of evaluations carried out on farmers' fields indicate that
farms on which sowings were effected with treated seeds rarely had even 1 %
infection, while in the case where seeds were not treated infection were severe
ranging between 5 % and 40 % depending on the variety and wether conditions.
Furthermore seed treatment is very effective on soils where good quality seeds
have been used under unfavourable climatic and edaphic conditons.
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Preparations of systemic fungicides such
thiophanate are effective against such fungi as
Helminthosporium sp and Phoma sp transmitted by
Fusarium spp. In this case, the fungicides will
variety seeds.

as benomyl, carbendazim and methyl
Fusarium sp, Curvularia sp,
the grains and such soil fungi as
be useful for treating improved

Agricultural research in West Africa attemp~to improve yields by using
varieties with good farming techniques. Pest management is part of production
systems and must be developed, tested and included in production systems at the
various stages. As a result, high yielding varieties that can tolerate parasites,
form the pivot of integrated control. Very often this resistance may need not be
stable and durable.
It is unnecessary to propose for the extension among traditional farmers,
a variety of high yield with only a temporary resistance. This will lead to an
accumulation of pests which could also pose a threat to traditional varieties.
6.

CONCLUSION AND SUGGESTIONS

6.1.

Seed treatment

In the Sahelian region, a great deal of research works have been carried
out on the treatment of sorghum seeds with chemical products (CILSS/PLI 1983, 1984).
Unfortunately these works have mainly been conducted at agricultural research
stations, using experimental techniques. It has often been difficult to assess the
impact of the disease on crop yield and the impact of seed treatment on yield
increases.
In future the Pest Management Project must conduct a series of demonstration
trials to demonstrate the effects of seed treatment against covered smut and loose
smut. Remarks made on observations posts in 1983 and 1984 will guide us in choosing
the posts where the trials wil be conducted. Open trials on farmers' fields will
help us compare non-treated seeds with seeds treated on plots where the benefits
to be derived from seed treatment will be demonstrated. Similarly losses connected
with the traditional system of production can be assessed in the open field trials.
This chronology of trials can be used to demonstrate among farmers, the
importance of diseases as a limitation to production and the usefulness of seed
treatment.
6.2.

Resistance to diseases
The complexity of the problem posed by resistance to diseases emphazises
the major role that phytopathologists have to play just from the beginning to of
the breeding programme. They must as well continue to follow closely, the reaction
of new varieties to diseases on the farmers' fields. Breeders must avoid
introducing genetic materials which are sensitive to diseases.
A close collaboration among variety improvement experts in the Sahelian
region, is strongly recommended, in order to avoid introducing productive lines
which are of the same origin. This will ensure diversity and will also help to
avoid genetic vulnerability of varieties during the process of creation.
Varieties of high yield must be multilocally tested at the regional level.
General techniques for disease control such as seed quality, seed treatment,
destruction of infected harvest residue, etc, ••• must be applied. In this way,
improved varieties will give a higher yield in this system of integrated control.
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SIGNIFICANCE OF SORGHUM

Table 5

DISEAS~S

DISEASES

OBSERVATIONS

I
I

PANICLE DISEASES

Covered Kernel Smut (Sphacelotheca snoghi)I

The most widespread and recurring disease.

Long Smut (Tolyposporium ehrenbergii)

Significant in the semi-arid areas

Head Smut (Sphacelotheca reiliana)
Loose Smut (Sphacelotheca cruenta)
Grain moulds
LEAF DISEASES
Sooty Stripe (Ramulispora sorghi)
Grey Leaf Spot (Cercospora sorghii)
Anthracnose (Collectotrichum graminicola)
Leaf Blight (Helminthosporium turticum)
Rough Spot (Ascochyta

sorghi)

Zonate Leaf Spot (Gloocercospora

sorghi)

Oval Leaf Spot (Ramulispora sorghicola)
Downy Mildew (Peronosclerospora sorghi)
Rust (Puccinia purpurea)
ROT
Grain rots or seedling blights (several
organisms)
Head Blight (Pokkha boeng)
(Fusarium moniliforme)

I
I
I
I
I
I
I
I
I

but with insignificant economic
1mportance
Not common and with no economic importance.

~idespread

Affect the breeded early

Abundant but has negligible effect on yield.

I

I
I
I
I
I
I
I
I
I
I
I
I

II
I
I

Significant if the attack is made at the young
stage or in the peduncle at the maturity stage .
Limited to certain humid localities
No economic importance
Observed nowhere or not present.
Idem.
Frequently observed leading to improper
emergence
Not frequent, secondary infections due to
damage caused by stem borers

Stalk Blight (Fusarium sp)

Hardly affects local material ;

Charcoal rot (Macrophomina phaseoli)

introduced foreign material is however

BACTERIAL DISEASES
Bacterial Streak

(Xanthomon~holcicola)

Affect the seedlings in certain humid regions.
Old plant capable of recovering. Its presence
may at times not be detected.

VIRAL DISEASES

Present but not identified

NEMATODES

Present but significance unknow
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WEEDS SCIENCE
Weeds constitute one of the major limiting factors to sorghum production
in the Sahelian region. This crop is affected by over 30 weeds recorded throughout
the Sahel (see table 6). Among them is the witchweed, a. wi~espread parasitic plant
which is the most harmful.
The witchweed species parasitic on sorghum is Striga hermonthica
(Scrophulariaceae).
1. MEASURES USED 'f0 CONTROL SORGHUM WEEDS
Weeding is an indispendable practice if a satisfactory production is to be
obtained. However it constitutes a major obstacle to the farmers who are underequiped.
The control of some weeds on sorghum fields is not easy because infestation
by species with rhizomes and runners easily recommences and proceeds at a great
speed. The parasitism of witchweeds also raises similar control problems. Weed
control is conducted through different means depending on the farmer's mean~.
The extended formula recommends an early weeding from the 10th to the 15th day
after sowings. This must be followed by one or two weedings at intervals of 15 days.
However this proposal for weedings appeansto be difficult to follow owing to either
the lack of adequate equipments or the desire of facmers to increase the size of
their sorghum farms.
1.1.

Manual weeding (with the traditional hoe)

This traditional weeding practice which is the most tedious and the least
rapid, still serves as the most util ized in view of the vast stretches of land
involved. Depending on the type of soil and the toughness of the herbs to be
cleared,· manual weeding may take between 7 to 16 days per man per hectare of land.
This method of weeding requires a lot of labour inputs and this is why production
is so low.
1.2.

Mechanical weeding with the plough

This traction method is less widespread than manual weeding and is especially
practised on sorghum fields where a combined system of blocking plan and crop
rotation is used. Among the crop plants grown in this system are cash crops such
as cotton or groundnuts. It is a method of weeding which dominates in areas where
units are set up for the development of cotton or groundnuts growing.
This less tedious type of weeding which takes only 1 to 2 days to clear
one hectare of land, necessitates regularly spaced seed drillings. Since, this
traction weeding is generally only possible in between planted lines, it requires
an additional manual weeding on the planted lines to make it perfect. In Mali only
1/3 of agricultural farms are equipped with ploughs and multicultivators (150,000
ploughs and multi cultivators (DMA, 1981». Extension of animal traction is hindered
by the relatively high prices of materials, the availability and maintenance of
traction animals and the availability of spare parts.
1.3.

Chemical weeding

It is the most rapid method of weed control (3hour~ha) and the least
tedious. However, chemical weeding is less applied compared with the two alreadydiscussed methods for economic reasons (price of chemicals, low yield of local
varieties).
In Southern Mali "sorghoprim" is applied at a dose of 3 litres per hectare
of commercial product (CMDT, 19~0). In Senegal, in spite of the effectiveness
of the mixture alachlore (1500 to 200 g) + atrazine (500 g) of active material
per hectare, this mixture is rarely applied due to its cost (PLI Senegal, 1981).
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Generally, preference is given to the application of herbicides on more
remunerative cash crops than on dry cereal crops. By reducing the number of
weedings (from 3 times) to only one
to be carried out on the 35th or 40th day
after application, it offers the farmer a longer leisure period.
2.

STRIGA HERMONTHICA CONTROL

Witchweeds constitute a major obstacle to the development of sorghum
farming. Exhaustion of soils resulting from long periods of farming on the same
plots without sufficient manuring encourages witchweed infestations. Infestations
may also be encouraged by the absence of resistant sorghum varieties. The few
methods used by farmers to control this pest are still insufficient.
2.1.

Manual uprooting

This is a very tedious work when infestation is high. It comes in during
the final weeding when some of the witchweeds have flowered and others are still
in the process of emerging. It is very useful when carried out at the beginning
of farm infestations.
2.2.

Manuring

The farmers acknowledge the important role fertilization plays in reducing
the incidence of witchweed. However few of them are capable of applying the
required quantity of manure.
2.3.

Crop rotation

In some areas, crop rotation is almost nil; in areas where it is practised,
the cereal is cultivated once in two years, (that is in groun~~ut producing areas)
or twice in three years (cotton producing areas) or five years where there is a
quinquennial rotation comprising such crops as cotton, groundnut and cereals
(millet , sorghum , maize).
2.4.

Variety resistance

/

If the farmer remarks any serious infestation he generally abandons his
sorghum cultivar and goes in for those that are more tolerant. There are some
traditional varieties that can tolerate the witchweed e.g. the "Sequetana"
(with red and black glumes) and the red sorghum in Mali. In Burkina, the improved
variety CE 90 disseminated in Senegal has displayed a fairly good tolerance to
witchweeds (ICRISAT). However something must be done to better its low rate of
germination. The Framida variety which is so far the most resistant sorghum variety,
is currently being extended in Burkina (ICRISAT).
2.5.

Fallowing

This practise is rare and is often short-lived (2 years on the average)
even after several years of farming because of the lack of sufficient suitable
lands.
The limited efficiency of methods practised by farmers and the increasing
scope of the problem require satisfactory solutions so as to eradicate
witchweeds and to enable farmers increase production.
Detailed studies must be directed towards the most promiSing means.
Researches on the incidence of temperature, shade, natural witchweed enemies and
trap plants will certainly contribute in solving this complex witchweed problem.

125.

3.

CONCLUSION

Problems caused by sorghum weeds to Sahelian farmers are very alarming
even if their economic importance has not yet been well assessed. Witchweeds
feature strongly among the series of weeds that reduce sorghum production.
Integrated control techniques adapted to the Sahel ian region must be developed
to control this parasite.

GENERAL CONCLUSION
Within the last decade phytosanitary problems relating to food crops in the
Sahelian region has aroused increasing interests among researchers, farm extension
technicians and farmers.
Regrettably however, precise statistics to concretise this justified
interest are not forth coming. Studies underway to assess the losses caused by
farm pests must not only be encouraged. In addition, their multidisciplinary
aspects must be strenghened. Despite the present availability of a considerable
amount of basic data, covering the major phytosanitary problems, we are confronted
by certain fundamental biological or ecological issues which are still obscure and
which delay the development of better control methods.
Generally a proper sanitary care and protection for sorghum can be given
by farmers if they abide by the precautionary measures that have been proposed to
them: rightly timed grouped sowings, the use of good quality seeds, proper crop
maintenance, destruction of subsidary host-plants, possible destruction of
already infested plants, etc, ••• Seed treatment as protection against insects and
diseases ensures a good emergence, as a result of which the crops will be least
exposed to pest. With regards to varieties that are resistant to major sorghu~
pests, research teams must endeavour to develop these, wherever possible.
The conventional application of biological control to protect sorghum is
seen to be unjustified, under present conditions. On the other hand, measures
can and must be taken to preserve useful fauna and flora.
Finally the information given here, must· as a last resort, be integrated
to the socio-economic reality of the farmer. The farmer must himself enjoy a
minimum training and adequate information so that he becomes an agent who really
understands pest management and development.
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TABLE 6. LIST OF SOME RECORDED SORGHUM WEEDS

GRASSES

LEGUMES

C'iPERACEAE

Brachiaria spp.

Cassia occidentalis

eyp.ruB dlfformis

Cenchrus biflorus

Crotaria retusa

eyperus rotondus

Olloris pilosa

Indilofera spp.

eyperua iria

c,rnodon dactylon

Tephrosia bracteolata

eyperua alternifoliua

Dactyloctenium aegyptium

Tephrosia linearis

Fimbristylia squarrosa
Maricus aristatus

Dilitaria horizontaliB
Di&itaria velutina
Dilitaria ciliaris

RUBIACE'AE

Eleusine indica
Eragrostis pilosa
Eraarostis aspera

Borreria stachydea
Borreria radiata

Eraarostis tremula
Imperata cylindrica
Panicum repens

AMARANTHACEbE
Amaranthus spp.

Panicum maximum
Pennisetum pedicelatum

TILLIACEAE

Rottboelia exaltata

Corchorus spp.

Setaria pallide-fusca
Setaria gracilis

SCROPHULARIACEAE
Striga hermonthica

127.

REF ERE N C.E 8
ENTOMOLOGY
ADESIYUN, A.A. and AJAY, 0., 1980. Control o£ the sorahum stemborer, Busseola tusca,
by partial burning of the stalk. Trop. Pest Manag.26, 113-117.
APPERT, J., 1957.

Les parasites animaux des plantes cultivees au Senegal et au
Soudan Franc;ais, Gouv. Gen. de l' AOF. Dakar.
!

APPERT, J. et DEUSE, J., 1982. Les ravaaeurs des cultures vivrieres et maratchires
sous les tropiques. Maisonneuve et Larose. ACCT Paris.
BETBEDER - MATIBET, M., 1980. Eldana saccharina walker. Foreur des tiges de la
canne a sucre en Afrique. Agronomie Tropicale 34, 3 279-293.
BONZI, 8.M., 1981a.Note sur la Cicadelle du sorgho: Poophilus costal is (Walker).
Agronomie Tropicale 36, 2.
BONZI, S.M., 1981b. Fluctuations saisonnieres des populations de la mouche des
pousses de sorgho en Haute-Volta.
Insect Sci. Application. Vol. 2 N° 1/2 pp 59 - 62.
BONZ!, S.M., 1982. Chilo diffusilineus J. de Joannis (Lepidoptere, Pyralidae)
Borer des tiges de cereales en cultures irriguees et pluviales
en Haute-Volta. Agronomie Tropicale 37,2 ; 207-209
BONZI, S.M., DOUMBIA, Y.O. et DAKOUO, 1984. La Cecidomyie du sorgho en Afrique de
l'Ouest. Seminaire sur les strategies de lalutte integree
contre les ennemis des principales cultures vivrieres dans Ie
Sahel. Niamey, 6-13 dec. 1984.
BONZI, S.M. et GAHUKAR R.T., 1983. Repartition de la population d'Atherigona
soccata Rondani (Diptere Muscidae) et des especes alliees
pendant la saison pluvieuse en Haute-Volta. Agronomie Tropicale,
38, 4, 331-334.
BOWDEN, J., 1956.

New species of African stemboring Agrotidae (Lepidoptera)
Bull. Ent. Res. 47, 415-428.

BOWDEN, J., 1965 .

Sorghum midge, Contarinia sorghicola (Coq), and other causes
of grain sorghum lost in Ghana. Bull. Ent. Res. Vol 56, 1 ,
169-189.

DAKOUO, D., 1981-1983. Rapports de synthese 1980-1982. IRAT Haute Volta, Entomologie.
DOUMBIA, Y .0., 1980-1981. Rapports annuels -Entomologie. PLI Mali. Commission
Technique des Productuions vivrieres et oleagineuses IER-DRASRCVO.
DOUMBIA, Y.O. et BONZI, S.M., 1982. Rapport annuel - Entomologie. PLI Mall.
Commission Technique des Productions Vivriires et Oleagineuses.
IER - DRA - SRCVO.
FAO, 1979.

Plant Production and protection paper 19. Elements o£ integrated
control of sorihum pests.

GILSTRAP, F.E., 1979. Biological control of sorshum pests. In elements o£ integrated
control o£ sorghum pests FAO Rome Plant production and protection
paper 19.
GAHUKAR, R.T., 1978. Annual report of the Senegal cooperative program 1977. ICRISAT.
GAHUKAR, R.T., 1980. Rapport annue l. Entomologie du sorgho (annee 1979). CNRA
Bambey, senegal.

128.
GAHUKAR, R.T., 1981. Lutte biologique contre lea ravaaeurs du sorano et du mil
perle en Afrique de l'Ouest. C.R. Sfm. Lutte biologique contre
les ravageurs, et ses poaaibilltes en Afrique de l'Ouest.
9 - 13 fev. 1981. Dakar, S6negal.
HARKIS, K.II., 1961. Lepldopterou8 of cereals in Nigeria. Bull. Int. Res. 53, 139-171.
HARRIS, K.M., 1984. Lepidoptero\B atttmborers of sorpum (non publie).
MAURITANIE, 1981. L'etat phytosanitaire des cultures vivri6res (Bilan des travaux
rialis6s) PLI.
MAURITANIE, 1982. PLI. Composante Nationale. Ennemis des cultures vivri6res
(bivernaae 1981).
NIDOYE, M., 1977. Syntb6se de quelques r6sultats sur les insectes foreurs des mils
et sorano au Sinegal. ISRA CNRA, Bambey.
NIGER, 1983. PLI Composante Nationale. Rapport technique annuel. Cempagne 1982.
NWANZE, K.F., 1981. Les borers des tiges des cereales en Afrique de llOuest
Sahelienne ; importance relative et contr81e.
Compte-rendu du Seminaire "Lutte biologique contra les ravageurs
et ses possibilites en Afrique de l'Ouest. Dakar, 9-13 f~v. 1981.
Dakar, S6negal.
RISBEC, J. 1950. La faune entomologique des cultures au Senegal et au Soudan
Fran~ais. Gouvernement General de l'AOF.
SAMIR. S.A., 1984. Rapport annuel 1983. PLI Composante Nationale du Ntger.
ROSSI ON , R., 1976. Les iules, depredateurs de llaracbide au Senegal. Resultats
recents obtenus en matiere de lutte cbimique. PV du symposium
international sur les depredateurs au cbamp de l'aracbide et
du millet. Kaolack, Senegal 21 - 23 Avril 1976.
SENEGAL, 1981.

Composante Nationale, Projet Lutte Integree. Syntb6se des
Travaux effectues en protection des vegetaux au Senegal.
CNRA Bambey. pp. 20-23.

YOUNG, W.R., 1980. Sixty five year~of Researcb on tbe sorgbum sboot fly. Paper
presented at "International workshop on tbe sorghum shootfly.
ICIPE Nairobi, Kenya. N~ 4 - 8, 1980. pp 29.
PHYTOPATHOLOGY
CILSS, 1983.

Projet Lutte Integr6e contre 1es ennemis des cultures vivrieres
dans le Sahel. Reunion des Groupes de Travail Bamako du
28 f6vrier au 5 mars 1983.

CILSS, 1984.

Projet Lutte Intearee. Compte rendu de la Deuxi6me Reunion des
Groupes de Travail. Bamako du 2 au 8 mars 1984.

PROWD, J.A., 1978. A world review of sorghum smuts' In : Sorghum diseases. A world
Review ICRISAT, Hyderabad. India (Eds) R.J. Williams, R.A.
Frederiksen and L.K. Mughogho.
MUGHOGHO, L.K., 1982, Strategies for sorghum disease. Control in Sorghum in the
Eiahties. Proceedings Internation~l Symposium on Sorghum,
2 - 7 Nov. 1981, ICRISAT, Hyderabad, India
MANZO, S.K., 1976. Studies on the mode of infection of sorghum by Tolyposporium
ehrenbergii, ~he causal organism of long smut Pl. Dis. Reporter,
60, 948 - 952.

129.

SELVARAJ, J .C., 1978. Sorghum smuts research and control in Niaeria. In: Sorghum
diseases: a world rev,iew ICRISAT, Hyderabad, India (Eds) R.J.
Willi8Jlls, R.A. Frederiksen and L.K. Muahogho.
SELVARAJ, J.C., 1980. Possible use of systematic fungicides in cereals seed
treatment ~ Intitute for Agric. Research, Samaru Niaeria.
WEEDS
CMDT (Mali), 1980 - 1984. Rapports annuels
DNA, 1981.

Division du Machinisme Agrico1e - Mali, Rapport Annuel.

RAMAIAH, K.V. and RAO, M.J.V., 1981. 2nd International workshop on Striga.
Ouaaadougou, Upper Volta: 5 - 8 Oct. 1981 - ICRISAT.
Projet Lutte Int6gr6e 56n6gal, 1981. Synthese des travaux efrectu6s' en protection
des v6g6taux au Sin6gal.

130.

W 0 R KIN G

G R 0 UPS

ENTOMOLOGY

PHYTOPATHOLOGY

WEEDS

Chairmen

A. KISS

S.B. KING

L.J. MATTHEWS

Moderators

K. LEUSCHNER

N.A. van der GRAAFF

C. PARKER

Rapporteurs

O. DOUMBIA
O. ZETHNER

B. KABORE

A.G. CARSON

131.
REPORT OF THE WORKING GROUP ON SORGHUM ENTOMOLOGY

The entomology working group divided the plant growth cycle into three phases
and considered each separately :

and

1° the seed sowing and seedling establishment stage
2° the vegetative stage (prior to head emergence)
3° the heading stage.

1) Termites, ants and millipedes were identified as pests which may attack seeds
and early seedlings ; this problem is of sporadic occurance but can be devastating
when it is present. The group noted the importance of monitoring of local population
levels. There was considerable discussion concerning the use of chemical seed
treatments, particularly fungicide and insecticide mixtures. It was agreed that such
treatments may sometimes be a viable option both to protect seeds from direct attack
and to enhance seedling establishment and vigour. However, because the insecticides
currently used in these mixtures are often quite toxic and/or expensive, the group
felt there was a critical need for research to develop new mixtures of compounds.
The common use of carbofuran was particularly noted as a major problem ; it should
not be recommended. particularly since hand-sowing of seeds is a very common
practice.
Finally, it was noted that plant programs should consider the aspects of seed
storage viability and seedling vigour, particularly so that new varieties which are
developed are not highly susceptible to damage at these stages.
2) The shootfly Atherigona soccata can be a serious problem in off-season planting
and for late-planted varieties. The best recommendation fOl' control appears to be
sowing as early as possible. Seed treatments, as described above, may be helpful in
that increased seedling vigour may promote tolerance to this pest.
It was further noted that some progress has been made in the development of
resistant or tolerant varieties.
3) With regard to the stem borer complex, the group found that different species
could present major outbreak problems in different areas and under different
conditions although methodology for yield loss assessment is very difficult.
Populations are generally lower in the first generation but build in the second
and third popUlations. Even so, the sorghum plants often tolerate these infestations
fairly well unless there are aggravating factors such as strong winds to break
stems. It was agreed that the best approach in thehng-term was to support monitoring
of populations and research into population dynamics to understand the causes and
eventually predict the devastating outbreaks.
The point was made strongly that the use of chemical insecticides for control
of stem borers should not be recommended, both because it is not economically
justified and because the natural enemies are very important in control and must
be protected.
4) The Gall Midge Contarinia sorghicola was the first head-emergence stage pest
considered. It presents a problem particularly in the wetter regions and at higher
temperatures although even there serious outbreaks are sporadic. Recommended
agronomic control methods focused on preventing staggered flowering of sorghum,
because the availability of heads early in the season allows populations to build.
Several specific recommendations were made for extension to farmers :
1) Removal of crop debris, destruction of old heads and threshing remains
by burning or burying.
2) Early and synchronous planting to the degree it is possible
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3) Cutting down early-flowering volunteer plants and wild sorghum plants in
the immediate vicinity of the fields
4) Where varieties with different maturation cycles are sown together,
stagger the planting so that flowering is synchronous or plant lateflowering varieties upwind of early-flowering ones, to reduce midge
movements.
It was further noted that sources of genetic resistance are available and
current breeding work includes the attemps to incorporate this into agronomically
superior varieties.
The importance of protecting the natural enemy complex was again emphasized
as was the importance of educating farmers to recognize the midge and its
significance.
5) Head-bugs and head-infesting lepidopterans were thought to be a problem
primarily at agricultural research stations, rather than in farmers'fields ; this
may be because the local, loose-headed varieties are less attacked than the highyielding, compact-headed varieties being developed at the stations. Continued survey
of populations in the farmers' fields, along with education of farmers to recngnize
head-bug damage was judged to be the best approach.
6) A variety of other insects which are sporadic problems in specific regions in
some seasons were discussed very briefly ; insects which were mentioned included
thrips, flower-eating beetles and several lepidopterans. The levels of these
insects should be monitored because they represent serious potential future pest
problems.
7) A brief discussion of intercropping as an approach to insect pest control
concluded the working group session ; examples of both positive and negative
results were contributed, so the conclusion was that much further research is
needed to evaluate beneficial and deleterious effects on populations of pest
species and on natural enemies under conditions of intercropping.

*
*

*

REPORT OF THE WORKING GROUP ON SORGHUM PATHOLOGY
The Working Group has examined the important sorghum diseases and defined
the control strategies.
It has come out from the discussions that smuts remain the most important
diseases in most Sahelian countries.
The problems of grain molds caused by a fungi complex and that of stem-rot
become more and more important in some countries and need to be taken into
consideration.
Concerning strategies and research on control methods, it has noted that
1) The seed treatment could control two smuts (covered smut, loose smut) and
other agents that could reduce germination in the field. Some demonstration
experiments must be conducted in Mauritania, in Chad, and in Mali in order to
prove the economical interest of this control method.
The Working Group recommends also some work on new effective fungicides in
association with appropriate insecticides.
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2) Concerning the long smut, the Working Group has unanimously agreed that the
work started on its incidence evaluation and on some epidemiological aspects
must be pursuit until obtaining the summary of first results during the technical
meeting.
3) The discussions on stem rots have shown that the anthracnose accompanied by
the red stalk rot could be found in many Sahelian countries. The research work
must be pursuit in countries where the disease is present with a serious degree.
Also a technical form on the Colletotrichum graminicola and the Fusarium must
be established in all observations sites in order to follow the importance of
the disease.
4) Concerning the grain molds, it seems that only the varieties of a short
cycle introduced or selected were sensitive.
The sorghum breeding program must be conducted by a pluridisciplinar team
involving plant breeders, pathologists and entomologists.
5) The Working Group has recommended that attention must be given to the training
of pathologists.

*

REPORT OF THE WORKING GROUP ON THE WEED PROBLEMS OF SORGHUM
The Working Group recognized, as the priority problems
2°
1.

1° general weeds,

~triga.

General weeds

Recommendations were made for the various components of weed management
along the same lines as was done in the case of millets.
1.1. Land preparation sowing
It is the considered opinion of the group that seedbed must be prepared
with the minimal disturbance or shifting of soil consistent with good crop
establishment.
1.2. Cultural intercropping
From the point of view of good weed management intercropping should be
encouraged where practicable.
1.3. Herbicide
Use of herbicides should be encouraged where the socio-economic conditions
permit it.
Consideration should be given to applying herbicides on narrow bands
over the seed rows to reduce cost and prevent soil erosion.
In addition it is the considered opinion of the group that the use of
herbicides must be supplemented or complemented with later weeding to prevent
resistant weed species from setting seed. The group also felt that a good weed
management control is a prerequisite for effective use of fertilizers and other
pesticides.
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\\/here specific perennial weed problems exist such as the OCCUIl!'n ce of
Imperata cylindrica, it is recommended that investigations be carried out into
the possible use of glyphosate by the "Rope-wick" applicator.
1.4.

Weed survey identification

The group recognized the general weakness among IPM observers in weed
identification and the lack of facilities for training them at the national and
regional levels. The group recommends the training and provision of relevant
litterature and also the establishment of national reference collections and
finally recommends the arrangement for authoritative sources for weed identification
at the regional or international level.
2.

Striga
Recommendations made for millets should also apply to sorghum.

2.1.

Survey loss assessment
Recommend a minimum of deliberate effort to survey Striga and evaluate crop

loss.
The exploitation of other work,such as fertilizer use programmes, to obtain
this information is suggested.
2.2.

Varieties

It is being recommended that the value of use of varieties with resistance
to Striga should be pursued as far as possible. In line with this it is recommended
that Mul tilocational testing of resistant varieties should be pursued in all
participating countries in conjunction wifu ICRISAT.
2.3.

Fertilizer/intercropping

It is stressed by the group that application of organic
fertilizers could reduce the incidence of Striga.

or inorganic

Intercropping within the row rather than alternating the crops on rows
should be encouraged in areas where intercropping is practised.
2.4.

Culture and hygiene

The pulling of Striga has given a significant reduction in Striga plant
numbers and crop yield increments in the succeedingyear. This has been known
for many years but is not adopted by farmers.
Recommendations
1) The socio-economist investigates the reason for non acceptance of pulling.
2) The establishment of long term demonstration plots to show the value
of pulling.
2.5.

Rotation

The group recognized the value .r
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OF THE WORKING GROUPS ON SORGHUM

The chairpersons, moderators and rapporteurs from each of the three Working
Groups met after the close of the sorghum plenary session. The purpose of the
meeting was to see if any significant conflicts exists among the recommendations
from the three groups.
Also, it was considered useful to identify those recommendations for sorghum
which varied significantly for those for millet. Lastely, the chairpersons reviewed
the recommendations presented by the 3 Working Groups in the light of their
potential usefulness for any future sorghum pilot program activities, even though
the present pilot pFogramsare directed only at millet.
1. Activities related to land use
1.1. Seed bed p~eparation
- all 3 Groups endorsed the recommendations of minimum disturbance of soil
conssistant with good cropping practices.
1.2.

Weeding and fertilizing
- the recommendation for millet were found applicable to sorghum.

1.3.

Crop sanitation during the cropping season

- the entomology group recommended that farmers pullout volunteer sorghum
carried over from last years crop before it heads (this for sorghum midge control).
Also any wild host of the midge should be destroyed. This must be an area-wide
coordinated effort among several farmers.
1.4.

Striga sp
- all 3 Groups endorsed the recommendations made for millet.

1.5.

Crop residue management

- the weed science group suggested not to disturb the soil (by discing or
ploughing in crop residues) to destroy residue. Rather they encouraged hand removal
of residues especially sorghum heads, left in the field.
- the entomology group confurred with the weed group and stressed the need
to destroy all residual sorghum heads, as those harbor overwintering midge pupae.
- the pathology group stressed the desire to insure that farmers harvest seed
only from disease-free heads (the farmers probably already do this).
1.6.

Crop rotation and intercropping
- all three groups endorsed the need for rotation.

- weed group: Striga population's may be decreased through rotation. But it
recommended in regard to intercropping and Striga, that more research was needed
before the full benefit of intercropping could be specified.
- the entomology group recognized that overall yields generally increase
through intercropping, and that the insect fauna becomes more stable with intercropping. However any specific suggestion other than for more research were lacking.
2.
2.1.

Activities related to use of chemicals
Seed treatments

- First all three groups supported the concept of seed treatment as being the
single most cost effective use of chemicals in plant protection.
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-A~ cover
smut and loose smut are controlled by fungicide seed treatment.
its use is strongly supported.

- the phytopathologists recommended more research on new fungicide/insecticide
combinations. This was supported by the entomologists who further suggested using
the combinations now available for groundnuts as well as searching for less toxic
combinations utilized by hand planters.
2.2.

Fungicides, herbicides and other useful recommendations

- All three groups accepted that any pesticide treatment during crop
development must be biologically and economically justified.
3.

Varietal resistance in sorghum IPM

3.1. This was recognized as a significant component of IPM system, but was beyond
the scope of the farmers.
- the weed group stressed for more regional testing of varieties having
some resistance to Striga.
- both· the phytopathologists and entomologists agreed that the search for
sorghum varieties having both insect and/or disease resistance should continue,
except for resistance to cover
smut and loose smut being low priorities. From
both pathological and entomological points, varieties having loose heads are the
best, but this characteristic is linked to the low yield. So it is advisable to
develop varieties having suitable semi-loose or semi-compact panicles consistent
with other objectives to increase overall sorghum production.
4.

Activities related to biocontrol

The entomological group stressed the importance of conserving natural
enemies and trying to enhance the populations of these enemies.
- the weed scientists recommended that biocontrol possibilities for Striga
be pursued.
5.

Research activities

5.1. The work on crop loss assessments mut be extended.
- the entomologist recommended that existing technologies continue to be
employed (this in reference to sorghum midge) and needed improved.
- the phytopathologist recommended that a technical form be prepared on
stalk rot, to assist field personnru in determining losses from this disease.
5.2.

Biology and epidemiology
- all three groups stressed the need to enhance and promote monitoring of

pests.
5.3.

Regional analyse of data

Bioclimatological data should be collected to identify those zones in which
conditions are favourable for the outbreak of certain insect pests or diseases.
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INTRODUCTION
Rice growing in the Sahelian countries, is subjected to a whole range of
diversities. In some cases rice constitutes the major food item while in others
it plays a minor role. The role of rice is to serve local needs and as shown in
table 1, the local demand for rice has a clear inclination to rise.
In any case, demand is in excess of supply under the present conditions of
production and marketing. This sharp increase in consumption is the outcome of
three distinct causes (Chambrolin, 1969) :
- the 2.5 % rate of population increase
- the increase in urban population. The urban dwellers tend to substitute
traditional food items with imported ones * (possibly because of a deficiency in
the marketing system for local products)
- a rise in the standard of living of consumers which also has the same
effect.
This trend of affairs justifies the efforts being made in extending this
crop to all the areas in each of these countries wherever it is found technically
possible. This will enable locally produced rice be in a position to compete
with imported ones.
The possibilities for stepping up production also involve increases in
unit yields. This can be achieved by applying various techniques which aim at
alleviating major limiting factors. Such factors are related to the rainfall, the
soil and the variety.
In the subsequent pages, these problems will be tackled with the aim of
briefing participants on difficulties that breeders must face before arriving at an
appreciable improvement of rice varieties cultivated in the region.
1.

RAINFALL

Fig. 1 illustrates the mean annual rainfalls throughout the continent. In
the Sudano-Sahel ian region, rain precipitation ranges from below 200 mm to 1400 mm.
The rainfall belts are of the monomodal type. The pluviometric conditions largely
vary with regards to both the date of commencement and the duration of rainy
season. Generally the rains begin in April-May, reach the maximum in August and end
in October-November. These rainfall features are so vague to enable us properly
appreciate the aptitude of the region in rice production. It is true to say that
apart from hydro -agricultural managements (which is even not generalized) the
quantity of water available to the plant is generally beyond human control.
Consequently, the plant always has either excessive or insufficient water at its
disposal. The worst and unfortunately the more frequent of the two cases is
insufficiency. As a result, the total area of land attributed to rain-fed or
submerged (flooded) rice-growing, is primarily subjected to the influence of the
rainy season cycle defined in terms of the months during which the recorded rain
precipitations are at least equal to the monthly rain requirements of the crop
(i.e. 200 mm of rains per month).

*

In Senegal, the special process required in the preparation of pearl millet
(one of the basic food crops) in order to obtain the type of flour used in the
preparation of "couscous for example, is such that its price is (as high as that
of the factory-produced rice (Ton, 1978).
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2.

THE SOl;L

From the American classsification of soils in the considered region, (U.S.
soil Taxonomy, 1976) we can outline three soil types:
- type I
- type II
- type III

Entisoils, Alfisoils, Ultisoils ;
: Subordinates of type I and III
: Inceptisoils, Vertisoils, Aridisoils.

The distinction is based on chemical and physical properties.
Type I.

Entisoils, Ultisoils, Alfisoils

Physical properties : the clayey component of these soils is essentially characterized by the following: kaolinity, silica deficiency, low capacity to absorb
basic elements, low soaking capacity. It is generally sandy in texture and this
consequently affects the capacity of the soil to retain and preserve the
necessary quantity of water. This however is the most important physical factor.
This was clarified by the work of De Data et al (1973) and later mentioned by
Le Buanec (1975). Here they made a comparison between yields at two essentially
different points, from the point of view of the nature of the soils : sandy-clayey
loam with 5 % Granga gravels; clayey loam (Maligaya clay) ; the two points are
cited from the Phillipines, (table 2).
The recorded low yield is partly attributable to the insufficiency of the
water reserves that can be easily used.
However improvement possibilities are available. According to Le Buanec
(1975), appropriate food supply can be assured by combining the following three
factors
- cropping in favourable biotopes;
- adaptation of the cropping system, including the variety type, to water
supply possibilities;
- environmental modifications.
Chemical properties
In view of the very draining nature of the soils and their often kaolinic
quality, the chemical factors influencing the supply of minerals, are limitative.
Among these

frequently occurring factors we can mention :

- the deficiencies in nitrogen, phosphorous and zinc,
- the syndrome of acidity linked with a very low pH due to aluminium
toxicities.
Type II. Subordinate group of the Entisoils and Inceptisoils
The soils falling within this group are subordinates of the Entisoils and
Inceptisoils (Moorman et aI, 1978). They constitute the totality of all the rice
cultivations submerged in fresh waters.
In Southern Senegal, this involves two categories of rice fields
- rice-fields on the low-lands
- acid rice-fields on the plains.
The first group is located within valleys and is characterized by a fine
soil texture and high fertility. On the other hand, the acid rice-fields in the
plains originate from ancient mangrove soils which have evolved into acid parasulfated soils. It has a low organic matter content. The analytical properties of
these hydromorphic soils are given in table 3.
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Table 2.

SUN RADIATION,RAINFALL AND GRAIN YIELDS OF RAIN-FED RICE

Sowing

date

Rains during
the period of
plant vegetation

Reproductive
Radiation
(cal/cm2)

period

Rains
(mm)

Yields
(tons/ha)

Maligaya
June 9
June 29
July 29

1.042
1.072
749

15.263
13.318
14.636

413
385
172

3.6
3.3
2.0

436
776
716

2.0
.8
.8

Granga
May 21
June 17
July 12

Table 3.

1.249
987
669

14.932
13.796
13.099

ANALYTICAL PROPERTIES OF HYDROMORPHIC SOILS IN LOWER CASAMANCE

SOl L

Low land E1
Superior Bank P

Clay

Sand

%

%

pH

C.E.
mmhos
1/10

M.O.
%

47.5

28.1

4.8

0.24

6.01

5.7

91.6

4.6

0.12

2.31

6
Acid Soil on the loamy
clayey plain P
7
Sandy

50

33.2

4.8

0.39

3.98

24.3

69.5

3.9

6.0

0.98

Acid sulfated soils

12.0

79.6

4.6

12.8

1.0

1.

Source

Beye et al (1979) •

1

Active\ Sum
Iron 1 Base
0/00
EXCH

I

1% satu-

Iration

I

3.0 1
2.9 1
1
1
1.411
16.6 1
1
6.5 1

11.68 1
1.15 1
1
1
11.35 1
7.8 1
1
5.2 1

I

I

60
75
22
82
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Type III.

Inceptisoils. Vertisoils. Aridisoils

The types of soils within this group are the most suitable for rice growing.
Such soils are generally concentrated in the most dry areas of the Sahelian region.
This explains why matters relating to water are given prime importance there.
The Senegal valley is a typical example of this form of rice-growing. Despite
the low fertility of the soils they are suited to rice-growing mainly because of
their rich clay content. The general soil classification in the valley distinguishes
"the hollade soils" (heavy soils with 60 % clay content) "fonde" soils" (compact
soils made up of 60 % fine sand and 40 % clay). Tests performed on these soils have
shown that organic matter. nitrogen and phosphorous are the most important limiting
factors from the chemical point of view and that poor soil structure and the lack
of rough sand are essential limiting factors of these soils from the physical point
of view (Couey. 1966).
3. RICE VARIETY
The local rice varieties in West Africa are mostly traditional varieties of
the Oryza sativa species which has almost completely replaced the O. glaberrima
species.
In this case. issues relating to rice improvement in West Africa can be
assessed by considering the problems associated with local rice varieties. At this
stage. we shall develop some of such problems pinpointed by Abifarm (1976).
Plant height
The majority of rice varieties found in West Africa are of a non-improved type.
They are generally too tall and very leafy. The height of the stem is a contributing
factor to the low yield both in irrigated and rainfed rice-growing. The most
important problem is that of lodging.
The problem of breeding for resistance to lodging in an improvement programme
can be solved by breeding those features linked with the stiffness of the straw.
According to Chang (1964) such features comprises shortness*. short internodes near
the earth surface. an erect habit. a thick and cylindrical culm. sharp and. straight
leaves. persistent and eve lopping sheath and a stem that highly resists breaking.
Significance of the leafy characteristics
The large. long and down hanging leaves of the West African varieties
indirectly contribute to the lodging of stems. Many researchers have proved that
the thickness. shortness and erectness of the leaves constitute a more favourable
factor for yield. than is the case with long and down-hanging leaves. The fact is
that they ensure a greater photosynthetic efficiency per unit of leaf surface than
that of the down-hanging leaves (Yoshida. 1972). Furthermore. it is observed that in
the case of plants with erect leaves. photosynthesis gradually increases as light
intensity increases. This is not the case for plants with down-hanging leaves
(Tanaka et al. 1969).
A high photosynthetic output not only helps to shorten the accumulation ti~e.
but as well. it helps in reducing the vegetative machinery for metabolising the
same quantity of matter or substance.
Vegetative cycle
Since rice is cultivated under a very diversified ecological conditions in
West Africa. the duration of the vegetative cycle poses a serious problem. Sensitiveness to photoperiodism determines the duration of the vegetative cycle. The problem
of ecological zones determines the choice of varieties and of their duration of
evolution to cultivate in any given area.
* This would be referred to as intermediate height under rainfed conditions.
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On naturally flooded low-lands the acidity, salinity, toxicity of iron
content and deficiency in zinc, create so much problems that it is impossible to
come by a single variety that meets the requireemnts of all the zones. In several
places, 3 different types of rice are cultivated. On low-lands which are naturally
flooded by rivers spates, lakes or deep interior marshes and swamps, floating rice
is cultivated. Mangroves and irrigable unflooded lands are suitable for aquatic
varieties. Rainfed rice cultivars are meant for highlands. Variety improvement
problems in these areas are further complicated by the existence of many varying
factors within each ecological area that affect the maturity date.
In both dry rice-growing and aquatic rice-growing, early maturity is
important from the economic point of view.
When there is scarcity of rain water and irrigation water 100 days after
sowings, only early maturing varieties give a high yield. The breeder's problem
therefore is to combine high yield with early maturity.
Reaction to Nitrogen
In many Asian countries, USA and Australia, grain yields of 3 - 6 tons per
hectare are commonly recorded. In West Africa however, yields range betw~en 1 and 2
tons per hectare. Many reasons do account for this. Jennings and Beatchell (1964)
reported that the leanness of yield in the tropics resulted from the interaction
of poor farming methods within a hot, humid environment, a low photoperiod and
insufficiently improved varieties. This last point partly befalls on the breeder.
As mentioned earlier, conventional varieties are more sensitive to nitrogen
through a vegetative development that enhances lodging than through an increase in
their grain yields. An improvement of variety ai~ed at obtaining a high grain yield
cannot be consdiered in isolation.
Response to nitrogen is closely associated with short and erect straws, high
yields of paddy and rice, a relative earliness and non-sensitivity to photoperiodism
(Jennings and Beatchell, 1964). Other important factors are tillering capacity
and the number of grains per panicle.
Diseases
The most dangerous disease in West Africa is Rice Blast : Pyricularia oryzae.
This disease is even more serious in rainfed rice growing. Several short varieties
of aquatic rice considered to be resistant are in fact very sensitive when
cultivated under rainfed conditions. At present, the method of plant screening
which is most utilized to determine resistant varieties does not offer satisfactory
results. IITA has discovered that a strong attack on the first leaves does not
mean that the leaves grow later would be severely attacked. The first attack
occurs at the stage of the 3rd and 4th leaves (KClpooria, 1972). Furthermore, the
rareness of spots on the leaves does not mean that the plant would not be attacked
by neck blast, which could be extremely dangerous in case of a serious epidemic
just before grain filling.
To date, our experiences on the disease particularly concern leaf blast. It
would be important to know the existing relationship between this form of the
disease and the other forms e.g. neck blast, and spikelet blast. An important
genetic problem relating to resistance to this disease is that of the large number
of known genes that control resistance. Kiyosawa (1972) indicated that 13 genes
were responsible for its heredity. At the moment effurtsare being made to combine
a number of these resistant genes in a variety. This type of resistance was
termed "non specific resistance", "tolerance" and others such as "wide spectrum
resistance" and "polygenic resistance" (au, 1972). The other type of resistance
is known as "vertical resistance", "specific resistance" or "major gene resistance".
The latter resistance is based on the major genes and depends on one or several
major genes (Cu, 1972 ; Kiyosawa, 1972). It is generally unstable and disappears
when a new virulent race appears.
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Numerous problems intervene during the accumulation of real genes of
resistance. These problems (Kiyosawa, 1972) are linked with the way and manner
of accumulating these genes, the way of proving that the genes were properly
accumulated, and also the way of discovering new sources of resistance if the
present ones des appear into a variety having accumulated genes.
The breeder is also confronted with another important cultural problem
sensitiveness to Blast can increase during the screening of segregating lines
in order to increase response to nitrogen.
Several researchers
of leaves, neck or nodes by
Before making an attempt to
of resistance to Rice Blast
be made.

(Misra et aI, 1969) have proved that infestation
blast increases with increases in nirogen doses.
solve certain problems concerning the improvement
in West Africa several fundamental studies must

Other diseases are of minor importance : Brown Spot (Helminthosporium
oryzae) and Leaf Scald (Rhynchosporium oryzae). In any case, breeding fQ~
resistance must receive a more ample attention.
4.

PERSPECTIVES FOR VARIETY IMPROVEMENT. A CASE STUDY OF SEVERAL

Rice therefore appears to be one of the products on which countless
agronomic research efforts have been made. These efforts were geared towards
the attainment of an objective which is precious to all the breeders. This
objective is to create varieties which satisfy a dual purpose : high yield
potential on one hand and low reaction to noxious factors in the environment
on the other hand. Researchworks carried out along this line has in effect
arrived at defining a specific plant type. These research works have also arrived
at creating highly productive varieties by turning into account the gene of
"dynamism" which at the same time offers :
- resistance to lodging
- a better response to nitrogen
- a balance between photosynthesis and respiration.
The same cannot be said of resistance to major factors limiting yield,
which factors have contributed to the recorded initial disappointments.
These limiting factors which are the incidences of Blast and drought
and which were until then, quasi-exclusively associated with rainfed rice-growing,
have also become major problems under flooding conditions.
This seemingly paradoxical situation is one of the consequences of
unfavourable climatic conditions characterizing farming. Some aspects of these
climatic conditions are : aknowledged reduction in the volume of rain precipltations, a progressively reducing cycle of the rainy season further interrupted
by long and frequent periods of drought. This is reflected in late flooding of
rice-fields.
Under these conditions it will be myopic to bank or stake on traditio~a l
varieties known for their sensitiveness to photoperiodism and also on transplanting techniques while hoping for any harvest.
The alternative is to make use of improved varieties and direct sowings
which, thus, exposes the crop to the recounted limiting factors. This must take
a significant fraction of the plant cycle.
Considering on one hand, these fully expressed biophysical impediments
and on the other hand, the difficulty involved in satisfying the duality: high
yield and resistance to drought and Blast, it becomes necessary to review the
objectives of breeding in order to adapt them to the farming and socio-economic
contexts.
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Our conception of the task of variety improvement is that we must develop
much more than in the past by an increased exploitation of local material, quite
a large range of varieties in order to identify those that are most interesting
to be disseminated depending on the rainfall zone and the level of intensification.
Those objectives and criteria for the breeding, chosen for this purpose
are thus defined below for each of the types of rice-growing.
Rainfed rice growing on the plateau
By definition in this method of rice-growing, the crop exclusively relies
on rainfall and in effect throughout the plant cycle. Thus, water constitutes the
primary limiting factor and it is more appropriate to breed with the aim of
achieving a stabilized yield rather than to expect a potential high yield. If we
consider the results obtained in previous researches, then such an expectation of
a potential high yield would be as random as the weather.
To this effect, the required characteristics of varieties are tha following:
- drought resistance
- tolerance for toxicities and/or deficiencies
resistance to diseases ; this must be stable in the case of Rice Blast
- a cycle corresponding to that of the rainfall i.e. a maximum of 100 days
- aptitude for a moderate tillering combined with an appropriate in1tial
growth
- resistance to lodging.
Rainfed

rice-growing on water sheet

This method of rice-growing is practised on soils in transitional areas
located between the plateau and the fringe of the alluvial plain. It is
distinguished from the rain-fed rice-growing on the plateau by the fact that the
crop enjoys an additional water feeding which is ensured during the reproductive
phase by a more or less level sheet.
Thus with the exception of the 110 days cycle, the required varietal
characteristics are the same as that of rainfed rice-growing.
Rice cultivation submerged in fresh water
Since rainfall conditions have so deteriorated to the point of abandoning
rice production in the mangrove due to inability to desalina~e the soil adequately
and durably, the totality of aquatic rice production is reduced to rice production
submerged in fresh water. This covers two broad categories of rice fields :
- lowland rice-fields
- acidic rice-fields in the plains.
This first category of rice-fields is located within valleys and is
characterized by a fine soil texture and high fertility. With regards to acidic
rice fields in the plains, they originate from ancient mangrove soils which have
evolved into acidic para-sulfated soils. They have a low organic matter content.
For this type of rice-growing in which water problems surface only at the vegetation
stage, and in a less drastic manner when compared to the case under rainfed
conditions, the objective is to search for highly productive varieties from which
the following varietal properties are required.
-

a satisfactory initial growth
average to high tillering ;
an erect habit and leaves;
a 125 days cycle.

n
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To attain these objectives, a horizontal conception of the programme
become necessary. Obviously there is no intent to grant any priority with regards
to any discipline. However the operations of the "Rainfed and submerged rice"
programme must maintain common lines of action so as to avoid the situation
whereby the breeder works on a series of hybrids, the agronomist on different
varieties while the phytopathologist, for example, is working on others.
On the contrary, the creations of the breeder must be tested by the
agronomist and the other specialists for acquisition of the widest possible
knowledge on their qualities and faults.
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RICE

PEST

PROBLEMS

IN

THE

SAHEL

Half of the world population is fed with rice. In the Sahelian countries
however, the gap between rice production and demand keeps widening.
Rice-growing is a very ancient practice in this region and it takes place in
diversified forms depending on the water and hydrological conditions, the soil
type and the toposequence.
Several modes exist for the sowing of rice either manual or mechanical. The
varieties are either local or improved, ripening after 90 to 160 days.
The major phytosanitary constraints
insects, nematodes, birds and rodents.
1.
1.1.

to rice-growing are: weeds, diseases,

WEEDS
Inventories

The adventitious flora on rice fields in the Sahel exhibits common characteristics in view of the generally similar ecological conditions. It is generally
dominated by the :
- Poacae : Echinocloa sp, Ischaemum rugosum, Oryza barthii, O. longistaminata
Paspalum scrobulatum, Pennisetum subangustum, P. pedicellatum, Leersia hexandra,
Dactyloctenium aegyptium, Digitaria longiflora, D. ciliaris ;
- Cyperacae
machrostachyos ;

Cyperus difformis , C. haspens, C. rotundus, Pycreus

- Onagracae
Justiaea spp ;
Sphaeranthus senegalensis
- Asteracae
Scrofulariacae : Bacopa crenata.
Other families are also represented
Rubiacae, Fabacae, Amaranthacae,
Convolvulacae, Euphorbiacae, Papillonacae, Sph cnoc: leacae.
1.2.

Assessment of damage caused
Constraints arising out of the presence of weeds are manifested by :

- a considerab~ demand for labour at a period of intense activities thereby
causing a "labour bottleneck" at the beginning of the rainy season.
This tends to limit the possibilities for extension of the cultivable areas
of land.
- effects of competition can hinder and even erase the results expected
from the application of improved packages (fertilizer, product i ve varieties).
Results obtained in Casamance (Diallo, 1982a, 1982b, 1983a, 1983b~984a,1984b)indicate
that for rainfed rice-growing (strict and floaded) : a) a delay in the first
weeding leads to more and more considerable losses 16-29 % for 24 days, 46-75 %
for 36 days; b) decreases in yields due to the concurrence of weeds from a
reinfestation by new sets of germination are very significant, 33-34 % after
36 days and 23-33 % after 48 days; c) and for the upland IRAT 10 variety, the
critical noxious period is between the third and seventh week after emergence
under cropping conditions on an inclined grey soil, and between the fourth and
sixth week in the case of rice-growing on the plateau ; d) that under rainfed
conditions the D.J12.519 variety will be sensitive from the third to the sixth
week after emergence, i.e. throughout the whole tillering period; e) that as a
result of all these, weed control is necessary during the period from the third
decade up to the end of the second month after emergence.
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1.3.

Control methods
They include :

- manual weeding
- close transplanting (15 x 15 cm)
-pre~rrigation to enable weeds to grow before the commencement of
soil-working.
- the use of appropriate cropping techniques such as : the use of clean
seeds; the maintenance of a suitable water sheet; adequate soil preparation; the
use of varieties with rapid tillering; sowing on ridges
- the use of herbicides. Depending on the type of rice-growing, the most
important herbicides are :
+ for directly sown irrigated rice : paraquat, oxadiazon, bentazone,
thiobencarb, piperophos + dimethametryn, bentazon (ADRAO, 1983)
• for strict upland rice : oxadiazon, butraline, preforan, thiob0ncarb,
bentazon; (Diallo, 1983b, 1984b) ;
+ for rain-fed rice: oxadiazon, (Diallo, 1983b, 1984a, 1984b);
+ for submerged rainfed lowland rice : piperophos + dimethamethrin,
thiobencarb, oxadiazon, bentazon; (Diallo, 1983b, 1984a, 1984b).

2.
2.1.

RICE DISEASES
Major diseases (Mbodj, 1980-1984)

The major diseases observed in Senegal are : (a) Bacterial Leaf Streak
caused by Xanthomonas campestris pv. transluscens ; (b) Rice mottle disease
caused by the "Rice Yellow Mottle Virus"; (c) Blast caused by Pyricularia oryzae;
(d) Sheath blight caused by Rhizoctonia solani ; (e) Brown spot caused by
Helminthosporium oryzae ; (f) Sheath Rot caused by Sarocladium oryzae ; (g)
Leaf Scald caused by Rhynchosporium oryzae ; (h) moulding of the Sheath caused
by a complex of fungi : P. oryzae, H. oryzae, Rhynchosporium spp, Alternaria spp,
also associated with this complex is the nematode Aphelencoides besseyi.
2.2.

Sprectrum of virulence of P. oryzae populations.

The follow-up of the behaviour of some varieties including the differential
varieties of Kiyosawa in several localities shows the different spectra of
virulence betwep.n certain P. oryzae populations. It appears that the gene Pi-t,
Pi-ta and Pi-ta2 are the most efficient among the existing populations (Mbodj,
1979-1984; Sere, 1979-1984).
2.3.

Secondary hosts of agents causing observed diseases

Several rice-field adventitious graminae, particularly Oryza longistaminata
are reservoirs for Leaf Blast with pathogenic power on rice that is yet to be
specified. Moreover, the following pathogenic agents are observed on that
graminae : R. solani, R. oryzae, "RYMV" (Mbodj, 1981-1984).
2.4.

Assessment of losses incurred due to P. oryzae (Mbodj, 1981-1984)

These losses are very high in intensive cropping systems (high nitrogen
fertilization) and vary with the nature of resistance of the variety used
(vertical, strong quantitative, strong qualitative), the type of rice-growing,
the year.
Two methods have been used for purposes of estimating losses : (a) comparison
of yields from sensitive varieties with those from resistant varieties;
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(b) comparison of yields from plots treated with fungicides with yields from
control plots. With the latter method, the ratio, yield from treated plot/yield
from untreated plot is the following : 2.30 (Peking variety) to 5.42 (Se 302 G)
for upland rice-growing;1.21 (IR8) for submerged rice-growing on the acid plains;
1.06 (BKN 6986-38-1) to 1.32 (IR442) for deeply submerged rice-growing.

2.5.

Profile of losses due to P. oryzae (Mbodj, 1981-1984)

Since nitrogen highly increases the extent of diseases on varieties with
quantitative resistance, the effect of compost manure and nitrogen on the
development of Rice Blast and the influence of the latter on decreaSes in yield
has been studied using the oldest recommended variety per type of rice-growing and
effectively disseminated by extension services. Half of each plot was treated
with fungicides. This method helped in estimat.ing decreases in yield for each
dose: 800 kg/ha at 0 N, 1.200 kg/ha at 30 N, 1.300 kg/ha at 60 N and 1.100 kg/ha
at 90 N.
2.6.

Cropping technique interaction X Blast development (Mbodj, 1981-1984)

The effect of certain cropping techniques on the development of diseases
was studied in Casamance (Senegal) : simple tillage or compost incorporation
tillage; increasing doses of compost and nitrogen ; soil fertilization ;
incorporation with silica sources ; fungicide treatments during vegetation.
In Burkina, the effect of seed-dressing and foliage fungicide treatments
were studied (S~rA, 1981).
The major results are: the effectiveness of kitazine fungicides in
Burkina and BEAM (tricyclazole) in Senegal; evidence of the effect of the
sensitiveness of varieties to rice Blast through the incorporation of large
quantities of manure on nitrogen. Fertilization with silica sources did not
give the expected results.
2.7.

Variety resistance to diseases

Multilocal and pluri-annual test of several varieties demonstrate in
Senegal (Mbodj, 1981-1984), the importance of the following varieties for their
tolerance to diseases, their vegetative cycles and their productivities :
- in strict upland rice :DJ8 ·.341, DJ11.509, IRAT 10, IRAT 112, IRAT 144,
IRAT 146, IRAT 147, TOX 402, lAC 25, TOX 728 ;
- in rainfed rice: DJ11.509, DJ.341, IRAT 112, IRAT 13, IRAT 146, IRAT 133,
TOX 728
- in submerged rice : ROK 5 in acid plains and BKN 6986.38.1 in the deep
valley.
The resistance and importance of IRAT 147 and IRAT 144 varieties have
been confirmed in Burkina (Sere, 1981-1984).
3.

RICE NEMATODES (Reversat, 1981 ; Prot et Reversat, 1982).

All the rice-fields in Senegal are infested by nematodes of the Hirshmaniella
genus. H. spinicaudata is more abundant in Casamance and H. oryzae in the valley
of River Senegal and in The Gambia.
At the moment, th~re are no means for control with proven efficiency ; soil
denematisation by the use of a fumigant is inefficient on rice-fields as the
chemical does not diffuse · ; among the 600 varieties tested, none proved to be
tolerant.
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The means for control under current study
carbofuran which is an insecticide-nematocide ;
reduction approach in the absence of rice using
growing of a leguminous plant Sesbania rostrata
4.

at ORSTOM are : the use of a
the launching of a sulfatoan appropriate fertilizer ; the
between two cycles of rice.

RICE INSECTS

4.1.

Insect pests inventory (Mbodj, 1975 ; Diop, 1981
Sidib€, 1980-1983):

Etienne, 1980-1984 ;

Insects belonging to very different systematic groups have been observed
on rice. However, stem borers are observed to be the most constant causing the
worst damage to the crop; in other words, it constitutes the crux of the
entomological problems associated with rice.
(1) - Chilo zacconius and C. diffusileneus (Lepidoptera, Pyralidae)
and cause the same type of damages (deadheart and white panicles). Both species
have the same behaviour. The distinction between the two species is only possible
at the pupal and adult state. They are found on wild rices, Echinocloa staguina,
Sorghum arudinaceum.
(2) - Maliarpha separatella (Lepidoptera, Pyralidae)
This insect is undergoing the most detailed studies (Breniere, 1962 ;
Appert, 1970 ; Pollet, 1978 ; Sidibe, 1980-1983). The studies have made it possible
to arrive at the following practical facts : (a) M. separatella attacks only the
genus Oryza and the great part of the residual population is found in rice stabbles
in the form of hibernating caterpillars ; (b) infestation by borers varies from
year to year and losses can be assessed during harvesting by taking a census of
produce divided into : sound panicles, partially empty panicles and completely
empty panicles ; (c) the extent of losses depends on the vegetative stage at
the time of infestation and on the degree of infestation.
(3) - Diopsis -thoracia) macrophtalma and D. apicalis (Diptera, Diopsidae).
These two species are commonly found on rice. A ocnsiderable part
of information on these two species are obtained through field works (1957, quoted
by Sidibe, 1980-1983), Morgan et Abu (1973, quoted by Sidibe, 1980-1983),
Cochereau (1978). They are insects with a gregarious behaviour and often found
around water points on plants in shady places. They can stay there until the first
rains before returning to the rice-field where they oviposit on rice plants.
Damages caused are of the same type as those of Chilo spp.
(4) - Orseolia oryzivora (Diptera, Cecidomyidae
This species attacks both upland and lowland rice. It is also found
on Panicum sp, Paspalum scrobiculatum, Zizania latipolia and other wild gramineae.
In the attack, the species develops an
bulbous thickening at the collar.

empty tubular gall made up of a

This gall appears on the young tiller which has no internode formed : the
tiller takes the form of a terminal leaf coiled like an "onion leaf".
The insect probably spends the dry season in the form of a hibernating
larva on herbs serving as secondary hosts.
Other species are potential pests of rice-fields (mainly in the off-season)
Oligonychus spp, Aleurocybotus indicus, Haplothrips avenae.
4.2.

Inventory of natural enemies of these pests
They are mainly :

- Phanerotoma saussurei, P. major (Hym. Braconidae), Parasierola sp,
(Hym. Bethylidae) in Sierra Leone (Shampong, 1980; Sidibe, 1980-1983), Goniozus
procerae and Bracon sp in Senegal on M. separatella larvae.
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- on Chilo spp the list of parasites is long and involves the following
families: Braconidae (11 species) ; Ichneumonidae (2 species) ; Chalcididae
(1 species) Pipunculidae (2 species) ; Bethylidae (1 species) ; Trichogrammatidae
(1 species).
- on O. oryzivora, 2 species have been found belonging to the Eulophidae
and Prototrupidae families.
- on Dlopsis thoracica, 3 species have been found belonging to the
following families : Trichogrammatidae ; Chloropidae ; Eulophidae.
The rate of natural parasitism is at times very high on Chilo sp.,
M. separatella and O. oryzivora.
4.3.

Control
They are mainly made up of :

(1) Cropping techniques: suppression of stubbles or burning(M. separatella);
destruction of secondary hosts, early sowing, the use of early varieties (Chilo spp
O. oryzivora).
(2) - The use of insecticides
the following granulated insecticides are
effective against borers: birlane, azodrine, diazinon and carbofuran. Against
mites, dicofol and azodrine are the most effective.
(3) - Integrated control method
(a) detection and follow-up of the evolution of populations.
A formulation of synthesis phermone have proved to be attractive against Chilo
zacconius in Senegal (Etienne, 1981, 1984a, 1984b) and studies are underway to
obtain another formulation for C. diffusileneus, so that with these two formulations it becomes possible to develop a warning system ;
(b) depending on the dynamic of C. zacconius populations and the sensitive
stages of the varieties, 3 % granulated carbofuran can be used
(c) some varieties have demonstrated tolerance to borers and could be
used in Senegal : IRI 529.680.3, Br51.46.3.
(d) since observations made on farmers' fields have indicated a very low
rate of attack, partly due to the importance of parasite populations on these
rice-fields, farmers education units have been requested to avoid the abuse of
insecticides.
For purposes of assessing losses in their operation zones a simple method
has been proposed to them before applying chemical protection.
5.

RODENTS (FAO, 1978)

Several rat species have been found but the most destructive is the brown
field-rat : Arvicanthis niloticus. The multimammate rat (Mastomys sp) and two
Taterillus (T. pyarus, T. graciulis) can also cause considerable havoc.
The brown field-rat is a semi-diurnal specie building its nest in holes
either under bushes or under waters with rice stems.
Rice can be attacked throughout the vegetative stages but attacks are most
severe from the sprouting to the harvesting period. The stored stacks and grains
can likewise be attacked.
The means for control are : the organi ation of hunting session and the
use of anti-coagulants in baits.
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6.

BIRDS (Anonymous, 1973; FAO, 1978).

Many bird species attack rice and cause severe damage. They can be classified
into : (a) specific species of the following zones : Sahelian zones north of
isohyete 300 mm, Sudano-Sahel ian zones north of isohyete 700 mm, Sudanian zone
north of isohyete 1.200 mm and coastal zones ; (b) species common to several or
all the zones (Ploceus cucullatus, Eplectes' afra) ; (c) sedentary species
(P. melanocephalus, E. afra) or species migrating towards the north during the
rainy season (Passer luteus, Quelea quelea), or during the dry season (Q. erythrops) ;
(d) species that cause damages at the maturity stage of the grains (P. luteus,
E. afra, E. orix, Ploceus capitalis, P. cucullatus or to planted seeds and the
germinating seed (Streptopelia decipiens, Philomachus pugnax, Plectopterus
gambiensis, Dendrocygna viduata, Limosa limosa).
The means for control are : (a) direct protection by preventing or
discouraging the birds (nets, physical repulsion devices, chemical repulsion devices
such as the mixtures mercaptodimethur + TMTD or TMTD + thiram, agronomic means).
(b) indirect protection through a massive destruction of granivorous birds that
form large nesting or dormitory colinies (Quelea quelea) ; fenthion or parathion
are recommended for use in this ocnnection.
7. CONCLUSIONS AND PROSPECTIVES
A certain number of results have been obtained from researches carried out
on phytosanitary constraints of rice-growing in the Sahel. Priority must now be
given to proposa~for rational control procedures integrating different solutions
adapted for various socio-economic conditions and practical situations of ricegrowing.
This conception of integrated control procedure must be based on sufficient
knowledge :
(1) - the agroecosystem of rice involving the analysis of the socio-economic
conditions of the environment.
(2) - rice pathosystem (in the broad sense) including the dynamics of
variety inter-relations varieties - pathogens/insects/weeds - relating to the
adoption or non-adoption of new cropping techniques adapted for improved varieties.
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REPORT OF THE WORKING GROUP ON RICE ENTOMOLOGY

1.

Seedlings

Rice in the seedling stage has relatively few pest problems, although
during some seasons army worm (Spodoptera sp~ and grasshoppers can cause serious
damage; therefore it is essential to monitor any indication of build-up of
these pests. White Fly Aleurocybotus indicus has been reported to be an
occasional problem and some insecticide treatment is recommended. Carbofuran
is particularly effective. It is recommended in the case of seedling that a
community nursery be formed to better control and supervise pest management.
2.

Major rice pests

The incidence of Chilo spp, Rice
region. Chilo is not a problem in Niger
irrigated areas and it is becoming more
rice is cultivated and as the Casamance

stem borers, varied from region to
but is sometimes a problem in some
important in those areas where unly
region in Senegal.

The work being done in Senegal appears to be most important with respect
to the use of pheromones in the development of an efficient program to provide
a population density level to determine the timely application of pesticides
when required.
This work being done in ISRA and GERDAT could contribute in future research
for an effective warning system.
In conjunction with phenomene studies, light trap surveys correlated
with field counts and weather system reporting will provide more adequate
warning of Chilo build-up.
A recommendation was made to study in greater detail the sugarcane, rice and
maize relationship with regard to the alternate host effect on Chilo and
other stem borers and their natural enemies.
3. Chemical control
Numerous trials have been made with insecticides ; however no precise data
seems available with regard to their efficacy and cost/benefice. It was noted
that indiscriminate use of pesticides can encourage secondary pests, again
emphasizing the importance of timely applications.
4.

Biological control

As much as possible spot treatment should be encourage to the extent
possible to preserve the natural enemy complex. Indeed it has been found that under
conditions of rice cultivation in the Sahel the natural enemies have been
known to maintain a check on the majority of rice insect pests.
This equilibrium in the agro-ecosystem gives hope for IPM and the group
recommends that studies be conducted with regard to parasite and predator transfers from rice to other neighbouring crops and also the opposite. No study has
yet been made in this respect.
5.

Cultural control

Tillage is very important for Maliarpha separatella control and destruction
of remaining stalks are important. Date of sowing is of great importance and
narrowing planting dates within a few days time gave much greater control of
midge (Orseolia oryzivora) than planting spread out 30 to 45 days. Date of
sowing research should be further eyemind in each zone to avoid unnecessary
chemical control.
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Varietal resistance, training, survey and warning systems. Socio-economic
aspects, liaisons with other organizations.
6.

Varietal resistance

WARDA does this work in collaboration with IRRI (Rice midge). In
Mauritania, it has been done to a limited extent.
Once one resistance variety is identified, research should be undertaken
on to how to interprateit in the rice crop systems especially with other cultural
practices.
7.

Training

Each country consents In some countries there are no technicians trained
in facilitating rice entomology. Technicians could be sent to WARDA and IRRI.
8.

Survey and warning systems

This point needs to be considered for both short as well as long term,
specially for Chilo and other borer complex. Such work has already beer. initiated
in Senegal.
This work should be conducted in each country since problems are different
in different countries. It can be done simple and locally developed standard
methodologies.
9.

Insecticide use

In Mauritania SONADER helps farmers in guiding how to use carbofuran
against rice pests.
For about 5 years carbofuran granulates have been used apparently without
any ill effects. Other insecticides as an alternative means should be found Out.
10.

Loss estimations

In brief loss estimation figures due to insects on rice in the Sahel are
longly unknown. These should be worked out to set out priorities of Research
and resource allocation. Figures are very approximate, even if available.
FAO loss estimation recommendations are available and should be used
to accumulate some accurate dates to justify the resources.
11.

Socio-economic aspect

Rice farming uses women, in some countries use of insecticides has to
be seen in this context, as well as the desire for using pesticide from must
farmers in some irrigated rice areas.
12.

Liaison

The collaboration with WARDA, IRRI and CILSS IPM Project. Already exists
in countries like The Gambia and Mali and Senegal. In Mauritania it is very
weak for the t ime being.

*

*

*
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REPORT OF THE WORKING GROUP ON RICE PATHOLOGY

1. The Group identified 2 distinct cropping systems of rice in the region, each
with its particular disease problems. Namely
a) upland rice agrosystem
b) swamp/rainfed/irrigated rice agrosystems.
2. Only 2-3 rice scientists were identified working on rice diseases problems
in the Sahel.
3. The followings were identified as disease
agrosystems :

problems in the different

a) upland rice: - Pyricularia oryzae (Node, Leaf and Neck Blast), Drechslera
oryzae (Brown Spot), Nematode.
b) swamp/rainfed/irrigated lowland rice: P. oryzae (Node, Leaf, Neck Blast),
Xanthomonas oryzae (Bacterial Leaf Blight), Rice Yellow Mottle Virus (RY~:),
Rhynchosporium oryzae (Brown Spot), Nematodes.
4.

Nematodes

The group recalls the importance of nematode problems which is indicated to
have deleterious effects in the region on rice production. Also attention needs
to be paid to seed-borne nematodes, e.g. Aphlenchoides besseyi, when it comes
to importing seeds of improved varieties. It was observed that there is a shortage
of nematode experts in the region and that attemps need to be made to train
scientists at the national and regional levels.
5.

Rice blast - Varietal resistance

The main method of control is through the use of varietal resistance using
the varieties from breeders at IRRI, IITA, IRAT, WARDA and IPM Project. The working
group recommends that a multidisciplinary approach be adopted in determining
varieties with horizontal or stable resistance not only to rice blast but also to
other diseases which may be described as "minor".
6.

Bacterial leaf Blight

a) The incidence of X. oryzae in the Sahelian countries (Niger, Mali,
Burkina and Senegal) needs immediate attention at the national and regional levels.
b) The working group recommends that immediate research should be embarked
upon to develop control measures to this disease.
1° Primarily the search for horizontal resistance as a long term measure
should be considered.
2° Since the presence of the disease is being felt right now, the use of
any identified variety through multilocational testing, with vertical resistance
could be adopted as a short term measure.
3° It was found that the incidence of the disease is being aggravated by
the introduction of early maturing varieties from South-East Asia and in view of
the fact that there are no regulatory control measures through plant quarantine,
it is suggested that seeds should not be imported from areas where the disease has
been reported. When any seeds are imported they should be pre-treated with seeddressing chemicals before sowing.

l~.

7.

Rice Yellow Mottle Virus

It is recommended that research should be intensified in the country where
the disease is obtaining a high level of incidence and that a constant survey
should carry out in the region relating to this disease to be able to tie down
the importance of this disease in the nearest future.
8.

Minor diseases

Drechslera oryzae, Rhyzoctonia solani and Rhynchosporium oryzae are labelled
minor diseases in the Sahelian countries. There are indications that environmental
conditions can aggravate the incidence of the so-called minor diseases therefore
a joint survey (breeder/pathologist/agronomist) of these diseases on all varieties
tested should be carried out.
9.

Chemical control

There are indications that some useful information are being obtailled at
the national level, namely to control P. oryzae, except for this disease, the
working group has not got enough evidence to recommend chemical control for
regional application.

*
*

*

REPORT OF THE WORKING GROUP ON WEED PROBLEMS OF RICE
Discussed under 2 main headings recognize there are other systems in the
Sahel.
1.
2.
1.

Dry sown
Wet sown

direct sown and transplanted.

Dry sown

1.1. Weed free clean seed bed i.e. removal of weeds where possible destruction
of 1st flush of weeds as or before rice emerges. Alternative to delay plar t i np
and interplant between maize after the first weeding.
1.2.

Plant in lines to allow efficient inter-row weeding suitable.

1.3. Varieties of medium stature and good tillering ability are preferable to
dwarf types, where chemicals not available.
2.

Wet sown

Important in wet sowing and transplanted rice to destroy weeds before crop
introduction and whenever possible use mechanical means.
Good levelling is essential to ensure uniform flooding for post-planting
weed control. Group emphasized the use of good water management as a means of
weed control.
The value of fertilizer in rice production was noted. Placement of
fertilizer should be considered as a means to reduce the stimulatory effect
on weeds.
3.

Chemical/Herbicides

3.1. Noted used of paraquat as aid in seed bed preparation. Noted herbicides
particularly important for post-planting weed control in rice especially where
water management was inadequate. Group endorsed further studies with herbicides
in particular for pre-emergence use.
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3.2. Application. Group noted excellent simplicity of the shaker bottle for
application of oxidiazinon and recommended the exploration of other simplified
application methods.
Value of propanil was stated but the group noted the adverse interactions
with many insecticides.
4.

Special weed problem

4.1. Perennial wild rice. Noted to be on increase control methods include deep
ploughing, cutting below water level and use of glyphosate.
4.2. Other weeds noted as of particular importance: Paspalum vaginatum, Cyperis
rotundus, Ischaemum rogosum, Striga hermonthica, attention to these problems will
be necessary.
Rotation with other crops such as Urena lobata is a means of supervising
many of these problems.
5.

Survey/identification

Group recognized the weakness in knowledge on the distribution and
identification of weeds in rice. We recommend the arrangement of suitable
training courses, provision and availability of weed identification literature
and :
a) the establishment national weed herbaria.
b) arrangements for an authorative identification service at the international
international level.
This is particularly important considering the range of rice cultural system.
6.

Tolerance to weeds.
This aspect must be investigated.
*

*

*

INTEGRATION OF CONCLUSIONS OF WORKING GROUPS ON RICE
A. Upland rice
1. Cultural practices
1.1. Weed-sowing to be carried out few days after land preparation.
1.2. Fertilizer application. It is important not to exceed tre recommended dosage
especially with nitrogen which aggravates disease incidence (Rice Blast).
1.3. Weeding. Weeding to be carried out between and intra rows eliminations of
weeds that serve as alternative hosts to diseases and insects.
1.4. Crop residue management. Crop residues to be fed to animals and remnants
to be ploughed into the soil long before planting season.
1.5. Crop rotation. It is important to introduce crop rotation into the rice
culture to maintain yield and reduce disease build up. Further investigation
should be carried out on crop rotation practices within the rice culture.
2.

Chemical control

2.1. Seed treatment . Treatment of imported se eds against nematodes and bacteria.
Research to be continued to determine other e fficient chemicals for seed
treatme nt.
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2.2. Foliar spray. Insecticides should be applied during the vegetative phase
only when economic outbreaks occur.
Fungicides could be applied to control Rice Blast, where it is recognized
of economic value.
3.

Varietal resistance

3.1. Entomology. Development of insect resistance varieties is recommended.
3.2. Phytopathology. Identification of sources of stable resistance to Rice
Blast and other diseases to be intensified.
3.3. Weeds. Studies on rice resistance to Striga needs to be carried out possibly
by WARDA, as well as on tolerance to weeds.
4.

Biological control

The use of parasites in the control of major rice pests should be energetically pursued and all available new technologies should be incorparatad into
a research effort.
B.

Irrigated rice

1. Cultural practices
1.1. Land preparation
Plough in weeds, puddle and flood with water. Seed or transplant in time.
In case of possibly midge attacks it is necessary to raise seedlings in the
nursery and transplant. Get rid of weeds that serve as infection carryover for
Rice Blast.
1.2. Weeding. Good water management leading to good weed control should be ensured.
1.3. Crop rotation. Growing of legumes after rice is recommended.
2.

Chemical control

2.1. Seed treatment
2.2. Research in treatment for insects pests at the vegetative phase should be
continued.
2.3. Herbicide treatment should be considered for direct seedling.
3.

Varietal resistance. See upland rice.

4.

Biological control
The recommendation follows the same as for dry land rice.

C.

General recommendation

1. Increased training program of experts and technicians in the Sahelian zone
to be accentuated.
2.

Crop loss assessment caused by pests in the Sahel should be intensified.

3. Collaboration with the national and other regional organizations should be
strengthened.
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COWPEA CROPPING SYSTEMS IN THE SAHEL

INTRODUCTION
Domesticated and cultivated in tropical Africa since the neolithic period,
the cowpea (Vigna unguiculata) is major leguminous crop of tropical Africa.
However, it is known little bit allover the world under different names: cowpea,
Southern pea, Blacheye pea, Beans, Coupe, Frijole, Niebe, etc ...
Cowpea is consumed from seedling stage to harvest: seedlings, tender
leaves, tender parts, immature parts, dry seeds enter in the preparation of
several African foods. Certain varieties are cultivated for fodder and dry matter
is conserved for animal nutrition after harvesting the grains.
In 1981 FAO has estimated the world production of cowpea at 1 445 000 tons
of which 95 %is produced in Africa. The major producers are the West African
countries led by Nigeria (58 % of world production). Sahelian production is nearly
600 000 tons out of which 45 % is from Niger and 30 % from Burkina. For a long
time the Sahelians have considered cowpea as a crop of secondary importance
consumed by the poor families during starvation periods. However, interest for
this crop is actually increasing ; indeed during the last five years the cowpea
production increased to 18 % (INSAH/DEVRES) which is slightly more than population
increase. The origin of this revival of interest is due to the increase of market
value and the campaign of awarness carried out in Niger and Burkina.
1.

MORPHOLOGICAL CHARACTERISTICS

Cowpea is an herbaceous plant in which the plants can be erect, procumbent,
or syneading. The stems are cylindrical, slightly angular, spiral sometimes
hollow and glabrous. It mayor may not be pigmented. The main stem consists of
4 to 18 nodes and 2 to main ramifications. The leaves are alternate , trifoliate
with one terminal and two asymetrical leaflets. They are globular to alongated
with lot of intermediate types. The length and breadth of the leaves varY
respectively of 70 to 200 mm and of 20 to 135 mm. The root system is spindle with
abundant ramification • The growth of root system takes place during the first
70 days. The inflorescence is axillary without ramification carrying several
flowers . It can be above the foliage or at different layers of the foliage. The
flowers are violet or white or intermediate and are carried by the peduncles
whose length varies depending upon the varieties. They app0~r 33 to 90 days after
the sowing depending upon the varieties. After fertilization the pod filling does
not take more than 20 days. The pods are pendent or vertically attached to the
inflorescence axis, their form is in general linear but one finds the spiralled,
curled or rolled forms. The length of the pod varies from 7 to 45 cm and the
colour, depending upon the development stages, takes different colours : at
flowering stage they are green with or without purple, at immature stage red,
brown or cream white and at maturity deep red, brown or yellowish with or without
black dull spots. Pods consist of alveoles bearing grains whose number, length
and size vary. Grain can be square, kidney shape and frequently flatten and the
100 grain weight averages 25 grams. The grain consists of one rough or smouth
integument whose colour can be white, creamy white, light brown, deep brown,
ashy grey, violaceous, chestnut colored, black greenish. It can also be spotted
or flecked, or streaked with black or brown. The eye, which corresponds to the
pigmented area around the hilum may have variable colour and distribution
according to cultivars. Generally Sahelians prefere white colored, medium size,
rough integument with o~ without black eye grains. Grain contains an average
11 % moisture, 23.4 % proteins, 56.8 % glucids, 1.3 % lipids, 3.9 % cellulose and
3.6 % ashes. Moreover, in the grain one finds flatulence factors, antitrypsine
and low percentageof sulphurie aminoacids (methionine and cystine) which limit
the nutritive value.
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2.

BIOLOGY

Cowpea belongs to the family of papillonacae and the genus Vigna. I t
consists of wild forms and interfertile cultivated forms. According to Marechal
(1982) Vigna unguiculata is subdivided into sub-species: Unguiculata (all
cultivated forms) : unguiculata type (cowpea), biflora type (cat jan bean),
sesquipedalis types (kilometric bean) ; Dekindtiana (wild) ; Tenuis (wild);
Stenophy1ia (wild).
The human selection pressure has played a major role
distribution of cultivated types. Thus, the biflora type is
in South East Asia, the sesquipedalis type in Asia, Oceania
the unguiculata type, the only cultivated in the Sahel from
is most cosmopolitan.

in the geographic
not known except
and America, whereas
the immemorial times,

Cowpea is autogamous (2n = 22 to 2 n = 24) with very low ratio of cross
pollination (less than 1 %) but exceptionally in certain humide zones of west
Africa where insects are very active, this ration can attain 10 %.
It is a plant of short days or photo period insensitive, in which the
flowering can be determinate or indeterminate based on the type of varieties.
During this flowering stage each cowpea plant can produce 100 to 500 floral huds,
according to Oje Homon (1968) only 6 to 16 % give mature fruits. However, it
appears that there exists a compensation by the appearance of numerous floral
buds on secondary and tertiary ramifications. Flowering of cowpea is initiated
by day length of 8 to 14 hours. In Sahel the farmers have, above all, retained
the short day varieties so that the maturation coincides with around the end of
the season with efficient water utilization and also good quality of seed at
harvest. On the contrary in the tropical zones of lower latitude one finds photo
insensitive varieties. In other places it was noticed that the quality of light
and temperature influence the cowpea development.
Thus when the light intensity is low certain varieties have a tendency to
etiolate, which explains the tendency to climb when they are cultivated in
association with cereals. With regard to temperature, it has influencing on the
vegetation growth, floral initiation, rhizobbial activity, nodulation and also
on grain yield. The optimum temperature is 27 0 C at night and lower night
temperatures extend the cycle. The Nigerian variety TN 88-63 has its cycle
extended from 8 to 10 days when it was cultivated in dry cool season. At the
vegetative stage cowpea constantly produces new leaves while the old leaves dry
and falloff ; due to the influence of temperature on growth and senescence of
leaves (Littleton et aI, 1979). Finally, according to Summerfield et aI, (1973)
the air temperature has a major influence than the light intensity and the
nitrogen fertilizer application in cowpea symbiotic system.
Cowpea is considered to be drought tolerant ; however, one finds that the
nodulation capacity is reduced when the humidity is relatively low particularly
during long day period. Also when the drought prevails at flowering Dasberg et aI,
(1977) have noticed an important loss in pods. Babalola (1980) has recorded that
water stress reduced from 34 to 46 % of growth and yield on one hand and on the
other certain varieties like New-Era have not suffered yield reduction when stress
was imposed at flowering and pod formation stage. V. unguiculata is cultivated
between isohyetes300 and 1 500 mm generally on sandy soils but also on clayey
soils with good drainage. For producing one ton of grains/ha the mineral (nutrient)
exportation is estimated at : N = 40 kg, P205 = 17 kg, K20 = 48, CaO = 11 kg,
MgO = 15 kg, S = 4 kg.
The symbiotic N-fixation by cowpea is estimated at 73.240 kg/ha/year.
With regard to oligo-elements very little information is available on the
requirements of cowpea although one thinks that molybdenum, manganese, copper,
zinc and boron are required for an efficient nodulation and increase in yield.

3.

PESTS
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Cowpea, throughout its crop growth and during storage, has acute pest
problems of insects, disease, nematodes and plant parasites.
3.1.

Insects

Contrary to most of the leguminous crops cowpea does not appear to have
developed, during the course of its evolution enough autodefence mechanisms like
accumulation of high proportions of poison or indigestible substances, by the
development of pubescence and the vigourous crop growth (Gerard, 1975). This
explains its high susceptibility to insects. IITA has listed 115 species of
variable importance in Africa and Asia attacking cowpea during its growth and
development and in storage. In the Sahel the works of IRAT (Delassus, 1970) and
more recently institutions like ISRA (Ndoye, 1979), INRAN, SAFGRAD, etc ••• have
brought to light the entomofaune of cowpea. The more important insects are at
flowering: thrips of flowers (Megalurothrips sjostedti), pod borer (Maruca
testulalis), pod sucking bugs (Clavigralla tomentosicollis), cowpea storage weevil
(Callosobruchus maculatus). To these it should be added leafhopper (Empoasca
dolichi), aphids (Aphis craccivora) which transmit viral diseases and hairy
caterpillar (Amsacta moloneyi) whose biology according to Ndoye (1979) is largely
influenced by ecological changes that were brought about from 1972 drought.
The loss due to insects are particularly high and in intensive pure crop
without plant protection the production could be zero. On a study conducted in
northern Nigeria (ecologically close to Sahel) Raheja (1976) has estimated
a
potential grain yield loss of more than 90 % with 70 % occuring during flowering
and pod formation.
The major control method used till now is use of chemicals (insecticides)
whereas biological control, use of cultural practices and resistant varieties
have not drawn enough attention of the scientists. For a long time, endosulfan
was found to be one of the best insecticides ; now the range of selective and
broad spectrum insecticides is very variable. It is only recently through the
work of IITA that integrated control programs have been put into practice, some
results obtained (resistant varieties, cultural methods, minimum treatment) are
still on research stations and not yet at level of systematic treatment. To
protect against the effects of bruchids in storage farmers generally use very
sweet-smelling plants (perhaps repellent to bruchids or toxic) or sufficate by
sand or ash. The traditional conservation is as pods in gr'aneries made of plant
material or well crushed soil. The research from its side has advocated the use
of fumigants like carbon tetrachloride, hydrogen phosphide or methyl bromide for
storing the grains in plastic bags.
3.2.

Diseases, nematodes and plant parasites

Compared to insects, the diseases appear to pose less problem to the
cultivation of cowpea, but it should be mentioned that very little research was
carried out in the Sahel on pathological aspects of cowpea. The first inventories
of IRAT (Delassus, 1970) and the work of IITA concern the tropical humid zone. In
effect is only during the last few years IITA has started showing interest on the
cowpea diseases in the Sahelian zone. In Niger the important diseases are
bacterial blight (Xanthomonas vignicola) and grey stalk rot (Macrophomina
phaseoli). However, one comes across several viral diseases (yellow mosaic) in
humid zones and also around water points, also are the cases of rust, septoria,
etc •.• On early varieties which generally mature during wet periods one finds
the rotting of pods. The only method of protection used is a seed treatment
wi th TMTD (thioral).
- like diseases, the nematodes have drawn little attention of scientists
working in Sahel. Broad sense IITA has listed 4 species attacking cowpea:
Meloidogyne incognita, Pratylenchus sp, Heliocotylenchus pseudorobruchus,
Belanlaimus gracilis.
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- Striga (Striga gesnerioides) is practically present throughout the
Sahel but above all it is Niger, Mali, Burkina and Chad which are badly affected.
It is a holoparasite which causes considerable loss in production and appears to
be apreading. The zones which were previously free have started to be seriously
infected. One control method is hand pulling. Use of herbicides is beyond the
capacity of an average farm in the Sahel and the resistant varieties are still in
incipient stage. SAFGRAD and INRAN have reported some resistant cultivars but
their performance needs to be confirmed in bigger plots.
4.

CULTIVATION OF COWPEA AND ITS CONSTRAINTS
The plant itself presents several inconveniences

- low yield potential : 3.5 to 4 tons/ha under best management with several
spaced harvests ;
- high parasitization
- plant structure: weak branches, low optimal plant density, low harvest
index
- physiological inefficiency : several cultivars are characterized by
a rapid pod filling (20 days). A limited rooting capacity and a poor response
to favourable conditions ;
- narrow adaptation: sensitivity to day length and night temperatures.
Specific requirement of soil moisture, susceptibility to insects and diseases
limit the scope of adaptation of several cultivars ;
- incompatible utilization : the plants interesting for monoculture are
not ideal for mixed cropping where the spreading type of varieties are prefered.
It is also true for the plants destinated at human nutrition (grains and green
pods) and those used for fodder;
- quality of production : the consumer preference varies depending upon
the region and the use that one makes. Low levels of sulphur amino acids
(methionine and cystine) presence of growth inhibitors and of the flatulence
factors.
But the major reasons for the low productivity (250-350 kg/ha)of cowpea
in West Africa are as follows :
1. Climate; capriceous with impredictable rains, unequal distribution.
To this one should add the phenomenon of thermoperiodism and photoperiodism and
high temperatures.
2. Soil : low fertility level, very little organic matter, deficiency in
phosphorous, poor soil water retention capacity, sometimes unfavourable microbiological activity.
3. Acute parasitism: abundant insects, from sowing to harvest and in
storage; bacterial, fungal and viral diseases, plant parasite (Striga). In
traditional crop the protection is not assured except sometimes for the grains
in storage.
4. Obsolete cultural practice: the cultivation of cowpea is mainly
practiced in rainy season on sandy soils but one finds the dry season crop of
cowpea on clayey soils around the water points, in decrue, without supplementary
irrigation. The type of cultivation most known and used is mixed cropping with
cereals (millet, sorghum, maize) rarely with another species. The reasons for
consistency of association in the Sahelian production systems are attributable
among others to the most efficient utilization of soils, lower parasitism
presence than in pure cropping, and a more large food security.
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The sowingstake place either with first major rain at the same time as
millet, in the same hill, or after millet, with following rains in between
millet plants. The seed bed is generally flat but sometimes the sowings are done
on ridges. In traditional crop the densities of sowing are very low 7 000 to
10 000 hills/ha as against a recommended density of 30 000 to 100 000 hills. In
general there is no pre-soil preparation and the cultural practices are executed
with the help of "hiler" and hand hoe and in better conditions (very rare)
with animal traction.
5.

CONCLUSIONS

The research on cowpea in Sahel started in 1953 with the assembly of the
germplasm, varietal and fertilizer trials. In 1962-1966 there was an intensive
research work carried out by Sene (1970) essentially to obtain short cycle
varieties, erect with good yield, having white or creamy white grains of average
size. The crosses and early selections were carried out at Bambey Station in
Senegal whereas the observations and performance trials were conducted notably
in Niger and Burkina. Several cultivars have been proposed some of which are
N 58-57 in Senegal, TN 88-63, TN 98-63, TN 46-9 and TN 36-64 in Niger.
Simultaneously IRAT has defined the cultural practices and plant protection
measures for an intensive cultivation of cowpea in most of the countries of
West Africa. Presently several national institutes (ISRA, INRAN, IVRAZ, IER,
CNERDA) regional (CILSS, INSAH, SAFGRAD) and international (IITA) have multidisciplinary research teams working on cowpea crop improvement. For a long time
(and also right now) the emphasis of research has been the improvement of yields
by intensive cultivation: introduction of pure crop optimal cultural practices
and effective protection. And in this case the results are encouraging : one can
produce cowpea of quality in optimum condition which research stations have the
exclusive secret. In the second half of the last decade one felt the need for
taking into account the realities of Sahelians in orienting more and more the
research on mixed cropping cowpea/cereals.
In thirty years of research, one hasn't known sufficiently cowpea in
Sahel or very few publications (arbitrary) are available. As a result lot
remains to be done in cowpea crop improvement. The important genetic variability
in cowpea permits to settle down valid research programs ~odulating the criteria
of selection, of the choice of production technics based on utilization in
reserving for exemple the early varieties for grain production and the medium
cycle varieties for mixed production and in crop association. More than high
productivity one should research the adaptation, the stability and regularity
of yield.
Certainly in the years to come the search for resistant varieties to
the insects, diseases and Striga in the Sahelian conditions must be the major
objective of the scientists with a view to preserve the producer of preventive
and periodical phytosanitary treatments. Improvements of nutritive quality by
reducing the factors of flatulence growth, inhibitors and increase in the ratio
of sulphuric amino acids, also the ways and means of agro-industrial utilization
of cowpea must be an objective of the research programs. And without doubt for
this there must be time and should mobilise lot of human and financial resources.
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PEST PROBLEMS OF COWPEA IN THE SAHEL

INTRODUCTION
Cowpea, Vigna un~uiculata is the most widely grown grain legume in the
Sahelian region where it constitutes the major source of protein in rural areas.
Traditionally, cowpea was intercropped with millet, sorghum or maize depending
on the region. However in recent years, production is being progressively
intensified through the introduction of mono cropping. Inspite of the large
quantities of cowpea cultivated by intercropping with other crops, most researches
on cowpea (entomology, pathology, weed science) only cover the mono cropping
system.
The most important among entomological researches were conducted by
J. Risbec (1950), J. Appert (1957) and IITA (International Institute of Tropical
Agriculture) in Nigeria. Some others were conducted by national researchers in
Burkina and Niger.
Very little attention has been given to cowpea entomological problems in
CILSS (Permanent Inter-State Committee for Drought Control in the Sahel)
member countries : no cowpea disease is included in the CILSS Regional programme
as part of the "Integrated Pest Management Project for Major Sahelian food crops".
Inspite of this, we can still make use of results from cowpea disease researches
conducted by IITA in Ibadan and Ahmadu Bello University in Northern Nigeria.
Researches in weed science have been solely focussed on witchweeds (Striga
gesneroides). These were conducted, only in Burkina and Niger. It is worth
mentioning here that Striga gesneroides is included in the CILSS IPM regional
research programme.
1•

ENTOMOLOGY
Several insects exert economic influence on cowpea production

- seedl ing pests : of minor importance..
leaf pests including: Amsacta moloneyi, Heliothis armigera, several
species of the Spodoptera genus, Aphis craccivora and many others.
- flower and flower bud pests : Thrips, Mylabris and Maruca. They are the
most important cowpea pests from the economic point of vjew.
- pod and storage pests: (pod borers, pod sucking bugs and storage weevils).
1.1.

Amsacta moloneyi (hairy cowpea caterpillars)

The larvae of this Arctiidae is identified with the sudano-sahelian zone,
but it becomes a major pest especially in senegalese regions where rainfall is
below 600 mm, it also attacks millet and groundnut crops even though it is mainly
a cowpea pest.
1.1.1. Biology

The emergence of moths from diapausing pupae takes place within the few
days after the first heavy rain, which is often the rain for cowpea sowing. The
females lay their eggs on the lower leaf surface of young seedlings. Hatching
takes place some few days later. They feed on leaves and then at the end of the
5th larval instar, quit the cowpea plant and bury themselves underground to
pupate spending almost 11 Months in diapause (Ndoye, 1978).
1.1.2.

Econ~mic

importance

The larvae are so voracious to the extent that leaves and seedlings can
completely destroyed. Attacks are very often limited to certain fields or to
parts of fields, in a region.

t~
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1.1.3.

Control methods

Present knowledge does not help to predict the areas where infestations
will occur. Thus it seems logical in the first place to apply only curative
measures but before the larvae reach the 3rd larval instar. This is necessary to
prevent damages and also because late instars are hardly sensitive to insecticides.
It is recommended that, within the three weeks just after cowpea emergence, farmers
examine the lower surface of cowpea leaves weekly so as to detect the presence of
early instars. Then they are to sample out 25 plants taken along a d1agonal of
the farm. If they can count several tiny larvae on 5 plants out of the sample, then
insectide application must begin. The insecticide in the form of dust can be
applied by using a powdering sack. Studies would have to specify the recommended
powder. Besides, the insecticide must also be effective against grasshoppers so
that the farmer needs not have two different insecticides in cases of cereal
infestations by grasshoppers. The sampling method also requires further investigations (Pierrard, 1983).
1.2.

Megalurothrips (Thaenothrips) sjostedti

Thrips are very tiny insects living in flowers and flower buds. The shiny
black adult is about 1 mm long. The larvae are light in colour.
1.2.1. Biology and ecology. Thrips are endemi c In Sahelian Africa. They lay their
eggs inside flower buds. The adults and larvae feed on flower buds and flowers.
Pupation takes place in the soil. The entire life cycle takes 14 - 18 days.
1.2.2. Economic importance. By feeding on flower buds and flowers, thrips deprive
the plant of flowers and thus reduce pod formation. Grain yield losses can be as
high as 30 - 100 %.
1.2.3.

Thrips control methods
- Chemical control

Several insecticides are efficient against thrips when applied at the
flower bud formation stage : azodrin at a rate of 250 g a.i./ha and lindane at a
higher rate.
- Cultural control : the eradication of host plants by an end of season
ploughing followed by ha~owing to kill t he larvae in the soil and adults living
on plants is possible but very demanding. By delaying plantillg dates and adjusting
seeding densities thrips can be controlled. (Appert and Deuse, 1981).
- Biological control : Bennet (1962) quoted by Lewis (1973) indicate that
bugs of the Anthocoridae family (Orius genus) Miridae (Psollus genus) and Ladybird
beetles (Coccinella undicimpunctata, Hippodomia convergens, Adelia bipunctata)
are effective as predators in reducing thrip populations.
- Variety resistance : no conclusion can be drawn from research carried out
along this line in Niger. However in Nigeria, IITA (1977 and 1980) found the cowpea
variety TVX 3236 to be resistant, TVU 1509, TVU 7274, Vita 4 and Vita moderately
resistant and Vita 1, Vita 2 and Ife Brown susceptible to thrips.
1.3.

Maruca testulalis (cowpea pod borer)

The pod borer, Maruca testulalis, a pyral found on grain legumes is very
widespread in the tropics and subtropics.
The larva, responsible for damages on cowpea is of a yellow-greenish colour
with small black spots on each segment. It may be up to 18 mm long. One or two days
before the larva changes to a pupa it becomes green and loses its black spots.
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1.3.1. Biology and ecology

The female can lay up to 150 eggs on the aerial parts (leaves, buds and
pods) of the host plant. The eggs hatch 5 days after. Pupation, which takes place
in pods within a silky cocoon or in the soil, takes 5 - 15 days. The adult emerges
5 - 7 days later. High soil humidity enhances this emergence. The insect with a
life-span of 3 - 7 days is very active during the rainy season.
1.3.2. Economic importance

The young larva feeds on leaves and floral organs. It penetrates the
immature cowpea pods to destroy the seeds.
Damages can be detected by the presence of faeces which remain tied to the
silky threads attached to the attacked parts o! the plant. According to Booker and
Rahaja quoted in Kassam (1976) in Nigeria losses due to Maruca can reach 70 - 80 %.
1.3.3.

Control methods

- Chemical control : several insecticides have proved to be effective against
Maruca. They include: endosulfan, carbaryl, lindane and monocrotophos. The
insecticides are to be applied at the flowering stage on the detection of the first
damages, before the larva penetrates the immature pods. After a first insecticide
application, treatments must be carried out every 10 - 14 days until cowpea
maturity.
- Biological control : Braconidae and Ichneumonidae have been reported
to be natural enemies of Maruca testulalis.
At Tarna in Niger larvae of the beetles Ch1arnius boisduvali have been
observed to predate on Maruca larvae.
- Variety resistance : research works by IITA indicate that cowpea varieties
TVU 946 and Vita 5 are resistant to Maruca (Jackar 1980). This resistance depends
on the length of the peduncle. Varieties with long and erect peduncles with pods
kept above the vegetation and which avoid contact with neighbouring pods are the
least attacked.
1.4.

Bugs: Clavigra11a (Acanthomia) tomentosico11is, Acanthomia horrida and
Anoplocnemis curvipes

These three bugs are the most frequent on cowpea in the Sahel ian region
of Africa.
Clavigralla tomentosicol1is is brown and Acanthomia horrida is grey.
A. tomentosicollis has a compact and furry body with short spines on the abdomen.
A. horrida is cylindrical with longer spines on each side of the body.
Anoplocnemis curvipes is black and about 30 mm long. The male is distinguished
from the female by its very swollen posterior femurs.
1.4.1. Biology and ecology

C1avigra1la tomentosicol1is and Acanthomia horrida have the same life
pattern. Females lay their eggs on cowpea plants. Adults and larvae suck the sap
from pods making them shrivel and dry prematurely.
Anop10cnemis curvipes. The female lays a chain of grey to black eggs on
weeds or grain legumes, but rarely on cowpea. They hatch in about 7 to 11 days.
The different larval stages take 29 to 54 days. The adult has a life expectancy
of over 3 weeks. This bug is widespread in tropical Africa.
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1.4.2. Economic importance
The adult bugs are responsible for damages on cowpea. They suck the sap
from pods making them dry up prematurely. Attacked seeds shrivel and fail to
germinate. When attack is heavy, yield losses may range from 60 to 90 %.
Hill (1975) stated that with 2 bugs/plant the weight of grains may be
reduced by 40 - 60 %, the number of grains by 25 - 36 % and grain quality by
94 - 98 %.
1.4.3. Control methods
- Chemical control : cowpea pod sucking insects can be controlled by several
insecticides : BHC, endosulfan, anonocrotophos and sumithion. The insecticide must
be applied from the flowering stage onwards.
- Cultural control: according to Appert (1971) one of the simplest and quite
effective methods is to catch the bugs by hand in the early morning and
subsequently destroy them by crushing or burning. It must be borne in mind however
that this method can only be economical where there is free labour.
- Trap plants such as maize and chickpea (Cajanus cajan) which attract the
bugs often give protection when intercropped with cowpea.
- Biological control: according to Sellier (1959) Astata, Sphegidae
(Hymenoptera) capture the larvae of different bugs (Pentatomidae, Coreidae,
Lygeidae) to furnish their nests. The prey is paralyzed and taken to the nest
either in a flight or by dragging on the ground. Other Sphegidae of the ~aon
genus are also natural enemies of cowpea bugs.
- Variety resistance: research by IITA indicates that the Vita 4 and
TVU 7279 varieties are moderately resistant to Acanthomia horrida.
1.5.

Callosobruchus maculatus (cowpea storage weevil)

Among cowpea weevils, Callosobruchus maculatus is the most damaging and widespread species in the Sahelian region. It is a tiny beetle of 3 - 4 mm long,
reddish in colour with 4 black and roundish spots on the elytra.
1.5.1. Biology and ecology
C. maculatus lives on a large number of grain legumes, but especially on
cowpea.
The female lays its eggs on pods which are least exposed to the sun.
Infestation of pods may begin on the field, but damages only become significant
during storage, because the climatic conditions during this period enhances insect
reproduction.
The cowpea storage weevil, can reproduce on grains with a water content
lower than 6 %, under optimum temperature conditions its cycle of development
may only be 22 to 25 days (Pierrard, 1983). According to Cornes (in Kranz et aI,
1977) the optimal conditions for C. maculatus development may be 32.5 % and 90 %
relative humidity.
1.5.2. Economic importance
Cowpea damages are caused by larvae during storage. According to IITA
(1982) within six months of storage C. maculatus may cause up to 30 % dry material
losses and contaminate all the stored grains. Annual losses in West Africa are
estimated at over 50.000.000 US dollars.
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1.5.3.

Control methods

- Chemical and related methods of control : Pierrard (1984) tested the
anti-C. maculatus effectiveness of about 10 insecticides commonly used in
protecting stored food commodities. Pirimiphos-methyl proved to be the most
effective and gave 6 months of total protection at a dose ~f 12.5 ppm in full
scale trials conducted in about 15 Senegalese villages.
A method recommended by IITA (Singh et aI, 1976) which consisted in mixing
groundnut oil at a rate of 5 to 10 ml per kilo of cowpea grains offered a complete
grain protection for six months in Nigeria. At Tarna in Niger, Diop (1979) could
~ive effective protection against cowpea storage weevils by using this method
which does not affect cowpea germination and taste. On the contrary, cowpea
protection trials with groundnut oil gave poor efficacy in Senegal, (Pierrard,
1984) ; the explanation could be that in the period when the air is very dry and
the temperature high, the oil film at the surface of grains is rapidly broken.
- Cultural control: since the weevils lay their eggs on deshydrated pods,
an early sowing of short cycle varieties ensures a harvest before the insect
population becomes abundant and thus prevents a very early commencement of
infestations. In order to harvest pods as soon as they mature, it is preferable
to plant varieties with a group flowering period and to avoid using varieties
wi th different flowering periods in the same area.
Since the eggs are laid on pods, unshelling soon after harvest, can help
prevent the larvae from entering the pods.
- Traditional methods : a survey of the different methods used by farmers
to preserve and protect cowpea has been made in several CILSS countries : Burkina,
Gambia, Mali, Mauritania and Niger. In Niger, Nagui (1983) tested the insecticide
value of 5 plants used traditionally to control the storage weevils. The extent
of protection using chemical insecticides was clearly higher.
CONCLUSION
There are methods for controlling major cowpea insects. The methods are the
use of insecticides and resistant varieties. At the moment, the insecticides are
not within the reach of Sahelian farmers. Moreover, they are only economical in
cowpea monocropping systems with a sufficient production potential.
In order to benefit the majority of Sahelian farmers, research on cowpea
entomology must be geared also to cowpea insect problems in an intercropping
system.
Intercropping, which can itself constitute a method for controlling some
insects, when combined with other means of control (sowing dates, weeding to
destroy host plants, insecticides and resistant varieties) may constitute an
integrated method for controlling cowpea insects.
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2.

PATHOLOGY

One of the major characteristics of the Sahelian zone is a quite low
relative humidity for a major part of the year. This situation is not conducive
for the development of crop diseases. However certains diseases well adapted to
thi~ climate can become a limiting factor to cowpea production in the few rainy
months.
The fact that our climate offers a favourable condition for the development
of pathogenic cowpea micro-organisms is a probable reason for the little
attention given to research on cowpea diseases in the CILSS region.
Research work on cowpea diseases which may be of interest to the Sahelian
area, were conducted by IITA and Ahmadu Bello University in Ibadan and Samaru,
Northern Nigeria respectively.
This report will deal with some cowpea diseases which we consider to be
of importance to the Sahel ian region.
1.

Virus diseases

1.1. Cowpea yellow mosaic

virus (CYMV)

1.1.1. Biology
The cowpea yellow mosaic virus is generally transmitted by insects, and
Ootheca mutabilis, a beetle, is by far the most important (Chant, 1960). Some
other vectors have been discovered recently : two thrips Sericothrips occipitalis
and Taenothrips sjostedti ; one Chrysomelidae ,Paraluperodes quaternus, one
Curculionidae, Nematocerus acervus and two grasshoppers Cantatops spissus and
Tonocerus variegatus (Whitmey and Gilmer, 1974).
.
The CYMV can also be transmitted by seeds (1 - 5 %). With a high insect
vector population, the disease can rapidly spread from this very limited number
of primary infection foci (Gilmer et aI, 1974). The virus is found in Africa,
America and Asia.
1.1.2.

Symptoms

CYMV symptoms vary with the cowpea cultivar and the virus strain :
yellowing of veins, chlorosis, mosaic, stunts (Franz, 1981). A systematic
infection varies from a barely visible green mosaic to totdl death of infected
plants.
1.1.3. Economic importance
According to Chant (1960), Shoyinka (1974), Gilmer et aI, (1974), yield
losses caused by CYMV can be up to 60 - 100 %. The earlier the infection, the
larger the damages.
1.1.4.

Control methods

- Chemical
should be directed
IITA sources, that
is very costly and

control
since CYMV is mostly transmitted by insects, control
at the vectors by the use of insecticides. It is indicated from
weekly applications gave satisfactory results. This method
not economical for the farmer.

- Cultural control : Shoyinka (1975) was able to control the yellow mosaic
virus satisfactorily by growing cowpea in a mixed cropping system. Uprooting of
infected plants as soon as the symtoms appear, reduce the spread of the disease.
The use of clean seeds can reduce primary inoculum.
- Resistant varieties : since the reaction of a variety to various virus
strains differs, it is difficult to come by a variety which is resistant to all
the CYMV strains. Inspite of this, IITA has cowpea varieties reristant to several
strains of CYMV (Victor 798, Vita 3) (Williams, 1975).

1.2.

Aphid-borne mosaic virus
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1. 2.1. Biology
An aphid, Aphis craccivora transmits the virus from one plant to the other.
(Raheja and Leleji, 1974). The virus can also be transmitted by seeds (Rossel, 1976
Capi to, 1976).
1. 2.2.

Symtoms

The virus infection produces mottling, swelling, chlorosis of leaf lamina
and leaf distortion. Infected plants are stunted and flowering is delayed or
impaired.
1.2.3.

Economic importance

The disease incidence can be as high as 100 % in the field and the harvest
completely destroyed. Raheja and Leleji (1974) attributed the considered yield
losses on irrigated cowpea farms in northern Nigeria to the virus.
1.2.4.

Control methods

- Chemical control
with insecticides.
2.

the insect vector Aphis craccivora can be controlled

Bacterial diseases

2.1. Bacterial Blight (Xanthomonasvignicola)
The disease is seed-borne. The causal agent Xanthomonas vignicola can survive
from one season to another on crop residues. The disease spreads rapidly in periods
of heavy rains and during overhead irrigation (Williams, 1977). The disease is
widespread in Tropical Africa, America and India.
2.1.2. Symptoms
The first symptoms of Bacterial Blight are tiny water-soaked dots on the
lower surface of the leaves. The dots remain small while surrounding leaf tissues
die, developing a tan to orange coloration, with a yellow halo around them. In
case of a heavy infection dead tissues merge so that large areas of leaf develop
the tan to orange coloration. The initial small dots still remain on the leaves.
Xanthomonas vignicola can infect the stem which cracks (stem canker). When
the pathogen enters the pods, the entry points become water-soaked.
2.1.3.

Economic importance

An early infection by seeds can kill up to 60 % of seedlings (Sing and
Allen, 1979). Leaf drop and discoloration considerably reduce the value of the
hay as a fodder.
2.1.4.

Control methods

The use of clean seed and resistant varieties are the only available
control methods. Resistant varieties have been identified in the USA, in India
and by IITA.
3.
3.1.

Fungal diseases
Cercospora Leaf Spot

Cercospora Leaf Spot on cowpea is a leaf disease caused by two fungi
Cercospor.a canescens and Cercospora cruenta.
3.1.1. Biology and ecology
Both fungi are seed-borne. The spores can survive from one season to another
on cowpea residues. They are adapted to the hot sahelian climate.
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3.1.2.

Symptoms

.Cercospora canescens produces circular to irregular and cherry-red to
brown lesions which can be up to 10 mm wide. When the infection is heavy, leaves
turn yellow and drop.
The symtoms of Cercospora cruenta start by a chlorosis on the upper
surface of leaves. The lesions are covered with necrotic dots which coalesce to
from brown necrotic lesions.
On the lower surface of leaves C. canescens lesions are red whereas
C. cruenta produces grey-black down made up of fungus fructification.
On susceptible varieties the disease can spread rapidly, resulting in
a severe defoliation.
3.1.3. Economic importance
A high reduction in cowpea yields has been attributed to th~ 2 fungi
20 % to Cercospora canescens and 40 % to Cercospora cruenta (IITA, 1973).
Premature defoliation considerably reduces the value of cowpea as a fodder.
3.1.4.

Control methods

- Chemical control : the two fungi can be effectively controlled by foliar
applications of the systematic benomyl fungicide (0,2 % a.i.) (Schneider et aI,
1973 ; and many others).
- Variety resistance : IITA has identified many cowpea lines resistant to
the two Cercospora (Williams and Allen, 1977). In the USA, materials resistant
to Cercospora cruenta have been discovered (Fery et aI, 1976).
Several other cowpea diseases are found in the Sahel : Anthracnose
( Colletotrichum lindemuthianum), rust (Uromyces appendiculatus), pod rot
(Choanephora infundibulifera), bacterial pustules (Xanthomonas sp), etc.
CONCLUSION
Little information is available on cowpea diseases in the Sahel, and the
scanty researches in this field are on cowpea monocropping, while most of cowpea
production are effected in an intercropping system. It is therefore imperative
that researches be geared towards cowpea diseases in an lntercropping system,
without neglecting the monocropping case.
Studies on the trend of cowpea diseases in intercropping could eventually
help detect the crop associations which can serve as methods for controlling
certain diseases and also identify those associations which can worsen other
diseases.
A combination of the use of resistant varieties, fungicides and intercroppingf
can constitute an integrated method for controlling certain cowpea diseases.
4.

WEEDS

In Africa 98 percent of the cowpeas are grown in association with other
crops (Silvestre & Soitout, 1965). The crops mainly associated with cowpeas in
West Africa are millet and sorghum. The normal practice of planting cowpea after
the associate crop, usually at the time of weeding, considerably reduces yield
loss due to weeds, although the parasitic weed, Striga gesneroides, is an
exception to this generalization. Owing to the ability of cowpea to compete with
grasses, including the aggressive Imperata cylindrica, in some systems of
traditional agriculture the crop is planted without any previous land preparation,
(Stanton et aI, 1966). However both Akobundu, in Nigeria, and Laycock (1980) in,
Ghana, have shown considerable grain yield increments may be obtained by early
weed control.
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Trials conducted in the Guinea savana (Laycock, 1981) with pure stands of
cowpea demonstrated significant grain yield increments from weed control, 56 %,
fertilizer, 50 %, and insecticide, 23 - 33 %. Fertilizer, 50 kg N/ha,
50 kg P 0 /ha, 50 kg K 0/ha, stimulated early crop growth to give earlier crop
2 5
2
canopy closure and reduction in weed growth. The absence of any weed-fertilizer
jnteraction on yield suggests that the early weed growth has the most damaging
effect on crop yield. The traditional practice of sowing cowpea concurrently
with weeding of the cereal crop minimizes losses due to weeds in mixed crop
situations.
The "occasional" weeds found in the cowpeas are, with the exception of
Striga gesneroides, unlikely to have any significant effect on yield. Grasses,
such as Brachiaria distichophilla, Dactyloctonium aegypticum, Digitaria spp,
Eleusine indica, Eragrostis tremula, Pennisitum spp and Rottboellia exalta tend
to be more common than broadleafed weeds. This latter group includesBoerhavia
erecta, Commelina spp, Cassia obtusifolia, Corchorus olitorius, Acanthospermum
hispidum, Euphorbia hirta, Indigofera spp, Mitracarpus villosus, Phyllantus
pentundrus, Jacquemontia tamnifolia, Tribulus terrestris, Urena lobata, Celosia
trigyna, Trianthema portulacastrum , Portulaca oleracea, P. quadrifida, Phyalis
angulata, I~omea sp, Veronia persiflora and the parasitic weeds Alectra vogelii,
Buchnera sp, and Striga gesnerioides.
Traditional cultivations with hoe and animal drawn cultivators provide
acceptible economic weed control, particularly if carried out early and under
'drying' conditions. Exposure of plant roots to the hot tropical sun is a highly
effective, often underrated, method of weed control.
Various herbicides have been used in cowpeas to control many annual weeds.
These include the anilides, alachlor and metalachlor, the nitroanilines,
pendimethalin and trifluralin, the ureas, linuron and metobromuron and a triazine,
metribuzin. Selectivity of herbicides was shown to vary between varieties and
between location (Laycock, 1980) the latter · depending upon soil type and rainfall .•
Herbicide mixtures usually provided a broader spectrum of weed species controlled
while at the same time improving selectivity. Spot hand weeding to remove species
not controlled by the herbicide is recommended to prevent the built up of a
resistant flora. Many of the cowpea herbicides are highly phytotoxic to both
millet and sorghum thereby limiting their potential use to the minority mono
cropping situation.
The parasitic weed, Alectra vogelii, has recently been reported in Mali
where attempts are being made to eradicate this weed before its becomes widespread.
Although 'common' in Nigeria around Zaria this parasite appears to be absent from
Niger. Little is known of its economic importance in West Africa.
The most important weed of cowpeas is without doubt Striga gesnerioides.
"All species of the genus Striga L~urieria that have been examined are parasitic
and it is safe to assume that thi s behav irur is found throughout the genus "
(Musselman, 1984). Of the 30 species in the genus about 23 occur in Africa and
are characterized by a preference for open grasslands in semi-arid regions. Striga
is a member of the family Scrophulariaceae, sub-family !.l-Pin~_tJ:l_oj~e~~, being
separated morphologically from other members of the Rhinanthoineae by unIocular
anthers and a bilabiate corolla with a pronounced bend in the corolla tube.
Buchnera, a closely related genus, has an almost radially symmetrical corolla and
lacks a bend in the tube. Musselman (1984) has recently examined the taxonomy of
the Striga genus with particular reference to economic species. Striga gesnerioides
(Willd.) Vatke (= S. orobanchoides Benth),is distinguished from other Striga
species by scale - like leaves, pubescent corolla and a large primary haustorium.
This species is discussed in more detail below. Although long known throughout the
Old World Striga gesnerioides has only recently been reported in the New World
(Langdon, 1979 ; Wunderlin et aI, 1979). It is found from Cape Verde Islands,
through tropical and southern Africa, through the Arabian Penlnl::iula to western and
southern India. Host.-plants from many families have been reported by Hemsley
and Skan (1906), Nicolson (1976) and Musselman (1984) including Fabaceae
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(Indigofera), Convolvulaceae (Ipomea, Meremmia, Jacquemontia), Euphorbiaceae
(Euphorbia spp) , Liliaceae (Sansevioria) and Acanthaceae (Lepidagathis). Distinct
populations with well developed host specificity have been observed in the field
and experimentally in the greenhouse by Musselman and Parker (1979). The
distinctions between the four main populations discussed by Musselman (1984)
include flower colour and branching and are summarized in table 1. Where the
Convolvulaceae and cowpea populations have been found growing alongside each
other parasitism of the 'other' host has not been found indicating a high degree
of host specificity. The distinct populations are maintained by flowers being self
polinated before opening.
Within the cowpea population differential host varietal responses
(resistance, tolerance), have been found suggesting a single resistant variety
1S unlikely to be developed which may be used across the Sahel. The cowpea strain
of S. gesnerioides, widespread in the semi-arid zones of Africa is reported by
Obilana to be spreading rapidly southwards from the Sahel zone and Sud~n savanna
to the northern Guinea savanna and as a consequence will become more important
economically. Before Striga seed may germinate a post-harvest ripening period
must be followed by a pre-conditioning or "pre-treatment" period in moist conditions
After this pre-treatment period the seed must receive a chemical stimulus to
trigger germination. Reid and Parker (1979) suggest a relatively prolonged
treatment of 3 - 6 weeks at higher temperatures, that is in the order of 33°C
rather than 23°C, is required for S. gesnerioides germination. Substantial
germination stimulation was obtained in the greenhouse of S. gesnerioides seed
collected from a cowpea host in Niger by exudates from cowpea and pigeon peas.
Parker and Reid (1979) also reported germination of this same seed sample by
exudates from Rottboellia exaltata, sorghum, soyabean and Digitaria sanguinalis.
The eventual susceptibility and parasitism on pigeon peas was not examined.
Attachment of the Striga to the host requires close proximity of the host
root to the germinating seed. A large primary haustorium develops and the Striga
continues to develop and differentiate a branched shoot system below ground before
finally emerging and later flowering. Terry (1983) describes the Striga gesnerioides
root as "tuberous attached to the roots of host plants" but what is commonly
regarded as a higher plant rooting system is virtually absent. The virtually total
dependence on its host for organic and nitrogen containing compounds has been
proposed by Shah et al (1984) on the basis of enzyme assays and photorespiratory
measurements. Host death before the emergence of the Striga shoots is not uncommon
in highly susceptible cowpea varieties such as Dambey 21 grown at Tarna, Niger.
Eradication of Striga requires a combination of killing seeds present in the
soil and preventing production of new seed for many years. Various measures to
achieve this include the use of trap crops, rotation, fallowing, resistant varieties,
biological control agents such as disease and insects, pesticides and modification
of the environment by, for example, improving soil fertility status.
Development of Striga cowpea varieties may provide a cheap means of
protecting the crop from severe yield losses. One source of resistance utilized
in the IITA breeding programme is the variety SURVITA-2 (Aggarwal et aI, 1984).
Little to no attack of SURVITA-2 is observed at Kamboinse, Burkina but when grown
at Tarna, Niger, a moderate to severe attack is observed. However dispite this
attack SURVITA-2 is one of the most vigorous varieties at Tarna. Resistance
appears to be confined to the Striga populations at the location used for selection
of resistance. Tolerance may however be expressed by production of good yields
despite heavy Striga infestations at locations outside the selection area as
demonstrated by TN 88-63 grown at Kamboinse and SURVITA-2 at Tarna.
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The number of days to the emergence of the first Striga plant, the
percentage of plants ~ith Striga and the number of Striga plants per host plant
have been used as indicators of resistance. Varietal trials over a nUr:lber of years
at Tarna (INRAN, 1983) show no relationship between emergence date and severity
of attack. This may in part be attributed to host death before parasite emergence.
The relative importance between length of attack and parasite density could not
be examined in the absence of yield data. To the farmer crop yield is the only
parameter of consequence.
Eiocontrol techniques may be developed from organisr:ls found in the field.
Galls are frequently found on emerging Striga stems which prevent or reduce nor~al
seed production. These are being examined at Tarna. The insect, thought to be a
Smicronyx, appears to spend only part of its larval stage in the Striga but
further work is needed for clarification.
A range of microorganisms have been isolated from dead pla~t r:laterial
which has failed to cOr:lplete its life cycle. These have been studied at Tarn~
for a nUr:lberoof years.
Five herbicides evaluated for Striga control (INRAN, 1978), alachlor,
MSMA, fluoridifer., pendimethalin and trifluralin had no effect on the parasite
in Niger. New systemic herbicides, such as the i~idazolin be~zoate group may
enable selective control to be obtained using the host's transport syste~ te,
deliver the herbicide to the parasite before dar-;age is incurred. Germir.atio:
stimulants, such as ethylene and strigol, are u~likely t~ prove cost effectiv~
under Saheliar. cc:.di"':o!1s, but do offe:- a p:'t.:ntr21 to:lo~l fc.,r cr::.p lo£~ aSSts':l°.;o'Jt
studies.
O

)

Ir:lprover:ler.t in soil fertility by the use of fertilizer, both nat~ral a~4
synthetic are said to control Striga gesr.erioides but the need for ccntinuous
evaluation remains. Rotations and fallows have frequently been reco,,~. ·ended as ::
means to reduce Striga seed density but co~peas grow~ on land fallowed for seven
years at Magaria, Niger, had a heavy attack on the first.
Current farmer practices offer the most cost effective method cf general
weed control in mixed cropping situations. Herbicides r:lay be of value in high
input fertilized mono-crop situations.
At the' moment no practical method of Striga control exists. Yield losses
may be minimized by variety and maintenance of soil fertility. A better
understanding of Striga gesnerioides is required and control measures urgently
needed because of its increasing importance as it spreads stadily southwards
in Africa.

Table 1.Races of Striga gesnerioides (Willd.) Vatke

STRAIN
[\lphorbia

~!STp!eul10~

Nort~.e~t

Suddr.,

AfriCd, Egypt

Ycrcn

CHARACTERISTCS
Cauline branching, dark purple flowers,
dark red stems, large single priur-y
haustoriua often perennates.

Convolvulaceae

Throug~o~t $a~t!

Pinkish blue flowers, sparsely or
profusely branched, possesses ability t~
attack legumes. hosts include Ipomoea,
Merellllii a, Jacqupn.ont i aI, Indi ger;;;-n ~ gl,ij.l'

Cowpea

Sahel

Much branched stems and bluish

Tobacco

flower~.

Unbranched stels, plicate petals.
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Five major insect pest problems have been identified
1.
2.
3.
4.
5.

Aphids: Aphis craccivora
Flower thrips : Megalurothrips sjostedti
Pod borer : Maruca testulalis
Pod sucking Bugs
Cowpea storage weevil : Callosobruchus maculatus.

1. Aphids
1.1.

Economic tresholds

This is believed to be an important pest in the Sahel particularly
associated with the drought and early incidence.
However no economic thresholds are not known and ability to predict
potential dangerous density levels of aphids does not exist.
This represents a good research problem area.
1.2. Control
a) Cultural practices. There was no information on what type of intercropping system is most effective on Aphid control. It is recon~ended that work
be done in this area, where aphids have been recognized on economical pests.
b) Biological control. The presence of many natural enemies (of aphids)
was reported and it was felt that the utmost care must be taken when deciding
on chemical control.
It was recommended that great emphasis be placed on studies to enco~~ag€
increased use of beneficial species in aphid control.
c) resistance varieties. The Group encourages and supports IITA's efforts
in developing and utilization of resistance.
d) chemical control was recommended in early infestations (first 2-3 weeks)
particularly since there is a history of virus disease problems in the area,
because early infestations have the potential of rapid heavy build-up in the
absence of natural enemies.
2. Flower Thrips
Thrips are considered as a major flowering pest proble~ in some zones.
However there is no information on monitoring/predicting systems and threshold
levels. Again these represent problem research areas. In Senegal, another flowe~
thrips Frankliniella schultzei, although sometimes numerous does not seem to
cause any damage.
Control.
a) Cultural practices. Maize intercrop reduced thrips populations at IITA,
but sorghum was not as effective in Burkina. It was recommended that sorghu~ and
millet intercrops be researched where thrips are an economical problem.
b)Resistance. Available resistance varieties are not greatly appreciated
relative to agronomic or eating qualities.
c) Chemical control. Safer insecticides recommended e.g. dimethoate instead
of monocrotophos.
d) Biological control. No information available.
3.

Maruca

This is another important pest during the plants reproductive growth.
Thresholds have been established (lITA) for monoculture but may not necessarily
apply in mixed cropping; no survey information available. Cultural control results
from intercropping work was mixed, but studies are continuing.
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The greatest hopes for management of this pest lie in plant resistance.
No valuable information was available for biological control.
4.

Pod sucking bugs

These pests can be devastating on pod and seed production. Surveyor
monitoring is hampered on the fact that alternate hosts are wild plants (trees).
No information on management thresholds. These are areas for immediate attention
at least where the bugs are recognized as an economical pest.
Varietal resistance, biological control in the appropriate cultural context
with minimal judicious intervention are recommended.
5.

Bruchids

This is the primary if not the sole storage pest problem in cowpea. Although
not technically part of the CILSS IPM Project, its importance justified examination
by the Group. Because no current or exhaustive information is availabla, the Group
recommends that CILSS sponsor a comprehensive review of the status of the pest
chemical control , although quite effective and without residual effects, was being
resisted.
Recommendations.
1) Encourage study and use of natural products, sand and solar cheat.
2) Studies of storage structures with emphasis on improved sanitation.
3) Research on cowpea storage in pods, a well known farmer practice.

*

*

*

REPORT OF THE WORKING GROUP ON COWPEA PATHOLOGY
The working group on phytopathology of cowpea discussed the following points
a) work on cowpea in the countries of CILSS
b) importance of the various diseases and based on this the need for control
measures.
The information in the various countries on the occurcnce and the importance
of diseases proved to be scanty. It could mean a low importance of cowpea diseases
or a lack of information on this topic. However, at present very little research
is done on diseases. Finally, no ready control methods are available. Based on the
discussions the following recommendations and conclusions were formulated.
1. Very little is known on the relative and absolute importance of diseases of
cowpea in the Sahelian countries. It is therefore recommended that surveys be made
to determine their importance.
2. The working group felt that virus diseases, relatively, were the most ·
important. Again little is known on the economic importance and on the identity
of these diseases. Consultant services would urgently be needed for their
identification and for advice on the need for future research. Furthermore,
entomologists should consider the study of the vectors of virus to be able to
identify locations with high and low potential diseases pressure, especially in
view of seed production.
3. Concerning grey rot, interesting work is performed in Niger and its results
should be available to the other countries. It was felt that the disease should
not be recommended as a regional priority at this moment.
4. Concerning bacterial canker, again little is known about its importance. Any
further recommendation should await further data on its economic importance.
5. It is understood that in breeding programmes undue susceptibilities to any of
these diseases should be avoided and that therefore cooperation between breeders
and pathologists is needed.

*
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*

*

REPORT OF THE WORKING GROUP ON COWPEA WEED PROBLEMS

1.

IN MIXED CROPPING

1.1. General weeds
The Group recognized the normal practice of intercropping cowpea with a
cereal food crop. Methods of associate crop (cowpea) will vary depending on the
farmers objective i.e. is the cowpea grown for hay or for grain.
Cultural practices
Delay of planting the associate crop and weeding before sowing help with
weed control. If there is too much delay in seedling yields may be greatly reduced.
Plant arrangement may help surpress weed growth and can be very important
where, inter-row weedy of the cereal is carried out by animal power. Note that
there is a trend for less intercropping as cereal weeding is mechanized but with
the development of suitable equipment this need not be the case.
The group endorsed the principle of intercropping and recognized that the
need to control weeds is more important because the system has to support two
crops.
A good rapid establishment and rapid early growth to cover the ground
help weed control, so a starter fertilizer is recommended.
Varieties
Development of varieties with rapid growth to cover the soil but which do
not climb up the cereal crop. This may however increase pest and disease problems .
We considered high populations as an alternative to spreading character but
recognized that other agronomic factors may be against this.
1.2.

Striga

Associate cropping appears to have no effect on Striga gesnerioides but
investigations are needed to confirm this. No evidence for shade reducing Striga
gesnerioides.
Striga control
- Pulling. More difficult and often the host plant is damaged. Recommend
further evaluation of pulling.
- Variety. Highly resistant varieties have been developed but are less
effective at some locations. Recommend continued search for more sources of
resistance.
The group noted that some varieties are abl ~ to produce good yields despite
Striga infestation (a tolerance). This aspec t .i ~;5 worth pursuing.
-Fertilizer. Preliminary studies have not shown the reduction of Striga plant
numbers observed with S. hermonthica. Needs to be further examined.
- Alternative intercrop use was mentioned. Alternate crops which are trap
crops are preferable (ex,. Bambara bean, pigeon pea, ??). The socio-economist could
usefully investigate this possibility.
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Biological control
- Smicronyx, thought to be less effective for S. gesnerioides i than for
S. hermonthica in reducing seed production, but worth examination.
- Fungal/bacterial diseases have been found which kill Striga. The group
recommends an intensification of investigation on pathogen agents for their
potential use as a myco-herbicide. The technique could be within the technological
capabilities of the Sahel countries.
Destruction of rattoon plants after harvest to reduce seed production should be
considered i.e. pull up plants.
1.3.

Special weeds

Other parasitic plants. Need for vigilance to prevent the spread and
introduction of new parasitic weeds. The group commends the fast reaction of the
Mali group assisted by the Regional Direction to implement control measures and
publicize the parasitic weed Alectra.
Suggest the publicity material prepared be more widely distributed to
other countries in the IPM and the observation posts in particular be asked to
"look out" for this weed.
It has been noted that the report of Buchnera as a parasite on cowpea in
Mali is now known to be incorrect. As far as we are aware, Bruchnera is not a
parasite of cowpea.
Imperata cYlindrica can be a problem when grown in associate crop situations
in most areas.
2. PURE CROPPING
Land preparation: as before, minimum of cultivation consistent with good crop
husbandry.
The group noted the serious reservation of economic use of herbicides in
cowpea (mixed and pure crops) but some limited testing of herbicides should be
encouraged in both situations for general weed control and Striga.

*
*

*

REPORT ON THE INTEGRATION OF THE RECOMMENDATIONS OF THE WORKING GROUPS ON COWPEA
1.

Cultural practices

1.1. Sowing/plant arrangement
For weed control the delayed sowing of cowpea in intercrop situations untill
after the first weeding of the cereal is benefical. This delay may also be
desirable for some insect problems.
For optimum suppression of weeds (and saving in weeding needed) the more
dense the crop the better, the weed control but there is some suspicion that
dense crop stands will aggravate some insect problems. Collaborative research
is needed to clarify the possible interaction between the density of cowpea
intercrops, weed control and pest and disease incidence (see also 1.5.).
1.2. Fertilizer
For weed r.ontrol, "starter" fertilizer adequately placed should encourage
rapid crop estac ishment and weed suppression.
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1.3.

Striga control

Hand pulling is of doubtful value, fertilizer and shading also of doubtful
value but deserve more study. Where severe damage and no resistant varieties
available, consider alternative legume crops of Bambara bean, pigeon pea, etc.
1.4.

Crop sanitation

Possible value of early removal of virus infected plants but needs
confirmation by further research on biology, vectors, etc (see below).
1.5.

Intercropping with cereals

Possible benefits for both weed control and insects; important area of
collaborative research is to determine/confirm any benefits of intercropping
versus sole cropping in terms of weeds, insects and diseases (see 1.1.).
Entomologists note the possible disadvantage that if insecticide needed on
cowpea in cereal intercrop, possible detrimental effects on pest/parasite/
predator bala,ce in cereal.
1.6.

Crop residue disposal
Generally desirable that residues be removed (as is normal anyhow).

2.

Chemical control

2.1. Seed treatment
Some local testing for specialized insect and disease problems.
2.2. Herbicides
Need for some limited study of herbicides in cowpea especially to check
susceptibility to any likely to be used on the cereal in an intercropping
situation but also for possible use in sole crop cowpea and/or for selective
control of Striga.
2.3.

Insecticides

Some "judicious" use could be encouraged and further testing for control
of several problems especially in sole crop production for seed. Noted that
dimethoate should replace monocrotophos and that any regular use of insecticide
should be monitored for preventing built up of pesticide resistance.
2.4.

Bruchids of stored cowpea

Low toxic synthetic chemical as pyrimiphos-methyl could be used and
research on traditional methods encouraged (Hyptis, neem, vegetal oils, heat,
sand) •
3.

Resistant varieties

Entomologists favour active search for resistance to the four major
pests : aphids, thrips, pod borer, seed weevil, weeds and need for extensive
work on Striga resistance.
Phytopathologists recommended "passive" selection only to eliminate the
most sensitive material.
4.

Biological control

More research needed on all major insect pests with possible exception
of thrips. Identification and evaluation of insect pests of Striga.
Work to be intensified on isolation of disease organisms on Striga
gesnerioides with view to possible development as mycoherbicides.
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5.

Biology

Need for virology consultant to study virus diseases. Also need for work
on virus vectors.
6.

Survey
Emphasized the need for a systematic survey of cowpea diseases.

7.

General
Need for regional programme on virus diseases and appropriate training.
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INTRODUCTION
Maize is not only an important cereal in today's world. In the Americas,
before the arrival of Christopher Columbus at the end of the 15th century, maize
was one of the basic food crops for the Mexican and Guatemalan Indians, as well as
the Incas of Peru, Bolivia, and Equador. Flint type maize, mostly yellow type,
probably came to West Africa at the beginning of the 17th century from the Caribbean,
by way of Europe and the Nile River Valley (Rovanet, 1984).
Traditionally, maize has been raised almost exclusively for human comsumption.
While this is still the case, during the past few decades, in the tropical zones,
corn has also been used as animal fodder (swine and poultry) and in the brewing
industry.
In the tropics, as food for humans, maize is consumed in a wide variety
of forms: whole roasted ears (cut before maturity), soup, beer, to, couscous,
gruel, akpan (Togo), akassa (Benin), gnon, babenda, wouli (Burkina).
1.

GENERALIZATIONS

Considering the great variability of climate and soil types in the semiarid zones of West Africa, it is both hazardous and difficult to make generalization~
Moreover, limited information is available. Nevertheless, it is helpful to have a
general synthesis of this information as a basis upon which improvements can be
made. The following summary is presented as an overview of maize cropping to date.
It is intended to be modified and completed by contributions from other maize
researchers and by future research efforts.
Research on the effect of cultural practices on maize cropping in the semiarid regions of West Africa has been undertaken by IRAT, the Samaru Research
Station (Nigeria) and by some national research programs. These activities have
been conducted primarily in the North Guinean Savannah (900-1200 mm). Since its
creation in 1978, the SAFGRAD project has intensified its research on maize
agronomy, especially in the Soudanian Savannah (600-900 mm).
In the semi-arid tropical zones of West Africa, the rainy season lasts
from two to five months for a total annual rainfall of about 400-1200 mm. The
mai ze extends towards the North from the forest to the Savannah, progressively
replacing sorghum and millet as the principal cereal crop. Today, generally
speaking in the 900-1200 mm rainfall zone, maize can be considered as an open
field crop, i.e., in fields which do not necessarily receive intensive soil
preparation with respect to manure or crop residue applications. However, in the
600-900 mm rainfall zone, maize is usually grown as a market gardening crop or
a backyard crop, i.e., in fields locat .u nearby the huts, where the physical and
ct _cal characteristics of the soil have been improved by the continual addition
of kitchen wastes, animal manure, and crop residues.
In some African countries, if production and area under cultivation are
considered, maize already represents the principal cereal crop in the 900-1200 mm
rainfall zone. In the 600-900 mm zone, maize is important as an interim crop,
before the harvest of sorghum or millet, but it has a less important ranking from
the point of view of total area under cultivation. It is difficult to say what the
future of maize will be in the 600-900 mm zone. If one does not take into account
the rainfall pattern, the total rainfall is certainly more than sufficient for 80-90
d,y cycle varieties. It seems that the existence of drought-and disease- resistant
varieties along with the capacity of farmers to solve fertility problems (where
this problem exists) and to use improved soil and water management practices will
-1etermine the degree to which maize becomes a more important crop in this rAipf'l'I.'. ·
~one.
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2.

IMPROVEMENT

Tardieu (1976) suggests that the improvement of maize in West Africa has
been in progress since shortly after 1950s, with emphasis having been placed on
rust resistance. Since 1961, IRAT has collaborated with national programs in West
Africa towards the development of an appropriate combination of maize varieties
-

early maturing varieties (those maturing in 100 days or less)
late or intermediate-maturing varieties
disease resistance
high yield.

Towards this last objective, IRAT has developed open pollinated varieties
(improved populations, homogeneous composites) whose yields are normal under
conditions of average fertility. These varieties are targeted for use by farmers
who have incorporated some improved practices into their regimes.
These varieties, composites and hybrids are dispersed among Senegal, Mali,
Benin, Burkina and Ivory Coast.
In 1979, through research conducted in Burkina along with regional testing,
began work on the improvement and agronomy of maize in the semizones of Africa. SAFGRAD concentrates its efforts on the development of :

~ TTA/SAFGRAD
al i ~

- short-cycle varieties (80-90 day cycle}. These varieties are very useful
in the Sudanian Savannah zone which receives an annual rainfall of
600-900 mm within a 3 to 3 h month period.
- intermediate cycle varieties (95-110 day cycles). These varieties are
designed for the North Guinean Savannah which receives 900-1200 mm of
rainfall within a 4-5 month period.
- high protein varieties adapted to the Sudanian zones.
- drought resistant varieties.
Drought risk is one of the major factors affecting yield stability in the
semi-arid zones. Recent years' experience has shown that it is absolutely
necessary to develop very early maturing varieties (cycle less than 80 days).
Such varieties have proved to be very useful in the case of late sowing or early
cessation of rains.
Anticipating the spread of the virus diGease, streak, which is becoming a
serious problem in Africa, tests on resistant varieties developed by IITA in
Ibadan have also been conducted. (Streak has been observed in Chad). It should
be noted that IITA has put fath great efforts toward the development of streak
resistant varieties ; a complete series of streak-resistant varieties is presently
available (early, intermediate and late yellow and white varieties).
After five years of work, SAFGRAD obtained some promising varieties in
the early maturing group (SAFITA-2, SAFITA-104, US & Tropical No.42), as well as
in the intermediate group (SAFITA-102, US & Tropical No.27). A high protein
variety (EV Pool 34 QPM) was developed and sent for testing in 1984.
In the area of selection for drought resistance, a field work methodology
has been determined and two promising materials identified (Pool 16, Yellow Flint
from Saria). A recurrent selection work has been undertaken in Pool 16. Pool 16 is
an early material of white corn developed by CIMMYT, and Yellow Flint of Saria is
as IRAT-improved local variety from Burkina.
Concerning streak resistance, varieties such as TZESR-Y, TZESR-W, and
TZSR have shown reasonable behavior during reciprocal trials. Work conducted by
the Agronomy Program of IITA/SAFGRAD, showed good yield potential for some local
varieties from the Sudanian zone of Burkina (where foliary diseases do not yet
pose large problems). It must be noted, however, that this yield is only obtained
after good soil preparation.
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In 1981, for its part, the Sahel Institute (INSAH) conducted regional trials
regrouping local and improved varieties proposed by the National programs (INSAH
Reports 81, 82, 83).
3.

SUMMARY OF THE PRINCIPAL AGRONOMIC PROBLEMS OF MAIZE PRODUCTION IN THE SEMIARID TROPICAL ZONES OF WEST AFRICA AND POSSIBLE SOLUTIONS

It is suggested that the following be considered as the principal agronomic
problems limiting maize production on both the predominant and less-common soil
types in the semi-arid tropical zones of West Africa, (that is, tropical, ironrich soils) : low soil fertility, soil compaction, risk of drought stress.
Problems of lesser importance are: termite damage, streak virus, Striga,
lodging, weeds, and soil acidity.
However, streak virus is becoming more common each year, and we believe
that termite damage has been under estimated in the past.
Soil fertility problems result from a pronounced lack of nitrogen and
phosphorous.
The four primary causes of soil compaction are :
1.
2.
3.
4.

Deficiencies in amorphous oxides of iron and aluminium
Low levels of organic matter
Soil preparation factors (removal of crop residues, and failure to plow).
Heavy rain impact.

Risk of drought stress is caused by :
1. Irregular rainfall patterns (drought periods of a week or more during rainy
season; late start or early end of rainy season).
2. Warping and/or encrusting of soil surface which leads to a decrease in
the rate of water infiltration, and an increase in water runoff.
3. The compaction of soil or sub-soil which reduces percolation rate as
well as the net rate of water infiltration.
farmers
kitchen
farmers
drought

In view of the above-mentioned constrainsts to maize production, most
in the 600-900 mm rainfall zone raise maize as a backyard crop. By adding
wastes, manure, and/or crop residues, and by hand hoeing before sowing,
can reduce the problems of soil infertility, soil compaction and risk of
stress.

Due to the limited availability of kitchen wastes, manure and crop residues,
this approach is only feasable on small areas near the home.
If however, the objective is increased maize production on a larger scale,
the following outline of recommended cultural practices can lessen the impact
of the three primary limiting factors:
Soil fertility
Nitrogen: chemical fertilizers and/or crop rotation with legumes.
Phophorous : chemical fertilizer and/or natural, local phosphates.
Soil compaction
Ploughing (manual hoeing, animal traction or use of tractor).
Crop residue (maintain level of soil organic matter & biological activity.
Risk of drought stress (tables 1 to 4)
Research has revealed that, on iron-rich tropical soils, the risk of drought
stress can be reduced by implementing the following practices, alone or in combination (not necessarily by order of importance) :
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I} Ploughing (best accomplished with animal traction or tractor)
2) Furrowing (at the time of ploughing or planting. Old furrows can be used
for direct sowing).
3) Hoeing (for encrusted or warped surfaces)
4) Making any kind of hole, basin, or surface irregularity which will permit
rainwater retention and reduce runoff;
5) Sowing on slight slopes/or on hydromorphic soils
6) Mulching with crop residues
7) Using early-maturing varieties (80-90 days to maturity in 600-900 mm rainfall).
However, it may be necessary to develop varieties which mature even earlier
(80 days).
8) Selecting appropriate sowing dates.
Having demonstrated the positive effect of furrowing on maize production
in certain soils of the Sudan ian zone in Burkina and Mali, the Agronomy Program
of IITA/SAFGRAD became interested in studying the potential of using animQl
traction for the furrowing operation. Two units were subsequently developed, both
at an approximate cost of 13,000 CFA : donkey/manga hoe and oxen/ridging plow.
The result of early tests on farmers' fields are encouraging. Furthe~ tests will
be conducted next year.
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TABLE 1.

EFFECT OF THE CROP LOCATION ON THE TOPOSEQUENCE AND OF THE RIDGE-TYING
ON THE MAIZE GRAIN YIELD. ( Kamboinse, Burkina, 1981 ).
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TABLE 2.

EFFECT OF THE CROP LOCATION ON THE TOPOSEQUENCE AND OF THE RIDGE
TYING ON THE GRAIN YIELD OF MAIZE (kg/ha at 0 % moisture),
(Kamboinse, Burkina, 1982; mean of two sowing dates)

TYPE
single
ridges

OF

RIDGING

ridge-tying
every second
furrow

ridge-tying
of
every furrow

480

1150

1240

Top of the slope

1240

1710

2260

Halfway up the slope

1030

1770

1870

Bottom slope

830

1470

2330

Hollow

3190

2580

3060

1350

1740

2150

Plateau

Mean

l.s.d. (5 %) for the comparison of the types of ridging: 202
l.s.d. (5 %) for the comparison of the types of ridging at each location

452

TABLE 3.

EFFECT OF THE CROP LOCATION ON THE TOPOSEQUENCE AND OF THE RIDGE-TYING
ON MAIZE GRAIN YIELD. (Mean of two sowing dates) (Kamboins€, Burkina,1983).
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TABLE 4.

EFFECT OF SYSTEMS OF PLOUGHING AND TIED EARTHING-UP ON
MAIZE GRAIN YIELD. ( KamboisA, Burkina, 1983 ).
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INTRODUCTION
Maize has been grown in the world for thousands of years. Maize grains and
pieces of earheads of 4.500 years old were discovered during archeological excavations in New Mexico. There is a controversy over the period when maize was first
introduced. We are certain however, that it was introduced to the western coast
of Africa by the Portuguese in the XVlth century. Nowadays it is cultivated in
regions with diverse climatic conditions and it ranks 3rd to wheat and rice in
the world cereal production.
Maize is a demanding plant that flourishes on well drained soils, rich in
fertilizing elements. It requires much moisture and heat from sowing to flowering.
The quantity of rain and its distribution are important limiting factors that make
maize a rather marginal crop in the Sahelian countries. However, it is an
important food crop for its protein content is higher than that of other cereals
(sorghum, millet, rice). Moreover, with the discovery of the opaque gene-2, it is
possible to increase its protein content by increasing the lysine <~d triptophane
contents, two necessary amino-acids that the organism is not able to synthetize.
Maize was traditionally, cultivated on small backyard gardens, where the soil
is rich in organic substances and has suitable physical properties. In some rare
cases, it was found on hydromorphic soils at the bottom of slopes between isohyetes
900 - 1000 mm. Nowadays the crops are extended to cover a whole field where they
are intercropped with other cereals (sorghum, millet and even rice) or grown as
a sole crop.
Works carried out in the Sahelian countries laid particular emphasis on
variety improvement, initially, by a mass breeding among local populations. This
led to the acquisition of varieties that dominate among farmers. Examples are the
ZM 10, P3 Kolo, Massayomba, Jaune de Fo, Zanguereni, Kabague. Intervariety hybrids
like IRAT 102 that can be used in F2 without any significant decrease in yield and
the complex hybrids (BDS III) were also created and made available to farmers.
Researcher also developed cultural techniques geared mainly towards the use of
mineral manuring and soil working to increase and economize the water reserves in
the soil.
These researches in the Sahelian countries, also contributed in highlighting
the fact that, besides climatic constraints the effects of insects and diseases
may also constitute impediments. However, research conducted in this domain is
rather limited and it would be interesting to evaluate our present knowledge in
order to contribute to the development of IPM strategies.
1.

MAIZE INSECTS

Conducted studies mainly involved a systematic inventory of maize pests and
the evaluation of damages (Bonzi, 1980a, b, c ; Sidibe, 1982 ; Dieme, 1983, 1984).
These researches made it possible to record a varied number of insects both at
the sowing period and in course of vegetatio~ as well as during storage.
1.1. Inventory of maize pests
1.1.1. Sowing pests
Numerous millipede species have been found and the damages they cause may
result in the outright cessation of grain germination. The species found in Senegal
(Dieme, 1984), for example, are as follows: Peridontopyge spinossima, P. rubescens,
P. connani, Haplothysanus chapellei, Syndesmogenus mimeuri.
1.1.2.

Vegetation pests

A considerable number of insects have been recorded as maize pests. Studies
conducted in Burkina, (Bonzi, 1980), for example indicate the existence of stem
borer and head borer caterpillars and different other pests. The borers include :
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Eldana saccharina, Sesamia calamistis, Busseola fusca, and exceptionally in
Burkina Chilo diffusilineus, the red caterpillar Cryptophlebia leucotra,
Catopila sp. Among these endophyte pests, Eldana saccharina and Sesamia
calamistis seem to be the most widespread remaining on the crop from the boot
stage to maturity.
The S. calamistis female lays its eggs on a single layer (up to 500 per egglaying period) between the stem and the leaf sheath. The young larvae attack the
lamina destroying it superficially. They then penetrate the stem and form
galeries, then they come out and climb to the apex of the plant and spread to
other stems. It is rare to find more than two 5th instar larvae in the same stem.
Pupation takes place in the stem, sometimes outside in an arranged alveolus in the
withered leaf sheath. It may also happen that the larvae fallfrom the sheath and
in this case, pupation takes place on the soil at the foot of the maize plant
(Dieme, 1984).
Eldana saccharina also lays its eggs on the unfolded leaves at the apex
of the maize plant. The larva penetrates the stems, in most cases above a node.
Different instars of larvae are found in the same stem, implying that at least
two generations can develop in the same stem.
Pupation occurs in a silky cocoon inside the stem. Sesamia calamistis and
Eldana saccharina larvae have never been found together in the same stem
(Dieme, 1984).
Aphids and particularly Rhopalosiphum maidis are mainly found when rains
are insufficient. They launch their attack roughly one and half months after
emergence and continue until the end of heading witt~ut impeding plant development.
Different beetles belonging especially to the blister beetle family
(Mylabris holosericea , Cylindrothorax westerminni, Psalydolytta sp) gather at
times on maize in large numbers.
Besides these insects, different Lepidoptera species attack maize leaves
(and other cereals) when the frequency of rains slows down. Examples are (Bonzi,
1980c) : Marasmia trapezalis, Ancylomyia inornata, Laphygma sp. (army worms),
Spodoptera littoralis, Heliothis armigera, Amsacta monoleyi.
Other maize insects are the Orthoptera. The most harmful species among
them are of the Acrididae family. Examples are Kraussaria angulifera, Hieroglyphus
daganensi, Locusta migratoria.
Finally mention must be made of the damage particularly caused by a tiny
black beetle Eutochia pulla which hides in the collar or under leaf sheaths. They
cause damages to the collar and the first inter-nodes. As a result the stems may
get distorted and the plant stunted. The attacked heads rarely exceed 50 cm and
are sterile (Bonzi, 1980b).
1.1.3.

Granary insects

Hardly any study has been conducted on granary insects, even though at
present and in the normal year, losses during storage seem to be higher than pest
damages caused before harvest, especially when storage exceeds one year (Bonzi,
1980c). The major insects recorded are the following: Sitophilus sp, Tribolium sp,
Oryzaephilus surinamensis.
1.2.

Significance of insect damages

In general, maize is the least infested cereal in the Sahelian countries.
The results obtained by Dieme (1983) confirm this contention (Tables 1, 2, 3, 4, 5).
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TABLE 1 - TERMITES AND STEM BORERS ATTACKS AT VELINGARA, SENEGAL (Dieme, 1983).

1-- DATES

II

OF

80

SOWING

VARIETY

I

II
I
I

Sampled
number of
plants

B. D. S.

250

SAFITA-2

250

7/8/83
---- -

DAYS

I

AFTER

SOWING

I
I

Attacked
by
termites

Attacked
by S.
calamistis

II

21

3

I

36

1

I

95

I Attacked
I by E.
I sacch~rina

DAYS

AFTER

Sampled
number of
plants

Attacked
by
termi tes

II

2

250

61

I

2

250

86

I

I

SOWING
Attacked

I

Attacked

II

o

I

o

I by S.
I by E.
I calami~tis I saccha~ina

II

0

I

0

I

I

-.------------.------.--------r--------r-------r--------,;-----~--____r

B.D.S.

250

0

0

0

250

3

1

o

SAFITA-2

250

0

0

0

250

8

0

o

7/23/83

DAMAG~S

TABLE 2 -

BY STEM BORERS AT COULOMBO, SENEGAL (Dieme, 1983)

A B C
INSECTS

Number of
stems
attacked

Eldana saccharina

%
attacked

Number of
stems
attacked

%

%

attacked

Number of
stems
attacked

attacked

0

0

12

3,75

9

2,81

Sesam1a calam1st1s

4

1,25

28

8,75

17

5,31

Indetermined (empty galery)

6

1.88

9

2,81

4

1,25

°

N.B.

0

°

The plot A (treated) and the plot B (not treated) are sown 15 days earlier
than the plot C (not treated).

REMARKS

Predominance of
SOl
t o
esam1a ca am1s 15
°

TABLE 3 - DAMAGES BY ELDANA AND SESAMIA ON MAIZE AT THIEVAL, SENEGAL (Dieme, 1983)

T~

~~

- --

~~-~----

,

,

,

I

NSICT

(treated)

A

%

'Number of
, stems
,
attac k e d

,
,

I

8

(not treated)

Number of
stems
a tt ac k e d

0

attacked

%

REMARKS

0

attacked

E. saccharina
, S. cal . . ist1s

5
3

1 ,56
0,94

27
4

8,44
Prfdolllinanca of
1 , 2 5 , Eldana

,

3

0,94

10

3,13,

,I

Empty galeries

,

,

TABLE 4 - SOME PRINCIPAL PESTS ATTACKS ON MAIZE DETERMINED AT GOULOUMBO, SENEGAL (Dieme, 1983)
A (treated) and B (not treated) are sown 15 days before C (not treated).

~--

INSECT

I

-~-A--

I'attacked
Number
'plants

,

HaUothis &naigera

,

Stem borer

,
,
,
,
,

Spodoptera .Uttoralia
Maraamia trapezalia
Oadelaus aenalalenaia
Rhopaloaiphwa maidis
Mylabria holoaeri
Termites

,

Chrysomelides

I

I
I

Millipedes

,

0
7
0
3
5
26
4
10

r---

-

I

I
Number I
0
% , ~ounted 'attacked ,
%
attacked, lnsects, plants ,attacked
0

0
0,39
0
0,17
0,28
1,44
0,22
0,56

' 0"
0
3
5
176
4
indeterm.

0

0

0

0

0

0

2
41
0
9
13
82
31
64
1
2

-1

8

0,11
2,28
0
0,50
0,72
4,56
1,72
3,56
0,06
0,11

C

I

Number I
0
•
~ounted, attacked'
%
, ~ounted
lnsects , plants' attacked,lnsects
2
0
9
16
2820
33
Indeterm.
1
1

I0 '
25
2
4
6
80
23
54
3
6

0
1,39
0,11
0,22
0,33
4,44
1,28
3,00
0,17
0,33

I

0

2
4
6
2160
28
indeterm.
3
6 ~

;'

1

TABLE 5 - DAMAGES BY SOME OBSERVED PESTS ON MAIZE AT THIEVAL, SENEGAL (Dieme, 1983)

-- ,-

-

1

1 N SEC T

A

'Number I
%
,
plants
plants
I attackedl' attacked

-----------------------+11

fer-ite.

1
1

0
11
7
9

1

0
0

Stem borers
Blister beetles

1

I
I

8

'0
I
0,68
,
0,43
,0,56

Counted
.
1nsects

I

0
69
indetena.
3
0

'0
I
0

(not treated)

Number I
%
,
plants
plants
attacked! attacked

Counted
.
t
1nsec s

1

".!loth!. ....laer.
RhopalCNIiphu. _Idie
ChryliOMlid..

(treated)

0
26
32
13
15

0

2

I

1

1

0
1,62
2,00
0,81
0.93

1

0

1

1
1

0
1560
1ndeterm.
9
2

I

TABLE 6 - WEIGHT IN GRAMMES OF THE COBS AND LEVEL OF INFESTATION
FOR DIFFERENT SOWING DATES OF MAIZE

I
I

1st sowing

I

I

I
I
20 S

1 182 + 52 I

80 S

I

C\I

.-I

C\I

•

I

147 ! 66 )
t------------~II----)
Hole under the spike
I 139 + 39 (
I - - - - -- - -- - - - . - -....
j- - - - (
Hole under and above the spil.e
I 143 + 72 (
Not attacked

I
I

T

3rd sowing

. 15/06/81
.,
30/06/81
1
15/07/81
We1ght
Infestat1on, Weight
Infestation, Weight
Infestation

LOCALISATION
OF THE ATTACK
Hole above the spike

2nd sowing

I

-

,

153 + 31 )

-)

1 170 + 39 (

I

1130 + 45 )

-

(

I
24 S

1 92 + 22 (

(

-)

I

I
I

-)

)

I

-

(

33 "

1119 + 53 (

-«

1 147 + 48 I

-

1127 + 38 (

176 S

«

1163 + 40 (
1-)

67 %

I
I
I
I
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TABLE 7 - GLOBAL EFFECT OF TREATMENT ON YIELD OF MAIZE AT COUMLOUMBO (Dieme, 1983)

Dates of
sowing

PLOTS

Average weig
Yield in
I
in grammes of l grains in
I
the spikes atltonnes/hectarel
harvest
I
I

Density
of plants/
hectare

A - (treated)

7/4/83

43 694

51.102

B - (not treated)

7/4/83

43 367

39.878

C - (not treated)

7/19/83

43 260

30.550

I

I
I
I
I
I
I

4 160
3 750
2 500

TABLE 8 - COMPARISON OF AVERAGES (% DESEASED USEFUL FOLIARY SURFACE = DUFS)
AND EVALUATION OF DAILY PROGRESS RATE OF THE EPIDE~Y (r)

TESTED VARIETIES
Kabague
Massayomba
IRAT 102
IRAT 171

* DAS

Days After

I
% DUFS
I
I 79 DAS* 85 DAS
I
I 10,0
16,5
I
I
I
I 1,5.
I
I o , 2--- 0,7 ·
I
I
Icv= 20 % CV= 16 %
I

2.5j

Sowing

I
93 DAS
46,0

I
I
I
I
I

ll

24. 7J I
:::~
1l.4JJ I
17,3_

CV= 26 %

I
I
I

r
0,15 %
0,18 %
0,19 %
0,30 %

I
I
I
I
I
I
I
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In Mali, Sidibe (1982) sought for indicators of the relationship between the
sowing date and the level of infestation. He also compared the weight of ear heads
from attacked stems to ear heads produced by unattacked stems. The results indicate
that the more belated is the sowing date, the higher the level of infestation
(table 6). There are weight differences between the earheads of unattacked stems and
those from attacked stems even though one cannot always attribute the decrease in
production to attacks by borers.
On the contrary, in Senegal, Dieme (1983) reported that early sowings are
subjected to more attacks but that their yield is higher (table 7). Moreover, he
observed that a forthnightly treatment with a mixture of deltamethrine - dimethoate
helps to obtain a yield gain of 410 kg/ha.
Therefore there is no key pest among the maize insects. Yield decrease
on non-treated plots may be the result of the joint action of different pests.
2.

MAIZE DISEASES

2.1. Fungal diseases
2.1.1. Inventory
It is generally admitted that the climatic conditions prevailing in the
Sahelian countries are not conducive for fungal diseases. The humidity conditions
conducive for the development of fungi and for the occurence of infestation, become
prevalent in a very short lapse of time.
Numerous fungal micro-organisms have so far been identified on maize
(Sere, 1980). Helminthosporium maydis, H. turcicum, Puccinia polysora, Kabatiela
~, Physoderma maydis, Curvularia sp, (probably C. lunata), Fusarium sp. (on
earheads).
Others are: Cercospora maydis (Sere, 1980b), Helminthosporium rostratum,
Colletotrichum graminicolum (Sere, 1982) and Diplodia macrospora (Sere, 1984).
Despite their large number these parasites are not a serious threat to maize
growing in the Sahel. The most frequent species are Puccinia polysora (American
Rust) and Helminthosporium maydis (Leaf Blight).
2.1.2. Situation of rusts
After the introduction of maize to Africa, it was cultivated for almost
four centuries without being attacked by Puccinia polysora, one of the pathogenic
agents which causes rusts. After discovery along the western coast in 1949, rust
spread throughout the continent in 5 years, reducing maize production by 50 %
wherever it spread to and even causing famine in some countries.
Numerous introductions were made, soon after, in order to create resistant
lines. All the new introductions from parts of Africa and Asia where the rust was
absent or very newly observed, proved to be susceptible. On the other hand,
introductions from Mexico and Venezuela, where rust was present in an evironment
conducive for the disease, proved to be very resistant. This is a classical example
of the horizontal resistance type of loss through "vertifolia" effect
(Chevaugeon, 1977).
Accordingly, the efforts of maize breeders were geared particularly towards
rust, and the disease no longer poses a threat in the Sahelian countries these days.
One cannot tell, whether it is the different resistance genes used that
sufficiently delay the disease so that it only occurs lately in the plant
development cycle, or the conditions conducive for rusts are only created nowadays,
at the moment when the plant is at stage so much advanced that it cannot be affected
by the disease. In all these cases, it is found that the disease only appears
around the 11th week after sowing (Sere, 1980a) in the form of few spots located
on the lower leaves. Thereafter, subsequent developments of the disease is nothing
alarming.
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Consequently studies on maize diseases were directed at leaf blight
(H. maydis).
2.1.3.

Studies on Leaf Blight

The disease is caused by Drechslera maydis (Nisikado) Surbram. and Jain.
mostly referred to as Helminthosporium maydis Nisikado, conidian form of Cochliobolus
heterostrophus (Drechs.). The outbreak of leaf blight in the USA in 1970 drew much
attention to the species. In effect, 85 % of the 25 million ha of maize grown in
the United States that year were sown with hybrids from the same sterile male
parent. The T race of H. maydis, which is particularly dangerous for v3rieties
having the sterile male Texas Cytoplusm, destroyed 20 to 30 % of the expected
harvest and 50 to 100 % in some states like Indiana and Illinois (Chevaugeon, 1977).
The infection takes place from the spores of the air coming from the crop
residues that are not well embedded. Studies hav e shown that the source of inoculum
and consequently the disease is hcavily reduc (:d by the incorporation of residus
(Summer and Littrel, 1974).
Researches conducted on the diseasc were c entred on studying host-parasites
relations in order to seek for and propose u rutional management of resistant
factors and prevent any risk of disease ouLbreak. In this connection, it became
necessary to work out a method for quantifying Lhe symptom~ and to find out
H. maydis variability.
As a first step, the attacku wure
many American researchers

o
1
3
5
7
9

qu~nLif " iud

with a 6-class scale used by

no observation
healthy plants
lesions (or spots) on lower leaves
lesions (or spots) on all leaV(~s bv low Lhe earhead.
lesions (or spots) on elll leave~, but i.11 low quantities on leaves
located above the earhead
heavy and fatal a t tack on thf:: Wll01l" IJL~f) L.

This scale of simple use, helps to f"ollow Lhe. Lrend of diseases which begins
on the lower leaves, like Leaf Blight or Ru~L, and then progresses towards the
leaves at the top.
However the average Ob::;CI"VuLlon::, r.1 ~1 ' J" C: ll1nCJL be subjected to a variance
analysis for purposes of statisLical cODpnl j~ u n 1n view of the qualitative nature
of the character studied.
If one considers that the leaves near the earhead are the most important
for yield, we can classify the plants denoted 1 and 3 among those that are
resistant and those denoted 5, 7, 9 among Lhe susceptible ones. This way, one
can evaluate the percentages of susceptible plants that can be statistically
compared.
It was thus possible to make a contribution to the maize improvement
programme in Burkina by comparing the r~sistance level of local or introduced
varieties, already extended or liable of being extended.
For the transfer of Leaf Blight resistance, a Nigerian composite NCB rb was
relied upon. This led to the creation of two hybrids, IRAT 100 and IRAT 102.
Moreover, from the multicoloured NCB rb it was possible to extract a white form
(NCB white or IRAT 171) and a yellow form and both were resistant (Sere, 1980c).
The resjstance of the NCB white is reflected in a delay of one week to
10 days in the commencement of the disease as compared to Massayomba. NCB white
is resistant to a considerable fraction of the Farako-Ba pathotypc (Sere, 1982).
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Generally, and from the point of view of response to attacks, the varieties
tested are between the improved and extended local varieties (Massayomba) and
either of the forms of NCB. Massayomba is more susceptible than NCB white and
yellow. However in a cooperative trial on maize ECM 10, breeding using foreign
material (US Prolific, European Prolific, lodging resistance) were more attacked
than Massayomba.
No correlation was found between the yield and the quantity of disease as
defined by the scale 1-9 (Sere, 1981). One must admit that in view of its
presentation, this scale is not of much absolute significance since it does not
take into consideration the severity of the attacks on leaves which participate
the most in grain filling.
For this reason a new scale was devised and based on the visual appreciation
of the percentage of diseased leaf surface, in comparison with a key established
from James' proposals (1975).
In the study of the relationship between the leaf surface and yield,
Derieux and al (1973) showed that the correlation coefficients of the total leaf
surface and yield are low. The best correlations are established for the earhead
and the leaf immediately above. On the other hand, it is known that severe attacks
that occur between the silk emergence and the pasty grain stage are the most
dangerous. In particular, the best regression equation is obtained from the
evaluation of disease severity at the pasty grain stage (Gregory et aI, 1978).
The percentage of diseased leaf surface of the two leaves that are mostly
engaged in grain filling, was then calculated so as to evaluate the percentage of
useful diseased leaf surface (% SFUM). This proved to be a more refined technique
for variety comparison. It was also used to follow the trends of diseases, as time
goes on, in order to find out if it is possible to detect factors that reduces the
momentum of natural diseases among extended and extensible varieties. The comparison
of disease progression rates (r) as defined by Van der Plank (1968) calls for a
remark. In a trial where 4 varieties were placed under a regular observation
(Sere, 1983), it was noted that the least attacked variety is the one with the
highest progression rate (Table 8).
A similar remark is made in another trial involving the comparison of
Massayomba and IRAT 171, two varieties which in many previous tests, gave a
different resistance seemingly related to the vertical resistance of the latter.
The daily rates of disease progression in a condition conducive for the disease
(late sowings) are.18 % for IRAT 171 and.14 % for Massayomba.
This phenomenom is understandable because it is known that in natural
infection conditions, the delay in the commencement of the disease due to vertical
resistance leads to a relatively high rate of disease progression. When furthering
the research on the identification of slow blighting factors, it is necessary to
consider this fact.
2.1.4.

Study on H. maydis variability

Lesions caused by H. maydis are morphologica~'y variable. Besides the
typical more or less rectangular lesions, we find the line and elongated lesions
already studied in the Ivory Coast by Bah (1979) and the punctiformed lesions.
H. maydis strains have been isolated from these lesions and their pathogenic
capacities analyzed. The first results show that the complexity of the phenomenom
is related to the extreme H. maydis variability.
The acquisition in the laboratory, of the perfect form in pure culture
(Sere, 1982) will probably enhance a genetic analysis of the support of that
variation in the expression of symptoms.
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2.2.

Bacterial and viral diseases

2.2.1. Inventory
Many viruses and bacteria have been identified on maize in the Sahelian
countries, but the absence of a stationed specialist did not make it possible to
make any precise inventory as was the case with insects and fungi.
Dubern (1981) reported the existence of many infections caused by bacteria
and viruses in Senegal but most of them could not be precisely identified. The
diseases are the following: Bacterial Decay (Xanthomonas stewartii), Bacterial
Leaf Streak (Pseudomonas andropogoni), maize stunts, Maize Strip Di~ease, Maize
Streak Disease, Maize Chlorotic Dwarf, Maize Mosaic Disease, Maize Dwarf Mosaic
Disease, Maize Eyespot Disease, Maize Matam Strip Disease.
All these diseases were considered to be of minor importance, but when
associated together, they could cause significant losses.
The first observations on viral diseases in Mali were carried out in 1983
following the epidemic outbreak in the 1983 rainy season (Vuong, 1983 ; 1984).
Sere (1980a, 1980b) has noted the presence of a stria disea~e described as
being the Streak in Burkina with infestation rate rarely exceeding 10 %. Serological
tests in the GERDAT laboratories at Montpellier (France) confirmed its existence.
The disease was reported as a potential danger, and this was unfortunately
confirmed by the heavy attacks recorded in Burkina in 1983. In effect, streak
resistance was not part of the breeding objectives and apparently, the varieties
already extended or being extended did not exhibit any resistance to the attack.
The objectives of the first studies on this disease were to locate its
incidence and impact on production with the hope of drawing the attention of
research bodies to the economic interest to be derived in immediately initiating
a programme on maize viruses in the Sahel ian countries. Streak is known to exist
in the maize cropping areas of these countries. The possibilities of other viruses
in the area cannot be ruled out. So far as the non-specialists were concerned, the
similarity between Streak lesions and "Maize Chlorotic Dwarf Virus" lesions or
"Maize Rayado Fino Virus" lesions can lead to confusion.
2.2.2.

Studies conducted on the Streak
Vuong (1983) indicated the existence of 3 types of symptoms on maize

in Mali
1) The fine white stria are parallel to the central vein of young leaves,
attacking both young plants and the plants bearing the earheads.
2) The large white stria, elongated in the direction of the leaves.
Furthermore, the apex and the edges of the lamina become reddish and brownish.
3) Attacked maize plants are stunted and young leaves deformed and covered
with fine white stria.
Serological tests confirmed the presence of Streak in Mali (Vuong, 1984).
Prospections made, thus helped to determine the importance of the disease,
the susceptibility of extended varieties and varieties introduced for experimentations. It is clear that the Eastern Sikasso sector was the most affected.
Varieties cultivated there presented varied contamination rates : Tiemantie
(1.8 to 76 %), CJE (22 to 24 %), Pool 16 (16 to 19 %), Tuxpeno (18 %), IRAT 83
(18 %). On the contrary, the agricultural areas of Bamako and Kita were less
affected (Vuong, 1983).
Surveys conducted in agricultural sectors located in southern Burkina
(Sere, 1984) also indicated a large incidence of attacks. The separation of harvest
into diseased and healthy plants permitted the evaluation of the proportion of yield
losses caused by Streak attacks (table 10).

TABLE 10 - EVALUATION OF RELATIVE LOSSES OF PRODUCTION RELATED TO THE STREAK
ATTACK IN THE COMOE AREA (Sere, 1984)
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AREAS

LOSS

INCIDENCE

BAHrORA

59.8
61.7
55.7
49.9
69.5

NIANGOLOKO

SIDERAOOUGOU
SINDOU
MAHGODARA

S
S
S
S
S

39.4
19.9
35.0
23,3
43.1

"
S
"
S
S

TABLE 11 - AVERAGE DATE OF START OF STREAK EPIDEMY (in days after sowing)

I

I

I

VARIETIES

I

MASSAYOMBA

I
I
I
I
I

IRAT 171
IRAT 102

I

KABAGUE
SArITA 104

I
I

AVERAGE

I

ORIGIN!

I

Improved local

10/06

24/06

08/07

,

39

32

28

39

32

22

I

36
32
27

32
38
27

2S
28
28

~

Selection among NGB rbl

I

Hybride vnriclal
Kabague x IRAT 171
Local of Mali
Creation IITA/SAFGRAD

DATES

I

I
I

TABLE 12 - COMPARISON OF STREAK INCIDENCE (IN %) ON MAIZE VARIETIES
(Sere, 1984)

I~CIDENCE

VARIETIES
50

DAS

14.0
15.2
19.8
20.5
21.3

SAFITA 104
KABAGUE
IRAT 102
lRAT 171

MASSAYOICBA

MEANS *

•
•
b
b
b

60

DAS
20.9
25.5
27.2
30.8
30.8

•
ab
b
b
b

* Means fo l lowe d by the same letter are not significatively different at P
TABLE 13 - COMPARISON OF THE AVERAGE DECREASE OF PRODUCTION OF VARIETIES,
RELATED TO THE STREAK (Sere, 1984)

SOWING OF 6/24

SOWING OF 6/10

KABAGUE
IRAT 171
lRAT 102
MASSAYOMBA

4.4 S
6.3 "
7.1 "
10.4·"

a
a
•
b

KABAGUE
IRAT 102
MASSAYOMBA
lRAT 171

11.6".
21.2 " b
21.9 " b
22.5 " b

SOWING OF 7/08

IRAT 171
MASSAYOMBA
KABAGUE
IRAT 102

12.4
13.7
15.1
15.5

" •
" 8
" •
" •

=

.05
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Streak disease was closely followed in a trial initially involving the
comparison of the resistance of extended or extendible varieties to Leaf , ~ :; : ght
(Sere, 1984). It was begun in early July with the Kabague and Safi"L. 1-J4 varieties
sown on the 10th of June. By the end of July all the v::~- i E: ·~i (' s were attacked
(table 11). On the average, the first symptoms appear between the 25th and 35th
day after sowing, without there being any statistical possibility to detect any
special aptitude of the varieties to delay the commencement of the disease despite
a slight advance in the case of Safita 104 (on ~he average 2. days after sowing).
We know that when the attacks are made more than 8 weeks after sowing there
isnon incidence on production. Therefore the behaviour of the varieties were
studied between the 30th and 60th day after sowings. Analyses do not indicate
any relationship between varieties and sowing dates. Relatively, Safita 104 and
Kabague are less attacked than the other varieties (table 12). Attacks on late
sowings (8 July), are more severe than on early sowings.
The decrease in production was calculated by drawing marks on plants attacked
within 8 weeks after sowing. Losses are then assessed in relation to healthy plants.
Safita 104 was excluded from the evaluation in view of the short duration of its
cycle, which penalizes this variety as compared with others. The comparison of the
percentages of production decrease caused by the attack, indicates significant
differences between varieties and between sowing dates. Furthermore, the interaction
between variety and sowing dates is also significant (table 13).
The streak disease sounds a real danger to maize growing in the Sahel. There
was a recrudescence of the disease in Burkina during the 1984 cropping season.
Notwithstanding the enormity of the parasite probl~m in the preceeding year,
was still difficult for research bodies to take a decision to train specialists,
to invest in study programmes on viruses and their vectors and to create resistant
varieties, despite the indication of the potential danger that the disease can
constitute (Sere, 1980a, b, c). Moreover, in the absence of the virus pressure the
resistant varieties from IITA and CIMMYT used in diverse international trial f
carried out in the Sahelian countries, did not exhibit any exceptional quali~ es
to catch the attention of the breeders, who were busy searching for the mo·'
performing varieties among those introduced. Consequently, all the bre~de ,
varieties or improved local varieties available to farmers in the Saheli ~~
countries are susceptible to Streak.
I. .,_

For this reason, when the environmental conditions became conducive for the
disease, severe damages were caused in an area located in South Eastern Mali and
Western Burkina. It is absolutely necessary to take advantage of the most adapted
varieties among the resistant varieties introduced by IITA and CIMMYT.
It is known that Streak is only transmitted by different leafhopper species.
The viral disease is consequently the expression of thehabrts of these insect
vectors. A study on the dynamics of the leafhopper populations in different
countries, in relation to the seasonal climatic variations, should give reliable
indications on the appropriate methods for maintaining these populations within
manageable limits. Studies conducted on Streak in Zimbabwe should be of help.
Similarly, it is necessary to identify maize viruses as well as grasses
that can serve as relay host during the dry season.
CONCLUSION
Compared to other cereals (millet, sorghum) maize is less cultivated in
the Sahel. However for many reasons, maize is an important food crop. In fact, it
hasa higher potential yield than other Sahelian cereals. It also has a better
nutritive value. ~oreover, it is highly suitable for diverse industrial transformation and its development can enhance the growth of a buoyant agro-industry for
the Sahelian region of Africa.
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The relatively low importance of maize in the agro-system of Sahelian
countries accounts for the limited volume of research work carried out on this
cereal with particular regards to maize pest management. The few researches
carried out on pests helped to record a large number of maize insects and micro
organisms. Losses incurred from this set of pests were caused rather discreetly
and did not get to the point where special control strategies needed to be worked
out. That is the reason why Streak has caused se",ere damages i.n the Sudano-Sahelian
regions of Sahelian countries.
The first obvious " eR" '- ~ for this outbreak of Streak disease was the cropping
of susceptible varieties. Since the virus problem was not so acute in the preceeding
Jears, it was difficult for research institutions to take a decision on investing
in the quest for resistant varieties.
The second and also obvious reason is identified with the special climatic
conditions that could increase the volume of infections and augment th~ population
densities Of vector leafhoppers.
In order to erase the question marks on maize growing in the Sahel, we must
concurrently maintain a phytosanitary surveillance network and develop a
multidisciplinary research programme. Factors enhancing the suppression of the
streak pressure need to be identified and extended. These factors include :
cultural techniques, the use of the most adapted varieties among resistant ones
introduced by CIMMYT and lITA. Furthermore, Streak resistance must be introduced
in the objectives for breeding in the Sahelian countries.
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REPORT OF THE WORKING GROUP' ON ENTOMOLOGY OF MAIZE

There are only very few entomologists working on maize in the region. Maize
is not a very important crop at present but the area under maize is likely to
expand rapidly. The major recognized pests are:
1.

At seedling stage millipedes are felt to be the most important in certain
regions. Some control is obtained by seed treatment and by distributing
poisened millet bran.

2.

The most important stem borers are considered to be Eldana saccharina and
Sesamia spp. The problem should be especially watched near irrigated areas,
because of the likely carryover (suggarcane and rice). Resistance to borers
has the attention of the breeders. National programmes should closely cooperate
with the international research institutes. I nventory of natural enemies should
be pursued.

3.

The defol iators Spodoptera spp., My '.himna lorey i, Oedaleus senegalensi~ should
be monitored. The effect of defoliation under drought conditions should be
studied.

4.

The spike feeder Heliothis armigera could become an important pest, especially
in cotton growing areas.

5.

The meeting was of the opinion that problems caused by termites were under
estimated. It was recommended that the taxonomy of the involved species and
the damage caused should be more closely studied.

6.

Streak has become a serious disease in the Sahel and the vectors and the
alternated host of this disease that occur in the region should be identified
and studied. The already available resistant material should be tested by the
national programmes.

7.

The attention of the meeting was drown to a new storage pest which was recently
introduced in Togo : Prostephanus truncatus. It is noted that a regional
Conference onthis pest is held in Togo, at the present time. Pheromones are
available and may be obtained through FAO.

8.

The abundance of insects pests in irrigated maize is a matter of concern,
because the high input of fertilizer and insecticides may cause severe problems.
Special reference is made to spider mites.

*

*

*

REPORT OF THE WORKING GROUP ON MAIZE PATHOLOGY
The information given by the researchers of each country have permitted to
learn that the total researcher time devoted to maize diseases is 0.70 %.
The Working Group has also noted the non-existence of virologists working in
the Sahel. It recommends then to intensify the high-degree training, to finalize
the G2 Annex, and very particularly to train virologists, as well as to equip a
laboratory which will be charged to study viruses of main crops in the Sahel.
The main diseases are :
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1) The viroses (of which the Streak) which are responsible
losses in Burkina, in Mali and in Niger.

. ~ox·

important

2) The fungal diseases :rusts, helminthosporioses, Curvularia sp.,
Physoderma maidis, etc.
These diseases do not seem to be responsible for important damages. The
varieties actually in extension have in particular a resistance to rusts and
helminthosporioses.
The priority must then be given to solve the virus disease problems. In
fact, it is most problable that the severity of virus diseases intensifies with
the increase in cultivated areas, namely in the Sahel, in the dry season, under
irrigated conditions, but also in the southern areas of the Sahel.
The research must include :
1) the identification of responsible viroses for losses. In fact, if the
Streak has been identified in many countries, many observers report symtoms that
are most probably due to other viruses.
2) the identification, among varieties already selected for their resistance
to virus diseases, the ones that are best adapted for the cultural conditions in
the Sahel.
3) increasing the efforts of plant breeding in order to obtain varieties
that are at once resistant to virus diseases, are not sensitive to fungal diseases,
and are adapted for different cultural conditions .

.

.

.

REPORT OF THE WORKING GROUP ON MAIZE WEED CONTROL
1.
1.1.

General weeds
Land preparation
Recommendation : ml.nimunl cuI tivation

1.2.

c ('n ~, i s i~efl t

\ 11

th good crop establishment.

Mechanical methods
No new thing to suggest other than what the farmer has been doing.

1.3.

Varieties
Newer varieties are more susceptible to weed invasion.

1.4.

Intercropping
Intercropping will cut down on weed growth and is recommended where practicable.

1.5.

Herbicides

Herbicides are available for both pure and mixed maize cultures and the
economics favour the use of minimum rates as is achieved in band application.
2.

Special weeds

To prevent the build-up of problem weeds it is being suggested that
herbicides be rotated and always supplemented by later hoeing.
Another approach is to treat the problem weeds chemically before the land
is cultivated.
It is also possible to use glyphosate by the rope-wick applicator to control
these weeds.
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3.

Striga

3.1.

Survey losses
Little emphasis should be placed on this aspect.

3.2.

Varieties

The Group appreciates the interest being shown by IITA in attempting to
develop resistant maize varieties. The possibility at present appears remote.
3.3.

Fertility!intercropping

High soil fertility is recommended as well as intercropping to reduce
Striga infestation.
3.4.

Rotation

Rotations involving one or more seasons of such trap crops as groundnuts and
cotton should reduce incidence of Striga.
3.5.

Chemical control
No useful herbicides are available for Striga control in pure or

m iA~d

stand.
3.6.

Biological control

The Group favours this approach and recommends that observers must collect
not only insects feeding on Striga but also diseases and have therr. identified .

.

..

.

REPORT ON THE CONCLUSIONS OF THE WORKING GROUPS ON MAIZE
1.

Cultural practices

1.1. Land preparation
The weed scientists suggested minimum tillage coexistant with good crop
establishment, but this practice is not compatible with the recommended use of
"tied ridges" for the production of maize. Such a problem could be rationalized
with a muldisciplinary approach working with the agronomists, and agroeconomists
as well as crop protection specialists in an FSR (Farming Systems Research) approach.
1.2. Weeding and fertilization
It was stressed that weed problems will be more severe on land which has
increased fertility, fertility may also increase insect problem. Short varieties
will increase weed, problems because of reduced shade.
1.3. Crop residues
Some further research must be conducted on the destruction of plant
materials to assess the effection stem borer populations by plowing down, or
otherwise covering with soil.
1.4. Crop rotatior.
Crop rota:ion using groundnuts or cotton was recommended to reduce incidence
of Striga. Cotton could result in a problem in the maize cropping system because
of the cotton bollworm (corn!maireearworrr.). This problem should be explored to
determine the influence of cotton on earworm incidence on maize.
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Intercropping to provide better control of Striga may increase incidence
of insects and diseases and thecefore more information is needed.
2.

CHEMICAL CONTROL

2.1.Seed treatment
Some seed treatments for disease and insects may be advisable if shown to be
economical .
2.2 l;Ierbicides
Herbicides are available to control weeds other than Striga. It was suggested
that minimum usage using row banding is a possible control of the weeds other than
Striga. Using this technique, the interrows could be weeded later.
3.

VARIETAL RESISTANCE

Maize streak is probably the most severe disease of maize in the Sahel region
and resistant varieties offer a solution to the problem. Existing resistant maize
varieties should be tested in regard to it's resistance and adaptation in the Sahel.
4.

BIOLOGICAL CONTROL

Weed -Striga and presumably other weeds) favour a biological control approach
utilizing insects and diseases of Striga.
Inventory of parasites, predators, diseases of stem borers earworms, etc ...
should be continued and expanded.
5.

OTHER RESEARCH

5.1.Crop loss assessment
Crop loss assessments must be made to determine the status of field species
with diseases, weeds or insects. Termites are emphasizied as a candidate insect as a pest of maize.
5.2.Biology and Epidemilogy
The complex situation existing between the causative agent of maize streak and
the vector (s) requires an intensive investigation of
(1) The cicadelids some of which mayor may not be vectors, biology and
systematic.
(2) Determine whether or not vector are indigenous members of the Sahel ian
fauna. They may be transported (infected) from the south(and south west)
to the Sahel region.
(3) Specif:ic determination of the causatlve agent (s) of " maize streak" in
the Sahel, and other maize virus diseases.
(4) Spread of the maize streak disease in the Sahel.
6.

GENERAL RECOMMENDATIONS

6.1 Increase human resources capability in the Sahel in the field of virology by
concentrating more funds on the training of personnel.
6.2 Establish a regional infrastructure to perform research in virology.
6.3 Study pest problems on irrigated maize especially the spider mite problem.
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INTRODUCTION
In order to accumulate in one place the best current technology for millet
production, for the formulation of an exhaustive early millet production programme,
specialists in various agricultural disciplines both from the Gambia and abroad,
were invited to contribute their knowledge. The workshop participants included
specialists from the Gambian Production Service, Crop Protection and Extension
Services, CILSS IPM Project, FAO Scientists, Senegalese Specialists and
Consultants. The objectives of the workshop were :
1.

To design a pilot production/protection/demonstration/training prog~amme for
implementation in selected farms in the 1984 growing season. It was designed
from the knowledge of :
a) the current recommendations available from the Gambian Extension Service
for farmer
b) the current millet production/pro~ection practices used by the village
farmers.

2.

To develop a 5-year research plan for IPM based on needs and priorities
identified in the design of the pilot programme.

1.

CULTIVATING EARLY MILLET IN THE GAMBIA.

Early millet is cultivated in the Gambia today essentially as it has been
grown for thousands of years. Technological advances have been slow but sure.
Today the average Gambian farmer realises the benefits of rotating early millet
with groundnuts ; has become used to the application of chemical fertilizer and,
in more advanced villages, oxen are supplanting the horse and the donkey as
traction animals.
In the field of integrated pest management, some traditional methods fit
well into this category, for instance, the control method for B~ister Beetles
and the control of bird damage using bird scarers has been the practice at
least during living memory. In recent years, the Extension Service, acting upon
advice given by the Crop Protection Service, has persuaded farmers to aggregate
their early millet fields, in order to reduce damage by granivorous birds. This
raises the question - How new is the concept of integrated pest management in
devoping countries ?
The general practice throughout the Gambia in land preparation prior to
plant is identical. Shrubs are chopped down and weeds uprooted using cutlasses
and hoes. These are then raked into heaps and burned.
Crop rotation is becoming widely accepted by the Gambian farmer. Fallowing
is falling out of flavour due to land pressure. Usually the rotation pattern
would be groundnut, millet, maize or cotton/groundnut/cereal or cotton/groundnut.
Fields are planted after the first heavy rain, which usually occurs in the
middle of June. This year, 1984, the rains were early and fell at the beginning
of June and planting took place then.
Millet is planted in parallel lines either using a seeder drawn by a horse
or donkey, or sowed by hand.
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For weeding, the sine hoe is passed between rows using draught animals
and the weeds between the hills within the rows are weeded out using the
traditional hoe. Sometimes, the farmers use only the traditional hand-hoe.
Extension Service recommends weeding at the seedling stage and two weeks
later, and a third weeding if necessary. But the timing of the weeding varies
from farmer to farmer, due to pressure of work for other crop, particularly
groundnuts.
The value of adding organic fertilizer in the form of animal manure to
fields before planting has been known to farmers for centuries. Their traditional
practice is to tether their animals at night throughout the dry season on fields
to be planted in the next cropping season.
The application of chemical fertilizers has gained widespread acceptance
at the village level. An application of 100 kg/ha compound fertilizer, is
recommended as soon after the first weeding as possible and an application of
urea at the rate of 100 kg/ha. six weeks after planting.
Harvesting takes place when the grain is hard enough. In order to permit
the heads to dry out before severing them from the stalk, the whole plant is
pushed to the ground, where it stays for 3 - 4 days. The heads are then severed
from the stalk using a semicircular blade and collected together in small heaps
and laid out to dry a little longer. The heaps are then bund~ed together, and
taken away for storage until needed.
2.

THE PILOT DEMONSTRATION/TRAINING PROGRAMME.
The objectives of this programme ore as follows

1) to implement a demonstration/training IPM programme at the village level,
to implement the best available technology to control weeds, plant des eases
and insect pests of early millet.
2) to conduct a training course to train extension personnel to expand
the IPM demonstration/production programme in succeeding seasons.
3) to conduct an assessment workshop to evaluate the programme and update
the design for the next growing season.
2.1.

Implementation of the IPM Pilot Programme

Three villages in the region around Sapu Agricultural research station,
in the McCarthy Island Division, were selected. Two of these villages, Mamutfana
and Galleh Manda were ethnically Wollof but had differing levels of sophistication in their approach to agriculture and the third village Fullabantang, was
Fula, with a low technological approach. In each of these villages, five fields
were chosen ideally to accomodate two one-hectare plots, though in some cases
this was not possible. The choice of farmers was left to the village elders.
Each farmer agreed to permit the advanced millet production technology to
be applied to one of the plots and that the other he would cultivate in the
traditional method. All yields would be the property of the farmer and costs
of labour in the IPM plot, would be borne by the Pilot Programme when necessary.
Cost of fertilizers to the IPM plot were met by the Pilot Programne, whereas
pesticides are provided free by the Gambian Government when necessary.
The general supervision of the agricultural practices carried out in the
IPM plots and the detailed observations that were made were the responsibility
of Crop Protection Supervisors who were stationed in each village for that
purpose. An extension agent from the Agricultural Extension Service was in
charge of coordinating agricultural activities in the three villages, though
his role was not effective for different reasons.
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2.2.

Socio-economic status of participating farmers

This section is an outline only of this important aspect of the IPM
Pilot Programme.
Mamutfana
This Wollof village is well known in the Gambia for the high level of its
agricultural technology at the village level. The farmers are hard working and
the village, on the whole, is wealthy within the context of near-subsistance
agriculture. The fields tend to be larger than the other two vi l lages and the
cereal production for sale is greater. The number of agricultural implements
is greater than the other two villages in the Programme and more sophisticated.
The labour force available is more numerous and the traction animals more
effective. However, the percentage of dependance in relation to the working
force is high.
Galleh Manda
Althougn of Wollof ethnology, this village is less wealthy than tho
previous village. The fields tend to be smaller and the agricultural implements
less numerous. The five farmers participating in the Programme had only horses
to draw ~he implements, which are less effective than oxen. The work force is
less but so is the number of dependants. Cereal surplus for sale is less certain.
Fullabantang
In this village one farmer was Mandinka and the other four Fula. The field
size is srellerthan the other two villages and agricultural implements available
~ess. Animal traction was mainly by donkey, the least effective of the traction
animals. The standard of agricultural practices is the lowest of the three
vil ~ages and the village, generally, is the poorest. The labour force is few
and the ratio of labour force to dependants is 1:3.
2.3.

Meteorological conditions

The three parameters measured during the first phase of
Programme were maximum and minimum temperatures and rainfall.

th~

IPM Pilot

Both maximum and minimum temperatures followed the seasonal norms and
no correlation between them and biological events, e.g. pests or disease
appearance or intensity of attack, was immediately apparent.
Usually the rainy season starts in mid-June in the Gambia. Over the past
ten or so years, it has become increasingly shortened and irregular. This year,
(1984), the rains came at the beginning of June, in all three of the Pilot
Programme villages and the majority of the fields were planted by 4th, June.
The early arrival of the rains and the late arrival of the Programme
Manager curtailed some of the activities planned for the beginning of the
Programme.
There was a partial drought half way through the growing season. This
particularly noticeable at Mamutfana and Fullabantang, where little rain fell
from the end of July till the middle of August. This caused severe drought
symptoms in some millet fields. An untoward difficulty occurred at harvest when
there were unseasonably heav.y rains. This interfered with harvesting and drying
the crop for storage and, in some cases, grains began to germinate, whilst still
on the head.
1S
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2.4.

The pest and disease situation

The various pests will be taken in order of their appearance in the life
of the crop.
2.4.1.

Millipedes

These arthropod pests attack the emerging seedlings ard are a potential
threat to production by reducing seedling populations. In severe cases of attack,
replanting of the fields may be necessitated to some degree; this may result
in uneven crops and would be time-consuming at a critical period in the agricultural calendar.
The species involved during the programme observation which were
Odontopygidae in particular Haplothysanus chapellei and Peridontopyge spinosissima.
Low populations were found in all fields (maximum 103 per 50 m row in Fullabantang)
far less than the supposed economic threshold of 250 individus per 50 meter row.
2.4.2.

Leaf beetles

The insect pest, of the genus Lema, Chrysomelidae, is well-know~ cven
by the farmers. Usually it is of no importance but, in one field at Mamutfana,
it reached epidemic proportions in 1984 (55 % damage per hill at mid-July).
Both adults and larvae destroy the epidermes, and heavily-attacked ~lants take
on a silvery colour. No economic threshold is known but a damage level of 10 %
leaf surface destroyed is suggested. The pest is controlled by one application
of BHC dust at 2.5 kg/ai/ha.
2.4.3.

Weeds

At planting time, the land is largely weed-free due in part to land
clearing and preparation before sowing and in part to the lack of rain in the
proceeding six months. After the first heavy rain, when sowing of the mi'.let is
completed, the first wr.p ds to appear are dicotylodonous annuals such as Cassia
obtusifolia and Comme - ~~~~ e nghalensis. These quickly form a 50 % coverage and
are first-weeded 10-21 daJs after sowing on an average. At Mamutfana and
Galleh Manda the first weeding is dOll by sine hoe using three times. At
Fullabantang the inter-row removal of weeds by sine hoe is augmented by withinrow weeding using a hand hoe, but is carried out over an extended period. The
inter-row use of the sine hoe was found to leave an estimated 25 % weed coverage
in ~amutfana and Galleh Manda. Even in Fullabantang, the situation was little
different due to the fact that the within-row weeding by hoe, which should have
completely clean-weeded the fields, was carried out over such 3 long period of
time, that it was ineffective.
By the time of the second weeding, which took place on an average 5-6 weeks
after sowing using a sine hoe only, grasses such as Setaria pallida fusca and
Digitaria ciliaris and sedges such Cyperus spp. and Kyllingasquamulata had made
their appearance and the spectrum of broad-leaved weeds had increased to include
such common species as Hibiscus sabdariffa (Fullabantang), Boeharvia erecta,
whilst Cassia obtusifolia also remained a problem. The parasitic weed, Striga
hermonthica, began to be recognized during this period, (see 2.4.7). In two
fields at Galleh Manda, there was a third weeding. The suppression of weed
growth by the millet plants themselves obviated the necessary of further weeding.
2.4.4.

Armiworms

The African Armyworm, Spodoptera exempta, Lepidoptera, can be a
disastrous pest in the Gambia, especially in years of little rainfall. It
attacks the young plants and, if not controlled, larvae of this pest can
devestate complete fields in one night.
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Two fields were seriously attacked at Fullabantang. Field 2 was treated
with BHe as the pest population count had exceeded the economic threshold of
10 larvae per 2 m row, it had in fact reached 19, wilst Field 5 had not quite
reached the economic threshold level, (9.6 larvae per 2 m. row). In both cases
there was very serious damage. In Field 2 this was due to the fact that the high
infestation was not discovered in time inspite of twice-weekly scouting and in
Field 5 because the economic threshold level is set too high.
2.4.5.

Stemborers

The main stemborer of millet is Acigona ignefusalis, Lepidoptera, though
Buseola fusca and Sesamia botanephaga are also found.
In 1984, there was very little evidence of stemborer damage. No dead ,hearts
were seen in any of the fields, and the percentage attack of maturing stalks
was very low.
2.4.6.

Grasshoppers

The grasshopper, Oedaleus nigeriensis, has been the most important species.
in the Gambia.
Twice-weekly scouting was carried out using the method recommended by the
IPM Project. Table 1 shows a varying distribution of O. nigeriensiL with time.
At Fullabantang, there is a progressive decrease in adults from end July till
observations finished in mid-September followed by a rapid increase of nymphs in
the second week of September. This could suggest that eggs laid earlier in the
season began to hatch around 10th September. In Mamutfana, the picture is less
clear but there seems to be a decrease of adults from third week in July and a
peaking of the nymph population in the third week in August. In Galleh Manda, no
such relationship between adult and nymph populations was recorded. Due to the
low populations, no chemical intervention was necessary.
On account of the effectiveness of the Extension Service's campaigning to
persuade farmers to congregate their millet fields together in order to reduce
losses from granivorous bird attacks, it was not possible to plough the recommended
5 m. band around fields to prevent infestations by grasshoppers from surrounding
fallow land.
2.4.7.

Striga

The species of Striga parasitising millet in the Gambia is S. hermonthica.
This parasitic weed was no problem except in Field 1 at Fullabantang where
50 hills of millet supported 146 Striga plants. Due to no infvrmation of economic
threshold levels, no real assessment of the effect of Striga can be made.
2.4.8. Downy mildew
This dQsease, caused by the fungus Sclerospora graminicola, is widespread
in the Gambia. There was too light an infection (maximum 5 % in Mamutfana) to
determine whether the control measure of rooting out and destruction of diseased
plants was effective.
2.4.9.

Blister beetles

Of the nine common species of Blister beetle found in the Gmabia, only
two were recorded in the Programme area, Psalydolytta fusca in Mamutfana at the
end of July and Mylabris holosericea throughout August in Galleh Manda and
Fullabantang. Populations were very low (maximum 9 beetles/25 hills). In the
Gambia, there is an interesting traditional method of control. At night, when
the beetles are active, small fires are made to windward of the fields and Blister
beetles are caught and burned in the fires. It is believed that the odour of the
roasting beetles acts as a repulsive, causing the Blister beetles to leave the
field.
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TABLE 1 -

GRASSHOPPER POPULATION (Oedaleus nigeriensis

O.r.)

NYMPHES
SAMPLING

DATES

All

spp.

NAMUTFANA
21/7
28/7
4/8
11/8
18/8
22/8
25/B
29/B
1/9

200
800
1,000
11.200
t., _ :x;

19,800
1B,600
l1,6C{)
6,OOC

, 'l. O.n.

I

I,

I

I

I
I

,
10C I

I,

100 ,'

,

No.

o.n.,I

All spp.

7,400

800 I
571
1,803 '
6,200 '
IB,85') ,
1,5':4

4,400

I

800
1,600
1,999
1,800
2,200
1,400
1,000
1,200
2,000

3,600
3,200
4,200
3,200
3,200
2,200
2,600
3,000
4,200

,

o
o
o
o
o
o

8.3 I
25.4 I
45.9

123
6,045
4,009

10,600
6,600
6,400
4,000
2,800
3,200
800
1,200
400

,

No. O.n.

I

20'] ,

1,332

16.1,
100 ,
95.2,
8.3,
2:'.C),
22.2j

'.\0 O.n.

I

6,00::;
2,200
4,BOO
2,800
2,60<:
3,6:':
4,20:

77.1,

2,9J':

I

7,40e
4,400
3,85S
1,193
4,60:'
1,120

lOG
100
64.3
5':.:-

10C'
4C.O
I

! ,e::
1,:;,,9

5-: .:
33.3

,,

GALLEH MANDA
21/7
25/7
28/7
1/8
8/8
11/8
15/8
18/8
22/8

ADULTS

1,200
1,800
2,400
2,200
2,200
1,400
1,000
1,200
2,000

66.7
88.9
83.3
81.8
100
100
100
100
100

I
,

I
I

I
I
I

I
I
I

66.7
75.0
42.9
100
81.B
100
100
100

2,40.
2,400
1,802
3,200
3,200
1,800
2,600
3,000
4,200

90.9
85.7
97.1
92. :77.8,
76.5,
70.E ,
33.3 I
66.7

9,635
5,656
6,214
3,680
2,178
2,448
566
400
267

We-

I

,I

FtlLLABANTANG
21/7
25/7
28/7
1/8
4/8
8/8
11/8
12/9
15/9

600
200
3,200
1,200
4,0,)0
4,600
2,200
23,800
26,200

0.0 ,
0.0 ,
0.0 I
0.0 ,

O.C ,
o.~

I

I

l.. _ __
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2.4.10. Head Borer
The millet Head Borer, Raghuva albipunctella, was first recorded in the
Gambia in the late 1970's and has, since that time, assumed a position of great
importance among the pests of early millet.
In the earsternmost villages of Fullabantang and Galleh Manda, Raghuva
infestations were low, judged from the slight damage recorded from these villages.
In Mamutfana however, the attack was much more serious with an average % damage
in Field I of 14.5 %. Individual heads were found in which the % damage amounted
to 75 - 100 % (see Table 2).
There is no available economic method of control of this serious pest:.
2.4.11.

Granivorous birds

The most important species of granivorous bird which attacks early millet
is the Village Weaver, Ploceus cucu1latus. However, in the Gambia, there appears
to be an increase in the populations of the Buffalo Weaver, Buualornis albirostris.
As Table 2 shows, % damage to heads due to granivorous birds was negligible
in Mamutfana. Fullabantang was affected more but the degree of damage was still
at an acceptable level. At Galleh Manda, however, damage levels in rome of the
farmers fields was too high especially Field 2 and 4 and the general degree of
damage was higher than in the two other villages.
Reduction of bird damage to ripening millet heads can be accomplished in
two ways. The short-term method is to scare the birds from the fields. This
can be accomplished in the traditional way by building platforms higher than
the crop in the centre of each field and run strings from the platform to stakes
planted at the perifery of the fields. To these strings can be attached twigs,
tufts of grass, strips of plastic, tins containing stones, or anything that will
make a noise or movement when the string is tugged. The platforms must be manned
often by children, from sunrise to sunset. Using this method of control birds
can be selectively scared away from whichever part of the field they choose to
attack. Agitation of the strings is usually accompanied by shouting. The longterm method is by destroying the colony of nests at the stage where there arc
eggs or nestlings in the nest. Often this is impractible due to the height of
the nesting site from the ground, where the trees are too high to climb safely.
In any case, it is feared that this control method may induce the birds to nest
even higher. Bird control methods using mist nets or poison baits can be
effective but are difficult to manage and are not applicable at the village level.
2.4.12.

Ergot and smut

These two fungal diseases transform the ovaries of the millet flowers
into sacs of spores instead of developing normally into a grain.
Referring to Table 2, we see that, in general, the degree of smut
(Tolysporium penicillariae) damage to heads is low, with the exception of
Field 4 at Fullabantang. In almost every case, there is a lesser amount of
smut damage in the IPM plots. Why this is so it is difficult to say; except that
the millet plants in those plots were more sturdy and perhaps more resistant to
smut attack on account of this. No ergot (Claviceps fusiformis) damage was
recorded.
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TABLE 2 - HEAD DAMAGE

FIELD NUMBER

•I PLOT
I

TYPE

I
I

IWWTFANA

1.
2.
3.
4.
5.

GALLEH MANDA
1.
2.
3.
4.
5.

FULLABANTANG

1.
2.
3.
4.
5.

I

I
I 1.P.M.
I Farmer
I
I 1.P.".
I Farmer
I
I I.P.".
I Farmer
I
I I.P.".
I Farmer
I
I 1.P ....
I Farmer
I
I
I
I I.P.M.
I Farmer
I
I I.P.".
I Farmer
I
I 1.P.M.
I Farmer
I
I 1.P.M.
I Farmer
I
I 1.P.".
I Farmer
I
I
I
I I.P.".
I Farmer
I
I 1.P.".
I Farmer
I
I 1.P.".
I Farmer
I
I I.P.N.
I Farmer

i
i

HEAD • lITRIJ
: DAMAGE
I LENGTH I
ox.
I

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

II 1.P.N. I

I

Farmer

I

I

46.87
46.05
42.44
39.32
41.64
42.63
42.16
41.01
46.43
46.92

47.05
44.44
52.34
54.41
46.82
50.02
61.28
59.89
47.71
51.49

42.15
36.39
38.13
33.35
37.32
35.13
53.49
46.63
40.22
39.87

I
I

I

SMUT

I

ox.

I

II-

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

I

0.70
1.19
0.92
1.33
0.50
0.85
0.57
1.85
0.64
0.55

2.07
3.98
8.27
11.80
5.02
6.22
2.06
9.48
3.03
7.44

3.26
1.31
3.64
0.92
1.91
4.84
1.19
3.94
1.29
4.84

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I

I

2.00
5.06
2.62
2.63
2.07
3.11
1.79
1.95
2.94
2.73

0.00
0.29
1.12
0.59
0.44
2.57
0.84
0.60
0.38
2.06

0.66
1.82
3.28
3.60
1.16
2.08
8.72
9.38
2.42
2.05

ERGOT
ox.

I

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I

I

I BLISTER •I
RAGHUVA: TOTAL
I BEETLES I
I

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I

I

ox.

t

ox.

0
0
0
0
0
0
0
0
0
0

0
0
2.50
0.03
0.05
0.06
0.30
0.30
0.05
0

0
0
0
0
0
0
0
0
0
0

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I

I

11.1
14.5
6.25
5.40
5.0
8.45
3.73
3.08
6.25
7.40

0.41
0.07
1.20
0.10
0.12
0.15
0.07
0.30
0.11
0.12

0.82
1.21
0.03
0.62
0.19
0.69
0.78
3.91
0.23
0.80

ox.

I

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I

I

13.80
ZO.75

9.79
9.36
7.57
12.41
6.09
6.06
9.83
10.68

2.48
4.34
13.09
12.52
5.63
9.20
3.27
10.60
3.5
9.62

4.74
4.33
6.95
5.14
3.26
7.41
10.69
17.23
3.94
7.33
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TABLE 3 - PRODUCTION

---,-FIELD NUMBER

PLOT
TYPE

I
I

I

1.

I
I
I
I

I.P.M.

Farmer

3.
4.
5.

I
I
I
I

13.80
20.75

I

I

2.

I
I
I
I
I
I
I
I

I.P.N.

Farmer
I.P.N.

Farmer
I.P. N.

Farmer

I
I
I
I
I
I
I
I
I
I

9.79
9.36
7.57
12.41
6.09
6.06

2.48
4.49

I.P.M.

Farmer

13 . 09
12.52

l.P.M.

2.

Farmer

5.53
9.20

loP .... .

3.

Farmer

55.77

49.00

I 37.43 I

I
I
I
I
I
I
I
I
I
I
I
I

33.39
22.e9
72.80
36.63
61.30
46.00

I
I
I
I
I
I
I
I
I
I
I

51.15
98.96
33.26

5.

I

I

38.57
32.11

20.12

I

33.19
17.99

81.49

I

20.05

I.P .... 1° 3.57

42.0'
30.10

39.67

I

mean

21.93

I
I
I
I

31.46
16.85

Farmer

I
I

9.62

I

II

II

I loP .... I
I Farmer I
I
I
I I.P.M. I
I Farmer I

4.74
4.33

I

3.26

,

I
I

6.95
6.14

I
I

t

142
113
63
67
147
85
85
102
98
80

I
19.79 I 156
I 142
I

I 41.95
I 35.02
I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

44.78
37.39

Farmer

3.

I

3.27
:to. 60

l.P.N.

4.

2.

.I
I

II

1.

1.

I
I
I

I
9.83
17.25
61.83
I I.P . .. .
52.73 I
I Farmer I 10.68
I
I
I mean I 46.33

GALLEH MANDA

fYLLABANTANG

I

I

I

I

IlAMUTFANA

r----rHEA"o,oAVERAGE ; IPM - I BUNDLES I Av. wt
HEAD
DAMAGE
I
I
INCREASE
I
PER
HA I ~
I
I TOTAL % I YIELD I
%
I
I flNJLE

27.46
13.64

I

I
I

145
121

I 132
120
86

69

II
I
I
I

160
108

7.82
7.21
5.98
5.52

I

I
I
I
I
I
I

6.96
6.31
5.48
4.98

I 6.25
I 5.17
I

II
I
I

86.70

111
70

1101.32

170
74

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I IPM

1.110
0.815
0.377
0.370
1.023
0.536
0.466
0.508

INCREASE I YIElD
I T/WI
%

I

I

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I

36.2
1.9
90.9
8.3

I

0.613
0.414

48.1
35.8

Farmer

1.263
0.984
0.414
0.405
1.100
0.603
0.494
0.539

I
I 0.673
I 0.458
I mean
I

I
I

33.4

I 12.63
9.30

1.831
1.125

62.8

2.071
1.256

12.06
9.16

1.592
1.099

44.9

1.682
1.200

12.94
10.11

1.113
0.698

59.5

1.149
0.772-

12.19
10.03

1.950
1.083

80.1

2.020

I

I

II
I

I
I

II
I

I

II
I
I
I
I
I

I

6.11
4.89
5.73
•• OS

II
I
I
I
I
I

0.678
0.342
0.974
O.lI48

I

I

54.5

mean

98.25

0.710
0.357

1117.41

1.042
0.471

II
I
I
I

I

I1170 •00

I

1.93€

I 1.480

1.187

0.362
0.140
0.756
0.187

Farmer
l.P.N.

I
I
I
I
I
I
I
I
I
I
I
I
I

1.889
1.416

4.
5.

(

IPOIFmIAL

12.11
9.97

I

I

Estim.
YIELD
T/HA

I
I
I

I

I

I 23.07

I

KG

I
I
I
I
I
I
I

i

(

3.94
7.33

23 . 66
18.56

27.48

mean

70.24

I

74
44

I

4.51
3,95

0.334
0.174

I 91.95 I 0.347
I
h30.1

i

I 0.187

1mean
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2.5.

Collection of yield data

Before the heads are carted from the field to the store, they are made
into bundles for convenient handling. These bundles can easily be counted and the
number per hectare obtained. A 8ubsample of ten bundles was made at random. These
bundles were then weighed individually and treshold. The average weight of grain
per bundle was then extrapolated on to the number of bundles per hectare to obtain
the estimated yield. This constituted sampling of approximately 10 % of all
bundles.
Yield data are given in Table 3. Total % head damage has been calculated
from Table 2. The potential yield per hectare was calculated from the actual
estimated yield and the % total head damage.
3.

DISCUSSION OF DIFFERENCES DEMONSTRATED BETWEEN FARMERS AND IPM PLOTS

Due to the large number of different or modified practices carried out on
the IPM plots, it is proposed to examine each difference separetely and then try
and draw conclusions later. Recommendations for early transfer to Extellsion
Services might then be made.
3.1.

Cultural practices

Though traditional cultural practices do not differ greatly from village
to village, the receptivity of the farmers in certain villages to external
influences, ego the Extension Service and, hopefully, the IPM Pilot Programme,
very often does.
3.1.1. Rotation of crops

Rotation of cereal crops - millet or maize - or cotton with groundnuts seems
to be the accepted norm but, occasionally, two early millet crops may be planted
consecutively. In this study, two farmers from Fullabantang were obliged to do
this in 1983 and 1984. No effect or yield could be seen.
3.1.2. Fertilizer application

The standard recommended fertilizer application is 100 kgs. - as soon as
soon after plant~ng as possible, usually immediately after the first weeding
and 100 kgs. urea six weeks after planting, to coincide with panicle initiation
and also the second weeding. Application along the row is recommended and
incorporation into the soil with a sine hoe is suggested.
Although the time of application mis-timed as it might have been due to
the reasons mentioned above, the method of application differed greatly. The
farmers invariably broadcast their fertilizer, whereas in the IPM plots the
fertilizers were applied along the row and incorporated into the soil using a
sine hoe. The reasons given by the farmers for broadcasting their fertilizer
varied. Some said that there wasn't enough time to place the fertilizer along
the rows due to pressure of work in other crops, others said that it wasn't possibl
possible to place the fertilizer because the previous night's rain had flattened
the plants to the earth and they couldn't distinguish the rows, whilst others
said that the roots of the millet plants were found between the rows and not
along the rows and thus broadcasting fertilizer made it more readily a~ailable
to the roots. The results of placing the fertilizer along the rows became very
apparent shortly after the urea was applied. In the IPM plots the plants were
taller, they had a darker green colour and they headed earlier; the heads tended to
to be larger in both girth and lengh.
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3.1.3. Weed control
Weed control tended to be better in the IPM plots than in the farmers'
plots. This was due to the labour at the farmer's disposal being limited and
other farm tasks deemed more important than weeding the millet crop. In the
IPM plots labour was often hired to do the work. It was noticeable that the
maize, groundnut and cotton crops were clean-weeded at the expense of the
millet crop. However, no observable differences were seen between the two plots
which could be attributable to better weeding practices. It was thought that
the weeds in the inter-row could be weeded out in the second we ed ing. This
procedure was designed to release labour which would otherwise be tied up in
weeding for other farm tasks.
3.1.4.

Pest control

No differences can be directly to be attributed to pest and disease
control between the IPM and the farmers' plots. There are two reasons for this.
With the exception of Field 1 at Mamutfana, which was treated for Leaf beetle
damage and Field 2 at Fullabantang, which was treated for armyworm attack, pest
and disease populations were well below the supposed economic thresholds.
In the two cases where control treatments were made, both the IPM and the
farmer's field were treated. In general, bird damage was less in the ~PM plots
(see Table 2). This was probably due to the fact that the IPM Birds scarers
were daily paid workers, whereas those guarding the farmers' plots were members
of the family.
3.1.5.

Conclusion

In general, the farmers follow the recommendations of the Extension
Service, whenever possible. The average farmer seems quite aware of the value
of timely cultural operations, pest control, etc. However, by far the most
outstanding differences between the operations in the IPM and farmers' plots
was the effects of the placement of the fertilizer along the rows. This effect
should be pointed out to the Extension Service for further efforts to be made
on their part to bring to the attention of the farmers the great benefits to
be gained from this simple operation.
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DIS C U S S ION

1.

Mr. R. Nicou (IRAT, Burkina). Experiments conducted in Senegal have
demonstrated that fertilizer application by side-dressing, did not give
a yield increase of over 5 % as compared to fertilizer broadcasting. How
can you attribute the observed increase in yield solely to the mode of
fertilizer a~plication?

A.

There was no clear difference between the IPM plots and traditional plots
up till the time of urea application. Thereafter, on the IPM plots, the
plants were more vigourous, greener and had a tendency for early heading.
This coincidence led to the conclusion that the yield increase was due to
the mode of fertilizer application.

2.

Mr. R. Nicou (IRAT, Burkina). Do you have experimental results for this year
that give credence to this conclusion?

A.

The pilot action did not comprise of experimentations. The programme as
defined at a workshop held in April 1984 was essentially a demonstration
programme.

3.

Mr. Gahukar '(FAO, IPM Project, Senegal). You conclude that farmers are
conversant with pest control measures to be taken, as well as the farming
time-table. In this case, what role can the pilot action play?

A.

The role of the pilot action was to set improved practices such as were
defined at the April 1984 workshop in which you participated.

4.

Mr. A. Diallo (SAFGRAD, Burkina). Does the value added to harvest justify
the use of the quantity of fertilizer applied and are there plans for a
long-term fertilizer utilization other than in the pilot action.

A.

The quantity of fertilizer that was applied is simply based on the recommendation made by the agricultural extension service in The Gambia for millet
cropping. The long-term follow-up of fertilizer utiljzation is beyond the
scope of the pilot action.

5.

Mr. A. Diallo (SAFGRAD, Burkina). Can you give the value of the lsd for yield
measurement ?

A.

There has been no statistical analysis in this connection, but this has to
be done.

6.

Mr. Ndoye (IPM Project, Senegal). How long after sowing were observations
made on tiller infections by mildew?

A.

These obsercations were made shortly before flowering.

7.

Mr. M. Ndoye (IPM Project, Senegal). What do the percentages given for
panicle damages represent? Is it incidence and if yes what do the total
percentages stand for?

A.

The percentages given, represent the damages caused by the insects and
diseases indicated,at the heading of the columns and not incidence.

8.

Mr. V. Dembele (FAO, IPM Project, Mauritania). While choosing the pilot farms,
were considerations made for the crop rotation practised, the relative
abundance of different crops and the eventual presence of cash crops?

A.

As mentioned in the paper, crop rotation practices in The Gambia involved
groundnut and/or cotton alternating with a cereal.
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9.

Mr. V. Dembele (FAO, IPM Project, Mauritania). What are the reasons for
the high variations in yield in the figures provided ?

A.

As I have indicated, the extend of agricultural development differs among
the three villages selected. Thus in Fu1labantang, where development is
lowest, yield is generally low. The differences between the two other villages
are more difficult to explain. It must be noted however, that the village with
the least rainfall deficit at the plant development stage, has the best yield.

10. Mr. J. Paschke (Perdue University, USA). What was the criterion used in the
estimation of leaf damages to give the total percentage of leaf surface
destroyed ?
A.

Damages caused by the beetle Lema spp was not expected to reach epidemic
heights and therefore this assessment was not anticipated. When this insect
happened to gain such an importance, leaf damages were estimated by visual
appreciations.

11. Mr. J. Paschke (Perdue University, USA). What is the basis for the proposal
to take the level of 10 % l,eaf damages as economic threshold?
A.

There is no information relating to losses within the economic threshold
caused by the Lema. This 10 % figure was proposed from my own experience
but obviously it has to be verified.

12. Mr. J. Paschke (Perdue University, USA). What treatment has been applied
for controlling the Lema ?
A.

A 25 % HCH powder applied at 10 kg per hectare.
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DETERMINATION OF PRE-EXTENSION ACTIVITIES
Shortly this conference will close. Then the challenge begins again for
those of us who remain behind to work in the Sahel. As we return to our
respective Sahelian countries, what will this conference mean to us. Will we
remember only the people we met and some of what was said? Or have we decided
to begin the new year (1985) with a more vigorous effort in behalf of the
farmer?
I don't need to remind you that the objective of the Integrated Pest
Management (IPM) Project is : Increase food crop yields by the farmer in
project countries by reducing losses caused by plant pests such as insects,
diseases and weeds.
Most of us know it is not enough to just devise a solution to a farmer's
pest problems. If we ignore the process of extending these potential solutions
to those affected, whether farmers or government agencies, our best solutions
will remain unknown, untested and unused. A solution, probably expensive and
time consuming to devise, that resulted in non benefit to the farmer.
In the context of the IPM Project, have we individually or collectively
been able to increase yields in food crops? Has the farmer or will the farmer
be able to reduce pest losses as a result of our efforts. If we do not know
(or are unsure) are we really satisfying the demands of our sponsoring agency
or government, and the people of the Sahel who have placed their confidence in
us ?
After eight years of association with the USAID Regional Food Crop Protection
Project, I am the first to agree with those of you that raise issues over the
difficulties that the farmer or implementing government agencies face as you
try to find workable solutions.
It is not my purpose this morning to discuss how we arrive at our proposed
solutions to the farmer's food crop pest problems. As researchers most of you
are directly involved in this proces~ and depending on the pest problem your
approa'ches to finding a potential solution vary.
During the time that I have remaining I want to briefly discuss the next
step. I acall this step, between your potential solution and the decision to
recommend this solution to your target audience, "pre-extension". By target
audience I mean the eventual user. In most cases this will be the farmer or
some action (implementing) agency in the government such as a National Crop
Protection Service or a Seed Multiplication Unit.
Perhaps I can best illustrate what I mean by "pre-extension" by showing
you two illustrations.
The first (Figure 1) illustrates someone (or an organization) who ,does
thplr work, writes up their proposed solutions and then turns over their
report, seeds of resistant varieties j or whatever you have to the host
government or the ministry they think should now be responsible for
implementation.
What are some of the assumptions associated with such a process as this?
It assumes
1. The user wil be as enthusiastic as the creater about the solution and
will have the means required to implement the solutionj
.
2. The people who will transmit the solution to the user will be, ready
immediately with personnel, transport and funds to support the extension
effort that will ~e requiredj
3. The creator of the solution isn't needed for implementation.
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As you can see, this process is linear. It lacks a transitional period
that permits the orderly takeover of the process by someone else.
Let's now contrast this with figure 2 which shows an
transitional period that I've called "pre-extension".

overlaping

Our experiences vary and the countries in which we work also vary in
available resour~es, existing infrastructure and farming practices. I also
accept the fact that some of you are already involved in certain aspects of
"pre-extension". But just how far can you go in extending your proposed
solution to the eventual user?
My first assumption is: As a researcher you will be unable to totally
implement your proposed solutions except perhaps on your own farm. For
example: If in Senegal you have 840,000 families 0r in Mali you have one
million families growing millet it will be impossible for you to personally
reach each of these villages with a solution that involves millet. As a
result my first point is: Your solutions will probably require the
involvement of others for implementation.
Transitions don't just happen by chance. They occur because someone
decides to start the process. They do this because they understand other
people and organizations must be eventually involved. They also understand
plans must be prepared, resources mobilized, funds obtained and approval given
at the higher levels of the organization(s) that will be involved. We can
debate how long this can take. Let us just agree the process doen't happen
overnight. It could take a year or mor-assuming all parties quickly agree
to actively participate.
My second point is : Organizing the delivery of a solution to the eventual
user (particularly if the user is the farmer) requires time, often lots of
time.
The third point is : Our solutions need to involve the potential user
early when formulation and development is occuring.
During this seminar we have heard one speaker speak of the unacceptability
of certain sorghum to the farmer. I would also remind you of the comments we
heard over farmers failing or perhaps refusing to accept certain
recommendations. The pulling of Striga was one that I heard mentioned. We
also heard of some work on developing models for the prediction of pest
outbreaks. These examples all suggest that the development of a solution must
be made with the user in mind. Failure to do so may result in solutions that are
not accepted. But had there been user input the solution might have been
modified so as to have been acceptable. Or perhaps we pight have saved time
and money by learning the potential solution wouldn't be acceptable no matter
what we did. If a government agency such as a National Crop Protection
Service will be involved in operating a system for p~dicting the outbreak of
a pest, they need to be involved in the development of the system. Remember
they are the ones who must operate and finance the system in the future.
You also need to sit down with farmers on a regular basis to gain their views
and perspectivesThis means you ask questions like a reporter. Questions
that start with who, what, why, when; where and how. What kind of problem do
you have? What insects are a problem?
Assuming a proposed solution still seems feasible, I want to make a forth
point. With the implementing governm~nt agency a field test is needed.
This could involve several gouvernment'agencies such as a National Crop
Protection Service, the Extension Service and of course the farmer if the
solution is destined for him, or in some cases her. As we know women are
often the major producers of certain food crops. These tests are vital to
success whether we choose twenty farmers of five. It goes without saying
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economics and the constraints on our time wil probably determine the size of
the test.
This leads to my fifth point : You will need to be actively involved in
these tests and you will probably need to assist in financing them.
Do not think you can successfully implement a national program without
helping the government test the idea on a segment of the population first.
Implementing agencies within the government need time to determine what is
really required for a large scale program. They need practice/experience so
they know what resources are required. They need time to mobilize their
effort. They also need to prove themselves the effort is wor-thwhile.
Valuable resources are limited and a government's credibility is at risk.
You need to prove to the government your solution is a good one. Remember
since this is a test most people understand that problems will probably
arise. And problems will show up despite your best plans. People will also
understand if you spend time trying to modify the solution into a form that is
more acceptable. People generally understand, although they may not like to
hear the news, if you decide the solution isn't worth a national effort. Not
everything turns out to be a success when tried in the real world.
Do I dare mention this step could take a year or two.
I now want to change the theme of my talk and address some aspects of
decision making that can impact on the acceptability of a proposed solution to
the user.
First: For people to change they must perceive there is a need to do so.
In a crisis, such as an a t tack by a swarm of desert locust, everyone can
see and understand the problem. !Infortunately not all problems are so
obvious. Nematode problems of plants are a good example. Small and unseen
its difficult for many farmers around the world to believe these small animals
could be much of a problem. But we know nematodes can often be a major
limiting factor in the production of many crops. What does this mean to us?
It means we need to become salesmen.
Why do you and I change? We change because we think the existing
situation is unsatisfactory and something different is required to improve the
situation. How does the pesticide salesman demonstrate his product to me. If
I think the caterpillars (Amsacta) in my cowpeas are going to leave nothing
for me and the salesman comes and sprays part of my cowpea field, the insects
will fall dead. An easy demonstration that pesticides can solve my problem.
Many of the methods discussed during the seminar also need to be
demonstrated to the farmer. But our solutions are often preventive rather
that reactive to a problem that exists today (now). This makes our job of
demonstrating the benefits more difficult since the effect will be later in
the year, or even the following year. As a result demonstrations may require
several years to clearly show the advantage of an advocated practice.
Of course in some cases persuasive, well informed (trained) extension
agents may be able to convince local traditional ~eadership of the merit of
certain actions. If these actions do not conflict directly with other
activities, and can be done by children mobilized over the entire village they
probably can be accepted without much of a demonstration. Of course the
government agent will need to demonstrate there is a problem the solution can
solve. It would seem the cultural methods discussed for sorghum midge
(Contarinia sorghicola) might be among those that could be "sold" by
government agents who are properly organized and trained. Those solutions
that have little risk and cost to implement are more likely to be considered
by the user.
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My next point is : The need for personal contact between government agents
and farmers. Despite the merits of radio, and the belief held by
many, radio
doesn't do a good job changing the way people do things. A two-step process
has proven to be more successful. For example radio can be used as a first
step to alert people to a problem an potential solutions. This should be
followed within a few days by a second step. A visit from the government
agent who sits do~n with the farmer and actually discusses the problem. The
agent should even go to the field to show the problem to the farmer.
Solutions are discussed and the farmer is encouraged to try a solution or
combination of solutions. The agent demonstrates the solution.
An example might be a radio program in August on sorghum smut. Shortly
thereafter the agent visits farmers, points out the disease, talks about
rotation and how to reduce the innoculum. When the farmer says he has the
same problem every year, and the smut being discussed can also be controlled
by a seed treatment, the agent suggests a seed treatment for the next year.
If the farmer is unsure the agent promises to return in Mayor June' before
planting time with enough material for the farmer to treat his seeds for 1/2
ha. The farmer can now judge for himself. In order words the farmer conducts
his own demonstration at minimal risk to himself.
Some of yoy may object to my story because many agents don't have
transport, the training or the means to do what my agent did. Keep in mind
that we need to understand what the government agent is expected to do and
when. When we do understand, it becomes easier to put together the
infrastructure and support needed. Here's an example (Figure 3).
This is an activity that was mentioned this week: The correct application of
fertilizer to millet as a means of reducing weed competition. Since we need
to establish exactly what the agent will be expected to do a task-analysis
will help. The analysis will help us learn what training the agent will need
and the resources required by the agent if he/she is to successfully carry out
this job.
Earlier you heard me refer to the number of farming families that produce
millet in Senegal and Mali: A total of 1,850,000 families. The number is
staggring when we think of personnally contacting each family. However, in a
rural society that has limited capability to read, and limited mobility, we
need to find ways to reach our target audience when they are concentrated. An
example would be when they are on the way to/from or when at the market on
market day. We also we need to find ways to more narrowly define our target
audience. Either by defining geographical areas where the pest problem tends
to be recurring or a certain practice occurs that needs to be changed.
Rainfall patterns, soil types, or anything that will help the government
define the exact area will make the whole process easier for the involved
government agency to organize.
Initiating a national extension effort, for even the simplist solution,
will probably turn out to be more complicated than most people originally
thought. For this reason initial efforts need to involve the best people
possible in not only the initial farmer tests but also in the planning and
implementation of a national program. Remember, the initial farmer tests help
management gain experience and the time to prepare for the larger scale
national program.
During the week, as we arrived at our conclusions and recommendations we
have integrated the areas of entomolgy, plant pathology and weed science. I
would like to mention another team that needs to be involved in the process : a
"Management Team". The "Management Team" is that group of people who can
speak for the agencies that they represent and can deliver what they promise.
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The agencies involved can vary from solution to solution. For- resistant
varieties it could be : research, seed multiplication units and extension. For
outbreaks of grasshoppers: research and crop protection services. For seed
treatments: research, crop protection services and extension and for cultural
methods: research, CPS and extension.
The actual c\)mposi tion of the "Management Team" will be discovered. You
usually start with who you know must be included. You then add members as the
existing membership discovers others who are needed if the project is to be
successful.
I have now brought up the term "project". From a management. perspective
managers are always interested in keeping things as simple as possible. The
idea of a project means I can keep planning, persunnel and the supporting
budget separate. Yes, your personnel can be used on several different
projects. But as a manager I know my people are already doing things, and
additions to that workload must be substitutions or come at existing slack
periods. If you ask if my staff can do something for you in July or August my
first response will be: Can this be done 1n February or March? During July
and August my staff is too busy to take on an additional project.
I also know additional activities will require extra money. Sometihing
that must be budgeted for. If I use Senegal, as an example, I will submit my
budget in February. My money arrives in perhaps September. However the
activity I've asked funds for occurs in June. THis means my request for funds
had to be made sixteen month~ in advance. Managers also need to consider the
need for continuation of this extension effort during succeeding years and the
cost. We also need to meet with the agricultural school staff to make sure
the new recommendations are incorporated into their school's curriculum so new
agents are trained at school to save us later costs.
I don't think I need to go on. The point that getting ready to extend a
recommendation to another government agency, or through other government
agencies to the farmer is complicated. It requires advance contacts and
planning. We also need to remember what may seem to be simple and easy for
the farmer to implement may require a major effort by many people to get from
you to him or her. Of course the more experienced the government agencies are
~hat are responsible for extending the recommendation, the easier and faster
the whole process can be organized and implemented.
NOw after all I've said, my question to you is: "What are you going to do
after this meeting?" Yesterday I stopped Dr. Pierrard for a few minutes and
asked him what he expected the IPM Project staff to do after this meeting.
Particularly in respect to those methods we heard discussed during the seminar
that farmers could begin to use. He mentioned a hope the country task forces
would meet shortly after they returned to their countries. During this
meeting, he went on to say, they should review the recommendations and
establish which ones are appropriate for their country.
I would also add that consideration should also be given to what
government agencies might need to be involved. In addition, it might be
useful to begin talking about the recommendation. This could be done
informally with people you already know within these agencies to see what they
think of the recommendations.
My personal view is, these would be good steps to complete before your
next IPM meeting. I believe this will be in March.
If you do these things before March you will have completed the first
giant step in the pre-extension process that I've discussed. That step,
ladies and gentlemen, is in the rigth direction-toward the farmer.
Don-t forget, he has been waiting a long time for us to arrive.
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FINAL

COMMUNIQUE

The CILSS seminar on "Strategies for integrated pest management of basic
food crops in the Sahel" was held in Niamey from Decem~~r 6 to 13, 1984, under
the presidency of his Excellency the Minister of Rural Development of Niger.
Participants at the seminar included researchers and extension workers from all
the Sahelian countries, representatives from different CILSS structures, WARDA,
ICRISAT, IITA-SAFGRAD, GERDAT, FAa-Rome, USAID ; Research Institutions from
the United Sates of America, Great Britain, Germany, Canada, France and
Netherlands.
Giving the opening speech, the Minister of Rural Development laid special
emphasis on the importance of plant protection which is the second most important
factor (second to rainfall) for the accomplishment of food self-sufficiency.
The following are the major conclusions and recommendations made by
the seminar :
- participants identified on one hand, phytosanitary problems on which
research efforts are to be concentrated, and on the other hand, subjects that
require additional information to permit a better definition of control strategies;
- participants highlighted the need to extend the losses evaluation
programme to all the national components of the rPM Project for a better precision
of the economic importance of pests;
- it was recommended that every control method must cater for the
preservation of the natural enemies of crop pests;
- participants stressed the need for the pursuance of the work conducted
by the observation post network and the role of the latter in the surveillance
of potential pest;
- participants pointed out the need for a regional analysis of the behaviour
of crop pest for a more rapid acquisition of information that can be used by the
national components of the project;
- participants made proposals for the improvement of the programme for
the millet pilot-action to be conducted among farmers;
- it was agreed that certain themes could be recommended for application
by extension services;
- participants expressed the desire for the conduct of the entire training
planned to be carried out and for beneficiaries of the training to undertake
annual practical training with the project, the desire was also expressed to
strengthen the plant protection training structures in the Sahel.
- the Seminar concluded that in view of the complexity of problems to
be solved, it was indispensable that research works be conducted by multidisciplinary teams.
- the Seminar recommended the reinforcement of collaboration between
national, sub-regional, regional and international institutions working on food
crops in the Sahel.
Niamey, December 13, 1984
The Seminar.
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Participants at the first CILSS International Seminar on integrated
pest management strategies for basic food crops in the Sahel, hGreby express
their profound gratitude to his Excellency General Seyni KOUNTCHE,President of
the Supreme Military Council, Head of State, current CILSS Chairman and to the
Government and the people of Niger, for the warm welcome given them and the
facilities offered for their organization and for the successful conduct of
their works.
Participants also express their gratitude to the United States Agency
for International Development (USAID) for financing this seminar.
Furthermore, participants are extending their gratitude to FAO-Rome,
ACDI, WARDA, GERDAT, GTZ, ICRISAT, IITA-SAFGRAD and to research Universities
and Institutions in Africa, America and Europe.
Participants also appreciate the devotion and the work done by the
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Finally they extend their gratitude to the personnel of the "Palais
Congres" Niamey, for their lovely readiness to help.
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The Seminar.
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